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Description
Technical Field

[0001] Thepresentinvention relates to an EL display apparatus employing an organic or inorganic electroluminescence
(EL) device and, more particularly, to an EL display apparatus capable of feeding an EL device with a desired current,
a method of driving the same, and an electronic apparatus provided with such an EL display apparatus.

Background Art

[0002] In general, an active-matrix display apparatus has a multiplicity of pixels arranged in matrix and displays an
image by controlling the intensity of light pixel by pixel in accordance with image signals given. When, for example, liquid
crystal is used as an electro-optic substance, the transmittance of each pixel varies in accordance with the voltage
applied to the pixel. The basic operation of an active-matrix image display apparatus employing an organic electrolumi-
nescence (EL) material as an electro-optic converting substance is the same as in the case where liquid crystal is used.
[0003] A liquid crystal display panel has pixels each functioning as a shutter and displays an image by turning on/off
light from a back light with such a shutter, or a pixel. An organic EL display panel is a display panel of the self-luminescence
type having a light-emitting device in each pixel. Such a self-luminescence type display panel has advantages over liquid
crystal display panels, including higher image visibility, no need for a back light, and higher response speed.

[0004] The organic EL display panel controls the luminance of each light-emitting device (pixel) based on the amount
of current. Thus, the organic EL display panel is largely different from the liquid crystal display panel in thatits luminescent
devices are of the current-driven type or the current-controlled type.

[0005] Like the liquid crystal display panel, the organic EL display panel can have any one of a simple-matrix config-
uration and an active-matrix configuration. Though the former configuration is simple in structure, it has a difficulty in
realizing a large-scale and high-definition display panel. However, it is inexpensive. The latter configuration can realize
a large-scale and high-definition display panel. However, it has problems of a technical difficulty in control and of a
relatively high price. Presently, organic EL display panels of the active-matrix configuration are being developed inten-
sively. Such an active-matrix EL panel controls electric current passing through the light-emitting device provided in
each pixel by means of a thin film transistor (TFT) located inside the pixel.

[0006] An organic EL display panel of such an active-matrix configuration is disclosed in Japanese Patent Laid-Open
Publication No. HEI 8-234683 for example. Fig. 62 shows an equivalent circuit of one pixel portion of this display panel.
Pixel 216 comprises an EL device 215 as a light-emitting device, a first transistor 211a, a second transistor 211b, and
a storage capacitor 219. Here, the EL device 215 is an organic electroluminescence (EL) device.

[0007] In the present description, a transistor for feeding (controlling) current to an EL device is referred to as a driving
transistor, while a transistor operating as a switch like the transistor 211b in Fig. 62 referred to as a switching transistor.
[0008] EL device 215 has a rectification property in many cases and hence is called OLED (Organic Light-Emitting
Diode) as the case may be. For this reason, the EL device 215 in Fig. 62 is regarded as an OLED and represented by
the symbol of a diode.

[0009] In the example shown in Fig. 62, the source terminal (S) of p-channel transistor 211a is connected to Vdd
(power source potential), while the cathode (negative electrode) of the EL device 215 connected to ground potential
(VK). On the other hand, the anode (positive electrode) is connected to the drain terminal (D) of the transistor 211b. The
gate terminal of the p-channel transistor 211b is connected to a gate signal line 217a, the source terminal connected to
a source signal line 218, and the drain terminal connected to the storage capacitor 219 and the gate terminal (G) of the
transistor 211a.

[0010] In order to operate the pixel 216, first, the source signal line 218 is applied with an image signal indicative of
luminance information with the gate signal line 217a turned into a selected state. Then, the transistor 211b becomes
conducting and the storage capacitor 219 is charged or discharged, so that the gate potential of the transistor 211a
becomes equal to the potential of the image signal. When the gate signal line 217a is turned into an unselected state,
the transistor 211a is turned off, so that the transistor 211a is electrically disconnected from the source signal line 218.
However, the gate potential of the transistor 211a is stably maintained by means of the storage capacitor 219. The
current passing through the EL device 215 via the transistor 211a comes to assume a value corresponding to voltage
Vgs across the gate and the source terminals of the transistor 11a, with the result that the EL device 215 keeps on
emitting light at a luminance corresponding to the amount of current fed thereto through the transistor 211a.

[0011] Asdescribed above, according to the prior art configuration shown in Fig. 62, one pixel comprises one selecting
transistor (switching device) and one driving transistor. Another prior art configuration is disclosed in Japanese Patent
Laid-Open Publication No. HEI 11-327637 for example. This publication describes an embodiment in which a pixel
comprises a current mirror circuit.

[0012] Meanwhile, the organic EL display panel is usually manufactured using a low temperature polysilicon transistor
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array. Since organic EL devices emit light based on current, the organic EL display panel involves a problem that display
irregularities occur if there are variations in transistor characteristics.

[0013] Further, a conventional EL display panel cannot sufficiently charge/discharge the parasitic capacitance which
is present in the source signal line 18. For this reason there arises a problem that in some cases a desired current cannot
be fed to pixel 16.

[0014] WO98/48403A discloses a LED structure that reduces current nonuformities and threshold voltage variations
in a "drive transistor" of the pixel structure incorporates a current source for loading data into the pixel via a data line.
Alternatively, an auto zero voltage is determined for the drive transistor prior to the loading of data.

[0015] EP1130565 discloses a current program type active matrix display apparatus and a switching device which is
inserted into a path through which the current is supplied to the EL device. In the display apparatus, the switching device
is turned off only in the writing period. Therefore, a plurality of non-display regions are not generated.

Disclosure of Invention

[0016] The present invention has been made in view of the foregoing circumstances. It is an object of the present
invention to provide an EL display apparatus which is capable of realizing satisfactory image display by sufficiently
charging/discharging the parasitic capacitance present in the source signal line.

[0017] In order to attain this object, an EL display apparatus according to claim 1 is provided.

[0018] output to each of the source signal lines a current which is higher than a current corresponding to an image
signal inputted from outside; a transistor, provided for each of the EL devices, for outputting the current outputted from
the source driver to the EL device; and a first switching device capable of feeding the current outputted from the source
driver to the EL device by switching to bring the EL device and the transistor into and out of conduction thereacross in
accordance with the gate signal fed thereto through the gate signal line, wherein the gate driver is configured to output
the gate signal to the gate signal line in a manner to bring the EL device and the transistor into and out of conduction
thereacross at least once in a one-frame period.

[0019] With this construction, the source driver outputs a higher current than the current corresponding to the image
signal to the source signal line and, hence, even if a parasitic capacitance is presentin the source signal line, the parasitic
capacitance can be charged/discharged. When such a high current is fed to the EL device, the EL device emits light at
a higher luminance than a luminance corresponding to the image signal. By making the duration of current feed to the
EL device shorter than the one-frame period, the time period for which the EL device emits light can be shortened, with
the result that image display at a luminance equivalent to the luminance corresponding to the image signal is realized.
[0020] In the EL display apparatus according to the above-described invention, the gate driver may be configured to
output the gate signal to the gate signal line in a manner to bring the EL device and the transistor into and out of conduction
thereacross plural times periodically in the one-frame period.

[0021] With this feature, the so-called interlaced driving can be realized, which can provide for more satisfactory image
display.

[0022] The EL display apparatus according to the above-described invention may further comprise a second switching
device capable of feeding the current outputted from the source driver to the transistor by switching to bring the source
driver and the transistor into and out of conduction thereacross in accordance with the gate signal fed thereto through
the gate signal line, wherein the gate driver is configured to bring the source driver and the transistor into conduction
thereacross to program the transistor with the current outputted from the source driver while the EL device and the
transistor are out of conduction thereacross and then output the gate signal to the gate signal line in a manner to bring
the EL device and the transistor into and out of conduction thereacross at least once in the one-frame period.

[0023] With this feature, display irregularities due to variations in transistor characteristics can be prevented, whereby
satisfactory image display can be realized.

[0024] Inthe EL display apparatus according to the above-described invention, the gate driver and the transistor may
be formed in a same process. Specifically, the gate driver and the driver [sic] may be formed using the low temperature
polysilicon technology for example. The formation of these components in this manner makes it possible to narrow the
frame.

[0025] In the EL display apparatus according to the above-described invention, the source driver may comprise a
semiconductor chip.

[0026] According to the present invention, there is also provided an EL display apparatus comprising: a plurality of
gate signal lines and a plurality of source signal lines, which are arranged to intersect each other; EL devices arranged
in a matrix pattern, each of the EL devices being operative to emit light at a luminance corresponding to a current fed
thereto; a gate driver operative to output a gate signal to each of the gate signal lines; a source driver operative to output
to each of the source signal lines a current which is higher than a current corresponding to an image signal inputted
from outside; a switching device provided for each of the EL devices and capable of feeding the EL device with a current
fed through the source signal line by switching to bring the EL device and the source signal line into and out of conduction
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thereacross in accordance with the gate signal fed thereto through the gate signal line; a plurality of dummy devices
located in a region different from a region where the EL devices are formed, the dummy devices being of substantially
no use in image display; and a second switching device provided for each of the dummy devices and capable of feeding
the dummy device with the current fed through the source signal line by switching to bring the dummy device and the
source signal line into and out of conduction thereacross in accordance with the gate signal supplied thereto through
the gate signal line, wherein the gate driver is configured to output gate signals to the gate signal line associated with
the EL device and the gate signal line associated with the dummy device at substantially the same timing, whereby the
EL device and the dummy device are fed with the current fed through the source signal line dividedly therebetween.
[0027] With this construction, the source driver outputs a higher current than the current corresponding to the image
signal to the source signal line and, hence, even if a parasitic capacitance is presentin the source signal line, the parasitic
capacitance can be charged/discharged. Even when the source driver outputs the higher current than the current cor-
responding to the image signal to the source signal line, the EL device can be prevented from emitting light at a higher
luminance than necessary because the current outputted from the source driver is divided into shares which are fed to
the EL device and the dummy device, respectively.

[0028] The EL display apparatus according to the above-described invention may have an arrangement wherein: the
gate signal line associated with the dummy device is formed to extend adjacent the gate signal line associated with EL
devices in a first or final row; and the gate driver is configured to output gate signals to gate signal lines associated with
a series of adjacent rows at substantially the same timing series by series sequentially, whereby plural EL devices or
the pair of the EL device and the dummy device are fed with the current fed through the source signal line dividedly
therebetween.

[0029] According to the present invention, there is also provided a method of driving an EL display apparatus having
an EL device which is operative to emit light at a luminance corresponding to a current fed thereto, and a source driver
operative to output a current to the EL device through a source signal line, the method comprising the steps of: causing
the source driver to output to the source signal line a current higher than a current corresponding to an image signal
inputted from outside; and feeding the EL device with the current outputted to the source signal line for a part of a one-
frame period to cause the EL device to emit light at a luminance corresponding to the current outputted to the source
signal line for the part of the one-frame period.

[0030] In the method of driving an EL display apparatus according to the above-described invention, the part of the
one-frame period may be divided into plural periods.

[0031] An electronic apparatus according to the present invention comprises an EL display apparatus as recited in
claim 1 and an arrangement for outputting an image signal to the El display apparatus.

[0032] According to the present invention, there is also provided an EL display apparatus comprising: EL devices
arranged in a matrix pattern; a driving transistor operative to feed a current to each of the EL devices; a first switching
device disposed between the EL device and the driving transistor; and a gate driver operative to on-off control the first
switching device, wherein the gate driver is configured to control the first switching device in a manner to turn the first
switching device off at least once within a one-frame period.

[0033] In the EL display apparatus according to the above-described invention, the first switching device may be
controlled in a manner to turn off plural times periodically within the one-frame period.

[0034] According to the present invention, there is also provided an EL display apparatus comprising: a source driver
circuit operative to output a programming current; EL devices arranged in a matrix pattern; a driving transistor operative
to feed a current to each of the EL devices; a first switching device disposed between the EL device and the driving
transistor; a second switching device forming a path for transmitting the programming current to the driving transistor;
and a gate driver circuit operative to on-off control the first and second switching devices, wherein the gate driver is
configured to control the first switching device in a manner to turn the first switching device on at least once and off at
least once within a one-frame period.

[0035] In the EL display apparatus according to the above-described invention, it is possible that the gate driver and
the driving transistors are formed in a same process, while the source driver comprises a semiconductor chip.

[0036] According to the presentinvention, there is also provided an EL display apparatus comprising: gate signal lines;
source signal lines; a source driver operative to output a programming current; a gate driver; EL devices arranged in a
matrix pattern; a driving transistor operative to feed a current to each of the EL devices; a first transistor disposed between
the EL device and the driving transistor; and a second transistor forming a path for transmitting the programming current
to the driving transistor, wherein: the source driver is operative to output the programming current to each of the source
signal lines; the gate driver is connected to each of the gate signal lines; the second transistor has a gate terminal
connected to the gate signal line, a source terminal connected to the source signal line, and a drain terminal connected
to the drain terminal of the driving transistor; and the gate driver is configured to select plural ones of the gate signal
lines to feed the programming current to the driving transistor of each of plural pixels and control the first transistor in a
manner to turn the first transistor on at least once and off at least once within a one-frame period.

[0037] In the EL display apparatus according to the above-described invention, it is possible that the gate driver and
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the driving transistors are formed in a same process, while the source driver comprises a semiconductor chip. As an
example only, there is also provided an EL display apparatus comprising: a display region including | pixel rows (I is an
integer not less than 2) and J pixel columns (J is an integer not less than 2); a source driver operative to apply video
signals to source signal lines in the display region; a gate driver operative to apply on-voltage or off-voltage to gate signal
lines in the display region; and a dummy pixel row formed in a region other than the display region, wherein the display
region is formed with EL devices arranged in a matrix pattern, each of which is operative to emit light in accordance with
the video signals from the source driver, while the dummy pixel row is configured such that the dummy pixel row fails
to emit light or its light-emitting state is not recognized visually.

[0038] In the EL display apparatus the gate driver may be configured to select plural pixel rows at a time for the pixel
rows selected to be applied with the video signals from the source driver in a manner that the dummy pixel row is selected
when the first pixel row or the Ith pixel row is selected. As an example only, there is also provided a method of driving
an EL display apparatus characterized by: feeding the EL device with a current that causes the EL device to emit light
at a luminance higher than a predetermined luminance; and causing the EL device to emit light for a 1/N part of a one-
frame period (N is less than 1).

[0039] Inthe method of driving an EL display apparatus the 1/N part of the one-frame period may be divided into plural
periods. As an example only, there is also provided a method of driving an EL display apparatus adapted for programming
of a current to pass through an EL device based on a current, characterized by: causing the EL device to emit light at
a luminance higher than a predetermined luminance to provide a display in a 1/N (N>1) portion of a display region; and
sequentially shifting the 1/N portion of the display region to another thereby causing the whole display region to display.
[0040] Accordingtothe presentinvention, there isfurther provided an electronic apparatus characterized by comprising:
an EL display apparatus as recited in claim 8. As an example only,the EL display apparatus may comprise a receiver,
and a speaker.

[0041] The foregoing and other objects, features and advantages of the present invention will become apparent from
the following detailed description of the preferred embodiments with reference to the accompanying drawings.

Brief Description of Drawings
[0042]

Fig. 1 is a diagram illustrating a pixel configuration of an EL display panel according to the present invention.

Fig. 2 is a diagram illustrating a pixel configuration of an EL display panel according to the present invention.

Fig. 3 is an explanatory diagram illustrating an operation of an EL display panel according to the present invention.
Fig. 4 is an explanatory chart illustrating an operation of an EL display panel according to the present invention.
Fig. 5is an explanatory view illustrating a method of driving an EL display apparatus according to the presentinvention.
Fig. 6 is a diagram illustrating a configuration of an EL display apparatus according to the present invention.

Fig. 7 is an explanatory view illustrating a method of manufacturing an EL display panel according to the present
invention.

Fig. 8 is a diagram illustrating a configuration of an EL display apparatus according to the present invention.

Fig. 9 is a diagram illustrating a configuration of an EL display apparatus according to the present invention.

Fig. 10 is a sectional view of an EL display panel according to the present invention.

Fig. 11 is a sectional view of an EL display panel according to the present invention.

Fig. 12 is an explanatory chart illustrating an EL display panel according to the present invention.

Fig. 13 is an explanatory view illustrating a method of driving an EL display apparatus according to the present

invention.
Fig. 14 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.
Fig. 15 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.
Fig. 16 is an explanatory view illustrating a method of driving an EL display apparatus according to the present
invention.
Fig. 17 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.
Fig. 18 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.
Fig. 19 is an explanatory view illustrating a method of driving an EL display apparatus according to the present
invention.
Fig. 20 is an explanatory view illustrating a method of driving an EL display apparatus according to the present
invention.
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Fig. 21 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 22 is an explanatory view illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 23 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 24 is an explanatory view illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 25 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 26 is an explanatory diagram illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 27 is an explanatory view illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 28 is an explanatory diagram illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 29 is an explanatory view illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 30 is an explanatory view illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 31 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 32 is an explanatory diagram illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 33 is an explanatory diagram illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 34 is a diagram illustrating a configuration of an EL display apparatus according to the present invention.

Fig. 35 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 36 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 37 is a diagram illustrating a configuration of an EL display apparatus according to the present invention.

Fig. 38 is a diagram illustrating a configuration of an EL display apparatus according to the present invention.

Fig. 39 is an explanatory diagram illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 40 is a diagram illustrating a configuration of an EL display apparatus according to the present invention.

Fig. 41 is a diagram illustrating a configuration of an EL display apparatus according to the present invention.

Fig. 42 is a diagram illustrating a pixel configuration of an EL display panel according to the present invention.
Fig. 43 is a diagram illustrating a pixel configuration of an EL display panel according to the present invention.
Fig. 44 is an explanatory diagram illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 45 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 46 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 47 is a diagram illustrating a pixel configuration of an EL display panel according to the present invention.
Fig. 48 is a diagram illustrating a configuration of an EL display apparatus according to the present invention.

Fig. 49 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 50 is a diagram illustrating a pixel configuration of an EL display panel according to the present invention.
Fig. 51 is a diagram illustrating a pixel of an EL display panel according to the present invention.

Fig. 52 is an explanatory chart illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 53 is an explanatory diagram illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 54 is a diagram illustrating a pixel configuration of an EL display panel according to the present invention.
Fig. 55 is an explanatory diagram illustrating a method of driving an EL display apparatus according to the present
invention.
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Fig. 56 is an explanatory diagram illustrating a method of driving an EL display apparatus according to the present
invention.

Fig. 57 is an explanatory view illustrating a mobile phone according to the present invention.

Fig. 58 is an explanatory view illustrating a view finder according to the present invention.

Fig. 59 is an explanatory view illustrating a digital video camera according to the present invention.

Fig. 60 is an explanatory view illustrating a digital still camera according to the present invention.

Fig. 61 is an explanatory view illustrating a television set (monitor) according to the present invention.

Fig. 62 is a diagram illustrating a pixel configuration of a conventional EL display panel.

Best Mode for Carrying Out the Invention

[0043] Hereinafter, embodiments of the present invention will be described with reference to the drawings.

[0044] For easy understanding and/or illustration, each of the drawings in this description may have portions omitted
and/or enlarged/reduced. For example, an encapsulating film 111 and the like are shown to be quite thick in the sectional
view of a display panel at Fig. 11. On the other hand, an encapsulating cover 85 is shown to be thin in Fig. 10. There
are omitted portions. For example, a display panel or the like according to the present invention needs to have a phase
film such as a circularly polarizing plate for antireflection. However, such a phase film is omitted from the drawings used
in this description. This holds true for other drawings. Like numerals, characters or the like designate parts having
identical or similar forms, materials, functions or operations.

[0045] It is to be noted that the details to be described with reference to the drawings may be combined with other
embodiments and the like. For example, a touch panel or the like may be added to a display panel shown in Fig. 8 to
form an information display apparatus illustrated in any one of Figs. 19 and 59 to 61. Alternatively, a magnifying lens
582 may be attached to the display panel to form a view finder (see Fig. 58) for use in a video camera (see Fig. 59 and
the like). Any one of the driving methods to be described with reference to Figs. 4, 15, 18, 21 and 23 and like figures is
applicable to any one of display apparatus or display panels according to the present invention.

[0046] While driving transistors 11 and switching transistors 11 will be described to be thin film transistors in this
description, they are not limited to thin film transistors. Each of the transistors 11 may comprise a thin film diode (TFD),
ring diode, or the like. Further, each transistor 11 is not limited to such a thin film device but may comprise a device
formed on a silicon wafer. Of course, any one of FET, MOS-FET, MOS transistors and a bipolar transistor can serve
the purpose. These are basically thin film transistors. It is needless to say that other devices such as a varistor, thyrister,
ring diode, photodiode, phototransistor, and PLZT device can serve the purpose. That is, each of the switching devices
11 and driving devices 11 may comprise any one of the devices mentioned above.

[0047] As shown in Fig. 10, an organic EL display panel includes at least one organic functional layer (EL layer) 15
(15R, 15G and 15B) comprising an electron transport layer, a luminescent layer, hole transport layer and the like, and
a metal electrode (reflective film) (cathode) 106, which are stacked on a glass plate 71 (array substrate) formed with a
transparent electrode 105 as a pixel electrode. The organic functional layer (EL layer) 15 is caused to emit light by
applying the anode consisting of the transparent electrode (pixel electrode) 105 and the cathode consisting of the metal
electrode (reflective electrode) 106 with a positive voltage and a negative voltage, respectively; stated otherwise, by
applying direct current across the transparent electrode 105 and the metal electrode 106.

[0048] A high current passes through wiring for feeding current to the anode or the cathode (cathode wiring 86 or
anode wiring 87 in Fig. 8). When the screen size of an EL display apparatus is 40 inches for example, a current of about
100 A passes therethrough. Therefore, such wiring needs to have a sufficiently low value of resistance. To solve this
problem, the present invention firstly forms thin film wiring to the anode or the like (wiring for feeding EL devices with a
luminescence-causing current). The thin film wiring is then thickened with an electrolytic plating technique or an electroless
plating technique.

[0049] Examples of metals for use in plating include chromium, nickel, gold, copper, and aluminum, or alloys, amalgams
or laminated structures thereof. As the need arises, the wiring is added with identical wiring or metal wiring comprising
wiring and copper foil. Alternatively, the wiring is thickened to have decreased wiring resistance by screen printing over
the wiring with copper paste or the like to stack the paste or the like thereon. The wiring may be reinforced by superposition
of additional wiring thereon using a bonding technique. As needs dictate, a grand pattern may be formed over the wiring
to form a capacitor therebetween.

[0050] To feed the anode or cathode wiring with a high current, a power wire for supply of a power having a low current
and a high voltage is routed from current feeding means to a location in the vicinity of the anode wiring or the like and
the power is converted into a power having a low voltage and a high current with a DCDC converter or the like before
being fed to the anode wiring or the like. That is, a high-voltage and low-current wire is routed from the power source to
a power-consuming target and the power fed therethrough is converted into a high-current and low-voltage power at a
location short of reaching the power-consuming target. Examples of such converter means include a DCDC converter,
and a transformer.
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[0051] Preferable materials for the metal electrode 106 include lithium, silver, aluminum, magnesium, indium and
copper, or their respective alloys or like materials having low work functions. Particularly preferable is an Al-Li alloy for
example. On the other hand, the transparent electrode 105 may comprise a conductor material having a high work
function, such as ITO, or gold or the like. If gold is used as the electrode material, the resulting electrode is translucent.
ITO may be substituted with another material such as IZO. This holds true for other pixel electrodes 105.

[0052] In the vapor deposition of a thin film over the pixel electrode 105 or the like, it is convenient to form organic EL
film 15 in an argon atmosphere. By forming a carbon film having a thickness not less than 20 nm and not more than 50
nm over ITO as the pixel electrode 105, an organic EL film can be formed which exhibits improved interface stability
and satisfactory luminance and efficiency of luminescence. The process for forming the EL film 15 is not limited to vapor
deposition. It is needless to say that the EL film 15 may be formed using an ink jet process.

[0053] A desiccant 107 is placed in the space defined between the encapsulating cover 85 and the array substrate
71. This is because the organic EL film 15 is easily affected by humidity. The desiccant 107 absorbs moisture permeating
through sealant thereby preventing the organic EL film 15 from deteriorating.

[0054] Fig. 10 shows an arrangement of encapsulation with cover 85 of glass. Encapsulation may be achieved using
afilm (which may be a thin film, i.e., encapsulating thin film) 111 as shown in Fig. 11. An example of such an encapsulating
film (encapsulating thin film) 111 is a film formed by vapor deposition of DLC (diamond-like carbon) on a film for use in
electrolytic capacitors. This film has very poor water permeability (i.e. high moistureproofness) and hence is used as
the encapsulating film 111. It is needless to say that an arrangement in which a DLC film or the like is vapor-deposited
directly over the electrode 106 can serve the purpose. Alternatively, the encapsulating thin film may comprise a multi-
layered film formed by stacking a resin thin film and a metal thin film on the other.

[0055] The thickness of the thin film is preferably established so that n « d is not more than the dominant wavelength
A of light emitted from the EL device 15, wherein n represents the refractive index of the thin film (if plural thin films are
stacked on each other, calculation is made with their respective refractive indexes totalized (n « d is calculated for each
thin film), and d represents the thickness of the thin film (if plural thin films are stacked on each other, calculation is made
with their respective refractive indexes totalized.) With this condition being satisfied, the efficiency in taking light out of
EL device 15 is twice or more as high as that of the case where encapsulation is made with a glass substrate. An alloy,
mixture or stack of aluminum and silver may be formed as the encapsulating thin film.

[0056] Such encapsulation with encapsulating film 111 and without cover 85 as described above is referred to as thin
film encapsulation. In the thin film encapsulation to be applied to the case where light is taken out from the substrate 71
side, which is referred to as downward takeout (see Fig. 10 in which the arrow indicates the light takeout direction), an
aluminum film to be used as the cathode is formed over the EL film formed in advance. Subsequently, a resin layer to
serve as a buffer layer is formed over the aluminum film. Examples of materials for the buffer layer include organic
materials such as acrylic resin and epoxy resin. The thickness of the buffer layer is suitably not less than 1 um and not
more than 10 um, more preferably not less than 2 um and not more than 6 um. Further, encapsulating film 74 is formed
over the buffer film. Without the buffer layer, the structure of the EL film would collapse, causing streak-like defects to
occur. As described above, the encapsulating film 111 comprises, for example, DLC (diamond-like carbon) or a layered
structure for electrolytic capacitors (a multi-layered structure in which a dielectric thin film and an aluminum thin film are
formed alternately by vapor deposition.)

[0057] In the thin film encapsulation to be applied to the case where light is taken out from the EL layer 15 side, which
is referred to as upward takeout (see Fig. 10 in which the arrow indicates the light takeout direction), an Ag-Mg film to
be used as the cathode (or the anode) is formed to a thickness not less than 20 angstroms and not more than 300
angstroms over the EL film formed in advance. Subsequently, a transparent electrode comprising ITO or the like is
formed over the AG-Mg film to lower the resistance, followed by the formation of a resin film as a buffer layer over the
electrode film. Further, encapsulating film 111 is formed over the buffer film.

[0058] A half of the amount of light emitted from the organic EL layer 15 is reflected by reflective film 106, passes
through the array substrate 71, and is then emitted from the panel. However, undesired reflection occurs due to the
reflective film 106 reflecting extraneous light, causing the display contrast to lower. As the measures to avoid this
inconvenience, a /4 plate 108 and a sheet polarizer (polarizing film) 109 are disposed at the array substrate 71. These
are generally called a circularly polarizing plate (circularly polarizing sheet).

[0059] If the pixels comprise areflective electrode, light generated from the EL layer 15 is emitted upward. Itis therefore
needless to say that the phase plate 108 and the sheet polarizer 109 are disposed on the light-emitting side in this case.
Such reflective-type pixels can be obtained by forming pixel electrode 105 of aluminum, chromium, silver or the like. If
the surface of the pixel electrode 105 is provided with projections (or projections and depressions), the interface with
the organic EL layer 15 is enlarged, which increases the light-emitting area and improves the luminescence efficiency.
It should be noted that when it is possible to form a reflective film to serve as cathode 106 (or anode 105) on a transparent
electrode or reduce the reflectance to 30% or lower, the circularly polarizing plate is unnecessary. This is because
undesired reflection of extraneous light is reduced to a large extent. Further, such an arrangement reduces interference
of light and hence is desirable.
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[0060] Preferably, each transistor 11 employs a LDD (lightly doped drain) structure. Though the organic EL device
(which is variously abbreviated as OEL, PEL, PLED, OLED or the like) 15 is exemplified as the EL device in this
description, it is needless to say that an inorganic EL device is applicable to the present invention without limitation to
the organic EL device.

[0061] The active-matrix configuration used for the organic EL display panel has to satisfy the following two conditions:

(1) the active-matrix configuration is capable of selecting a specified pixel and giving the pixel required information;
and

(2) the active-matrix configuration is capable of passing a current through each EL device throughout a one-frame
period.

[0062] To satisfy these two conditions, the pixel configuration of the conventional organic EL device shown in Fig. 62
uses first transistor 211b as a switching transistor for pixel selection and second transistor 211a as a driving transistor
for feeding EL device (EL film) 215 with current.

[0063] In causing this configuration to realize gray-scale display, the driving transistor 211a needs to be applied a
voltage corresponding to a level of gray as a gate voltage. Accordingly, fluctuations of on-current in the driving transistor
211a are directly reflected in image display.

[0064] The on-currentin a transistor formed of single crystal is extremely invariant, whereas a low-temperature poly-
crystalline transistor, which is formed by the low temperature polysilicon technology which enables the formation of a
transistor on an inexpensive glass substrate at 450°C or lower, has a threshold voltage varying in the range from +0.2
V to =0.5 V. For this reason, the on-current passing through the driving transistor 211a fluctuates with variations in
threshold voltage, resulting in display irregularities. Such irregularities occur due not only to variations in threshold voltage
but also to variations in the mobility, gate insulator thickness or the like of the transistor. Also, the characteristics of the
transistor 211 vary as the transistor 211 deteriorates.

[0065] This phenomenon is possible to occur not only with the low temperature polysilicon technology but also with
other technology including the high temperature polysilicon technology using a processing temperature of 450°C or
higher and the technology of forming a transistor using a semiconductor film resulting from solid phase (CGS) growth.
As well, the phenomenon occurs with organic transistors and amorphous silicon transistors. Therefore, the present
invention to be described below is directed to configurations or methods capable of taking measures depending on those
technologies. In this description, however, transistors of the type formed by the low temperature polysilicon technology
are described mainly.

[0066] With the method of gray scale display by writing with voltage as shown in Fig. 62, device characteristics need
to be controlled precisely for providing an invariant display. With the low temperature polysilicon transistor or the like
presently available, however, the requirement of controlling variations in device characteristics to within predetermined
ranges cannot be satisfied.

[0067] In the pixel structure of the EL display apparatus according to the present invention, a unit pixel comprises four
transistors 11 and an EL device, as specifically shown in Fig. 1. The pixel electrode is formed as overlapping the source
signal lines. More specifically, source signal lines 18 are insulated by the formation of an insulating film or a planarizing
film comprising an acrylic material over the source signal lines 18, and then pixel electrode 105 is formed on the insulating
film. Such a structure that a pixel electrode overlaps at least a part of source signal lines is called a high aperture (HA)
structure. This structure can be expected to reduce useless interference light and ensure favorable luminescence.
[0068] When gate signal line (first scanning line) 17a is rendered active (applied with on-voltage) by outputting of a
gate signal thereto, the source driver 14 feeds EL device 15 with a current having a value required by EL device 15
through driving transistor 11a and switching transistor 11c associated with the EL device 15. By rendering gate signal
line 17a active (applying the gate signal line with on-voltage) in a manner to shortcircuit the gate and the drain of the
transistor 11a, the transistor 11b is opened and, at the same time, the gate voltage (or the drain voltage) of the transistor
11a is stored in capacitor (storage capacitor or additional capacitor) 19 connected between the gate and the source of
the transistor 11a (see Fig. 3(a).)

[0069] The capacitor 19 intermediate the source (S) and the gate (G) of the transistor 11a preferably has a capacitance
of 0.2 pF or more. A structure having capacitor 19 formed separately is exemplified as another structure. That is, the
structure has a storage capacitor comprising a capacitor electrode layer, a gate insulator and gate metal. Such a sep-
arately-formed capacitor is preferable from the viewpoints of preventing a decrease in luminance due to leakage from
the transistor 11c and stabilizing the display operation.

[0070] The capacitor (storage capacitor) 19 preferably has a capacitance not less than 0.2 pF and not more than 2
pF, particularly preferably notless than 0.4 pF and not more than 1.2 pF. The capacitance of the capacitor 19 is determined
in view of a pixel size. Assuming that Cs (pF) is the capacitance required for one pixel and Sp (square um) is the area
occupied by one pixel (not the effective aperture ratio), Cs and Sp preferably satisfy 500/S=Cs=20000/S, more preferably
1000/Sp=Cs=10000/Sp. Since the capacitance of the gate of the transistor is small enough, Q used here is the capac-
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itance of the storage capacitor (capacitor) 19 alone.

[0071] Preferably, the capacitor 19 is formed substantially in a non-display region located intermediate adjacent pixels.
Generally, in the formation of full color organic EL devices 15, misalignment of a mask causes misregistration of organic
EL layersto occur since the EL layers are formed using a vapor deposition process with a metal mask. Such misregistration
might cause organic EL layers 15 (15R, 15G and 15B) for respective colors to overlap each other. For this reason,
adjacent pixels for respective colors have to be spaced 10 w or more by the non-display region. This region does not
contribute to luminescence. Therefore, the formation of storage capacitor 19 in this region is also effective means for
improving the effective aperture ratio.

[0072] Subsequently, gate signal line 17a is rendered inactive (applied with off-current) and gate signal line 17b
rendered active, so that the current path is switched to the path including EL device 15 and transistor 11d connected to
the first transistor 11a and the EL device 15, thereby causing the current stored in the aforementioned manner to pass
through the EL device 15 (see Fig. 3(b).)

[0073] This circuit has four transistors 11 in one pixel, the transistor 11a having its gate connected to the source of
the transistor 11b. The gates of the respective transistors 11b and 11c are connected to gate signal line 17a. The drain
of the transistor 11b is connected to the drain of the transistor 11c as well as the source of the transistor 11d. The source
of the transistor 11c is connected to source signal line 18. The gate of the transistor 11d is connected to gate signal line
17b, while the drain of the transistor 11d connected to the anode of the EL device 15.

[0074] All the transistors shown in Fig. 1 are p-channel transistors. The p-channel transistor is preferable because it
has a high breakdown voltage and is hard to deteriorate, though the p-channel transistor exhibits slightly lower mobility
than the n-channel transistor. However, the present invention does not limit the transistors used in the EL device con-
figuration to p-channel transistors. It is possible to form the EL device configuration using the n-channel transistor
exclusively. The EL device configuration may be formed using the n-channel transistor and the p-channel transistor both.
[0075] In Fig. 1, itis preferable that the transistors 11c and 11b have the same polarity and are of the p-channel type
while the transistors 11a and 11d are of the n-channel type. Generally, the p-channel transistor is characterized in the
features including higher reliability and less occurrence of kink current than the n-channel transistor. Therefore, use is
very effective of the p-channel transistor as the transistor 11a associated with EL device 15 which is designed to obtain
a desired intensity of luminescence by current control.

[0076] Most preferably, all the transistors forming a pixel as well as incorporated gate driver 12 are of the p-channel
type. By thus forming the array with exclusive use of p-channel transistors, the number of masks to be used is reduced
to five, which can make the cost lower and the yield higher.

[0077] For easy understanding of the present invention, description will be made of the EL device configuration ac-
cording to the present invention with reference to Fig. 3. The EL device configuration of the present invention is controlled
with two timings. The first timing is timing for storing a required current value. When transistors 11b and 11c are turned
on at this timing, the equivalent circuit of the EL device configuration assumes the state shown in Fig. 3(a). Here, a
predetermined current Iw is written through a signal line. By so doing, transistor 11a is turned into a state where the gate
and the drain are connected to each other and current lw passes through the transistor 11a and transistor 11c. Accordingly,
the voltage across the gate- source of transistor 11a assumes a value such as to cause current lw to pass.

[0078] The second timing is timing for closing transistors 11b and 11c and opening transistor 11d. At this time, the
equivalent circuit of the EL device configuration assumes the state shown in Fig. 3(b). The voltage across the source-
gate of transistor 11a is held as it is. In this case transistor 11a operates within a saturation region at all times and,
hence, the value of current assumes Iw constantly.

[0079] These operations cause the display apparatus to be driven as shown in Fig. 5. Reference character 51a in Fig.
5(a) designates a pixel (row) of display screen 50 programmed with current at a certain time point (written pixel (row).)
This pixel (row) 51a is a non-lighting (non-display) pixel row as shown in Fig. 5(b). Other pixels (rows) are display pixels
(rows) 53. (That is, current is passing through EL devices 15 of the display pixels (rows) 53 and the EL devices 15 are
emitting light.)

[0080] In the case of the pixel configuration shown in Fig. 1, programming current lw passes through source signal
line 18 at the time of current-based programming. The current lw passes through transistor 11a to make voltage setting
(programming) of the capacitor 19 so that a voltage such as to cause the current lw to pass is held. At this time transistor
11d is open (in off-state).

[0081] In a period for allowing current to pass through EL device 15, transistors 11c and 11b are turned off while
transistor 11d turned on, as shown in Fig. 3(b). Specifically, off-voltage (Vgh) is applied to gate signal line 17a to turn
transistors 11b and 11c off. On the other hand, on-voltage (Vgl) is applied to gate signal line 17d to turn transistor 11d on.
[0082] The chart of such timing is shown in Fig. 4. In Fig. 4 and the like, a parenthesized additional numeral (for
example, (1)) indicates a row number given to a pixel row. Specifically, gate signal line 17a(1) indicates the gate signal
line 17a of pixel row (1). *H ("*" represents any character or numeral indicative of the number of a horizontal scanning
line), which appears in the uppermost section of Fig. 4, represents a horizontal scanning period. Specifically, 1H repre-
sents the first horizontal scanning period. These matters are for easy description and do not limit the number and the

10



10

15

20

25

30

35

40

45

50

55

EP 3 232 429 B1

period of a one-H period, the sequence of pixel rows, and the like.

[0083] As seen from Fig. 4, in each pixel row selected (the period for which the pixel row is in the selected state is
1H), gate signal line 17b is applied with off-voltage, while gate signal line 17a applied with on-voltage. In this period
current does not pass through EL devices 15; that is, the EL devices 15 are in the non-lighting state. In each pixel row
unselected, on the other hand, gate signal line 17a is applied with off-voltage, while gate signal line 17b applied with
on-voltage. In this period current passes through EL devices 15; that is, the EL devices 15 are in the lighting state.
[0084] The gate of transistor 11b and that of transistor 11c are connected to the same gate signal line 17a. However,
they may be connected to different gate signal lines (the gate signal lines 17a and 17c in Fig. 32). In this case, the
number of gate signal lines associated with one pixel is three. (The configuration shown in Fig. 1 has two gate signal
lines for one pixel.) By individually controlling the on-off timing for the gate of transistor 11b and that for the gate of
transistor 11c, fluctuations in the value of current passing through EL devices 15 due to variations in the characteristics
of transistor 11a can further be reduced.

[0085] If gate signal lines 17a and 17b formed into a common line and transistors 11c and 11d are rendered different
from each other in conductivity type (i.e., n-channel type and p-channel type), it is possible to simplify the driving circuit
and improve the effective aperture ratio of pixels.

[0086] With such a configuration, the writing path from a relevant signal line becomes off at the operation timing
according to present invention. If the path allowing current to pass therethrough is branched when a predetermined
value of current is to be written, the value of current is not exactly stored in the capacitor located intermediate the source
(S) and the gate (G) of transistor 11a. Where transistors 11c and 11d are rendered different in conductivity type from
each other, an operation becomes possible such that transistor 11d is necessarily turned on after transistor 11¢ has
been turned off at timing at which a scanning line is switched to another if each other’s threshold value is controlled.
[0087] Since the transistors require that each other’s threshold value be controlled accurately in this case, sufficient
care is necessary in the manufacturing process. Though the above-described circuit is feasible with at least four tran-
sistors, a configuration having more than four transistors in which transistor 11e is provided as cascade-connected as
shown in Fig. 2 operates based on the same operating principle described above. Such a configuration with additional
transistor 11e can cause a current as exact as programmed through transistor 11c to pass through EL device 15.
[0088] Variations in the characteristics of transistor 11a are correlated with the size of the transistor 11a. For reduction
of such variations in characteristics, the channel length of the first transistor 11a is preferably not less than 5 p.m and
not more than 100 wm, more preferably not less than 10 um and not more than 50 pwm. This is because when the channel
length L is made longer, the grain boundary contained in the channel increases, which is presumed to relax the electric
field and hence lower the kink effect.

[0089] Itis preferable that each of the transistors 11 forming a pixel comprises a polysilicon transistor formed through
the laser recrystallization method (laser annealing) and the channels of all the transistors extend in the same direction
with respect to the laser irradiation direction. Further, it is preferable that the laser scans the same portion twice or more
to form a semiconductor film.

[0090] An object of the present invention is to propose a circuit configuration which prevents variations in transistor
characteristics from affecting image display. To attain this object, four or more transistors are necessary. In determining
a circuit constant from the characteristics of these transistors, it is difficult to determine a suitable circuit constant unless
the four transistors are made uniform in characteristics. A transistor having a channel formed to extend in a horizontal
direction with respect to the longitudinal axis of laser irradiation is different in such transistor characteristics as threshold
value and mobility from a transistor having a channel formed to extend in a vertical direction with respect to the longitudinal
axis of laser irradiation. The extent of variations in one case is the same as that in the other. The transistor having the
channel extending in the horizontal direction and the transistor having the channel extending in the vertical direction are
different from each other in a mean value of mobility and a mean value of threshold. Thus, it is desirable that the channel
directions of all the transistors forming a pixel be the same.

[0091] Assuming that the capacitance of storage capacitor 19 is Cs and the value of off-current applied to the second
transistor 11b is loff, Cs and loff preferably satisfy the formula: 3<Cs/loff<24.

[0092] More preferably, they satisfy the formula: 6<Cs/loff<18.

[0093] The variation in the value of current passing through EL devices can be reduced to 2% or less by adjusting off-
current of transistor 11b to 5 pA or lower. This is because charge stored between the gate and the source (opposite
ends of the capacitor) cannot be maintained for a one-field period when voltage is not written. Therefore, with increasing
storage capacitance of the capacitor 19, allowable off-current increases. The variation in the value of current passing
through adjacent pixels can be reduced to 2% or less by satisfying the aforementioned formula.

[0094] Itis preferable that each of the transistors forming the active-matrix configuration comprises a p-channel poly-
silicon thin film transistor and transistor 11b has a multi-gated structure having at least dual gate. Since transistor 11b
acts as a switch intermediate the source and the drain of transistor 11a, the highest possible on/off ratio is required of
transistor 11b. By employing such a multi-gated structure having at least dual gate for the gate structure of transistor
11b, a high on/off ratio characteristic can be realized.
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[0095] Itis a general practice to form a semiconductor film constituting transistors 11 of pixels 16 through low temper-
ature polysilicon technology with laser annealing. Variations in laser annealing conditions result in variations in the
characteristics of transistors 11. However, if there is uniformity in the characteristics of respective transistors 11 in one
pixel, a configuration adapted for current-based programming as shown in Fig. 1 or the like is capable of operating so
that a predetermined current may pass through EL device 15. This feature is an advantage which a voltage-based
programming configuration does not have. The laser for use here is preferably an excimer laser.

[0096] In the present invention, the process used to form the semiconductor film is not limited to the laser annealing
process but may be a thermal annealing process or a process based on solid phase (CGS) growth. It is needless to say
that the present invention can use not only the low temperature polysilicon technology but also the high temperature
polysilicon technology.

[0097] In order to solve the problem described above, annealing is performed in a manner that a laser irradiation spot
(laser irradiation range) 72 extending parallel with source signal line 18 is irradiated with laser light. Further, the laser
irradiation spot 72 is moved so as to coincide with one pixel column. Of course, there is no limitation to one pixel column.
One pixel unit 16 comprising R,G and B may be irradiated with laser light (in this case three pixel columns are irradiated).
It is possible to irradiate plural pixels at a time. It is needless to say that the laser irradiation range may be moved in an
overlapping fashion. (Usually, moving laser irradiation range overlaps the preceding laser irradiation spot.)

[0098] Three pixels for R, G and B are formed to constitute a square shape. Accordingly, each of the pixels for R, G
and B is vertically elongated. Thus, annealing with vertically elongated laser irradiation spot 72 makes it possible to
avoid the occurrence of variations in the characteristics of transistors 11 in one pixel. Further, the transistors 11 connected
to one source signal line 18 can be rendered uniform in characteristics (mobility, Vt, S value and the like.) (That is, the
transistors 11 connected to one source line 18 can be made substantially to agree to each other in characteristics, though
there may be a case where the transistors 11 connected to one source signal line 18 are different in characteristics from
those connected to an adjacent signal line 18.)

[0099] Generally, the length of laser irradiation spot 72 is a fixed value, for example 10 inches. Since laser irradiation
spot 72 moves, the panel needs to be positioned so that one laser irradiation spot 72 can move within a range allowing
laser irradiation spot 72 to move therein. (That is, the panel needs to be positioned so as to prevent laser irradiation
spots 72 from overlapping each other in a central portion of display region 50 of the panel.)

[0100] Inthearrangement shown in Fig. 7, three panels are formed as arranged vertically within a range corresponding
to the length of laser irradiation spot 72. An annealing apparatus for irradiation of laser irradiation spot 72 recognizes
positioning markers 73a and 73b provided on glass substrate 74 (automatic positioning based on pattern recognition)
and moves laser irradiation spot 72. The positioning markers 73 are recognized by means of a pattern recognition device.
The annealing apparatus recognizes the positioning markers 73 to find the position of a pixel column. (That is, the
apparatus makes laser irradiation range 72 parallel with source signal line 18.) Sequential annealing is performed through
irradiation of laser irradiation spot 72 positioned coinciding with the position of each pixel column.

[0101] Use of the laser annealing method (of the type adapted for irradiation of a linear laser spot extending parallel
with source signal line 18) described with reference to Fig. 7 is preferable particularly in manufacturing an organic EL
display panel of the current-based programming type. This is because transistors 11 arranged parallel with a source
signal line are uniform in characteristics. (That is, the characteristics of one pixel transistor are approximate to those of
a vertically adjacent pixel transistor.) For this reason fluctuations in the voltage level of a source signal line which occur
in current-based driving are small and, hence, insufficient writing with current is not likely to occur.

[0102] In the case of white raster display for example, a current to be passed through transistor 11a of one pixel is
substantially equal to a current to be passed through transistor 11a of an adjacent pixel and, therefore, the amplitude
of a current outputted from source driver 14 varies little. If transistors 11a in Fig. 1 are uniform in characteristics and the
values of currents for programming pixels of a pixel column are equal to each other, fluctuations in the potential of source
signal line 18 do not occur. Accordingly, if the transistors 11a connected to one source signal line 18 are substantially
uniform in characteristics, fluctuations in the potential of the source signal line 18 are small. This also holds true for other
pixel configurations of the current-based programming type as shown in Fig. 38 and the like. (This means that use of
the manufacturing method illustrated in Fig. 7 is preferable.)

[0103] Uniform image display can also be realized by a configuration of the type adapted for writing to plural pixel
rows at a time to be described with reference to Fig. 27 or 30 or the like. This is mainly because display irregularities
due to variations in transistor characteristics are not likely to occur. Since the configuration shown in Fig. 27 or the like
selects plural pixel rows at a time, driver circuit 14 can accommodate variations in the characteristics of transistors
arranged vertically if the transistors of adjacent pixel rows are uniform.

[0104] Though the source driver 14 is formed as comprising an IC chip as shown in Fig. 7, the formation of source
driver 14 is not limited thereto. It is needless to say that source driver 14 may be formed together with pixels 16 in the
same process.

[0105] Inthe present invention, particularly, the threshold voltage Vth2 of transistor 11b is established so as not to be
lower than the threshold voltage Vth1 of transistor 11a associated with transistor 11b in one pixel. For example, the gate
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length L2 of transistor 11b is made longer than the gate length L1 of transistor 11a so that Vth2 may not become lower
than Vth1 even when the process parameters of these thin film transistors vary. By so doing, faint leakage current can
be inhibited to occur.

[0106] The above-described features are also applicable to the current mirror pixel configuration shown in Fig. 38.
The configuration shown in Fig. 38 comprises driving transistor 11a allowing signal current to pass therethrough, driving
transistor 11b for controlling driving current to be passed through a light-emitting device comprising EL device 15 or the
like, take-in transistor 11c for connecting or disconnecting the pixel circuit to or from a data line (data) by control over
gate signal line 17a1, switching transistor 11d for shortcircuiting the gate and the drain of transistor 11a during a writing
period by control over gate signal line 17a2, storage capacitor 19 for holding a voltage across the gate and the source
of transistor 11a even after completion of writing of the voltage, and EL device 15 as a light-emitting device.

[0107] Though transistors 11c and 11d are n-channel transistors while other transistors are p-channel transistors in
Fig. 38, this feature is a mere example and the configuration need not necessarily have this feature. Though the storage
capacitor 19 has one terminal connected to the gate of transistor 11a and the other terminal connected to VVdd (power
supply potential), the storage capacitor 19 may be connected to any fixed potential instead of Vdd. The cathode (negative
electrode) of EL device 15 is connected to the ground potential.

[0108] Description will be made of an EL display panel and an EL display apparatus according to the present invention.
Fig. 6 is an explanatory diagram mainly illustrating the circuit of the EL display apparatus. Pixels 16 are arranged or
formed in a matrix pattern. Each pixel 16 is connected to source driver 14 adapted to output a current for current-based
programming of each pixel 16. The source driver 14 has an outputting section formed with current mirror circuits corre-
sponding to the number of bits of an image signal as gray scale data, as will be described later. For example, if there
are 64 gray-levels, each source signal line is formed with 63 current mirror circuits. The source driver 14 is configured
to be capable of applying a desired current to source signal line 18 by selecting a current mirror circuits count.

[0109] The minimum output current of one current mirror circuit is set to be not more than 10 nA and not less than 50
nA. It is particularly preferable to set the minimum output current of one current mirror circuit to be not more than 15 nA
and notless than 35 nA. This is because such setting can ensure correct functioning of the transistors forming the current
mirror circuits in the source driver 14.

[0110] The source driver 14 incorporates a precharge or discharge circuit for forcibly charging or discharging source
signal line 18. The precharge or discharge circuit for forcibly charging or discharging source signal line 18 is preferably
configured to be capable of setting output voltage (current) values for respective of R, G and B independently. This is
because EL devices 15 for R, G and B have different threshold values.

[0111] Organic EL devices are known to have high temperature dependence. In order to control variations in luminance
intensity due to such temperature dependence, the current mirror circuits are provided with a nonlinear device, such as
thermistor or posister, for varying the output current. A reference current is generated in an analog fashion by adjusting
variations due to the temperature dependence by means of the thermistor or the like.

[0112] In the present invention, source driver 14 comprises a semiconductor chip and is connected to terminals of
source signal lines 18 on substrate 71 by the Chip On Glass (COG) technology. Metal wires of chromium, aluminum,
silver or the like are used for wiring of signal lines including source signal lines 18. This is because such a wire offers a
low resistance with a small wiring width. In the case where the pixels are of the reflection type, it is preferable that such
wiring is made of the same material as the reflective film of the pixels and formed at the same time with the formation
of the reflective film. By so doing, the process can be simplified.

[0113] The technology for use in mounting source driver 14 is not limited to the COG technology. It is possible that
the source driver 14 is mounted by the Chip On Film (COF) technology and connected to signal lines of the display
panel. A drive IC may comprise three chips, with a power supply IC 82 being formed separately.

[0114] On the other hand, the gate driver 12 is formed by the low temperature polysilicon technology. This means that
the gate driver 12 is formed along with the transistors of the pixels by the same process. This is because the gate driver
12 has a simple internal structure and a low working frequency as compared to the source driver 14. Therefore, the gate
driver 12 can be formed easily even by the low temperature polysilicon technology, which leads to the frame made
narrower. Of course, it is needless to say that the gate driver 12 may comprise a silicon chip and may be mounted on
the substrate 71 by utilizing the COG technology. The gate driver, switching devices including a pixel transistor, and like
components may be formed by the high temperature polysilicon technology, or they may be formed using an organic
material (organic transistor).

[0115] The gate driver 12 incorporates a shift register circuit 61a for gate signal line 17a, and a shift register circuit
61b for gate signal line 17b. Each shift register 61 is controlled using clock signals of positive and negative phases
(CLKxP and CLKxN) and start pulse (STx). Preferably, there are additionally used an enable signal (ENABL) for controlling
outputting/non-outputting from gate signal lines and an up-down (UPDOWN) signal for reversing the shifting direction
up and down. It is also preferable to provide an output terminal or the like for checking whether the start pulse has been
shifted by the shift register and outputted therefrom. The timing for shifting by the shift register is controlled using a
control signal from control IC 81. The gate driver 12 further incorporates a level shifting circuit for shifting an extraneous
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data level, and an inspection circuit.

[0116] Since the shift register circuit 61 has a low buffer capacity, the shift register circuit 61 cannot directly drive gate
signal lines 17. For this reason, at least two inverter circuits 62 are formed between the output of the shift register 61
and an associated output gate 63 adapted to drive gate signal line 17.

[0117] Similarly, in the case where the source driver 14 is formed directly on the substrate 71 by such polysilicon
technology as the low temperature polysilicon technology, plural inverter circuits are formed between an analog switch
gate such as a transfer gate for driving source signal line 18 and a shift register of the source driver 14. The source
driver and the gate driver share the following feature (i.e., the feature related to an inverter circuit provided between the
output of a shift register and an outputting section (including an output gate or a transfer gate)) adapted to drive signal lines.
[0118] Though an output of the source driver 14 is shown to connect directly to source signal line 18 in Fig. 6 for
example, actually the output of the shift register of the source driver is connected to multiple inverter circuits, the outputs
of which are connected to analog switch gates such as transfer gates.

[0119] Each inverter circuit 62 comprises a p-channel MOS transistor and an n-channel MOS transistor. As described
above, an output terminal of shift register 61 of the gate driver 12 is connected to multiple inverter circuits 62 and the
output of the final inverter circuit is connected to associated output gate circuit 63. Each inverter circuit 62 may comprise
transistors of p-channel type only. In this case, inverter circuit 62 may serve as a mere gate circuit but not as an inverter.
[0120] Fig. 8 is a diagram illustrating an arrangement for supply of signals and voltage in the display apparatus or the
configuration of the display apparatus according to the present invention. Signals from control IC 81 are fed to source
driver 14a (power supply wiring, data wiring or the like) through flexible board 84.

[0121] In Fig. 8, control signals for gate driver 12 are generated at control IC 81, level-shifted at source driver 14 and
then applied to gate driver 12. Since the driving voltage of source driver 14 ranges from 4 to 8 (V), a control signal having
an amplitude of 3.3 (V) can be converted into a signal having an amplitude of 5 (V), which can be received by gate driver 12.
[0122] Source driver 14 is preferably provided therein with image memory. The image memory may store image data
previously subjected to an error diffusion process or a dither process. Such an error diffusion process or dither process
can convert 260,000-color display data into, for example, 4096-color display data, thereby contributing to a reduction in
the capacity of the image memory. The error diffusion process or the like can be achieved with error diffusion controller
81. Image data may be subjected to the dither process and then further subjected to the error diffusion process. The
matter described above holds true for a reverse error diffusion process.

[0123] Though the component 14 in Fig. 8 or the like is referred to as the source driver, the component 14 may
incorporate not only a mere driver circuit but also a power supply circuit, buffer circuit (including such a circuit as a shift
register), data converter circuit, latch circuit, command decoder, shift circuit, address translator circuit, image memory
or the like. It is needless to say that a three-side-free arrangement (structure) and a driving method, which will be
described with reference to Fig. 9 and the like, are applicable to the configuration described with reference to Fig. 8.
[0124] For the display panel to be used in an information display apparatus such as a mobile phone, it is preferable
that source driver (circuit) 14 and gate driver (circuit) 12 are mounted (formed) on one side of the display panel. (It should
be noted that an arrangement such that driver ICs (circuits) are mounted (formed) on one side of a panel is referred to
as a three-side-free arrangement (structure). It has been a conventional practice to mount gate driver 12 and source
driver 14 on X-side and Y-side, respectively, of a display region.) The three-side-free arrangement allows the center line
of screen 50 to coincide with the center line of the display apparatus easily and makes the mounting of driver ICs easy.
The gate driver may be formed in a three-side-free arrangement by the high temperature or low temperature polysilicon
technology. (That is, at least one of source driver 14 and gate driver 12 shown in Fig. 9 is formed directly on substrate
71 by the polysilicon technology.)

[0125] The term "three-side-free arrangement” is meant to include not only an arrangement having ICs mounted or
formed directly on substrate 71 but also an arrangement in which a film attached with source driver (circuit) 14, gate
driver (circuit) 12 and the like (by TCP or TAB technology) is bonded to one side (or essentially one side) of substrate
71. Thatis, the term "three-side-free arrangement” is meant to include any arrangement or disposition having two sides
on which any IC is not mounted or fitted as well as all arrangements similar thereto.

[0126] When gate driver 12 is disposed beside source driver 14 as shown in Fig. 9, gate signal lines 17 need to be
arranged along side C.

[0127] The portion indicated by thick solid line in Fig. 9 and the like is a portion in which gate signal lines are formed
side by side. Accordingly, the portion designated by reference character b (lower portion in the figure) is formed with
parallel gate signal lines 17 in the number shown, while the portion designated by reference character a (an upper portion
in the figure) is formed with one gate signal line 17.

[0128] The pitch at which gate signal lines 17 are formed on C side is not less than 5 um and not more than 12 pm.
If the pitch is less than 5 um, noise occurs at an adjacent gate signal line by the influence of parasitic capacitance.
According to an experiment, the influence of parasitic capacitance becomes significant when the pitch is 7 um or less.
When the pitch further decreases to a value less than 5 um, image noise such as beat noise occurs vigorously on the
display screen. Particularly, noise occurs differently between the right-hand side and the left-hand side of the screen
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and it is difficult to reduce such image noise as beat noise. On the other hand, if the pitch exceeds 12 pm, the frame
width D of the display panel becomes so large that the display panel cannot be put to practical use.

[0129] The aforementioned image noise can be reduced by providing a ground pattern (which is a conductive pattern
set to have a fixed voltage or a stabilized potential as a whole) as a layer underlying or overlying the portion formed with
gate signal lines 17. Alternatively, a separately-formed shielding plate or foil (which is a conductive pattern set to have
a fixed voltage or a stabilized potential as a whole) should be placed over gate signal lines 17.

[0130] Though the gate signal lines 17 formed on side C in Fig. 9 may comprise an ITO electrode each, each of them
preferably comprise a stack of ITO film and metal thin film so as to have decreased resistance. Alternatively, each gate
signal line preferably comprises a metal film. In stacking metal thin film on ITO, a titanium film is formed over ITO and
then a thin film of aluminum or of alloy comprising aluminum and molybdenum is formed over the titanium film. Alterna-
tively, a chromium film is formed over ITO. In the case where each gate signal line comprises metal film, the metal film
comprises an aluminum thin film or a chromium thin film. The matters described above hold true for other embodiments
of the present invention.

[0131] There is no limitation to the arrangement shown in Fig. 9 or the like in which gate signal lines 19 are disposed
(or formed) on one side of display region 50. Gate signal lines 19 may be disposed (or formed) on opposite sides of
display region 50. For example, it is possible that gate signal lines 17a are disposed (or formed) on the right-hand side
of display region 50 while gate signal lines 17b disposed (or formed) on the left-hand side of display region 50. The
matter thus described hold true for other embodiments.

[0132] Source driver 14 and gate driver 12 may be formed into a single chip. With such a single chip, it is sufficient to
mount a single IC chip on the display panel. Accordingly, the mounting cost can be reduced. In addition, different voltages
to be used in the single chip driver IC can be generated at a time.

[0133] There is no limitation to the above-described feature that source driver 14 and gate driver 12 are each formed
from a semiconductor wafer such as silicon and then mounted on the display panel. It is needless to say that they may
be formed directly on display panel 82 by the low temperature polysilicon technology or the high temperature polysilicon
technology.

[0134] In the configuration shown in Fig. 1 or the like, EL device 15 is connected to Vdd potential through transistor
11a. Such a configuration, however, involves a problem of different driving voltages to be applied to organic EL devices
for developing respective colors. For example, when a current of 0.01 (A) is allowed to pass per unit cm2, the terminal
voltage of EL device for blue (B) assumes 5 (V) while that of each of EL devices green (G) and red (R) assumes 9 (V).
That is, G and R are different from B in terminal voltage. Therefore, B is different from G and R in the source-drain
voltage (SD voltage) of transistor 11a to be held. For this reason, the transistors associated with respective color EL
devices have different off-leak currents due to different source-drain voltages (SD voltages). When such off-leak currents
occur with a difference in off-leak characteristic between EL devices for respective colors, a complicated display state
results where flicker occurs with the colors being out of balance and the gamma characteristic deviates in accordance
with the correlation with the color of emitted light.

[0135] To deal with this problem, an arrangement is employed such that the potential at the cathode of at least one
of R, G and B devices is made different from that at the cathode of each of the other devices. Alternatively, another
arrangement may be employed such that the Vdd potential of at least one of R, G and B devices is made different from
that of each of the other devices.

[0136] Itis needless to say that terminal voltages of EL devices for R, G and B are preferably made as equal to each
other as possible. Materials and structures needs to be selected so that the terminal voltages of R, G and B devices
assume respective values not higher than 10 (V) on condition that the devices each exhibits a white peak luminance
and the color temperatures of the respective devices are in the range not lower than 7000 K and not higher than 12,000
K. Further, the difference between the maximum terminal voltage and the minimum terminal voltage of the EL devices
for R, G and B need be not more than 2.5 (V), preferably not more than 1.5 (V). While the foregoing embodiment uses
the colors of R, G and B, there is no limitation to these colors. This will be described later.

[0137] While the pixels are adapted to develop the three primary colors, namely R, G and B, they may be adapted to
develop three colors, namely cyan, yellow and magenta. It is possible to use two colors, namely B and yellow. Of course,
it is possible to use a monochromatic color. It is possible to use six colors, namely R, G, B, cyan, yellow and magenta.
Itis also possible to use five colors, namely R, G and B, cyan and magenta. These colors offer widened color reproducible
ranges of natural colors and hence are capable of realizing favorable display. Another possible combination of colors
includes four colors, namely R, G, B and white. Yet another possible combination of colors includes seven colors, namely
R, G, B, cyan, yellow, magenta, black and white. It is possible that white light emitting pixels are formed (or made)
throughout display region 50 and R, G and B color filters are provided on the pixels to realize a three-primary-color
display. In this case it is sufficient to stack light-emitting materials for respective colors on EL layers. Alternatively, each
pixel is dividedly painted with B and yellow for example. As described above, the El display apparatus according to the
present invention is not limited to color display based on the R, G and B three primary colors.

[0138] Three major methods can be used in causing an organic EL display panel to realize color display, and the color
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conversion method is one of them. According to this method, it is sufficient to form a single luminescent layer for blue
and the other colors, namely green and red, required for full color display are produced by color conversion from blue
light. Accordingly, there is no need to provide layers painted into R, G and B separately. This method has an advantage
that there is no need to provide a set of organic EL materials for respective of R, G and B. The color conversion method
is free of a decrease in production yield, which is essential to the separately painting method. Either method is applicable
to the EL display panel and the like according to the present invention.

[0139] In addition to the pixels for the three primary colors, white-light-emitting pixels may be formed. Such a white-
light-emitting pixel can be realized by stacking light-emitting structures for R, G and B on each other. A set of pixels
comprises pixels for the R, G and B three primary colors and a white-light-emitting pixel 16W The formation of such a
white-light-emitting pixel makes it easy to develop a white light peak luminance. Thus, brilliant image display can be
realized.

[0140] In forming a set of pixels for the R, G and B three primary colors or like colors, the pixels for the respective
colors are preferably made to have respective pixel electrodes having different areas. Of course, the pixel electrodes
may have equal areas if the emission efficiencies of the respective colors are well-balanced and the color purities of the
respective colors are also well-balanced. If one or plural colors are ill-balanced, it is preferable to adjust the light-emitting
surface areas of the respective pixel electrodes. The light-emitting surface areas of the pixel electrodes for the respective
colors should be determined based on their current densities. Specifically, on condition that white balance is adjusted
in a state where the color temperatures are within the range not lower than 7000 K (Kelvin) and not higher than 12,000
K, the difference in current density between the pixel electrodes for the respective colors is adjusted to within =30%,
preferably =15%. If the current density of the pixel electrode for one color is 100 A/m2 for example, the current density
of the pixel electrode for any one of the three primary colors is made to assume a value not less than 70 A/m?2 and not
more than 130 A/m2, more preferably not less than 85 A/m2 and not more than 115 A/m2.

[0141] Organic EL device 15is a self-luminescent device. When light of luminescence becomes incident on a transistor
serving as a switching device, a photoconductor phenomenon occurs. The photoconductor phenomenon is a phenom-
enon that leakage at a switching device, such as a transistor, in an off-state (off-leak) increases due to optical excitation.
[0142] To deal with this problem, the present invention forms a light-shielding film underlying gate driver 12 (source
driver 14 in some cases) and pixel transistors 11. The light-shielding film comprises a metal thin film such as chromium
and has a thickness not less than 50 nm and not more than 150 nm. If the film thickness is too small, the film has a poor
light-shielding effect. On the other hand, if the film thickness is too large, unevenness occurs, which makes the patterning
of overlying transistors 11a difficult.

[0143] A planarization film having a thickness not less than 20 nm and not more than 100 nm, which comprises an
inorganic material, is formed over the light-shielding film. One electrode of storage capacitor 19 may be formed using
the layer of this light-shielding film. In this case the planarization film is preferably made as thin as possible so that the
storage capacitor has a larger capacitance. Alternatively, itis possible that the light-shielding film is formed from aluminum
and a silicon oxide film is formed over the surface of the light-shielding film by utilizing the anodic oxidation technique
for use as a dielectric film of storage capacitor 19. On the planarization film are formed pixel electrodes of a high aperture
(HA) structure.

[0144] The driver circuit 12 and the like should inhibit penetration of light not only from the reverse side but also from
the obverse side. This is because malfunction of such a circuit is caused by the influence of the photoconductor phe-
nomenon. For this reason, in the present invention, when the cathode comprises a metal film, the drivers 12 and the
like are formed with such a cathode electrode covering the surface thereof to serve as the light-shielding film.

[0145] However, the formation of such a cathode over the drivers 12 possibly causes a malfunction of the drivers due
to an electric field produced from the cathode or an electric contact between the cathode and the driver circuit. To deal
with this problem, the present invention forms at least one organic EL film layer, preferably a plurality of organic EL film
layers over the driver circuits12 and the like at the same time with the formation of the organic EL film over pixel electrodes.
[0146] Since such an organic EL film is basically an insulator, the formation of the organic EL film over the drivers
isolates the drivers from the cathode, thus overcoming the aforementioned problem.

[0147] When shortcircuiting occurs between terminals of one or more transistors 11 or between a signal line and a
transistor 11, EL device 15 associated therewith lights constantly and such a pixel may become a luminescent spot.
Since this luminescent spot is visually prominent, the luminescent spot needs to be turned into a black spot (or turned
into the non-lighting state.) The pixel 16 constituting such a luminescent spot is detected and then the capacitor 19 of
the pixel 16 is irradiated with laser light so that the terminals thereof are shortcircuited. By so doing, the capacitor 19
becomes incapable of holding charge and, hence, the transistor 11a cannot allow current to pass therethrough any more.
[0148] It is desirable that the cathode film situated in a region to be irradiated with laser light be removed in advance
in order to prevent a terminal electrode of the capacitor 19 from shortcircuiting with the cathode film.

[0149] A defect of transistor 11 of pixel 16 affects the driver circuit 14 or the like. For example, when a source-drain
(SD) shortcircuit 562 occurs at driving transistor 11a as shown in Fig. 56, the source driver 14 is applied with Vdd voltage
of the panel. For this reason, the supply voltage of the source driver 14 is preferably set equal to or higher than the
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supply voltage Vdd of the panel. It is preferable to employ an arrangement capable of controlling the reference current
to be used in the source driver 14 by means of an electron volume 561.

[0150] When SD shorcircuit 562 occurs at transistor 11a, an excessive current passes through EL device 15. This
causes the EL device 15 to light constantly (to become a luminescent spot). Such a luminescent spotis visually prominent
as a defect. In Fig. 56 for example, when a source-drain (SD) shortcircuit occurs at transistor 11a, current from the Vdd
voltage keeps on passing through the EL device 15 (while the transistor 11d is on.) Accordingly, the EL device 15
becomes a luminescent spot.

[0151] Further, such a SD shorcircuit at the transistor 11a causes the Vdd voltage to be applied to source signal line
14, hence, to the source driver 14 while the transistor 11c is on. If the supply voltage of the source driver 14 is lower
than Vdd, the source driver 14 might be broken down due to a voltage exceeding the withstand voltage. For this reason,
the supply voltage of the source driver 14 is preferably set equal to or higher than the Vdd voltage (which is the higher
voltage applied to the panel.)

[0152] The SD shortcircuit or a like defect at transistor 11a may result in the breakdown of the source driver of the
panel as well as a spot defect. A luminescent spot, which is visually prominent, makes the panel faulty. For this reason,
it is necessary to turn such a luminescent spot into a black defect by cutting off the wiring interconnecting transistor 11a
and EL device 15. Optical means such as laser light may be used to cut off the wiring.

[0153] Though wiring is cut off in the above embodiment, the means for changing a luminescent spot into a black
display spot is not limited thereto. As can be understood from Fig. 1 for example, a modification may be made so that
the supply voltage Vdd for transistor 11a is constantly applied to the gate (G) terminal of the transistor 11a. For example,
if the opposite terminals of the capacitor 19 are shortcircuited, the Vdd voltage is applied to the gate (G) terminal of
transistor 11a. Accordingly, the transistor 11a is kept in complete off-state and hence does not allow current to pass
through the EL device 15 any more. This can be easily realized through laser irradiation of capacitor 19, which can
shortcircuit the capacitor electrodes.

[0154] Further, since the Vdd wiring actually underlies the pixel electrode, the display condition of the pixel can be
controlled (or modified) through irradiation of the Vdd wiring and the pixel electrode with laser light.

[0155] Additionally, turning a luminescent spot into a black defect can also be realized by making open the channel
between the source and the drain of the transistor 11a. Briefly, the transistor 11a is irradiated with laser light to make
the channel thereof open. Similarly, the channel of the transistor 11d may be opened. When the channel of the transistor
11b is opened, the associated pixel 16 cannot be selected and hence becomes a black display.

[0156] In order to turn pixel 16 into a black display, the EL device 15 may be deteriorated. For example, laser light is
applied to the EL layer 15 to deteriorate the EL layer physically or chemically, thereby making the EL layer 15 incapable
of luminescence (constant black display.) Irradiation with laser light can heat the EL layer 15 thereby deteriorating it
easily. Use of an excimer laser can cause a chemical change of the EL layer 15 to take place easily.

[0157] While the pixel configuration shown in Fig. 1 is exemplified in the above-described embodiment, the present
invention is not limited thereto. It is needless to say that the art of making wiring or electrodes open or shortcircuited by
the use of laser light is applicable to other current-driven pixel configurations such as a current mirror circuit configuration
and voltage-driven pixel configurations as shown in Fig. 62 or 51 or the like.

[0158] A method of driving the pixel configuration shown in Fig. 1 will be described below. As shown in Fig. 1, gate
signalline 17a assumes a conducting state during a row selecting period, while gate signal line 17b assumes a conducting
state during an unselecting period. (Here, application of a low-level voltage causes gate signal line 17 to assume the
conducting state since the transistors 11 in Fig. 1 are p-channel transistors.)

[0159] Parasitic capacitance (not shown) is present in source signal line 18. Such parasitic capacitance is produced
due to a capacitance at each of the intersections of source signal line 18 and gate signal lines 17, a channel capacitance
at each of transistors 11b and 11c, or the like.

[0160] Time t required for the value of current at source signal line 18 to vary is found from the equation: t = C « VI,
where C represents the value of parasitic capacitance, V represents a voltage applied to source signal line 18 and |
represents a current passing through source signal line 18. Accordingly, the time t required for the value of current to
vary can be shortened to nearly 1/10 by increasing current to a 10-fold value. The equation also indicates that even
when the parasitic capacitance in source signal line 18 increases to a 10-fold value, the value of current can be varied
to a predetermined value. Therefore, increasing the value of current is effective in writing a predetermined current value
within a short horizontal scanning period.

[0161] Inorderto charge/discharge the parasitic capacitance of source signal line 18, a current having value | satisfying
the formula: 1> (C « V)/t should be passed through source signal line 18.

[0162] Iftheinputcurrentisincreased 10 times, the output currentis also increased 10 times. In this case the luminance
ofthe EL device is also raised 10 times, which means that a predetermined luminance cannot be obtained. In this respect,
the present invention realizes the predetermined luminance by providing settings such that the conducting period of
transistor 17d in Fig. 1 is set to 1/10 of the conventional conducting period and the light-emitting period of EL device 15
set to 1/10 of the conventional light-emitting period.
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[0163] That is, in order to program transistor 11a of pixel 16 with a predetermined current value after sufficient
charge/discharge of the parasitic capacitance of source signal line 18, source driver 14 needs to output a relatively high
current. However, when such a high current is passed through source signal line 18, the pixel is programmed with the
value of this current undesirably, with the result that the EL device 15 is fed with a higher current than the predetermined
current. For example, if programming is made with a 10-fold current, naturally a 10-fold current passes through EL device
15, thus causing the EL device 15 to emit light at a 10-fold luminance. To obtain the predetermined luminance of emission,
the time period for which the EL device 15 is fed with the current should be shortened to 1/10. Such a driving method
is capable of sufficiently charging/discharging the parasitic capacitance of source signal line 18 and obtaining the pre-
determined luminance of emission.

[0164] The above-described feature that a 10-fold current value is written to transistor 11a of a pixel (more exactly,
the terminal voltage of capacitor 19 is set to a predetermined value) and the on-time of EL device 15 is shortened to
1/10, is an mere example. In some cases it is possible that a 10-fold current value is written to transistor 11a of a pixel
and the on-time of EL device 15 is shortened to 1/5. Alternatively, as the case may be, it is possible that a 10-fold current
value is written to transistor 11a of a pixel and the on-time of EL device 15 is shortened to 1/2.

[0165] The present invention is characterized by a driving method in which a current to be written to a pixel is set to
have a value different from the predetermined value while EL device 15 is fed with a current intermittently. For easy
explanation, the driving method is herein described as having a feature thata current N times as high as the predetermined
current is written to transistor 11 of a pixel while the on-time of EL device 15 is set 1/N times the predetermined time
period. However, the present invention is not limited to this feature. It is needless to say that it is possible that an N1-
fold currentis written to transistor 11 of a pixel while the on-time of EL device 15is 1/N2 times as large as the predetermined
time period, (where N1 and N2 are different from each other.)

[0166] The "predetermined current", as used herein, means a current required to realize a gray scale display corre-
sponding to an image signal. The predetermined current has a current value varying depending on the specifications of
the EL display apparatus. For example, the current value ranges from about 0.25 p.A to about 0.75 A when a luminance
of 150 ntis to be realized. Therefore, if N = 4, a current value of from about 1 nA to about 3 pA is to be written to transistor
11. Similarly, if N = 8, the current value to be written ranges from about 2 pA to about 6 pA. If N = 2, the current value
to be written ranges from about 0.5 pA to about 1.5 pA.

[0167] The intervals at which the intermittent passage of current is performed are not limited to equal intervals. For
example, random intervals are possible (provided the display period or the non-display period, as a whole, has a pre-
determined value (fixed ratio).) The intervals may differ depending on R, G and B. That is, each of R, G and B display
periods or non-display periods should be adjusted to a predetermined value (fixed ratio) so as to optimize the white
balance.

[0168] For easy explanation, the on-time is described to be 1/N of 1F (one field or one frame period), IF being used
as a reference. However, a time period required for selection of one pixel row and programming with a current value
(which is usually one horizontal scanning period) should be taken into account. In addition, errors may occur depending
on the scanning conditions. Thus, the above description is merely provided for convenience in making the explanation
easy and there is no limitation thereto.

[0169] Forexample, itis possible that pixel 16 is programmed with a 10-fold current (N = 10) and EL device is caused
to light for a 1/5 period. In this case EL device 15 lights at a two-fold luminance (10/5 = 2). Alternatively, it is possible
that pixel 16 is programmed with a two-fold current (N = 2) and EL device 15 is caused to light for a 1/4 period. In this
case EL device 15 lights at a 0.5-fold luminance (2/4 = 0.5). That is, according to the present invention, a pixel is
programmed with an N-fold current (N is not equal to 1) and a display which is not in a constant lighting state (i.e. 1/1,
which does not means intermittent driving) is realized. In a wider sense, the present invention provides a driving method
which includes cutting off feeding of current to EL device 15 at least once in a one-frame (or one-field) period. The
present invention also provides a driving method which includes programming pixel 16 with a current higher than the
predetermined value while performing intermittent display necessarily.

[0170] Organic (orinorganic) EL display apparatus involve a problem essential to their display method which is basically
different from the display method applied to such display apparatus as a CRT adapted to display an image as an
aggregate of line displays provided by means of an electron gun. Since such an EL display apparatus is configured to
hold a current (or a voltage) written to a pixel for a one-F (one-field or one-frame) period. This configuration gives rise
to a problem of a blurred outline of an image if it is displayed in a motion picture display state.

[0171] According to the present invention, EL device 15 is fed with a current for only a 1F/N period of a one-frame
period and is not fed with a current for the rest of the frame period (1F(N-1)/N). Consideration is given to the case where
one spot of the screen driven according to this driving method is observed. In this display state, a display based on
image data and a black display (non-lighting state) alternate with each other on a IF basis. That is, such a display based
on image data appears at time intervals (intermittent display). When a display based on motion picture data is realized
by such intermittent display driving, the image has no blurred outline, which means that a display of high quality is
realized. Thus, the intermittent display method can realize a motion picture display close to that realized by a CRT.
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Further, since the main clock used in the circuit is a conventional one in spite of intermittent display, no increase occurs
in the power consumption of the circuit.

[0172] In the case of a liquid crystal display panel, image data (voltage) based on which light modulation is performed
is held in the liquid crystal layer. Therefore, data applied to the liquid crystal layer needs to be rewritten in order to insert
a black display. For this reason, it is required that the value of the clock for operating source driver 14 be made higher
while source signal line 18 applied with image data and black display data alternately. Accordingly, the value of the main
clock of the circuit needs to be raised in order to realize insertion of black (intermittent display of a black display or the
like.) In addition, image memory for extending the time axis is also needed.

[0173] In a pixel configuration of the EL display panel of the present invention as shown in Fig. 1, 2 or 38 or the like,
image data is held in the capacitor 19. A current corresponding to the terminal voltage of this capacitor 19 is passed
through EL device 15. Thus, image data is not held in a light modulation layer as in the liquid crystal display panel.
[0174] According to the present invention, the current to be passed through EL device 15 is controlled by merely
turning on/off switching transistor 11d or 11e or the like. That is, even when the current Iw passing through EL device
15 is cut off, image data is held as it is in the capacitor 19. Therefore, when the switching device 11d or the like is turned
off at the next timing to feed EL device 15 with a current, this current has a current value equal to that of the current
passed just before. The present invention does not need to raise the main clock of the circuit even when insertion of
black (intermittent display of a black display or the like) is to be made. Nor does the present invention need to extend
the time axis and, hence, image memory therefor is not needed either. Organic EL device 15 requires a shortened time
for the device 15 to emit light from the time when it is fed with current and hence is responsive at a high speed. For this
reason, the present invention is suitable for motion picture display and is capable of solving the motion picture display
problem which is essential to display panels of the conventional data holding type (liquid crystal display panel, EL display
panel, and the like) by intermittent display.

[0175] In the case of a large-sized display apparatus having an increased source capacitance, the source current
should be increased 10 times or more. Generally, when the source current value is increased N times, it is sufficient to
set the conducting period for gate signal line 17b (transistor 11d) to 1F/N. By so doing, the present invention is applicable
to television sets, monitoring display apparatus, and the like.

[0176] The driving method according to the present invention will be described more specifically with reference to the
drawings. The parasitic capacitance of source signal line 18 is produced due to the coupling capacitance between
adjacent source signal lines 18, the capacitance of the buffer output of source driver IC (circuit), the capacitance at a
crossing point between gate signal line 17 and source signal line 18, and the like. Such a parasitic capacitance is usually
10 pF or more. In the case of voltage-based driving, driver IC 14 applies a voltage to source signal line 18 with a low
impedance and, hence, some increase in the parasitic capacitance does not raise any driving problem.

[0177] However,inthe case of current-based driving, image display of a black level, in particular, requires programming
of capacitor 19 of a pixel with a faint current of 20 nA or lower. For this reason, when the parasitic capacitance takes
place as having a value more than a predetermined value, the parasitic capacitance cannot be charged/discharged
within the time required for one pixel row to be programmed. (The time required is usually a 1H period or shorter but is
not limited thereto since two pixel rows may be programmed at a time.) If charge/discharge is impossible within a 1H
period, writing to a pixel is insufficient and, hence, display with a desired resolution cannot be realized.

[0178] In the case of the pixel configuration shown in Fig. 1, a programming current lw passes through source signal
line 18 during current-based programming as shown in Fig. 3(a). The current Iw is passed through transistor 11a to set
(program) a voltage of capacitor 19 so that the voltage for causing the current Iw to pass is held. At this time transistor
11d is in an open state (off-state).

[0179] In turn, transistors 11c and 11b are turned off and transistor 11d operates in the period for feeding EL device
15 with a current as shown in Fig. 3(b). Specifically, off-voltage (Vgh) is applied to gate signal line 17a to turn transistors
11b and 11c off. On the other hand, on-voltage (Vgl) is applied to gate signal line 17b to turn transistor 11d off.

[0180] Now, assuming that the current Iw is 10 times as high as a current (of a predetermined value) to be passed
conventionally, a current passing through EL device 15 in Fig. 3(b) is also 10 times as high as the predetermined value.
Accordingly, EL device 15 emits light at a luminance 10 times as high as a predetermined value. That is, the display
luminance B of the display panel becomes higher with increasing magnification N, as shown in Fig. 12. Therefore, the
luminance and the magnification are proportional to each other. With 1/N driving, on the other hand, the luminance and
the magnification are inverse proportion to each other.

[0181] If transistor 11d is caused to assume on-state for only 1/N of the time period for which transistor 11 assumes
on-state conventionally and to assume off-state for the rest ((N-1)/N) of the time period, the mean luminance throughout
IF becomes a predetermined luminance. This display state is close to a display state of a screen scanned with an electron
gun in a CRT. The difference therebetween resides in that the region displaying an image or the lighting region is 1/N
of the whole screen (which is equal to 1.) (The lighting region in the CRT corresponds to one pixel row (one pixel in a
strict sense).)

[0182] In the present invention, 1F/N image display region 53 shifts from the upper side to the lower side of screen
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50, as shown in Fig. 13(b). EL device 15 is fed with current for only a 1F/N period and is not fed with current for the rest
(1F+(N-1)/N) of the period. Therefore, each pixel displays intermittently. However, the image is seen to be retained at
human eyes through afterimage and, hence, the whole screen is seen to display uniformly.

[0183] It should be noted that written pixel row 51a forms a non-lighting display 52a, as shown in Fig. 13. However,
this occurs in the pixel configurations shown in Figs. 1 and 2. Such a written pixel row 51a may assume a lighting state
in the current mirror pixel configuration shown in Fig. 38 or the like. In the present description, however, the pixel
configuration shown in Fig. 1 is mainly exemplified for easy explanation. The method illustrated in Fig. 13 or 16 or the
like, which includes programming with a current higher than the predetermined driving current lw and intermittent driving,
will be referred to as an N-fold pulse driving method.

[0184] In this display state, a display based on image data and a black display (non-lighting state) alternate with each
on a 1F basis. That is, such a display based on image data appears at time intervals (intermittent display). Since liquid
crystal display panels (and EL display panels other than the EL display panels of the present invention) are configured
to hold data at pixels for a 1F period, an image on a motion picture display cannot keep up with image data changing,
resulting in blurred motion picture (blurred image outline). According to the present invention, however, an image is
displayed intermittently and, hence, satisfactory display state with no blurred outline can be realized. Thus, the intermittent
display method can realize a motion picture display close to that realized by a CRT.

[0185] The timing chart of such intermittent display is shown in Fig. 14. The pixel configuration shown in Fig. 1 is
exemplified in the present invention unless otherwise particularly specified. As seen from Fig. 14, in each selected pixel
row (selecting period is 1H), gate signal line 17b is under application of off-voltage (Vgh) (see Fig. 14(b)) while gate
signal line 17a is being applied with on-voltage (Vgl) (see Fig. 14(a).) During this period, EL device 15 is not fed with
current (in a non-lighting state). In an unselected pixel row, on the other hand, gate signal line 17a is under application
of off-voltage (Vgh) and gate signal line 17b is under application of on-voltage (Vgl). During this period, EL device 15 is
fed with current (in a lighting state). In the lighting state, EL device lights ata luminance N times as high as a predetermined
value (N+B) for a time period of 1F/N. Thus, a means display luminance of the display panel throughout a IF period can
be found from the equation: (N+B)X(1/N) = B (predetermined luminance).

[0186] Fig. 15illustrates an embodimentin which the operation illustrated in Fig. 14 is applied to pixel rows. Specifically,
voltage waveforms to be applied to respective gate signal lines 17 are shown. Each voltage waveform comprises off-
voltage Vgh (H level) and on-votlage Vgl (L level). Additional numerals such as (1) and (2) indicate the row numbers of
selected pixel rows.

[0187] In Fig. 15, when gate signal line 17a(1) is selected (at voltage Vgl), a programming current is passed through
source signal line 18 from transistor 11a of the selected pixel row toward source driver 14. This programming current is
N times as high as a predetermined value. (Description is made with N = 10 for easy explanation. Since the predetermined
value is the value of a data current causing an image to be displayed, the predetermined value is not a fixed value unless
whiteraster display is given.) Accordingly, capacitor 19 is programmed so that a 10-fold current will pass through transistor
11a. When pixel row (1) is in the selected state, gate signal line 17b(1) of the pixel configuration of Fig. 1 is under
application of off-voltage (Vgl), thus preventing current from passing through EL device 15.

[0188] After lapse of 1H, gate signal line 17a(2) is selected (at voltage Vgl) and a programming current is passed
through source signal line 18 from transistor 11a of the selected pixel row toward source driver 14. This programming
currentis N times as high as a predetermined value. (Description is made with N = 10 for easy explanation.) Accordingly,
capacitor 19 is programmed so that a 10-fold current will pass through transistor 11a. When pixel row (2) is in the selected
state, gate signal line 17b(2) of the pixel configuration of Fig. 1 is under application of off-voltage (Vgl), thus preventing
current from passing through EL device 15. On the other hand, the preceding pixel row (1) assumes a lighting state
because gate signal line 17a(1) and gate signal line 17b(1) of pixel row (1) are applied with off-voltage (Vgh) and on-
voltage (Vgl), respectively.

[0189] After lapse of another 1H, gate signal line 17a(3) is selected and gate signal line 17b(3) is applied with off-
voltage (Vgh) to prevent current from passing through EL device 15 of pixel row (3). On the other hand, the preceding
pixel rows (1) and (2) assume the lighting state because gate signal lines 17a(1) and 17a(2) thereof are applied with
off-voltage (Vgl) and gate signal lines 17b(1) and 17b(2) thereof are applied with on-voltage (Vgl).

[0190] The above-described operation is synchronized with a 1H synchronizing signal. With the driving method of Fig.
15, however, a 10-fold current passes through El device 15 and, accordingly, display screen 50 displays an image at a
luminance having about a 10-fold value. Of course, itis needless to say that the programming current should be decreased
to 1/10 in order to realize a display at the predetermined luminance. With such a 1/10 current, however, insufficient
writing occurs due to parasitic capacitance and the like. The basic concept of the present invention is that programming
is made with a high current to avoid such insufficient writing while black display 52 is inserted to obtain the predetermined
luminance.

[0191] An important feature of the driving method of the present invention resides in that a current higher than the
predetermined current is caused to pass through EL device 15 thereby sufficiently charging/discharging the parasitic
capacitance of source signal line 18. Therefore, EL device 15 need not necessarily be fed with a current N times as high
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as the predetermined current. For example, a configuration may be employed such that a current path is formed in
parallel with EL device 15 (specifically, a dummy EL device is formed which has been subjected to such processing as
to prevent the dummy EL device from emitting light, for example, formation of a light-shielding film thereover) and a
current is dividedly fed to the dummy EL device and EL device 15. When the signal current is 0.2 pA for example, the
programming current adjusted to 2.2 pA is passed through transistor 11a. Of this current, the signal current of 0.2 pA
is fed to EL device 15 while the remaining current of 2.0 pA fed to the dummy EL device. Such a driving method is
exemplified. That is, dummy pixel row 281 shown in Fig. 27 is made constantly selected. The dummy pixel row is made
to fail to emit light or formed with a light-shielding film to prevent emission of light from being recognized visually.
[0192] With such an arrangement, programming can be made so that a current N times as high as the predetermined
current will pass through driving transistor 11a by increasing the current to pass through source signal line 18 N times,
while at the same time a current sufficiently lower than the N-fold current can be passed through EL device 15. The
above-described method does not need to provide non-lighting region 52 shown in Fig. 5 and hence can allow the whole
display region 50 to be used as image display region 53.

[0193] Fig. 13(a) illustrates a written state of display screen 50. Reference character 51a used in Fig. 13(a) designates
a written pixel row. Source driver 14 feeds the programming current to each source signal line 18. In Fig. 3 or the like,
writing is made to a single pixel row in a 1H period. However, there is no particular limitation to 1H but it is possible to
employ a 0.5H period or a 2H period. Though the programming current is written to source signal line 18 according to
the above description, the present invention is not limited to such a current-based programming method but may employ
a voltage-based programming method (illustrated in Fig. 62 or the like) in which source signal line 18 is written with a
voltage.

[0194] InFig. 13(a), when gate signal line 17ais selected, transistor 11a is programmed with a current passing through
source signal line 18. At that time, gate signal line 17b is applied with off-voltage and, as a result, EL device 15 is not
fed with a current. This is because when transistor 11d is in on-state, a capacitance component of EL device 15 is seen
from source signal line 18 and capacitor 19 cannot sufficiently accurately be programmed with current because of the
influence of the capacitance. Accordingly, in the configuration of Fig. 1 for example, a pixel row written with current forms
non-lighting region 52, as shown in 13(b).

[0195] If programming is made with an N-fold current (here, N = 10 as described earlier), the luminance of the screen
is increased 10 times. Therefore, non-lighting region 52 should cover 90% of display region 50. Specifically, if an image
display region has 220 horizontal scanning lines (S = 220) in Quarter Common Intermediate Format (QCIF), 22 lines
should form display region 53, with the rest (220-22 = 198) forming non-display region 52. Generally speaking, if the
number of horizontal scanning lines (the number of pixel rows) is S, an S/N region is used as display region 53 which
is caused to emit light at an N-fold luminance. This display region 53 is scanned vertically of the screen. Thus, the
remaining S(N-1)/N region is used as non-lighting region 52. This non-lighting region forms a black display (lumines-
cenceless region.) Such a luminescenceless region 52 is realized by turning transistor 11d off. Though the display region
53 has been described to light at an N-fold luminance, it is needless to say that the value of N can be controlled by
brightness adjustment or gamma adjustment, as a matter of course.

[0196] In the above-described embodiment, non-lighting region 52 should cover 90% of display region 50 because if
programming is made with an N-fold current, the luminance of the screen is increased 10 times. However, this feature
is not limited to an arrangement where R, G and B pixels form non-lighting regions 52 in the same manner. For example,
the proportion of non-display region 52 may be varied depending on R, G and B; for example, R pixel provides non-
lighting region 52 covering 1/8 of display region 50, G pixel provides non-lighting region 52 covering 1/6 of display region
50, and B pixel provides non-lighting region 52 covering 1/10 of display region 50. Alternatively, it is possible to employ
an arrangement such as to adjust non-lighting region 52 (or lighting region 53) in individual R, G and B pixels. To realize
these arrangements, gate signal lines 17b for respective of R, G and B need to be provided. By making individual
adjustment of R, G and B possible, it becomes possible to control white balance as well as to ease color balance
adjustment at each gray level (see Fig. 41.)

[0197] As shown in Fig. 13(b), pixel rows including written pixel row 51a form non-lighting region 52, while an S/N
region (which is 1F/N in terms of time) in a screen portion above written pixel row 51a forms lighting region 53. (In the
case of scanning upwardly from the lower side of the screen, lighting region 53 is situated on the opposite side.) In this
image display state, band-like display region 53 shifts downwardly from the upper side of the screen.

[0198] In the display shown in Fig. 13, one display region 53 shifts downwardly from the upper side of the screen. If
the frame rate is low, shifting of display region 53 is visually recognized. This is likely particularly when the viewer blinks
his or her eyes or moves his or her face up and down.

[0199] To solve this problem, display region 53 should be split into plural sections as shown in Fig. 16. If the total sum
of the areas of the sections is equal to the area of an S(N-1)/N region, the brightness of this display is equal to that of
the display shown in Fig. 13. Display region 53 need not necessarily be split equally. Similarly, sections of non-display
region 52 split need not necessarily be uniform.

[0200] By thus splitting display region 53 into plural sections, the screen provides a display with reduced flitter. Thus,
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favorable image display free of flicker can be realized. Display region 53 may be split into smaller sections. However,
with finer splitting, the motion picture display performance lowers.

[0201] Fig. 17 shows a voltage waveform applied to each gate signal line 17 and the luminance of the EL device
emitting light. As can be clearly seen from Fig. 17, the (1F/N) period for which gate signal line 17b is applied with Vgl is
divided into plural subperiods (the number of subperiods is K.) That is, gate signal line 17b is applied with Vgl for a
1F/(K/N) period K times. Such a control can inhibit the occurrence of flicker and realize image display with a low frame
rate. It is also preferable to employ such an arrangement as to allow the number of such image divisions to be varied.
For example, an arrangement is possible such as to detect a change resulting from depressing of a brightness adjuster
switch or turning of a brightness adjuster volume and then vary the value of K. Another possible arrangement allows the
user to adjust the luminance. Yet another possible arrangement allows the user to vary the number of K depending on
the details of or data on an image to be displayed manually or is capable of varying the number of K automatically.
[0202] While description has been made of the feature that the (1F/N) period for which gate signal line 17b is applied
with Vgl is divided into plural subperiods (the number of subperiods is K) and gate signal line 17b is applied with Vgl for
a 1F/(K/N) period K times, there is no limitation to this feature. Gate signal line 17b may be applied with Vgl for the
1F/(K/N) period L times (L = K). Thus, the present invention has the feature that an image is displayed by controlling the
period (time) for which EL device 15 is fed with current. Therefore, the art of repeating the 1F/(K/N) period L times (L #
K) is included in the technical concept of the present invention. The luminance of image 50 can be varied digitally by
varying the value of L. For example, the difference between L =2 and L =3 corresponds to a 50 % change in luminance
(contrast). In splitting display region 53, the period for which gate signal line 17b is applied with Vgl is not necessarily
constant.

[0203] The above-described embodiment is an embodiment in which display screen 50 is turned on/off (into lighting
state/non-lighting state) by cutting of the current to be passed through EL device or passing the current through EL
device. That is, the embodiment is configured to pass generally equal current through transistor 11a plural times by the
charge held in capacitor 19. However, the present invention is not limited thereto. The present invention may employ
such a configuration as to turn display screen 50 on/off (into lighting state/non-lighting state) by charging/discharging
capacitor 19.

[0204] Fig. 18 shows a voltage waveform applied to each gate signal line 17 for realizing the image display state
shown in Fig. 16. The difference between Fig. 18 and Fig. 15 resides in the operation of gate signal line 17b. Gate signal
line 17b is turned on/off (with Vgl or Vgh) plural times, the number of times corresponding to the number of split sections
of the screen. Since other features are the same as the corresponding features of Fig. 15, description thereof will be
omitted.

[0205] Since the EL display apparatus assumes a completely non-lighting state to provide a black display, a drop in
contrast, which is essential to intermittent display performed by a liquid crystal display panel, does not occur. With the
configuration shown in Fig. 1, intermittent display can be realized by merely on-off controlling transistor 11d. With each
of the configurations shown in Figs. 38 and 51, intermittent display can be realized by merely on-off controlling transistor
11e. This is because capacitor 19 stores image data. (The number of gray levels is infinite since such stored image data
is an analog value.) Specifically, each pixel 16 stores image data for a 1F period. Whether or not EL device 15 is to be
fed with a current corresponding to image data stored in each pixel 16 is controlled by control over transistors 11d and
11e. Thus, the above-described driving method is applicable not only to the current-driven configuration but also to the
voltage-driven configuration. Stated otherwise, the driving method can realize intermittent driving of a configuration
where each pixel is adapted to store a current to be passed through EL device 15 by turning on/off the driving transistor
11 on the current path between EL devices 15.

[0206] It is critical to maintain the terminal voltage of capacitor 19. This is because when the terminal voltage of
capacitor 19 varies (i.e., capacitor 19 is charged/discharged) during a one-field (frame) period, the luminance of the
screen varies, which results in flitter (flicker or the like) when the frame rate is lowered. It is required that the current to
be passed through EL device 15 during a one-frame (field) period should not lower to 65% or less. The value of 65%
means that assuming the first current written to pixel 16 and passed through EL device 15 is 100%, the current to be
passed through EL device 15 just before writing to the pixel 16 in the next frame (or field) is set to 65% or more.
[0207] In the configuration shown in Fig. 1, the number of transistors 11 forming one pixel is not varied irrespective of
whether or not intermittent display is realized. That is, satisfactory current-based programming is realized by eliminating
the influence of the parasitic capacitance of source signal line 18 without changing the pixel configuration. In addition,
picture motion display close to that provided by a CRT can be realized.

[0208] Since the clock for operating gate driver 12 is sufficiently slow as compared to the clock for operating source
driver 14, the main clock of the circuit does not rise. Further, the value of N can be varied easily.

[0209] Itis possible that the image displaying direction (image writing direction) at the first field (frame) is the direction
from the upper side to the lower side of the screen while the image displaying direction at the second field (frame) is the
direction from the lower side to the upper side of the screen. That is, the downwardly displaying direction and the upwardly
displaying direction may alternate with each other repeatedly.
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[0210] Itis also possible that the image displaying direction at the first field (frame) is the direction from the upper side
to the lower side of the screen and after the whole screen has been temporarily turned into a black display (into a non-
display state), the image displaying direction is switched to the direction from the lower side to the upper side of the
screen at the subsequent second field (frame). The whole screen may present a black display once.

[0211] Though the aforementioned driving method has been described to perform the writing to the screen in the
direction from the upper side to the lower side of the screen or from the lower side to the upper side of the screen, there
is no limitation to this feature. It is possible that the direction of writing to the screen from the upper side to the lower
side or from the lower side to the upper side is fixed whereas non-display region 52 shifts in the direction from the upper
side to the lower side of the screen at a first field (frame) while shifting in the direction from the lower side to the upper
side of the screen at a subsequent second field. It is also possible that one frame is divided into three fields, the first,
second and third ones of which are allocated to R, B and G, respectively, and, hence, three fields constitute one frame.
It is also possible that R, G and B are switched one to another on a one horizontal scanning period (1H) basis. The
above-described matters hold true for other embodiments of the present invention.

[0212] Non-display region 52 need not necessarily assume a completely non-lighting state. There arises no practical
problem even when faint luminescence or faint image display occurs. Such faint luminescence or faint image display
should be construed as a region having a lower display luminance than image display region 53. The "non-display region
52" is meant to include even the case where one or two of R,G and B image display pixels are in the non-display state.
[0213] Basically speaking, with the luminance (brightness) of display region 53 being maintained to a predetermined
value, the luminance of screen 50 rises with increasing area of display region 53. For example, with display region 53
having a luminance of 100 (nt), an increase in the proportion of display region 53 relative to the whole screen 50 from
10% to 20% raises the screen luminance twice. Thus, the display luminance of the screen can vary with varying area
of display region 53 in the whole screen 50.

[0214] The area of display region 53 can be set as desired by controlling data pulse (ST2) to be fed to shift register
61. Further, the display state shown in Fig. 16 and the display state shown in Fig. 13 can be switched to each other by
varying the data pulse input timing and the data pulse input cycle. An increase in the number of data pulses per IF period
causes screen 50 to become brighter, whereas a decrease in the number of data pulses causes screen 50 to become
darker. Continuous application of data pulses results in the display state shown in Fig. 13, while intermittent inputting of
data pulses results in the display state shown in Fig. 16.

[0215] Fig. 19(a) illustrates a method of brightness adjustment applicable to the case where display region 53 is
continuous as shown in Fig. 13. The screen 50 at Fig. 19(a1) has the highest display luminance. The display luminance
of the screen 50 at Fig. (a2) is next to the highest, whereas that of the screen 50 at Fig. (a3) is the lowest. The change
in state from Fig. 19(a1) to Fig. 19(a3) and vice versa can be easily realized by control over the shifter register 61 of
gate driver 12 and the like as described above. At that time, the voltage Vdd in Fig. 1 need not be varied. That is, the
luminance of display screen 50 can be varied without varying the supply voltage. The gamma characteristic of the screen
does not vary at all with the change in state from Fig. 19(a1) to Fig. 19(a3). Thus, the contrast and the gray scale
characteristic of a displayed image are maintained irrespective of the luminance of screen 50. This is an effect charac-
teristic of the present invention. With the conventional screen luminance adjustment, the gray scale performance is low
when the luminance of screen 50 is low. Specifically, though a 64-level gray scale display can be realized at a high
luminance display, the number of displayable gray levels is decreased to a half or less at a low luminance display in
most cases. In contrast, the driving method of the present invention is capable of realizing the maximum 64-level gray
scale display without dependence on the display luminance of the screen.

[0216] Fig. 19(b) illustrates a method of brightness adjustment applicable to the case where display region 53 is
dispersed as shown in Fig. 16. The screen 50 at Fig. 19(b1) has the highest display luminance. The display luminance
of the screen 50 at Fig. (b2) is next to the highest, whereas that of the screen 50 at Fig. (b3) is the lowest. The change
in state from Fig. 19(b1) to Fig. 19(b3) and vice versa can be easily realized by control over the shifter register 61 of
gate driver 12 and the like as described above. If display region 53 is dispersed as shown in Fig. 19(b), flicker does not
occur even at a low frame rate.

[0217] In order to further lessen the occurrence of flicker at a low frame rate, display region 53 should be dispersed
more finely as shown in Fig. 19(c). In this case, however, the motion picture display performance lowers. Therefore, the
driving method illustrated in Fig. 19(a) is suitable for motion picture display. The driving method illustrated in Fig. 19(c)
is suitable for the case where a stationary image is displayed with low power consumption demanded. Switching from
the Fig. 19(a) method to the Fig. 19(c) method can be easily realized by control over shift register 61.

[0218] Fig. 20 is an explanatory view illustrating another embodiment for increasing the current to be fed to source
signal line 18. This embodiment is a method of significantly improving insufficient writing with current, which basically
comprises selecting plural pixel rows at a time and charging/discharging the parasitic capacitance of source signal line
18 and the like with a current which is the sum of currents required by the plural pixel rows. Since plural pixel rows are
selected at a time, the current for driving one pixel can be decreased. Hence, the current to be fed to EL device 15 can
be decreased. Here, for easy explanation, the case of N = 10 (in which a 10-fold current is passed through source signal
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line 18) will be described as an example.

[0219] As shown in Fig. 20, K pixel rows are selected according to the present invention. Source signal line 18 is
applied with a current N times as high as a predetermined current from source driver 14. Each pixel is programmed with
a current N/K times as high as the current to be passed through the EL device 15. The time period for which the EL
device 15 is fed with the current is set to K/N of a one-frame (field) period. Such a driving method makes it possible to
charge/discharge the parasitic capacitance of source signal line 18 sufficiently as well as to obtain satisfactory resolution
and a predetermined luminance of emission.

[0220] Specifically, EL device 15 is fed with current for K/N of a one-frame (field) period and is not fed with current for
the rest (1F(N-1)K/N) of the one-frame period. In this display state, a display based on image data and a black display
(non-lighting state) alternate with each other repeatedly 1F by IF. That is, such a display based on image data appears
attime intervals (intermittent display). Thus, a motion picture display of high quality with no blurred outline can be realized.
Further, since source signal line 18 is driven with an N-fold current, the parasitic capacitance does not affect the display
and, hence, the driving method of the present invention is applicable to high-resolution display panels.

[0221] Fig. 21 is an explanatory diagram of driving voltage waveforms used for realizing the driving method illustrated
in Fig. 20. In this figure, a signal waveform comprises off-voltage Vgh (H level) and on-voltage Vgl (L level). The numeral
added to each signal line, such as (1), (2) or (3), indicates the row number of each pixel row. It should be noted that a
QCIF display panel has 220 rows while a VGA panel has 480 rows.

[0222] In Fig. 21, when gate signal line 17a(1) is selected (at voltage Vgl), a programming current is passed through
source signal line 18 from transistor 11a of the selected pixel row toward source driver 14. For easy explanation,
description will be made of the case where pixel row 51a to be written is the first pixel row.

[0223] The programming current to be passed through source signal line 18 is N times as high as a predetermined
value. (Description is made with N = 10 for easy explanation. Since the predetermined value is the value of a data current
causing an image to be displayed, the predetermined value is not a fixed value unless a white raster display is provided.)
Further, description will be made of the case where five pixel rows are to be selected at a time (K = 5.) Accordingly, the
capacitor 19 of one pixel is programmed so that, ideally, a 2-fold current (N/K = 10/5 = 2) will pass through transistor 11a.
[0224] When the written pixel row is the first pixel row (1), gate signal lines 17a(1) to 17a(5) are in the selected state.
That is, the switching transistors 11b and 11c¢ of each of pixels rows (1) to (5) are in on-state. Also, gate signal line 17b
is in reversed phase with gate signal line 17a. Accordingly, the switching transistor 11d of each of the pixel rows (1) to
(5) is in off-state, thus preventing current from passing through EL devices 15 of the associated pixel row. That is, these
EL devices are in the non-lighting state 52.

[0225] Ideally, the transistors 11a of five pixels each pass a current of lwx2 through source signal line 18. (That s, a
current of IwX2XN = lwx2Xx5 = lwXx 10 is passed through source signal line 18. Therefore, assuming that the current
to be passed through source signal line 18 in the case where the N-fold pulse driving method of the present invention
is not employed is the predetermined current Iw, a current 10 times as high as lw is to be passed through source signal
line 18.)

[0226] The operation (driving method) described above causes the capacitor 19 of each pixel 16 to be programmed
with a 2-fold current. Here, description is made on the assumption that transistors 11a are uniform in characteristics (Vt
and S value) for easy understanding.

[0227] Since the number of pixel rows selected at a time is five (K = 5), five driving transistors 11a operate. That is, a
2-fold (10/5 = 2) current passes through transistor 11a per pixel. Source signal line 18 is fed with a current as the sum
of programming currents for the five transistors 11a. For example, assuming that the current to be conventionally passed
through pixel row 51a to be written is lw, a current of IwXx10 is to be passed through source signal line 18 according to
the present invention. Pixel rows 51b to be written with image data after writing to pixel row (1) are now used as auxiliary
pixel rows for increasing the amount of current to be fed to source signal line 18. However, there arises no problem
because the pixel rows 51b will be written with correct image data thereafter.

[0228] Therefore, the four pixel rows 51b provide the same display as the pixel row 51a during a 1H period. For this
reason, at least the written pixel row 51a and the pixel rows 51b selected for increasing the current are made to assume
the non-lighting state 52. However, such pixel rows in a current mirror pixel configuration as shown in Fig. 38 or other
pixel configurations adapted for voltage-based programming may be made to assume the lighting state.

[0229] After lapse of 1H, gate signal line 17a(1) assumes the unselected state while gate signal line 17b is applied
with on-voltage (Vgl). At the same time, gate signal line 17a(6) is selected (applied with Vgl voltage) and transistor 11a
of the selected pixel row (6) passes the programming current through source signal line 18 toward source driver 14.
Such an operation allows pixel row (1) to hold regular image data.

[0230] After lapse of another 1H, gate signal line 17a(2) assumes the unselected state while gate signal line 17b is
applied with on-voltage (Vgl). Atthe same time, gate signal line 17a(7) is selected (applied with Vgl voltage) and transistor
11a of the selected pixel row (7) passes the programming current through source signal line 18 toward source driver
14. Such an operation allows pixel row (2) to hold regular image data. By performing the above-described operation
with scanning shifting pixel row by pixel row, one screen is wholly rewritten.
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[0231] With the driving method of Fig. 20, each pixel is programmed with a 2-fold current (voltage) and, hence, ideally
the EL device 15 of each pixel emits light at a 2-fold luminance. Therefore, the luminance of the display screen is twice
as high as the predetermined value. In order for the display screen to display at the predetermined luminance, a region
including written pixel row 51 and occupying 1/2 of display region 50 should be used as non-display region 52.

[0232] As in the case of Fig. 13, when one display region 53 shifts downwardly from the upper side of the screen as
shown in Fig. 20, the shifting of display region 53 is visually recognized if the frame rate is low. This is likely particularly
when the viewer blinks his or her eyes or moves his or her face up and down.

[0233] To solve this problem, display region 53 should be split into plural sections as shown in Fig. 22. If the total sum
of the areas of these sections is equal to the area of an S(N-1)/N region, the brightness of this display is equal to that
of the display provided without splitting of display region 53.

[0234] Fig. 23 shows a voltage waveform applied to each gate signal line 17. The difference between Fig. 21 and Fig.
23 resides in the operation of gate signal line 17b. Gate signal line 17b is turned on/off (with Vgl and Vgh) plural times,
the number of times corresponding to the number of split sections of the screen. Since other features are substantially
the same as or analogous to the corresponding features of Fig. 21, description thereof will be omitted.

[0235] By thus splitting display region 53 into plural sections, the screen provides a display with reduced flitter. Thus,
satisfactory image display free of flicker can be realized. Display region 53 may be split into smaller sections. With finer
splitting, flicker can be more reduced. Since the responsiveness of EL device 15 is particularly high, the display luminance
will not lower even if EL device 15 is turned on/off at a time interval shorter than 5 psec.

[0236] In the driving method of the present invention, EL device 15 can be on-off controlled by turning on/off the signal
to be applied to gate signal line 17b. For this reason, such control can be achieved with a clock having a low frequency
on the KHz order. Further, image memory or the like is not needed for inserting a black display (i.e., non-display region
52). Therefore, the driving circuit or method of the present invention can be implemented with reduced cost.

[0237] Fig. 24 illustrates the case where the number of pixel rows to be selected at a time is two. According to the
results of study made by the inventors et al., the method including selection of two pixel rows at a time realized practical
display uniformity when applied to display panels formed by the low temperature polysilicon technology. Presumably,
this is because driving transistors 11a of adjacent pixels were very uniform in their characteristics. Good results were
obtained by performing striped laser irradiation parallel with source signal line 18 in laser annealing.

[0238] This is because portions of a semiconductor film in a region annealed at the same time are uniform in charac-
teristics. Stated otherwise, this is because a semiconductor film is formed uniformly in a striped region irradiated with
laser light and transistors formed using this semiconductor film are substantially uniform in Vt and mobility. Thus, pixels
arranged along source signal line 18 (i.e., a pixel column extending vertically of the screen) are made substantially
uniform in characteristics by irradiation with striped laser shot in parallel with the source signal line 18 forming direction
and shifting the irradiating position. Therefore, when plural pixel rows are turned on at a time so as to be programmed
with current, the plural pixel rows selected at a time are programmed with a substantially equal current having a value
which is the quotient obtained by dividing the programming current by the number of the selected pixel rows. Thus, it is
possible to realize current-based programming with a current value close to a target value, hence, realize a uniform
display. For this reason, the laser shot direction and the driving method illustrated in Fig. 24 or the like provide a synergetic
effect.

[0239] Asdescribedabove, transistors 11a of vertically arranged pixels are made substantially uniform in characteristics
by making the direction of laser shot substantially coincident with the direction in which source signal line 18 is formed,
thus resulting in satisfactory current-based programming. (In this case, transistors 11a of horizontally arranged pixels
need not necessarily be uniform in characteristics.) The operation thus described is performed, while the position of
pixel rows to be selected is shifted one pixel row by one pixel row or plural pixel rows by plural pixel rows in synchronism
with 1H (one-horizontal period). Though the laser shot direction described is made parallel with source signal line 18
according to the above description, the present invention is not limited to the laser shot direction parallel with source
signal line 18. This is because irradiation with laser shot in an oblique direction with respect to source signal line 18
allows transistors 11a of vertically arranged pixels along one source signal line 18 to be made substantially uniform in
characteristics. Therefore, the "irradiation with laser shot parallel with source signal line" is meant to form any adjacent
pixels to be arranged along the wiring direction of source signal line 18 (in the vertical direction) in a manner to locate
them within one laser irradiation region. The "source signal line 18" generally means wiring for transmission of program-
ming currents or voltages serving as image signals.

[0240] According to the above-described embodiment of the present invention, the position of pixel rows to be written
is shifted 1H by 1H. However, the present invention is not limited to this feature. It is possible to shift the position 2H by
2H or on the basis of more pixel rows. Alternatively, shifting may be performed based on any unit time. The shifting time
interval may be varied with varying position on the screen. For example, it is possible that the shifting time interval is
shortened at a central portion of the screen and prolonged at upper and lower portions of the screen. Also, the shifting
time interval may be varied frame by frame. The present invention is not limited to selection of plural pixel rows arranged
adjacentto each other. Forexample, itis possible to select pixel rows located across one intervening pixel row. Specifically,
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a driving method may be employed such that the first and third pixel rows are selected in the first horizontal scanning
period, the second and fourth pixel rows selected in the second horizontal scanning period, the third and fifth pixel rows
selected in the third horizontal scanning period, and the fourth and sixth pixel rows selected in the fourth horizontal
scanning period. Of course, the technical scope of the present invention includes a driving method such as to select the
first, third and fifth pixel rows in the first horizontal scanning period. It is, of course, possible to select pixel row positions
across plural intervening pixel rows.

[0241] It is needless to say that the combination of the feature of the laser shot direction setting and the feature of the
simultaneous selection of plural pixel rows is applicable not only to the pixel configurations shown in Figs. 1, 2 and 32
but also to other current-driven pixel configurations as shown in Figs. 38, 42 and 50 including the current mirror pixel
configuration shown in Fig. 38. The combination is also applicable to voltage-driven pixel configurations as shown in
Figs. 43, 51, 54 and 62. This is because if the transistors of pixels arranged adjacent to each other vertically are uniform
in characteristics, satisfactory voltage-based programming can be realized with a voltage applied to a common source
signal line 18.

[0242] When the first pixel row is written in the configuration shown Fig. 24, gate signal lines 17a(1) and 17a(2) are
selected (see Fig. 25.) That is, the switching transistors 11b and transistors 11c of pixel rows (1) and (2) are in on-state.
Each gate signal line 17bis in reversed phase with each gate signal line 17a. Accordingly, the switching transistors 11d
of at least the pixel rows (1) and (2) are in off-state, thus preventing current from passing through EL devices 15 of the
associated pixel rows. That is, these pixel rows are in the non-lighting state 52. It should be noted that in the arrangement
shown in Fig. 24, display region 53 is split into five sections in order to reduce the occurrence of flicker.

[0243] Ideally, the transistors 11a of two pixels (pixel rows) each pass a current of lwx5 (N = 10) through source signal
line 18. (That is, since K = 2, a current of IwxXKXx5 = lwXx10 is passed through source signal line 18.) Therefore, the
capacitor 19 of each pixel 16 is programmed with a 5-fold current.

[0244] Since the number of pixel rows selected at a time is two (K = 2), two driving transistors 11a operate. That is, a
5-fold (10/2 = 5) current passes through each transistor 11a. Source signal line 18 is fed with a current as the sum of
programming currents for the two transistors 11a.

[0245] For example, pixel row 51a to be written is fed with current Id, which is to be conventionally fed to pixel row
51a, while source signal line 18 is fed with a current of IwX10. However, there arises no problem because the pixel row
51b will be written with regular image data thereafter. The pixel row 51b provides the same display as the pixel row 51a
during a 1H period. For this reason, at least the written pixel row 51a and the pixel row 51b selected for increasing the
current are made to assume the non-lighting state 52.

[0246] After lapse of 1H, gate signal line 17a(1) assumes the unselected state while gate signal line 17b is applied
with on-voltage (Vgl). At the same time, gate signal line 17a(3) is selected (applied with Vgl voltage) and the transistor
11a of the selected pixel row (3) passes the programming current through source signal line 18 toward source driver
14. Such an operation allows pixel row (1) to hold regular image data.

[0247] After lapse of another 1H, gate signal line 17a(2) assumes the unselected state while gate signal line 17b is
applied with on-voltage (Vgl). At the same time, gate signal line 17a(4) is selected (applied with Vgl voltage) and the
transistor 11a of the selected pixel row (4) passes the programming current through source signal line 18 toward source
driver 14. Such an operation allows pixel row (2) to hold regularimage data. By performing the above-described operation
with scanning shifting pixel row by pixel row, one screen is wholly rewritten. (Of course, scanning may be shifted plural
pixel rows by plural pixel rows. For example, a pseudo-interlaced driving method will shift scanning two rows by two
rows. In terms of image display, there will be some cases where the same image is written to plural pixel rows.)
[0248] Similarly to the case of Fig. 16, the driving method illustrated in Fig. 24 programs each pixel with a 5-fold current
(voltage) and, hence, ideally the EL device 15 of each pixel emits light at a 5-fold luminance. Therefore, the luminance
of display region 53 is 5 times as high as the predetermined value. In order for the display region 53 to display at the
predetermined luminance, a region including written pixel rows 51 and occupying 1/5 of display screen 50 should be
used as non-display region 52.

[0249] As shown in Fig. 27, two pixel rows to be written 51 (51a and 51b) are selected and such selection is made
sequentially from the upper side to the lower side of screen 50. (See Fig. 26 also. In Fig. 26, pixel rows 16a and 16b
are selected.) When selection is made down to the lower side of the screen, pixel row 51b to be written disappears,
though pixel row 51a to be written is present. That is, only one pixel row is left for selection. For this reason, the current
applied to source signal line 18 is wholly written to pixel row 51a. Accordingly, pixel row 51 to be written now is undesirably
programmed with a current twice as high as the current with which the preceding pixel rows 51a have been priorly
programmed.

[0250] In order to solve this problem, the present invention uses a dummy pixel row 281 formed (located) on the lower
side of screen 50, as shown in Fig. 27(b). Therefore, when selection of pixel rows to be written reaches the lower side
of screen 50, the final pixel row on screen 50 and the dummy pixel row 281 are selected. For this reason, the final pixel
row shown in Fig. 27(b) is written with the regular current. Though the dummy pixel row 281 is shown to locate adjacent
to the upper or lower edge of display region 50, there is no limitation to this arrangement. The dummy pixel row 281
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may be formed at a location spaced apart from display region 50. The dummy pixel row 281 need not be formed with
switching transistor 11d, EL device 15 and the like shown in Fig. 1. The absence of these components enables the
dummy pixel row 281 to be reduced in size.

[0251] Fig. 28 illustrates the state shown in Fig. 27(b). As apparent from Fig. 28, when selection of pixel rows reaches
pixel 16¢c on the lower side of screen 50, the final pixel row 281 on screen 50 is selected. The dummy pixel row 281 is
located outside display region 50. That is, the dummy pixel row 281 is configured to fail to light or not to be allowed to
light, or not to be seen as a display even when it lights. This can be made by, for example, elimination of the contact
hole between the pixel electrode and transistor 11 or failure to form EL film at the dummy pixel row.

[0252] Though the dummy pixel (row) 281 is provided (formed or located) on the lower side of screen 50 in the
arrangement shown in Fig. 27, there is no limitation to this arrangement. For example, in the case where scanning is
performed from the lower side to the upper side of screen 50 (reverse scanning) as shown in Fig. 29(a), dummy pixel
row 281 should be formed also on the upper side of screen 50, as shown in Fig. 29(b). That is, the upper side and the
lower side of screen 50 are formed (provided) with respective dummy pixel rows 281. Such an arrangement can accom-
modate to vertical reversal of scanning over the screen.

[0253] Theabove-described embodimentis configured to select two pixel rows ata time. However, the presentinvention
is not limited to this configuration but may employ a configuration for selection of, for example, five pixel rows at a time
(see Fig. 23.) That is, where five pixel rows are driven at a time, four dummy pixel rows 281 should be formed. The
dummy pixel row configuration or the dummy pixel row driving method according to the present invention is of the type
using at least one dummy pixel row. Of course, it is preferable to combine the dummy pixel row driving method with the
N-fold pulse driving method.

[0254] With the driving method in which plural pixel rows are selected at a time, it becomes more difficult to accom-
modate variations in the characteristics of transistors 11a as the number of pixel rows to be selected at a time increases.
However, with increasing number of pixel rows to be selected, the programming current for each pixel becomes higher
and, hence, a higher current is to be passed through EL device 15. If the current passing through EL device 15 is high,
EL device 15 is easy to deteriorate.

[0255] The method illustrated in Fig. 30 is capable of solving this problem. The basic concept of the method illustrated
in Fig. 30 according to the present invention is a combination of a method such as to select plural pixel rows at a time
in a 1/2H period (1/2 of a horizontal scanning period), similarly to the methods described in relation to Figs. 22 and 29,
and a method such as to select one pixel row in the subsequent 1/2H period (1/2 of a horizontal scanning period),
similarly to the methods described in relation to Figs. 5 and 13. Such a combination accommodates variations in the
characteristics of transistors 11a and hence is capable of making the responsiveness high and the in-plane uniformity
satisfactory.

[0256] For easy explanation, description will be made of such a combined method including selecting five pixel rows
at a time in a first period and then selecting one pixel row in a second period. In the first period (the first 1/2H), five pixel
rows are selected at a time as shown in Fig. 30(a1). Since this operation has already been described with reference to
Fig. 22, description thereof will be omitted. The current to be passed through source signal line 18 is, for example, 25
times as high as the predetermined value. Accordingly, the transistor 11a of each pixel (in the case of the pixel configuration
shown in Fig. 1) is to be programmed with a 5-fold current (25/5 pixel rows = 5.) Since source signal line 18 is to be fed
with a 25-fold current, the parasitic capacitance occurring in source signal line 18 and the like can be charged/discharged
in a very short time. Therefore, the potential of source signal line 18 becomes a target potential in a short time and the
capacitor 19 of each pixel 16 is programmed to have such a terminal voltage as to pass the five-fold current. The period
for which the 25-fold current is applied is the first 1/2H (1/2 of one horizontal scanning period.)

[0257] As a matter of course, since five pixel rows are to be written with the same image data, the transistors 11d of
these five pixel rows are made to assume off-state so that the five pixel rows do not display. Thus, the resulting display
state is as shown in Fig. 30(a2).

[0258] Inthe latter 1/2H period, one pixel row is selected and current-based (voltage-based) programming is performed.
This state is illustrated in Fig. 30(b1). The pixel row 51a written is programmed with a current (voltage) so that a 5-fold
current will pass as in the first period. The current to be passed through each pixel in the case of Fig. 30(a1) and that
in the case of Fig. 30(b1) are equalized to each other because a variation in the terminal voltage of capacitor 19 is
reduced to allow a current of a target value to pass more promptly.

[0259] Specifically, in the operation illustrated in Fig. 30(a1), plural pixels are fed with a current so that the terminal
voltage of each capacitor 19 can rapidly reach a value causing an approximate current to pass. At this first step, pro-
gramming is made at plural transistors 11a and, hence, errors in regard to a target value occur due to variations in the
characteristics of the transistors. At the subsequent second step, only the pixel row to be written with data and hold the
data is selected so that programming is completed with a current having the predetermined target value varied from the
approximate target value.

[0260] Since the operation of scanning non-lighting region 52 as well as pixel row 51a to be written downwardly of the
screen is the same as in the case of Fig. 13 or the like, description thereof will be omitted.
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[0261] Fig. 31 shows driving waveforms for realizing the driving method illustrated in Fig. 30. As can be seen from
Fig. 31, a 1H period (one horizontal scanning period) comprises two phases. Switching between these two phases is
made using ISEL signal, which is shown in Fig. 31.

[0262] Reference is first made to such ISEL signal. The driver circuit 14 for carrying out the method illustrated in Fig.
30 has first and second current output circuits. These first and second current output circuits each comprise a DA circuit
for DA conversion of 8-bit gray scale data, an operational amplifier, and the like. In the embodiment of Fig. 30, the first
current output circuit is configured to output a 25-fold current, while the second current output circuit configured to output
a 5-fold current. Outputs of the respective first and second current output circuits are applied to source signal line 18 by
control over a switching circuit formed (located) in a current output section with the ISEL signal. Each source signal line
is provided with the first and second current output circuits.

[0263] When the ISEL signal assumes an L level, the first current output circuit adapted to output a 25-fold current is
selected so that source driver 14 absorbs the current from source signal line 18 (more exactly, the first current output
circuit formed in source driver 14 absorbs the current.) The magnitude of the current to be outputted from each of the
first and second current output circuits can be adjusted to a 25-fold value, 5-fold value or the like easily, because each
current output circuit can be formed using plural resistors and an analog switch.

[0264] When the pixel row to be written is the first pixel row (see the column of 1H in Fig. 30) as shown in Fig. 30,
gate signal lines 17a(1) to 17a(5) are in the selected state (in the case of the pixel configuration shown in Fig. 1.) That
is, the switching transistors 11b and transistors 11c of pixels rows (1) to (5) are in on-state. Since the ISEL is assuming
the L level, the first current output circuit for outputting a 25-fold current is selected and connected to source signal line
18. Further, gate signal line 17b is under application of off-voltage (Vgh). Accordingly, the switching transistors 11d of
the pixel rows (1) to (5) are in off-state, thus preventing current from passing through the EL devices 15 of the respective
pixel rows. That is, these EL devices are in the non-lighting state 52.

[0265] Ideally, the transistors 11a of five pixels each pass a current of Iw X2 through source signal line 18. Then, the
capacitor 19 of each pixel 16 is programmed with a 5-fold current. Here, description is made on the assumption that
transistors 11a are uniform in characteristics (Vt and S value) for easy understanding.

[0266] Since the number of pixel rows selected at a time is five (K = 5), five driving transistors 11a operate. That s, a
5-fold (25/5 = 5) current passes through transistor 11a per pixel. Source signal line 18 is fed with a current as the sum
of programming currents for the five transistors 11a. For example, assuming that the current to be passed through pixel
row 51a to be written is lw according to the conventional driving method, a current of lwx25 is passed through source
signal line 18. Pixel rows 51b to be written with image data after writing to pixel row (1) are now used as auxiliary pixel
rows for increasing the amount of current to be fed to source signal line 18. However, there arises no problem because
the pixel rows 51b will be written with regular image data thereafter.

[0267] Therefore, the pixel rows 51b each provide the same display as the pixel row 51a during a 1H period. For this
reason, at least the written pixel row 51a and the pixel rows 51b selected for increasing the current are made to assume
the non-lighting state 52.

[0268] Inthe subsequent 1/2H period (1/2 of the horizontal scanning period), only pixel row 51ato be written is selected.
That is, only the first pixel row is selected. As apparent from Fig. 31, only gate signal line 17a(1) is applied with on-
voltage (Vgl) while gate signal lines 17a (2) to 17a(5) applied with off-voltage (Vgh). Therefore, the transistor 11a of pixel
row (1) is in an operating state (the state feeding current to source signal line 18), while the switching transistors 11b
and transistors 11c of the pixel rows (2) to (5) are in off-state, orin the unselected state. Since the ISEL signal is assuming
an H level, the current output circuit B for outputting a 5-fold current is selected and connected to source signal line 18.
The state of gate signal line 17b is not changed from the state assumed in the first 1/2H period and hence is under
application of off-voltage (Vgh). Accordingly, the switching transistors 11d of the pixel rows (1) to (5) are in off-state,
thus preventing current from passing through the EL devices 15 of the respective pixel rows. That is, these pixel rows
are in the non-lighting state 52.

[0269] The above-described operation causes the transistor 11a of the pixel row (1) to pass a current of Iw X5 through
source signal line 18. Then, the capacitor 19 of each pixel row (1) is programmed with the 5-fold current.

[0270] In the next horizontal scanning period, the pixel row to be written is shifted by one pixel row. That is, the pixel
row to be written is changed to pixel row (2). In the first 1/2H period, when the pixel row to be written is the second pixel
row as shown in Fig. 31, gate signal lines 17a(2) to 17a(6) are in the selected state. That is, the switching transistors
11b and transistors 11c of pixels rows (2) to (6) are in on-state. Since the ISEL is assuming the L level, the first current
output circuit for outputting a 25-fold current is selected and connected to source signal line 18. Further, gate signal line
17b is under application of off-voltage (Vgh). Accordingly, the switching transistors 11d of the pixel rows (2) to (6) are
in off-state, thus preventing current from passing through the EL devices 15 of the respective pixel rows. That is, these
pixel rows are in the non-lighting state 52. On the other hand, since the gate signal line 17b(1) of the pixel row (1) is
under application of voltage Vg|, the transistor 11d of the pixel row (1) is in on-state and the EL device 15 of the pixel
row (1) is in the lighting state.

[0271] Since the number of pixel rows selected at a time is five (K = 5), five driving transistors 11a operate. That is, a
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5-fold (25/5 = 5) current passes through transistor 11a per pixel. Source signal line 18 is fed with a current as the sum
of programming currents for the five transistors 11a.

[0272] Inthe subsequent 1/2H period (1/2 of the horizontal scanning period), only pixel row 51ato be written is selected.
That is, only the second pixel row is selected. As apparent from Fig. 31, only gate signal line 17a(2) is applied with on-
voltage (Vgl) while gate signal lines 17a (3) to 17a(6) applied with off-voltage (Vgh). Therefore, the transistors 11a of
the pixel rows (1) and (2) is in the operating state (the state where the pixel row (1) passes current through EL device
15 while the pixel row (2) feeds current to source signal line 18), while the switching transistors 11b and transistors 11c
of the pixel rows (3) to (6) are in off-state, or in the unselected state. Since the ISEL signal is assuming the H level, the
second current output circuit for outputting the 5-fold current is selected. The state of gate signal line 17b is not changed
from the state assumed in the first 1/2H period and hence is under application of off-votage (Vgh). Accordingly, the
switching transistors 11d of the pixel rows (2) to (6) are in off-state, thus preventing current from passing through the
EL devices 15 of the respective pixel rows. That is, these pixel rows are in the non-lighting state 52.

[0273] The above-described operation causes the transistor 11a of the pixel row (2) to pass a current of lw x5 through
source signal line 18. Then, the capacitor 19 of the pixel row (2) is programmed with the 5-fold current. Display over one
whole screen can be made by sequentially performing the above-described operations.

[0274] According to the driving method described in relation to Fig. 30, G pixel rows (G is 2 or more) are selected in
the first period and each of the pixel rows is programmed so that an N-fold current will pass therethrough. In the second
period subsequent to the first period, B pixel rows (B is not less than 1 and less than G) are selected and each of the
pixel rows is programmed so that the N-fold current will pass therethrough.

[0275] However, another way is possible. G pixel rows (G is 2 or more) are selected in the first period and programming
is made so that the total sum of currents to pass through the respective pixel rows assumes the N-fold value. In the
second period subsequent to the first period, B pixel rows (B is not less than 1 and less than G) are selected and
programming is made so that the total sum of currents to pass through the respective pixel rows assumes the N-fold
value. (When one pixel row is selected, programming is made so that the current to pass therethrough assumes the N-
fold value.) For example, five pixel rows are selected at a time in Fig. 30(a1) and a 2-fold current is passed through the
transistor 11a of each pixel. By so doing, source signal line 18 is fed with a 10-fold (5X2) current. In the subsequent
second period, one pixelrow is selected in Fig. 30(b1). The 10-fold currentis passed through transistor 11a of this pixel row.
[0276] In the foregoing description related to Fig. 31, the period for selecting plural pixel rows at a time is set to 1/2H
and the period for selecting one pixel row set to 1/2H. However, the present invention is not limited thereto. It is possible
that the period for selecting plural pixel rows at a time is set to 1/4H and the period for selecting one pixel row set to
3/4H. Further, the sum of the period for selecting plural pixel rows at a time and the period for selecting one pixel row
is set to 1H. However, the present invention is not limited thereto. For example, the sum of these periods may be set to
a 2H period or a 1.5H period.

[0277] In the method of Fig. 30, it is possible that the period for selecting five pixel rows at a time is set to 1/2H and
two pixel rows are selected at a time in the subsequent second period. In this case also, image display without no
practical trouble can be realized.

[0278] Inthe foregoing description related to Fig. 30, two stages are provided consisting of the first period for selecting
five pixel rows at a time, which is set to 1/2H, and the second period for selecting one pixel row, which is set to 1/2H.
However, the present invention is not limited thereto. For example, three stages may be provided consisting of the first
period for selecting five pixel rows at a time, the second period for selecting two of the five pixel rows, and the third
period for selecting one pixel row. That is, it is possible to write image data to a pixel row at plural stages.

[0279] The above-described N-fold pulse driving method according to the presentinvention applies the same waveform
to gate signal lines 17b of respective pixel rows while shifting the scanning at 1H intervals. Such a manner of scanning
makes it possible to shift a pixel row to light to another sequentially with the lighting duration of each EL device 15 set
to 1F/N. Such application of the same waveform to gate signal lines 17b of respective pixel rows and shifting of the
scanning, can be easily realized. This is because it is sufficient to control data ST1 and data ST2 to be applied to shift
register circuits 61a and 61b, respectively, shown in Fig. 6. Assuming that Vgl is outputted to gate signal line 17b when
inputted ST2 assumes L level while Vgh is outputted to gate signal line 17b when inputted ST2 assumes H level, ST2
to be applied to shift register 17b is inputted at L level for a 1F/N period and at H level for the rest of the period. ST2
thus inputted should be shifted with clock CLK2 synchronizing to 1H.

[0280] The on-off cycle of EL device 15 needs to be set to 0.5 msec or longer. If this cycle is too short, complete black
display is not realized due to human eyes having the afterimage property and, hence, the image displayed is seen to
blur as if the resolution is lowered. Such a display state is the same as the display state of a display panel of the data
holding type. On the other hand, if the on-off cycle is set to 100 msec or longer, the resulting display is seen to blink.
For this reason, the on-off cycle of EL device 15 has to be not less than 0.5 pwsec and not more than 100 msec, more
preferably not less than 2 msec and not more than 30 msec, much more preferably not less than 3 msec and not more
than 20 msec.

[0281] Asdescribed earlier, satisfactory motion picture display can be realized when the number by which black display
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screen 152 is divided (split) is one. However, flitter is likely seen on the screen. Therefore, it is preferable to split an
inserted black display portion into plural blocks. However, too much increase in the number of such blocks results in a
blurred motion picture. The number of blocks resulting from splitting has to be not less than 1 and not more than 8,
preferably not less than 1 and not more than 5.

[0282] It is preferable to employ an arrangement capable of varying the number of split blocks of a black display
depending on whether a stationary image or a motion picture image is to be displayed. When N = 4, a black display
occupies 75% of the screen and an image display occupies 25% of the screen. In this case, when the number of split
blocks is one, the black display portion occupying 75% is scanned vertically of the screen so as to be viewed as a black
band occupying 75%. When the number of split blocks is 3, scanning is made so that a black display occupying 25% of
the screen is split into three black display blocks each occupying 25/3% of the screen. The number of split blocks is
increased for stationary image display, whereas it is decreased for motion picture display. Switching may be made either
automatically in accordance with images inputted (through detection of a motion picture image or the like) or by a manual
operation by the user. Alternatively, it is possible to employ an arrangement capable of switching in accordance with
input receptacles corresponding to types of video images to be displayed by the display apparatus.

[0283] In a mobile phone for example, the number of split blocks is 10 or more when the screen is in a wallpaper
display state or in an input screen state. (In an extreme case, on/off may be made 1H by 1H. In NTSC motion picture
display, the number of split blocks is not less than 1 and not more than 5. It is preferable to employ an arrangement
capable of changing the number of split blocks in multiple stages, the number of which is 3 or more. For example, the
number of blocks is changed stepwise like 0, 2, 4, 8.

[0284] The proportion of a black display relative to the whole display screen which is assumed to be 1 is preferably
notless than 0.2 and not more than 0.9 (i.e., not less than 1.2 and not more than 9 in the units of N), particularly preferably
not less than 0.25 and not more than 0.6 (i.e., not less than 1.25 and not more than 6 in the units of N.) If it is less than
0.20, the effect of improving motion picture display is low. If it is more than 0.9, the display portion exhibits an increased
luminance and, hence, the vertical shifting of the display portion is easy to recognize visually.

[0285] The number of frames per second is preferably not less than 10 and not more than 100 (i.e., not less than 10
Hz and not more than 100 Hz), more preferably not less than 12 and not more than 65 (i.e., not less than 12Hz and not
more than 65 Hz.) If the number of frames is too small, screen flitter becomes conspicuous, while if it is too large, writing
from the driver circuit 14 or the like becomes difficult, which results in a degraded resolution.

[0286] Anyway, the presentinvention is capable of varying the brightness of an image by control over gate signal line
17. It is needless to say that the brightness of an image may be varied with varying current (voltage) to be applied to
source signal line 18. Also, it is needless to say that the control over gate signal line 17 described earlier (with reference
to Fig. 33 or 35 or the like) may be combined with the art of varying the current (voltage) to be applied to source signal line 18.
[0287] Itis needless to say that the above-described matters are applicable to the current-based programming pixel
configurations shown in Fig. 38 and the like and the voltage-based programming pixel configurations shown in Figs. 43,
51 and 54 and the like. It is sufficient for the transistor 11d in each of Figs. 38, 43 and 51 to be on-off controlled. By thus
turning on/off the wiring for feeding EL device 15 with current, the N-fold pulse driving method according to the present
invention can be realized easily.

[0288] Application of Vgl to gate signal line 17b for a 1F/N period may start at any time point in a IF period (which is
not limited and may be any unit period.) This is because the purpose of such application is to obtain a predetermined
mean luminance by making EL device 15 assume on-state for a predetermined period of a unit time. However, EL device
15 had better be caused to emit light by application of Vgl to gate signal line 17b immediately after lapse of a current-
based programming period (1H). This is because EL device 15 becomes less susceptible to the influence from the
current holding characteristic of capacitor 19 in Fig. 1.

[0289] Itis also preferable to employ an arrangement capable of varying the number by which an image is to be split.
For example, when the user depresses a brightness adjustor switch or turns a brightness adjustor volume, the value of
K is varied depending on this change detected. Alternatively, it is possible to employ an arrangement such as to vary
the number either manually or automatically in accordance with the particulars of or data on an image to be displayed.
[0290] Such an arrangement for varying the value of K (i.e., the number by which image display portion 53 is to be
split) can be realized easily. This is because it is sufficient to provide an arrangement capable of controlling or varying
the timing at which data is applied to ST in Fig. 6 (i.e., the timing at which ST is made to assume L level in a 1F period.)
[0291] While description in relation to Fig. 16 and the like has been made of the feature that a (1F/N) period for which
gate signal line 17b is applied with Vgl is divided into plural subperiods (the number of subperiods is K) and gate signal
line 17b is applied with Vgl for a 1F/(K/N) period K times, there is no limitation to this feature. Gate signal line 17b may
be applied with Vgl for a 1F/(K/N) period L times (L = K). That is, the present invention has the feature that image 50 is
displayed by controlling the period (time) for which EL device 15 is fed with current. Therefore, the art of repeating the
1F/(K/N) period L times (L = K) is included in the technical concept of the present invention. The luminance of image 50
can be varied digitally with a variation in the value of L. For example, the difference between the case of L = 2 and the
case of L =3 corresponds to a 50 % change in luminance (contrast). It is needless to say that these controls are applicable
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to other embodiments of the present invention. (Of course, they are applicable to embodiments of the present invention
to be described hereinafter.) Such controls are included in the scope of the N-fold pulse driving method according to the
present invention.

[0292] The foregoing embodiments are each configured to cause the display of screen 50 to be turned on/off by
controlling transistor 11d serving as a switching device located (or formed) between EL device 15 and driving transistor
11a. This driving method solves the problem of insufficient writing with current in a black display state of a current-based
programming configuration, thereby realizing a satisfactory resolution or black display. That is, the current-based pro-
gramming is highly advantageous in that a satisfactory black display can be realized. The driving method to be described
next is a method capable of realizing a satisfactory black display by resetting driving transistor 11a. Hereinafter, this
embodiment will be described with reference to Fig. 32.

[0293] The pixel configuration shown in Fig. 32 is basically the same as that shown is Fig. 1. In the pixel configuration
shown in Fig. 32, current lw as programmed is passed through EL device 15 to cause EL device 15 to emit light. That
is, driving transistor 11a becomes capable of holding the ability to pass the current when programmed. The driving
method applied to the Fig. 32 configuration is a method which utilizes the ability to pass current to reset (or turn off)
transistor 11a. Hereinafter, this type of driving will be referred to as "reset driving".

[0294] In order to realize the reset driving with the pixel configuration of Fig. 1, an arrangement capable of on-off
controlling transistors 11b and 11c independently of each other is needed. Specifically, such an arrangement is capable
of controlling gate signal line 17a (gate signal line WR) for on-off controlling transistor 11b and signal line 17¢c (gate
signal line EL) for on-off controlling transistor 11c, independently of each other. Controls over gate signal lines 17a and
17¢ can be achieved using two independent shift registers 61 as shown in Fig. 6.

[0295] The driving voltage for gate signal line WR and that for gate signal line EL preferably are made different from
each other. The amplitude of the driving voltage for gate signal line WR (the difference between on-voltage and off-
voltage) is made smaller than that of the driving voltage for gate signal line EL. Basically, if the amplitude of the driving
voltage for a gate signal line is large, a punch-through voltage across the gate signal line and the pixel becomes high,
which causes unclear black to occur. The amplitude of the driving voltage for a gate signal line WR can be adjusted by
controlling the potential of source signal line 18 not to be applied (or to be applied in the selected state) to pixel 16. Since
fluctuations in the potential of source signal line 18 are small, the amplitude of the driving voltage for gate signal line
WR can be decreased. On the other hand, gate signal line EL is required to on-off control the EL device. Therefore, the
amplitude of the driving voltage for gate signal line EL is large. As a measure to deal with this inconvenience, the output
voltages of the respective shift registers 61a and 61b are made different from each other. In the case where each pixel
comprises p-channel transistors, the off-voltages Vgh of the respective shift registers 61a and 61b are substantially
equalized to each other, while the on-voltage Vgl of shift register 61a is made lower than that of shift register 61b.
[0296] Hereinafter, the reset driving method will be described with reference to Fig. 33. Fig. 33 is an explanatory
diagram illustrating the principle of the reset driving method. First, as shown in Fig. 33(a), transistors 11c and 11d are
turned off, while transistor 11b turned on. Then, the drain terminal (D) and the gate terminal (G) of driving transistor 11a
are shortcircuited, thus allowing current Ib to pass therethrough. Generally, transistor 11a has been programmed with
current in the immediately preceding field (frame) and hence has the ability to pass current. When transistors 11d and
11b assume off-state and on-state, respectively, with transistor 11a in that condition, driving current Ib is passed to the
gate terminal (G) of transistor 11a, so that the potential at the gate terminal (G) and that at the drain terminal (D) are
equalized to each other, thus resetting transistor 11a (to a state not allowing current to pass therethrough).

[0297] Thereset state (the state not allowing current to pass) of transistor 11ais equivalent to an offset voltage holding
state of a voltage offset canceller configuration, which will be described later with reference to Fig. 51 and the like. That
is, in the state shown in Fig. 33(a), an offset voltage is held across the terminals of capacitor 19. This offset voltage has
a voltage value which varies with variations in the characteristics of transistor 11a. Therefore, when the operation
illustrated in Fig. 33(a) is performed, transistor 11a does not pass current to capacitor 19 of each pixel 19. (That is, a
black display current (substantially equal to zero) is held.)

[0298] It is preferable to perform an operation of turning transistors 11b and 11c¢ off and transistor 11d on to pass the
driving current through driving transistor 11a prior to the operation illustrated in Fig. 33(a). Preferably, this operation is
completed in a very short time. This is because current might pass through EL device 15 to cause it to light thereby
causing the display contrast to lower. The time period for this operation is preferably not less than 0.1% and not more
than 10% of a 1H period (one horizontal scanning period), more preferably not less than 0.2% and not more than 2%
of a 1H period. Stated otherwise, the time period is preferably not less than 0.2 psec and not more than 5 psec. The
aforementioned operation (the operation to be performed before the operation of Fig. 33(a)) may be performed on all
the pixels 16 present in the whole screen collectively. The operations described above can cause the drain terminal (D)
voltage of driving transistor 11a to lower thereby allowing current Ib to pass smoothly in the state shown in Fig. 33(a).
The above-described matters are applicable to other reset driving methods of the present invention.

[0299] As the state shown in Fig. 33(a) continues for a longer time, the terminal voltage of capacitor 19 tends to become
lower due to passage of current Ib. Therefore, the time period for which the state shown in Fig. 33(a) continues needs
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to be fixed. According to the experiment and study conducted by the inventors et al, the time period for which the state
shown in Fig. 33(a) continues is preferably not less than 1H and not more than 5H. Preferably, this period is varied
depending on R, G and B pixels. This is because these different color pixels employ different EL materials, which are
different in threshold voltage and the like from each other. The optimum periods for the respective R, G and B pixels
are established depending on the respective EL materials. Though this period is set not less than 1H and not more than
5H in this embodiment, it is needless to say that the period may be set to 5H or more in a driving method based mainly
on insertion of a black display (writing of a black display to the screen.) It should be noted that the black display state
of each pixel becomes better as this period becomes longer.

[0300] After the state shown in Fig. 33(a) continued for the time period not less than 1H and not more than 5H, the
pixel configuration is turned into the state shown in Fig. 33(b). In the state shown in Fig. 33(b), transistors 11c and 11b
are in on-state, while transistor 11d in off-state. As described earlier, the state shown in Fig. 33(b) is a state where
current-based programming is being performed. That is, source driver 14 outputs (or absorbs) programming current Iw
to driving transistor 11a. Driving transistor 11a is programmed to have such a gate terminal (G) potential as to cause
current Iw to pass. (The potential thus set is held in capacitor 19.)

[0301] If the programming current Iw is 0 (A), transistor 11a is kept in the state shown in Fig. 33(a) which does not
allow current to pass, thus realizing a satisfactory black display. In the case of current-based programming for a white
display by the state shown in Fig. 33(b), perfect current-based programming can be achieved from the offset voltage
providing a black display even when there are variations in the characteristics of driving transistors of pixels. Therefore,
the times required for respective driving transistors to be programmed with a target value are equalized to each other
for each gray level. For this reason, there occurs no gray scale error due to variations in the characteristics of transistors
11a and, hence, satisfactory image display can be realized.

[0302] After the current-based programming in the state shown in Fig. 33(b), transistors 11b and 11c are turned off
and transistor 11d turned on to cause driving transistor 11a to pass programming current lw (= le) through EL device
15, thereby causing EL device 15 to emit light. Description of the details of the state shown in Fig. 33(c) will be omitted
since similar description has bee made earlier with reference to Fig. 1 and the like.

[0303] The driving method (reset driving) illustrated in Fig. 33 comprises: a first operation in which driving transistor
11a and EL device 15 are disconnected from each other (or turned into a state preventing current from passing there-
between), while the drain terminal (D) and the gate terminal (G) of driving transistor 11a (alternatively, the source terminal
(S) and the gate terminal (G) of driving transistor 11a; in more general term, two terminals of driving transistor 11a
including the gate terminal (G)) are shortcircuited; and a second operation in which driving transistor 11ais programmed
with current (voltage) after the first operation. It is at least required that the second operation be performed after the first
operation. For the reset driving to be effected, it is necessary to provide an arrangement capable of controlling transistors
11b and 11c independently of each other as shown in Fig. 32.

[0304] The image display state changes as follows (provided instantaneous changes can be observed.) First, a pixel
row to be programmed with current is turned into a reset state (i.e., black display state). After lapse of 1H, current-based
programming is performed. (At this time, image display is still in the black display state because transistor 11d is in off-
state.) Subsequently, each EL device 15 is fed with current, so that the pixel row emits light at a predetermined luminance
(with a current as programmed). Specifically, it should be seen that the pixel row displaying black moves downwardly
of the screen and the image displayed is rewritten at a position that the pixel row has just passed. Though the current-
based programming is performed 1H after the resetting according to the above description, the period between the
programming and the resetting may be about 5H or less. This is because a relatively long time is required for the resetting
operation shown in Fig. 33(a) to be completed. If this period is set to 5H, five pixel rows will display black. (If the pixel
row programmed with current is taken into account, six pixel rows will display black.)

[0305] There is no limitation to the feature that resetting is made pixel row by pixel row, but a set of plural pixel rows
may be reset at a time; that is, resetting may made plural pixel rows by plural pixel rows. Alternatively, it is possible to
perform resetting plural pixel rows by plural pixel rows while performing overlapped scanning. For example, if four pixel
rows are to be reset at a time, an exemplary manner of driving is as follows: pixel rows (1) to (4) are reset in the first
horizontal scanning period (one unit); subsequently, pixel rows (3) to (6) reset in the second horizontal scanning period;
subsequently, pixel rows (5) to (8) reset in the third horizontal scanning period; and then, pixel rows (7) to (10) reset in
the fourth horizontal scanning period. Of course, the driving operations shown in Figs. 33(b) and 33(c) are performed
in synchronism with the driving operation shown in Fig. 33(a).

[0306] It is needless to say that the driving operations shown in Figs. 33(b) and 33(c) may be performed after all of
the pixels present in one screen have been reset either at a time or in a scanned fashion. It is also needless to say that
interlaced driving (scanning every other pixel row or every other set of plural pixel rows) may be effected to reset every
other pixel row or every other set of plural pixel rows. Random resetting is also possible. The reset driving according to
the present invention described above is a method adapted to operate pixel rows. (That is, control is made vertically of
the screen.) The concept of the reset driving is not limited to the control in the direction in which pixel rows are arranged.
It is needless to say that the reset driving may be performed in the direction in which pixel columns are arranged for
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example.

[0307] The resetdriving method illustrated in Fig. 33 can realize better image display if combined with the N-fold pulse
driving method or a like method according to the present invention or with the interlaced driving method. The method
illustrated in Fig. 22, in particular, can easily realize an intermittent N/K-fold pulse driving method. (This is a driving
method including providing plural lighting regions on one screen. This driving method can be easily practiced if gate
signal line 17b is controlled so as to turn transistor 11d on/off. This feature has been described earlier.) Therefore,
satisfactory image display free of flicker can be realized. This is an excellent characteristic of the method illustrated in
Fig. 22 or its variations. It is also needless to say that the reset driving method can realize much better image display if
combined with other driving methods including, for example, the reverse bias driving method, precharge driving method
and punch-through voltage driving method to be described later. Thus, it is needless to say that the reset driving method
can be implemented in combination with other embodiments herein described.

[0308] Fig. 34 is a diagram showing the configuration of a display apparatus for realizing the reset driving. Gate driver
12a controls gate signal lines 17a and 17b of Fig. 32. Application of on-voltage and off-voltage to gate signal line 17a
allows transistor 11b to be on-off controlled. Application of on-voltage and off-voltage to gate signal line 17b allows
transistor 11d to be on-off controlled. Gate driver 12b controls gate signal line 17¢ of Fig. 32. Application of on-voltage
and off-voltage to gate signal line 17¢ allows transistor 11c to be on-off controlled.

[0309] Thus, gate signal lines 17a and 17c¢ are operated by gate drivers 12a and 12b, respectively. For this reason,
it is possible to freely control the timing at which transistor 11b is turned on to reset driving transistor 11a and the timing
at which transistor 11c is turned on to program driving transistor 11a with current. Reference character 341a in Fig. 34
designates the circuit of an output section. Since other features and the like are identical with or similar to the features
described earlier, description thereof will be omitted.

[0310] Fig. 35 is a timing chart of the reset driving. When transistor 11a is reset by applying on-voltage to gate signal
line 17a to turn transistor 11b on, transistor 11d is turned off by application of off-voltage to gate signal line 17b. Thus,
the configuration assumes the state shown in Fig. 32(a). During this period, current Ib is passed.

[0311] According to the timing chart of Fig. 35, reset time is set to 2H (during which gate signal line is under application
of on-voltage and hence transistor 11b is in on-state.) However, there is no limitation to this feature, but the reset time
may be 2H or more. In the case where resetting can be made very rapidly, the rest time may be less than 1H. The reset
time can be varied to any desired H period easily by varying the pulse period of DATA (ST) to be inputted to gate driver
12. For example, if DATA to be inputted to ST terminal assumes H level for a 2H period, the reset time outputted from
each gate signal line 17a is a 2H period. Similarly, if DATA to be inputted to ST terminal assumes H level for a 5H period,
the reset time outputted from each gate signal line 17a is a 5H period.

[0312] After the reset state for a 1H period, gate signal line 17¢(1) of pixel row (1) is applied with on-voltage. When
transistor 11c is turned on, driving transistor 11a is written with the programming current applied to source signal line
18 via transistor 11c.

[0313] After the current-based programming, gate signal line 17c of pixel row (1) is applied with off-voltage to turn
transistor 11c off, thereby disconnecting each pixel from source signal line 18. At the same time, gate signal line 17a is
also applied with off-voltage to release driving transistor 11a from the reset state. (In this period, the expression "current-
based programmed state" is more proper than the expression "reset state".) Further, gate signal line 17b is applied with
on-voltage to turn transistor 11d on, thereby causing the current programmed at driving transistor 11a to be passed
through EL device 15. Since the operation on pixel row (2) and the succeeding pixel rows is the same as that on pixel
row (1) and since that operation is obvious from Fig. 35, description thereof will be omitted.

[0314] In Fig. 35, the reset period is a 1H period. Fig. 36 illustrates an embodiment having a reset period of 5H. The
reset period can be varied to any desired H period easily by varying the pulse period of DATA (ST) to be inputted to
gate driver 12. Fig. 36 is directed to the embodiment having settings such that DATA to be inputted to ST1 terminal of
gate driver 12a assumes H level for a 5H period and the reset period outputted from each gate signal line 17a is a 5H
period. As the reset period becomes longer, more perfect resetting is achieved, thus realizing better black display.
However, the display luminance is lowered by a degree corresponding to the proportion of the reset period.

[0315] In the embodiment of Fig. 36, the reset period is set to 5H and the reset state is continuous. However, there is
no limitation to such a continuous reset state. For example, it is possible to turn on/off the signal outputted from each
gate signal line 17a on a 1H basis. Such an on-off operation can be easily realized by operating an enabling circuit (not
shown) formed in the output section of the shift register or controlling the DATA (ST) pulse to be inputted to gate driver 12.
[0316] The circuit configuration shown in Fig. 34 requires at least two shift register circuits (one for controlling gate
signal line 17a and the other for controlling gate signal line 17b.) For this reason, there arises a problem of gate driver
12a having an increased circuit scale. Fig. 37 shows an embodiment wherein gate driver 12a has a single shift register.
The timing chart of output signals in the operation of the circuit of Fig. 37 is as shown in Fig. 35. Attention should be
given to Figs. 35 and 37 which use different signs to designate each of gate signal lines 17 extending from gate drivers
12a and 12b.

[0317] As can be clearly understood from the configuration of Fig. 37 which additionally includes OR circuit 371, OR
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is taken from the output of the current stage and the output of the preceding stage of shift register circuit 61a and outputted
to each gate signal 17a. That is, gate signal line 17a outputs on-voltage for a 2H period. On the other hand, the output
of shift register 61a, as it is, is outputted to gate signal line 17c. Therefore, gate signal line 17¢ is under application of
on-voltage for a 1H period.

[0318] For example, when an H level signal is outputted to the second stage of shift register circuit 61a, on-voltage is
outputted to gate signal line 17c of pixel 16(1), thus making pixel 16(1) programmed with current (or voltage). At the
same time, on-voltage is also outputted to gate signal line 17a of pixel 16(2) to turn on transistor 11b of pixel 16(2), thus
resetting driving transistor 11a of pixel 16(2).

[0319] Similarly, when an H level signal is outputted to the third stage of shift register circuit 61a, on-voltage is outputted
to gate signal line 17c¢ of pixel 16(2), thus making pixel 16(2) programmed with current (or voltage). At the same time,
on-voltage is also outputted to gate signal line 17a of pixel 16(3) to turn on transistor 11b of pixel 16(3), thus resetting
driving transistor 11a of pixel 16(3). That is, gate signal line 17a continues to output on-voltage for a 2H period, while
gate signal line 17¢ continues to be applied with on-voltage for a 1H period.

[0320] Transistors 11b and 11c assume on-state (see Fig. 33(b)) at the same time when each pixel is programmed
(see Fig. 33(b)). For this reason, if transistor 11c is turned into off-state prior to transistor 11b in switching the pixel to
an unprogrammed state, transistor 11a assumes the reset state shown in Fig. 33(b) undesirably. To avoid this incon-
venience, transistor 11c needs to be turned off after the turning-off of transistor 11b. Accordingly, it is required that
control be performed so that gate signal line 17a can be applied with on-voltage prior to the application of on-voltage to
gate signal line 17c.

[0321] The foregoing embodiment is applied to the pixel configuration shown in Fig. 32 (basically Fig. 1). However,
the present invention is not limited thereto. For example, this embodiment is applicable to a current mirror pixel config-
uration as shown in Fig. 38. With the pixel configuration of Fig. 38, the N-fold pulse driving method as illustrated in Fig.
13 or 15 or the like can be practiced by on-off control over transistor 11e. Fig. 39 is an explanatory diagram illustrating
an embodiment based on the current mirror pixel configuration shown in Fig. 38. Hereinafter, a reset driving method
applied to the current mirror pixel configuration will be described with reference to Fig. 39.

[0322] As shown in Fig. 39(a), transistors 11c and 11e are turned off, while transistor 11d turned on. Then, the drain
terminal (D) and the gate terminal (G) of current-based programming transistor 11b are shortcircuited, thus allowing
current Ib to pass therethrough. Generally, transistor 11b has been programmed with currentin animmediately preceding
field (frame) and hence has the ability to pass current. (This is natural because the gate potential is held by capacitor
19 for a 1F period to perform image display. However, current is not passed in the case of perfect black display.) When
transistors 11e and 11d assume off-state and on-state, respectively, with transistor 11b in that condition, driving current
Ib is passed toward the gate terminal (G) of transistor 11a. (That is, gate terminal (G) and drain terminal (D) become
shortcircuited.) Accordingly, the potential at the gate terminal (G) and that at the drain terminal (D) are equalized to each
other, thus resetting transistor 11a (to a state not allowing current to pass). Since the gate terminal (G) of driving transistor
11b and that of current-based programming transistor 11a are common, driving transistor 11b is also reset.

[0323] Each oftheresetstates (the state not allowing current to pass) of respective transistors 11a and 11b is equivalent
to an offset voltage holding state of the voltage offset canceller configuration, which will be described later with reference
to Fig. 51 and the like. That is, in the state shown in Fig. 39(a), an offset voltage is held across the terminals of capacitor
19. (The offset voltage is an initiating voltage causing current to start passing. Application of a voltage having an absolute
value equal to or larger than the absolute value of the offset voltage causes current to pass through transistor 11.) This
offset voltage has a voltage value which is variable in accordance with the characteristics of transistors 11a and 11b.
Therefore, when the operation illustrated in Fig. 39(a) is performed, transistors 11a and 11b do not pass current to
capacitor 19 of each pixel. (That is, a black display current (substantially equal to zero) state is kept; stated otherwise,
resetting to the initiating voltage causing current to start passing is made.)

[0324] As in the case of Fig. 33(a), as the reset state shown in Fig. 39(a) continues for a longer time, the terminal
voltage of capacitor 19 tends to become lower due to passage of current Ib. Therefore, the time period for which the
state shown in Fig. 39(a) continues needs to be fixed. According to the experiment and study conducted by the inventors
et al., the time period for which the state shown in Fig. 33(a) continues is preferably not less than 1H and not more than
10H (10 horizontal scanning periods), more preferably not less than 1H and not more than 5H. Specifically, the time
period is preferably not less than 20 psec and not more than 2 msec. This holds true for the driving method illustrated
in Fig. 33.

[0325] As in the case of Fig. 33(a), when the operation is performed so that the reset state shown in Fig. 39(a)
synchronizes to the current-based programmed state shown in Fig. 39(a), the time period required for the current-based
programmed state shown in Fig. 39(b) to be reached from the reset state shown in Fig. 39(a) has a fixed value (constant
value) and, therefore, there arises no problem. That is, the time period from the reset state shown in Fig. 33(a) or 39(a)
to the current-based programmed state shown in Fig. 33(b) or 39(b) is preferably not less than 1H and not more than
10H (10 horizontal scanning periods), more preferably not less than 1H and not more than 5H. Specifically, the time
period is preferably not less than 20 psec and not more than 2 msec. If this time period is too short, driving transistor
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11 is not completely reset, while if it is too long, driving transistor 11 assumes complete off-state, which in turn results
in the current-based programming taking a longer time. In addition, the luminance of screen 50 is lowered.

[0326] Subsequently to the state shown in Fig. 39(a), the pixel configuration is turned into the state shown in Fig. 39(b)
where transistors 11c and 11b are in on-state, while transistor 11d in off-state. The state shown in Fig. 39(b) is a state
where current-based programming is being performed. That is, source driver 14 outputs (or absorbs) programming
current lw and passes the programming current Iw to driving transistor 11a. Capacitor 19 is programmed with the gate
terminal (G) potential of driving transistor 11b so that current lw will pass through driving transistor 11a.

[0327] If the programming current lw is O (A) (black display), transistor 11b is kept in the state shown in Fig. 33(a)
which does not allow current to pass, thus realizing a favorable black display. In the case of current-based programming
for white display by the state shown in Fig. 39(b), perfect current-based programming can be achieved from the offset
voltage providing a black display (the initiating voltage causing the current set in accordance with the characteristics of
driving transistors to start passing) even when there are variations in the characteristics of driving transistors of respective
pixels. Therefore, the times required for respective driving transistors to be programmed with a current of a target value
are equalized to each other for each gray level. For this reason, there occurs no gray scale error due to variations in the
characteristics of transistors 11a or 11b and, hence, satisfactory image display can be realized.

[0328] After the current-based programming in the state shown in Fig. 39(b), transistors 11b and 11c are turned off
and transistor 11e turned on to cause driving transistor 11b to pass programming current lw (= le) through EL device
15, thereby causing EL device 15 to emit light. Description of the details of the state shown in Fig. 39(c) will be omitted
since similar description has bee made earlier.

[0329] The driving method (reset driving) illustrated in Fig. 33 or 39 comprises: a first operation in which driving
transistor 11a or 11b and EL device 15 are disconnected from each other (or turned into a state preventing current from
passing therebetween by transistor 11e or 11d), while the drain terminal (D) and the gate terminal (G) of the driving
transistor (alternatively, the source terminal (S) and the gate terminal (G) of the driving transistor, more generally, two
terminals of the driving transistor including gate terminal (G)) are shortcircuited; and a second operation in which the
driving transistor is programmed with current (or voltage) after the first operation. It is at least required that the second
operation be performed after the first operation. The operation of disconnecting driving transistor 11a or 11b and EL
device 15 from each other is not necessarily indispensable. Even if the first operation of shortcircuiting the drain terminal
(D) and the gate terminal (G) of the driving transistor is performed without disconnecting driving transistor 11a or 11b
and EL device 15 from each other, it is possible that variations in the reset state are not so serious in some cases.
Whether driving transistor 11a or 11b is to be disconnected from EL device 15 or not is decided based on examination
of the transistor characteristics of the array manufactured.

[0330] The current mirror pixel configuration shown in Fig. 39 is a driving method including resetting the current-based
programming transistor 11a, which results in the resetting of the driving transistor 11b.

[0331] With the current mirror pixel configuration of Fig. 39, the operation of disconnecting driving transistor 11b and
EL device 15 from each other need not necessarily be performed in the reset state. Thus, the driving method comprises:
a first operation in which the drain terminal (D) and the gate terminal (G) of the current-based programming transistor
(alternatively, the source terminal (S) and the gate terminal (G) of the current-based programming transistor, more
generally, two terminals of the current-based programming transistor or the driving transistor including gate terminal
(G)) are shortcircuited; and a second operation in which the current-based programming transistor is programmed with
current (or voltage) after the first operation. It is at least required that the second operation be performed after the first
operation.

[0332] The image display state changes as follows (provided instantaneous changes can be observed.) First, a pixel
row to be programmed with current is turned into a reset state (i.e., black display state). After lapse of 1H, current-based
programming is performed. Specifically, it should be seen that the pixel row displaying black moves downwardly of the
screen and the image displayed is rewritten at a position that the pixel row has just passed.

[0333] Though the foregoing description of the embodiment is directed mainly to the current-based programming pixel
configuration, the reset driving according to the present invention is applicable to voltage-based programming pixel
configurations. Fig. 43 is an explanatory diagram illustrating a pixel configuration (panel configuration) according to the
present invention for practicing a reset driving method with a voltage-based programming pixel configuration.

[0334] In the pixel configuration shown in Fig. 43, there is formed transistor 11e for causing driving transistor 11a to
be reset. When gate signal line 17e is applied with on-voltgage to turn transistor 11e on, which causes the gate terminal
(G) and the drain terminal (D) of driving transistor 11a to become shortcircuited. The pixel configuration is also formed
with transistor 11d for cutting off the current path between EL device 15 and driving transistor 11d. Hereinafter, the reset
driving method applied to the voltage-based programming pixel configuration will be described with reference to Fig. 44.
[0335] As shown in Fig. 44(a), transistors 11b and 11c are turned off, while transistor 11e turned on. Then, the drain
terminal (D) and the gate terminal (G) of driving transistor 11a become shortcircuited, thus allowing current Ib to pass
as shown. Accordingly, the potential at the gate terminal (G) and that at the drain terminal (D) of driving transistor 11a
are equalized to each other, thus resetting transistor 11a (to a state not allowing current to pass therethrough.) Before
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the resetting of transistor 11a, current has been made passing through transistor 11a by initially turning transistors 11d
and 11e on and off, respectively, in synchronism with an HD synchronizing signal, as described with reference to Fig.
33 or 39. Thereafter, the operation illustrated in Fig. 44 is performed.

[0336] Each ofthe resetstates (the state not allowing current to pass) of respective transistors 11a and 11b is equivalent
to the offset voltage holding state of the voltage offset canceller configuration described in relation to Fig. 41 or the like.
That is, in the state shown in Fig. 44(a), an offset voltage (reset voltage) is held across the terminals of capacitor 19.
This offset voltage has a voltage value which is variable in accordance with the characteristics of transistor 11a. Therefore,
when the operation illustrated in Fig. 44(a) is performed, transistor 11a does not pass current to capacitor 19 of each
pixel. (Thatis, a black display current (substantially equal to zero) state is kept; stated otherwise, resetting to the initiating
voltage causing current to start passing is made.)

[0337] As in the current-based programming pixel configuration, as the reset state shown in Fig. 44(a) of the voltage-
based programming pixel configuration continues for a longer time, the terminal voltage of capacitor 19 tends to become
lower due to passage of current Ib. Therefore, the time period for which the state shown in Fig. 44(a) continues needs
to be fixed. This time period is preferably not less than 0.2H and not more than 5H (five horizontal scanning periods),
more preferably not less than 0.5H and not more than 4H. Specifically, the time period is preferably not less than 2 psec
and not more than 400 psec.

[0338] Itis preferable that gate signal line 17e and the gate signal line 17a of an antecedent pixel row form a common
line. That is, gate signal line 17e is formed as shortcircuited to gate signal line 17 a of the antecedent pixel row. This
configuration is referred to as "antecedent gate control method". The antecedent gate control method uses a waveform
applied to the gate signal line of a pixel row having been selected at least 1H before the selection of a pixel row concerned.
Therefore, the antecedent pixel row is not limited to the immediately preceding pixel row. For example, transistor 11a
of a pixel row concerned may be reset by using the signal waveform applied to the gate signal of the pixel row next to
the immediately preceding pixel row.

[0339] More specifically, the antecedent gate control method is as follows. It is assumed that: a pixel row concerned
is the (N)th pixel row having gate signal lines 17¢(N) and 17a(N); a pixel row selected 1H before is the (N-1)th pixel row
having gate signal lines 17e(N-1) and 17a(N-1); and a pixel row to be selected 1H after the selection of the pixel row
concerned is the (N+1)th pixel row having gate signal lines 17e(N+1) and 17a(N+1).

[0340] In the (N-1)th H period, when gate signal line 17a(N-1) of the (N-1)th pixel row is applied with on-voltage, gate
signal line 17¢(N) of the (N)th pixel row is also applied with on-voltage. This is because gate signal line 17¢(N) is formed
as shortcircuited to gate signal line 17a(N-1) of the antecedent pixel row. Accordingly, transistor 11b(N-1) of each pixel
of the (N-1)th pixel row is turned on to write the voltage of source signal line 18 to the gate terminal (G) of driving transistor
11a(N-1). At the same time, transistor 11e(N) of the (N)th pixel row is turned on to shortcircuit the gate terminal (G) and
the drain terminal (D) of driving transistor 11a(N), thereby resetting driving transistor 11a(N).

[0341] In the (N)th period following the (N-1)th H period, when gate signal line 17a(N) of the (N)th pixel row is applied
with on-voltage, gate signal line 17e(N+1) of the (N+1)th pixel row is also applied with on-voltage. Accordingly, transistor
11b(N) of each pixel of the (N)th pixel row is turned on to write the voltage applied to source signal line 18 to the gate
terminal (G) of driving transistor 11a(N). At the same time, transistor 11e(N+1) of each pixel of the (N+1)th pixel row is
turned on to shortcircuit the gate terminal (G) and the drain terminal (D) of driving transistor 11a(N+1), thereby resetting
driving transistor 11a(N+1).

[0342] A similar operation proceeds for the following pixel rows. In the (N+1)th H period following the (N)th H period,
when gate signal line 17a(N+1) of the (N+1)th pixel row is applied with on-voltage, gate signal line 17e(N+2) of the
(N+2)th pixel row is also applied with on-voltage. Accordingly, transistor 11b(N+1) of each pixel of the (N+1)th pixel row
is turned on to write the voltage applied to source signal line 18 to the gate terminal (G) of driving transistor 11a(N+1).
At the same time, transistor 11e(N+2) of each pixel of the (N+2)th pixel row is turned on to shortcircuit the gate terminal
(G) and the drain terminal (D) of driving transistor 11a(N+2), thereby resetting driving transistor 11a(N+2).

[0343] With the antecedent gate control method according to the present invention, driving transistor 11a is reset for
a 1H period, followed by voltage-based programming.

[0344] As in the case of Fig. 33(a), when the operation is performed so that the reset state shown in Fig. 44(a)
synchronizes to the current-based programmed state shown in Fig. 44(a), the time period required for the current-based
programming state shown in Fig. 44(b) to be reached has a fixed value (constant value) and, therefore, there arises no
problem. If this time period is too short, driving transistor 11a is not completely reset, while if itis too long, driving transistor
11a assumes complete off-state, which in turn results in the current-based programming taking a longer time. Further,
the luminance of screen 12 is lowered.

[0345] Subsequently to the state shown in Fig. 44(a), the pixel configuration is turned into the state shown in Fig. 44(b)
where transistors 11b is in on-state, while transistors 11e and 11d in off-state. The state shown in Fig. 44(b) is a state
where current-based programming is being performed. That s, source driver 14 outputs the programming current, which
is then written to the gate terminal (G) of driving transistor 11a (i.e., capacitor 19 is programmed with the potential of the
gate terminal (G) of driving transistor 11a.) In the case of voltage-based programming, transistor 11d need not necessarily
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be turned off at the time of voltage-based programming. Transistor 11e will not be needed if the combination with the
N-fold pulse driving method as shown in Figs. 13 or 15 or the like is unnecessary or if the intermittent N/K pulse driving
method does not need to be practiced. (The intermittent NK-fold pulse driving method is a driving method including
providing plural lighting regions on one screen. This driving method can be easily practiced if transistor 11e is caused
to turn on/off.) Since this feature has been described earlier, description thereof will be omitted.

[0346] In the case where a white display is provided by voltage-based programming using the configuration shown in
Fig.43 or the driving method illustrated in Fig. 44, perfect voltage-based programming can be achieved from the offset
voltage providing a black display (the initiating voltage causing the current set in accordance with the characteristics of
driving transistors to pass) even when there are variations in the characteristics of driving transistors of respective pixels.
Therefore, the times required for respective driving transistors to be programmed with a target value are equalized to
each other for each gray level. For this reason, there occurs no gray scale error due to variations in the characteristics
of transistors 11a and, hence, satisfactory image display can be realized.

[0347] After the voltage-based programming illustrated in Fig. 44(b), transistors 11b is turned off and transistor 11d
turned on to cause driving transistor 11a to pass the programming current through EL device 15, thereby causing EL
device 15 to emit light.

[0348] Thus, the reset driving method based on the voltage-based programming illustrated in Fig. 43 comprises: a
first operation in which transistor 11d is turned on and transistor 11e turned off in synchronism with an HD synchronizing
signal to pass current to transistor 11a; a second operation in which driving transistor 11a and EL device 15 are discon-
nected from each other, while the drain terminal (D) and the gate terminal (G) of the driving transistor 11a (alternatively,
the source terminal (S) and the gate terminal (G) of the driving transistor 11a, more generally, two terminals of the driving
transistor including gate terminal (G)) are shortcircuited; and a third operation in which the driving transistor 11a is
programmed with voltage after the second operation.

[0349] In the embodiment described above, transistor 11d is on-off controlled to control the current to be passed from
driving transistor 11a (in the case of the pixel configuration shown in Fig. 1) to EL device 15. In order for transistor 11d
to be on-off controlled, gate signal lines 17b need to be scanned. Such scanning requires shift register 61 (gate circuit
12). Since shift register 61 is large in size, use of shift register 61 for control over gate signal lines 17b will prevent the
frame from being narrowed. The method to be described with reference to Fig. 40 solves this problem.

[0350] Though the present invention is described by reference mainly to examples of current-based programming
pixel configuration as shown in Fig. 1 and the like, the present invention is not limited to these examples. It is needless
to say that the present invention is applicable even to other current-based programming pixel configurations (including
a current mirror pixel configuration) as described with reference to Fig. 38 and the like. It is also needless to say that
the technical concept of on-off control on a block-by-block basis is applicable to voltage-based programming pixel
configurations as shown in Fig. 41 and the like. Since the present invention is directed to a method of intermittently
passing current through EL device 15, it is needless to say that the present invention can be combined with a method
of application of reverse bias voltage to be described with reference to Fig. 50 or the like. Thus, the present invention
can be practiced in combination with other embodiments.

[0351] Fig. 40 illustrates an embodiment of a block driving method. For easy explanation, it is assumed that gate driver
12 is formed directly on substrate 71 or gate driver 12 in a silicon chip form is mounted on substrate 71. Further, source
driver 14 and source signal lines are omitted from the figure to avoid complicated drawing.

[0352] InFig. 40, gate signal line 17a is connected to gate driver 12. On the other hand, gate signal line 17b associated
with each pixel is connected to lighting control line 401. In Fig. 40, four gate signal lines 17b are connected to one lighting
control line 401.

[0353] Though four gate signal lines 17b form one block in the configuration, there is no limitation thereto but it is
needless to say that one block may consist of more than four gate signal lines 17b. Generally, display region 50 is
preferably divided into 5 or more, more preferably 10 or more, much more preferably 20 or more. If the number by which
display region 50 is divided is too small, flicker is likely to become conspicuous. On the other hand, if the number is too
large, the number of lighting control lines 401 becomes large, which makes it difficult to layout such control lines 401.
[0354] Since a QCIF display panel has 220 vertical scanning lines, these lines need to be divided into blocks by at
least 5 (i.e., 220/5 = 44), preferably 10 or more (220/10 = 11). There are some cases where two blocks are sufficient
because less flicker occurs in display region 50 which is divided into two blocks, one consisting of odd number rows,
the other consisting of even number rows.

[0355] In the embodiment shown in Fig. 40, lighting control lines 401a, 401b, 401c, 401d, ..., 401n are sequentially
applied with on-voltage (Vgl) or off-voltage (Vgh) to turn EL devices 15 on/off block by block.

[0356] In the embodiment shown in Fig. 40, gate signal line 17b and lighting control line 401 do not cross each other.
Therefore, the embodiment is free from such a failure that gate signal line 17b and lighting control line 401 become
shortcircuited. Further, since there is no capacitive coupling between gate signal line 17b and lighting control line 401,
a very small capacitance is added when the gate signal line 17d side is viewed from lighting control line 401. Therefore,
lighting control line 401 can be driven easily.
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[0357] Gate driver 12 is connected to gate signal line 17a. When gate signal line 17a is applied with on-voltage, the
pixel row associated therewith is selected and transistors 11b and 11c of each of the selected pixels are turned on to
program capacitor 19 of each pixel with the current (voltage) applied to source signal line 18. On the other hand, gate
signal line 17b is connected to the gate terminal (G) of transistor 11d of each pixel. Accordingly, when lighting control
line 401 is applied with on-voltage (Vgl), a current path is formed between driving transistor 11a and EL device 15,
whereas when it is applied with off-voltage (Vgh), the anode terminal of EL device 15 is opened.

[0358] Itis preferable that the control timing at which on-voltage and off-voltage are applied to lighting control line 401
and the timing at which gate driver 12 outputs pixel row selecting voltage (Vgl) to gate signal line 17a synchronize to
one horizontal scanning clock (1H). However, there is not limitation thereto.

[0359] The signal to be applied to lighting control line 401 merely on-off controls the current to be passed to EL device
15. That signal need not synchronize to image data to be outputted from source driver 14. This is because the signal to
be applied to lighting control line 401 functions to control the current programmed at capacitor 19 of each pixel 16.
Therefore, this signal need not necessarily synchronize to the pixel row selecting signal. Even if they synchronize to
each other, the clock is not limited to 1H but may be 1/2H or 1/4H.

[0360] In the case of the current mirror pixel configuration shown in Fig. 38, transistor 11e can be on-off controlled if
gate signal line 17b is connected to lighting control line 401. Thus, the block driving can be realized.

[0361] The pixel configuration shown in Fig. 32 can realize the block driving if gate signal line 17a is connected to
lighting control signal 401 and the reset driving is performed. In this case, the block driving method according to the
present invention is a driving method in which plural pixel rows are turned into the non-lighting state (or the black display
state) at a time using one control line.

[0362] Theembodimentdescribed above has an arrangement where one pixel row selecting gate signalline is provided
(formed) for each pixel row. The present invention is not limited to this arrangement but may have such an arrangement
that one selecting gate signal line is provided (formed) for each set of plural pixel rows.

[0363] Fig. 41 illustrates an embodiment of that arrangement. For easy explanation, the pixel configuration shown in
Fig.1 will be mainly exemplified. In Fig. 41, gate signal line 17a is designed to select three pixels (16R, 16G and 16B)
at a time. The signs "R", "G" and "B" are meant to relate to red pixel, green pixel and blue pixel, respectively.

[0364] Accordingly, selection of gate signal line 17a causes pixels 16R, 16G and 16B to be selected and written with
data at a time. Pixel 16R writes data from source signal line 18R to capacitor 19R, pixel 16G writes data from source
signal line 18G to capacitor 19G, and pixel 16B writes data from source signal line 18B to capacitor 19B.

[0365] Transistor 11d of pixel 16R is connected to gate signal line 17bR. Similarly, transistor 11d of pixel 16G is
connected to gate signal line 17bG, while transistor 11d of pixel 16B is connected to gate signal line 17bB. Accordingly,
EL device 15R of pixel 16R, EL device 15G of pixel 16G and EL device 15B of pixel 16B can be on-off controlled
independently of each other. That is, EL device 15R, EL device 15G and EL device 15B can be individually controlled
as to their lighting time and lighting cycle by individual control over gate signal lines 17bR, 17bG and 17bB.

[0366] In realizing this operation, it is suitable that the configuration shown in Fig. 6 is formed (provided) with the four
shift register circuits: shift register circuit 61 for scanning gate signal line 17a, shift register circuit 61 for scanning gate
signal line 17bR, shift register circuit 61 for scanning gate signal line 17bG, and shift register circuit 61 for scanning gate
signal line 17bB.

[0367] In spite of the foregoing description of the feature that a current N times as high as the predetermined current
is passed through source signal line 18 to feed EL device 15 with the current N times as high as the predetermined
current for a 1/N period, this feature cannot be realized practically. This is because actually the signal pulse applied to
gate signal line 17 punches through capacitor 19 thereby making it impossible to set a desired voltage value (or current
value) at capacitor 19. Generally, a voltage value (or current value) lower than a desired voltage value (or current value)
is set at capacitor 19. For example, even when driving is performed so as to set a 10-fold current value, a current having
about 5-fold value at most can be set at capacitor 19. Even when N = 10, EL device 15 is actually fed with a current
equal to the current that is fed thereto when N = 5. Thus, the present invention is directed to a driving method including
setting an N-fold current value so that EL device can be fed with a current that is proportional to or corresponding to the
N-fold value, or a driving method including application of a current in a pulse form having a value higher than a desired
value to EL device 15.

[0368] The present invention is also directed to the driving method including: programming driving transistor 11a (in
the case of Fig. 1) with a current (or a voltage) having a value higher than a desired value (i.e., a current such as to
cause EL device 15 to exhibit a luminance higher than a desired luminance when the current, as it is, is continuously
passed through EL device 15); and intermittently feeding the current to EL device 15 to cause EL device to emit light at
the desired luminance.

[0369] Itshould be notedthata circuit compensating for the punch-through voltage reaching capacitor 19isincorporated
in source driver 14. This feature will be described later.

[0370] Itis preferable that switching transistors 11b and 11c of Fig. 1 each comprise an n-channel transistor. This is
because the punch-through voltage reaching capacitor 19 can be lowered by such an arrangement. Further, since off-
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leakage at capacitor 19 is reduced, this arrangement is applicable to a low frame rate not higher than 10 Hz.

[0371] In some pixel configurations, the punch-through voltage may act to increase the current to be fed to EL device
15. In such cases, white peak current increases thereby to make the contrast of image display higher. Thus, it is possible
to realize satisfactory image display.

[0372] Conversely, such a method is effective as to improve black display by using a p-channel transistor for each of
switching transistors 11b and 11c¢ to allow punch through to occur. In this case, voltage Vgh is used to turn p-channel
transistor 11b off. For this reason, the terminal voltage of capacitor 19 slightly shifts toward the Vdd side. Thus, the gate
terminal (G) voltage of transistor 11a rises, thus leading to a more satisfactory black display. Further, since the value of
current for realizing a first-level gray scale display can be increased (i.e., a given base current can be passed until gray
level 1 is reached), the occurrence of insufficient writing with current in current-based programming can be reduced.
[0373] Other effective arrangements include an arrangement in which capacitor 19b is intentionally formed between
gate signal line 17a and the gate terminal (G) of transistor 11a to increase punch-through voltage (see Fig. 42(a).) This
capacitor 19b preferably has a capacitance not less than 1/50 and mot more than 1/10 as large as the capacitance of
the regularly-provided capacitor 19a. More preferably, this value is set not less than 1/40 and mot more than 1/15 as
large as the capacitance of the regularly-provided capacitor 19a or not less than 1 and not more than 10 times as large
as the capacitance of the source-gate (SG) (or source-drain (SD) or gate-drain (GD)) of transistor 11b. Much more
preferably, the value of the capacitance is set not less than 2 and not more than 6 times as high as the capacitance of
SG. The capacitor 19b may be formed or located between one terminal of capacitor 19a (or gate terminal (G) of transistor
11a) and the source terminal (S) of transistor 11d. The aforementioned value of capacitance holds true for this case.
[0374] The capacitance (Cb (pF)) of capacitor 19b for generating punch-through voltage has a relationship with the
capacitance (Ca (pF)) of capacitor 19a for storing charge, gate terminal (G) voltage Vw of transistor 11a at which white
peak current is passed (or at which a white raster display having the highest luminance of image display is provided),
and gate terminal (G) voltage Vb at which a current for providing a black display (which current assumes a value of
substantially O for a black display in image display) is passed. Preferably, the relationship satisfies the condition:

Ca/(200Cb) = |Vw-Vb|= Ca/(8Cb)

wherein [Vw-Vb| is the absolute value of the difference between a terminal voltage of the driving transistor providing a
white display and a terminal voltage of the driving transistor providing a black display (that is, a varying amplitude of
voltage.)

[0375] More preferably, the relationship satisfies the condition:

Ca/(100Cb) = |Vw—Vb|= Ca/(10Cb).

[0376] Transistor 11b should comprise a p-channel transistor which is at least double-gated, more preferably triple-
gated or more, much more preferably quadruple-gated or more. It is preferable to form or locate capacitors in parallel,
each of the capacitors having a capacitance not less than 1 and not more than 10 times as large as the capacitance of
the source-gate SG (or gate-drain (GD)) of transistor 11b (in on-state.)

[0377] The feature described above is effective for not only the pixel configuration shown in Fig. 1 but also other pixel
configurations. For example, in the case of a current mirror pixel configuration as shown in Fig. 42(b), a capacitor for
causing punch through is located or formed between gate signal line 17a or 17b and the gate terminal (G) of transistor
11a. In this case, the n-channel of switching transistor 11c is double-gated or more. Alternatively, switching transistors
11c and 11d each comprise a p-channel transistor which is triple-gated or more.

[0378] Inthe case of the voltage-based programming configuration shown in Fig. 41, a capacitor 19c for causing punch
through is formed or located between gate signal line 17¢ and the gate terminal (G) of driving transistor 11a. Further,
switching transistor 11c is triple-gated or more. The capacitor 19c for causing punch through may be located between
the drain terminal (D) of transistor 11c (on the capacitor 19b side) and gate signal line 17a. Alternatively, the capacitor
19c for causing punch through may be located between the gate terminal (G) of transistor 11a and gate signal line 17a.
Yet alternatively, the capacitor 19¢ for causing punch through may be located between the drain terminal (D) of transistor
11c (on the capacitor 19b side) and gate signal line 17c.

[0379] A satisfactory black display can be realized by an arrangement which satisfies the condition:

0.05 (V) = (Vgh-VgDhx(Cc/Ca) < 0.8(V)
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wherein Ca is the capacitance of capacitor 19a for storing charge, Cc is the source-gate capacitance of switching
transistor 11c or 11d (Cc is the sum of the source-gate capacitance and the capacitance of a capacitor for causing punch
through if the capacitor is present), Vgh is the high-voltage signal to be applied to a gate signal line, and Vgl is the low-
voltage signal to be applied to the gate signal line.

[0380] Preferably, the condition: 0.1 (V) = (Vgh-Vgl)X(Cc/Ca) = 0.5 (V) is satisfied.

[0381] The feature described above is also effective for the pixel configurations shown in Fig. 43 and the like. In the
case of the voltage-based programming pixel configuration shown in Fig. 43, a capacitor 19b for causing punch through
is formed or located between the gate terminal (G) of transistor 11a and gate signal line 17a.

[0382] The capacitor 19b for causing punch through is formed of source wiring and gate wiring. However, since the
capacitor 19b is formed by superposition of gate signal line 17 and widened source signal line of transistor 11 on each
other, the capacitor cannot be separated distinctively from the transistor in some practical cases.

[0383] An arrangement in which switching transistors 11b and 11c (in the case of the configuration shown in Fig. 1)
are each formed to have a larger size than necessary as if capacitor 19b for causing punch through is apparently formed
thereby, is also included in the scope of the present invention. In many cases, switching transistors 11b and 11c are
each formed to have a channel width W/channel length ratio of 6/6 wm. The capacitor 19b for causing punch through
can also be formed by increasing the ratio of W to L. For example, the W:L ratio is set not less than 2:1 and not more
than 20:1, more preferably not less than 3:1 and not more than 10:1.

[0384] Preferably, the capacitor 19b for causing punch through has a magnitude (capacitance) varying depending on
R, G and B modulated by pixels. This is because EL devices 15 for R, G and B are different from each other in driving
current and in cut-off voltage. For this reason, the gate terminals (G) of respective driving transistors 11a associated
with these EL devices 15 are programmed with different voltages (currents). For example, when the capacitor 11bR of
R pixel has a capacitance of 0.02 pF, the capacitors 11bG and 11bB of pixels for other colors (G pixel and B pixel) are
each set to have a capacitance of 0.025 pF. When the capacitor 11bR of R pixel has a capacitance of 0.02 pF, the
capacitor 11bG of G pixel and the capacitor 11bB of B pixel are set to have a capacitance of 0.03 pF and a capacitance
of 0.025 pF, respectively. In this way, the offset driving current can be adjusted for each of R, G and B by varying the
capacitance of capacitor 11b depending on R, G and B pixels. Thus, it is possible to optimize the black display level of
each of R, G and B pixels.

[0385] While it has been described that the capacitance of the capacitor 19b for generating punch-through voltage is
varied, the punch-through voltage is generated due to the relativity between the capacitance of capacitor 19a for storing
charge and that of capacitor 19b for generating punch-through voltage. Therefore, there is no limitation to the feature
that the capacitance of capacitor 19b is varied depending on R, G and B pixels. The capacitance of storage capacitor
19a may be varied. For example, when the capacitor 11aR of R pixel has a capacitance of 1.0 pF, the capacitor 11aG
of G pixel and the capacitor 11aB of B pixel are set to have a capacitance of 1.2 pF and a capacitance of 0.9 pF,
respectively. In this case, the capacitors 19b of the respective R, G and B pixels are set to have capacitances of equal
value. Thus, according to the present invention, at least one of R, G and B pixels is made different from the others in
the capacitance ratio between storage capacitor 19a and capacitor 19b for generating punch-through voltage. Itis to be
noted that both the capacitance of storage capacitor 19a and that of capacitor 19b for generating punch-through voltage
may be varied depending on R, G and B pixels.

[0386] Itis also possible to vary the capacitance of capacitor 19b for generating punch-through voltage as the screen
extends laterally. Since the gate signal rises rapidly at each pixel 16 located close to gate driver 12 (because the through
rate is high), the punch-through voltage becomes high. At the pixel located (formed) at the end of each gate signal line
17, on the other hand, the signal waveform becomes dulled (due to the capacitance of gate signalline17.) This is because
the punch-through voltage becomes low due to the gate signal rising slow (because of a low through rate.) For this
reason, the capacitance of capacitor 19b for generating punch-through voltage is made low at each pixel close to the
connection side of gate driver 12. On the other hand, the capacitance of capacitor 19b is made high at the end of each
gate signal line 17. For example, a variation of about 10% in the capacitance of capacitor is provided between the right-
hand extremity and the left-hand extremity of the screen.

[0387] The punch-through voltage to be generated is determined from the capacitance ratio between storage capacitor
19a and capacitor 19b for generating punch-through voltage. Therefore, there is no limitation to the aforementioned
feature that the capacitance of capacitor 19b for generating punch-through voltage is varied as the screen extends
laterally. Itis possible that the capacitance of storage capacitor 19a is varied depending on the lateral position of capacitor
19a on the screen with the capacitance of capacitor 19b for generating punch-through voltage being fixed in the lateral
direction of the screen. It is needless to say that both the capacitance of capacitor 19b for generating punch-through
voltage and that of storage capacitor 19a may be varied as the screen extends laterally.

[0388] The N-fold pulse driving method according to the present invention has a problem that the current to be applied
to EL device 15 becomes N times as high as in the prior art though this phenomenon is instantaneous. In some cases,
such a high current shortens the lifetime of EL device 15. Application of reverse bias voltage Vm to EL device 15 is
effective in solving the problem.
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[0389] In EL device 15, electrons are injected into the electron transport layer through the cathode, while at the same
time positive holes injected into the positive hole transport layer through the anode. The electrons and positive holes
thus injected travel to the opposite poles. At that time, they are trapped in the organic layer and carriers are accumulated
due to an energy level difference at the interface with the luminescent layer.

[0390] Itis known that when space-charge is accumulated in the organic layer, molecules are oxidized or reduced to
produce unstable radical anionic molecules and radical cationic molecules, which deteriorate the film quality thereby
lowering the luminance and causing a rise in driving voltage during constant-current driving. An example of means to
prevent this phenomenon is a modification of the device structure for reverse voltage to be applied.

[0391] When reverse bias voltage is applied, reverse current is applied, which causes the electrons and positive holes
injected to be withdrawn toward the cathode and the anode, respectively. Thus, the generation of space-charge in the
organic layer is cancelled, whereby electrochemical deterioration of molecules can be inhibited, which ensures the EL
device having a prolonged lifetime.

[0392] Fig. 45 plots a variation in reverse bias voltage Vm with varying terminal voltage of EL device 15. The "terminal
voltage", as used here, is a voltage generated when EL device 15 is fed with a rated current. The variation shown in
Fig. 45, which resulted from the case where the current passed through EL device 15 had a current density of 100 A/m2,
had a tendency having little difference from that of the case where the current passed through EL device 15 had a current
density of from 50 to 100 A/m2. Therefore, the reverse bias voltage application method is estimated to be effective over
a wide range of current density.

[0393] The ordinate represents the ratio of the terminal voltage of EL device 15 resulting 2,500 hours after the starting
of application of current to the initial terminal voltage of EL device 15. Assuming, for example, that the terminal voltage
resulting at the time 0 hour after the starting of application of a current having a current density of 100 A/m2is 8 (V) while
the terminal voltage resulting at the time 2,500 hours after the starting of application of the current having a current
density of 100 A/m2 is 10 (V), the terminal voltage ratio is 10/8 = 1.25.

[0394] The abscissa represents the ratio of rated terminal voltage VO to the product of reverse bias voltage Vm by
time t1 for which reverse bias voltage was applied in one cycle. For example, if the time for application of reverse bias
voltage Vm of 60 Hz (60Hz has no particular meaning) is 1/2 (a half), t1 is equal to 0.5. Assuming that the terminal
voltage resulting at the time 0 hour after the starting of application of a current having a current density of 100 A/m? is
8 (V) while reverse bias voltage is 8 (V), it follows that |reverse bias voltage X t1|/(rated terminal voltage X t2) = |-8(V)
X 0.5)/(8(V) x 0.5) =1.0.

[0395] According to Fig. 45, when |reverse bias voltage X t1|/(rated terminal voltage X t2) is 1.0 or more, the terminal
voltage ratio does not vary (that is, the terminal voltage does not vary from the initial terminal voltage.) Application of
reverse bias voltage works effectively. However, when |reverse bias voltage X t1|/(rated terminal voltage X t2) is 1.75
or more, the terminal voltage ratio tends to rise. Accordingly, the magnitude of reverse bias voltage Vm and the application
time ratio t1 (or t2, or the ratio between t1 and t2) should be determined so that |reverse bias voltage X t1|/(rated terminal
voltage X t2) may assume 1.0 or more. Preferably, the magnitude of reverse bias voltage Vm, the application time ratio
t1 and the like are determined so that |reverse bias voltage X t1|/(rated terminal voltage X t2) may assume 1.75 or less.
[0396] Such a bias driving method requires alternate application of reverse bias voltage and rated current. In the case
of Fig. 46, in order to equalize the mean luminance of sample A and that of sample B per unit time, a current that
instantaneously becomes higher than in the case where there is no application of reverse bias voltage Vm, has to be
passed in the case where there is application of reverse bias voltage Vm. For this reason, the terminal voltage of EL
device 15 also becomes higher in the case where there is application of reverse bias voltage Vm (sample A of Fig. 46.)
[0397] However, even in the driving method including application of reverse bias voltage, the rated terminal voltage
VO of Fig. 45 is such a terminal voltage as to satisfy the mean luminance (that is, such a terminal voltage as to cause
EL device 15 to light.) (According to the specific example mentioned herein, the rated terminal voltage VO is a terminal
voltage resulting when a current having a current density of 200A/m? is applied. Since the duty ratio is 1/2, the mean
luminance throughout one cycle is a luminance at a current density of 200 A/m2.

[0398] The matter described above lies on the assumption that EL device 15 is caused to provide a white raster display
(i.e., EL device 15 is fed with a maximum current.) When the EL display apparatus displays a picture image, it performs
gray scale display since the picture image is a natural image. Therefore, a white peak current is not constantly passed
through EL device 15. (The white peak current is a current passing at a maximum white display. In the case of the
specific example mentioned herein, the white peak current is a current having a mean current density of 100 A/m2.)
[0399] In the case of picture image display, in general, the current to be applied to (passed through) each EL device
15 is about 0.2 times as high as the white peak current. (The white peak current is a current passing under application
of the rated terminal voltage. According to the specific example mentioned herein, the white peak current is a current
having a current density of 100 A/m2.)

[0400] Accordingly, when a picture image is displayed with the embodiment shown in Fig. 45, any value on the abscissa
needs to be multiplied by 0.2. Thus, the magnitude of reverse bias voltage Vm and the application time ratio t1 (or t2,
or the ratio between t1 and t2) should be determined so that |reverse bias voltage X t1|/(rated terminal voltage X t2)
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may assume 0.2 or more. Preferably, the magnitude of reverse bias voltage Vm, the application time ratio t1 and the
like are determined so that |reverse bias voltage X t1|/(rated terminal voltage X t2) may assume 0.35 (= 1.75X0.2) or less.
[0401] Thatis, a value of 1.0 on the abscissa (|reverse bias voltage X t1|/(rated terminal voltage X t2) in Fig. 45 needs
to be changed to 0.2. Accordingly, when the display panel displays a picture image (this state of use seems to be usual
because a white raster display seems not to be performed usually), reverse bias voltage Vm should be applied for
predetermined time t1 so that |reverse bias voltage X t1|/(rated terminal voltage X t2) may assume 0.2 or more. Even
when the value of |reverse bias voltage X t1|/(rated terminal voltage X t2) increases, the increase in the terminal voltage
ratio is not very large, as seen from Fig. 45. In view of the case where white raster display is performed, the upper limit
value of |reverse bias voltage X t1|/(rated terminal voltage X t2) should be adjusted to 1.75 or less.

[0402] Hereinafter, the reverse bias method according to the present invention will be described with reference to the
relevant drawings. The method of the present invention is based on application of reverse bias voltage Vm (or current)
during a time period in which current is not passed through EL device 15. However, there is no limitation thereto. For
example, it is possible to apply reverse bias voltage Vm forcibly while current is passing through EL device 15. This
case will result in the current fed to EL device 15 stopped, hence, EL device 15 turned into the non-lighting state (black
display state.) Though the method of the present invention will be described focusing mainly on the feature that a current-
based programming pixel configuration is applied with reverse bias voltage, there is no limitation to this feature.
[0403] In a pixel configuration adapted for reverse bias driving, transistor 11g is an n-channel transistor as shown in
Fig. 47. Of course, transistor 11g may be a p-channel transistor.

[0404] In Fig. 47, when gate potential control line 473 is applied with a voltage higher than the voltage applied to
reverse bias line 471, transistor 11g(N) is turned on to apply reverse bias voltage Vm to the anode of EL device 15.
[0405] In the pixel configuration of Fig. 47 or the like, gate potential control line 473 may be operated with its potential
always fixed. For example, when voltage Vk in Fig. 47 is 0 (V), the potential of gate potential control line 473 is fixed to
0 (V) or more (preferably 2 (V) or more). This potential is indicated at Vsg. With gate potential control line 473 in this
state, when the potential of reverse bias line 471 is adjusted to reverse bias voltage Vm (0 (V) or lower, preferably a
voltage lower than Vk by 5 (V) or more), transistor 11g(N) is turned on to apply reverse bias voltage Vm to the anode
of EL device 15. When the voltage of reverse bias line 471 is made higher than the voltage of gate potential control line
473 (that is, the gate terminal (G) voltage of transistor 11g), transistor 11g is turned off to stop application of reverse
bias voltage Vm to EL device 15. Of course, itis needless to say that reverse bias line 471 may assume a high-impedance
state (open state or the like) at that time.

[0406] As shown in Fig. 48, gate driver 12c¢ for controlling reverse bias line 471 may be formed or disposed separately.
Like gate driver 12a, gate driver 12c operates shiftingly in sequence, so that the position to be applied with reverse bias
voltage is shifted synchronously with this shifting operation.

[0407] The driving method described above is capable of applying reverse bias voltage Vm to EL device 15 by merely
varying the potential of reverse bias line 471 with the gate terminal (G) voltage of transistor 11g fixed. Thus, application
of reverse bias voltage Vm can be controlled easily. Further, the driving method can lower the voltage to be applied
across the gate terminal (G) and the source terminal (S) of transistor 11g. This holds true for the case where transistor
11g is a p-channel transistor.

[0408] Application of reverse bias voltage Vm is performed when EL device 15 is not fed with current. Therefore, it is
sufficient for transistor 11g to be turned on while transistor 11d is off. That is, gate potential control line 473 should be
applied with voltage in a manner reverse of the on-off logic of transistor 11d. For example, it is sufficient for gate signal
line 17b to be connected to the gate terminals (G) of respective transistors 11d and 11g. Since transistor 11d is of the
p-channel type while transistor 11g is of the n-channel type, their respective on-off operations are opposite to each other.
[0409] Fig. 49 is a timing chart of the reverse bias driving method. In the chart, an additional number such as (1) or
(2) indicates the number of a pixel row. For easy explanation, it is assumed that the first pixel row is indicated at (1) and
the second pixel row indicated at (2). However, there is no limitation thereto but it may be considered that (1) indicates
the Nth pixel row and (2) indicates the (N+1)th pixel row. This holds true for other embodiments unless otherwise specified.
Though the embodiment illustrated in Fig. 49 and the like will be described by reference to the pixel configuration shown
in Fig. 1 for example, there is no limitation thereto. For example, the driving method is applicable to the pixel configurations
shown in Figs. 41, 38 and the like.

[0410] When gate signal line 17a(1) of the first pixel row is under application of on-voltage (Vgl), gate signal line 17b(1)
of the first pixel row is under application of off-voltage (Vgh). That is, transistor 11d is off and EL device 15 is not fed
with current.

[0411] Reverse bias line 471(1) is applied with voltage Vsl (which causes transistor 11g to turn on.) Accordingly,
transistor 11g is turned on to apply reverse bias voltage to EL device 15. After lapse of a predetermined time period (a
time period of 1/200 or more of 1H, or 0.5 psec) from application of off-voltage (Vgh) to gate signal line 17b, reverse
bias voltage is applied. The predetermined time period (a time period of 1/200 or more of 1H, or 0.5 psec) before
application of on-voltage (Vgl) to gate signal line 17b, application of reverse bias voltage is stopped. This operation is
to avoid the transistors 11d and 11g turning on at the same time.
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[0412] In the next horizontal scanning period (1H), off-voltage (Vgh) is applied to gate signal line 17a to select the
second pixel row. That is, on-voltage is applied to gate signal line 17b(2). On the other hand, on-voltage (Vgl) is applied
to gate signal line 17b to turn transistor 11d on. Accordingly, transistor 11a passes current through EL device 15 to
cause EL device 15 to emit light. At the same time, off-voltage (Vsh) is applied to reverse bias line 471(1) so that EL
device 15 of the first pixel row (1) will not be applied with reverse bias voltage. On the other hand, reverse bias line
471(2) of the second pixel row is applied with voltage Vsl (reverse bias voltage).

[0413] Animage displayed over one screen is rewritten by repeating the sequential operations described above. The
embodiment described above has the feature that application of reverse bias voltage is performed during the period in
which each pixel is programmed. However, the present invention is not limited to the circuit configuration shown in Fig.
48. It is apparent that plural pixel rows can be consecutively applied with reverse bias voltage. It is also apparent that
the reverse bias driving method can be combined with block driving (see Fig. 40), N-fold pulse driving, reset driving,
dummy pixel driving, or a like driving method.

[0414] There is no limitation to the feature that application of reverse bias voltage is performed during image display.
Such an arrangement is possible that reverse bias voltage is applied for a predetermined time period after the powering-
off of the EL display apparatus.

[0415] Though the embodiment described above is applied to the pixel configuration shown in Fig. 1, it is needless to
say that the embodiment is applicable to configurations adapted for application of reverse bias voltage as shown in Figs.
38 and 41. For example, the embodiment is applicable to the current-based programming pixel configuration shown in
Fig. 50.

[0416] Fig. 50 illustrates a current mirror pixel configuration. Transistor 11c s a pixel selecting device. When on-voltage
is applied to gate signal line 17a1, transistor 11c is turned on. Transistor 11d is a switching device having a resetting
function and a function of shortcircuiting the drain terminal (D)-gate terminal (G) of driving transistor 11a. Transistor 11d
is turned on when gate signal line 17a2 is applied with on-voltage.

[0417] Transistor 11d is turned on 1H (one horizontal scanning period, i.e, one pixel row), preferably 3H, before the
selection of the associated pixel. Ifitis 3H, transistor 11d is turned on 3H before to shortcircuit the gate terminal (G) and
the drain terminal (D) of transistor 11a, thus turning transistor 11a off. Accordingly, transistor 11b is turned into a state
not allowing current to pass therethough, so that EL device 15 assumes the non-lighting state.

[0418] When EL device 15 is in the non-lighting state, transistor 11g is turned on to apply reverse bias voltage to EL
device 15. Therefore, EL device 15 is under application of reverse bias voltage for a time period for which transistor 11d
is on. For this reason, transistors 11d and 11g are turned on at the same time in terms of logic.

[0419] The gate terminal (G) voltage of transistor 11g is fixed by application of voltage Vsg. When reverse bias line
471 is applied with a reverse bias voltage that is sufficiently lower than Vsg, transistor 11g is turned on.

[0420] Thereafter, when the horizontal scanning period in which an image signal is applied (written) to the pixel of
concern comes, on-voltage is applied to gate signal line 17a1 to turn transistor 11c on. Accordingly, the image signal
voltage outputted from source driver 14 to source signal line 18 is applied to capacitor 19 (with transistor 11d being kept
in the on-state.)

[0421] When transistor 11d is turned on, a black display is provided. As the on-time of transistor 11d grows longer in
a one-field (one frame) period, the proportion of the black display period becomes higher. Therefore, in order to adjust
the means luminance throughout one field (on frame) to a desired value notwithstanding the black display period included,
the display luminance during a display period needs to be raised. That is, it is required that EL device 15 be fed with a
higher current in the display period. This operation is the N-fold pulse driving according to the presentinvention. Therefore,
an operation characteristic of the present invention is to combine the N-fold pulse driving operation and the driving
operation of turning transistor 11d on to provide a black display. Also, application of reverse bias voltage to EL device
15 in the non-lighting state is a feature characteristic of the present invention.

[0422] The embodiment described above is of the type which includes application of reverse bias voltage to a pixel
assuming the non-lighting state in image display. The method of application of reverse bias voltage is not limited to this
type. If application of reverse bias voltage is performed when an image is not displayed, it is not necessary to provide
reverse bias transistor 11g for every pixel. The "non-lighting state", as used here, means a state where reverse bias
voltage is applied before and after use of the display panel.

[0423] In the pixel configuration of Fig. 1, for example, pixel 16 is selected (by turning transistors 11b and 11c on),
while source driver (circuit) 14 outputs voltage VO (for example, voltage GND) as low as the source driver can output
and applies voltage VO to the drain terminal (D) of driving transistor 11a. With transistor 11a in this state, turning transistor
11d on causes the anode of EL device 15 to be applied with voltage V0. At the same time, the cathode Vk of EL device
15 is applied with voltage Vm which is lower than voltage VO by a value from 5 to 15 (V), whereby reverse bias voltage
is applied to EL device 15. Transistor 11a is also turned into off-state when applied with a voltage lower than voltage
VO by a value from 0 to 5 (V) as voltage Vdd. By thus causing source driver 14 to output voltage and controlling gate
signal line 17, it is possible to apply reverse bias voltage to EL device 15.

[0424] The N-fold pulse driving method is capable of passing a predetermined current (a current programmed by the
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voltage held at capacitor 19) through EL device 15 again even after a black display has been provided once within a
one-field (one-frame) period. With the configuration of Fig. 50, however, once transistor 11d is turned on, capacitor 19
discharges (the meaning of which includes "reduce") electric charge held thereat and, hence, it is not possible to feed
EL device 15 with the predetermined current (the current programmed.) Nevertheless, the circuit of Fig. 50 has a
characteristic advantage that it can operate easily.

[0425] The embodiment described above is applied to the current-based programming pixel configuration. However,
the present invention is not limited to this embodiment but may be applied to other current-based pixel configurations
as shown in Figs. 38 and 50. The present invention is also applicable to voltage-based programming pixel configurations
as shown in Figs. 51, 54 and 62.

[0426] Fig. 51 shows a voltage-based programming pixel configuration which is simplestin a general sense. Transistor
11b is a selective switching device, while transistor 11a a driving transistor for feeding current to El device 15. In this
configuration, transistor (switching device) 11g for application of reverse bias voltage is located (formed) on the anode
side of EL device 15.

[0427] In the pixel configuration of Fig. 51, the current to be passed through EL device 15 is fed to source signal line
18 and then fed to the gate terminal (G) of transistor 11a upon selection of transistor 11b.

[0428] Thebasicoperation ofthe configuration showninFig. 51 willbe described with reference to Fig. 52 forexplanation
of this configuration. The pixel shown in Fig. 51 is of the configuration called "voltage offset canceller" and performs a
four-step operation comprising an initializing operation, a resetting operation, a programming operation, and light-emitting
operation.

[0429] Following a horizontal synchronizing signal (HD), the initializing operation is performed. On-voltage is applied
to gate signal line 17b to turn transistor 11g on. Also, on-voltage is applied to gate signal line 17a to turn transistor 11c
on. At that time, source signal line 18 is applied with voltage Vdd. Accordingly, terminal a of capacitor 19b is applied
with voltage Vdd. In this state, driving transistor 11a assumes on-state to pass a feeble current through EL device 15.
This current causes the drain terminal (D) voltage of driving transistor 11a to have an absolute value larger than at least
the operating point of transistor 11a.

[0430] Subsequently, the resetting operation is performed. Off-voltage is applied to gate signal line 17b to turn transistor
11e off. On the other hand, on-voltage is applied to gate signal line 17c for a time period T1 to turn transistor 11b on.
This time period T1 is a resetting period. Also, gate signal line 17a is continuously applied with on-votlage for a 1H
period. The time period T1 is preferably not less than 20% and not more than 90% of a 1H period. Stated otherwise, the
time period T1 is preferably not less than 20 psec and not more than 160 psec. The ratio of the capacitance of capacitor
19b (Cb) to that of capacitor 19a (Ca), i.e., Cb:Ca, is preferably not less than 6:1 and not more than 1:2.

[0431] In the resetting period, transistor 11b is turned on to shortcircuit the gate terminal (G) and the drain terminal
(D) of driving transistor 11a. Accordingly, the gate terminal (G) voltage and the drain terminal (D) voltage of driving
transistor 11a become equal to each other, thus rendering transistor 11a into an offset state (i.e., reset state: a state not
allowing current to pass therethrough). The reset state is a state where the gate terminal (G) voltage of transistor 11a
assumes a value close to the initiating voltage at which current starts passing. This gate voltage for keeping the reset
state is held at terminal b of capacitor 19b. Accordingly, capacitor 19 holds offset voltage (resetting voltage).

[0432] In the subsequent programming operation, off-voltage is applied to gate signal line 17c to turn transistor 11b
off. On the other hand, source signal line 18 is applied with DATA voltage for a time period Td. Accordingly, the gate
terminal (G) of driving transistor 11a is applied with a voltage as the sum of DATA voltage and offset voltage (resetting
voltage.) For this reason, driving transistor 11a becomes able to pass the current programmed.

[0433] After the programming period, off-voltage is applied to gate signal line 17a to render transistor 11c into off-state
thereby disconnecting driving transistor 11a from source signal line 18. Also, gate signal line 17c is applied with off-
voltage to render transistor 11b into off-state which is kept for a IF period. On the other hand, gate signal line 17b is
applied with on-voltage and off-voltage periodically. When combined with the N-fold driving method as shown in Fig. 13
or 15 or the like or with the interlaced driving method, this driving method can realize better image display.

[0434] According to the driving method illustrated in Fig. 52, capacitor 19 in the reset state holds the initiating voltage
for causing current to start passing through transistor 11a (offset voltage or resetting voltage). For this reason, when the
gate terminal (G) of transistor 11a is under application of the resetting voltage, the pixel is in the darkest black display
state. However, unclear black (a drop in contrast) occurs due to the coupling between source signal line 18 and pixel
16, punch-through voltage reaching to capacitor 19 or punch through at transistors. Therefore, the driving method
illustrated in Fig. 52 cannot raise the display contrast.

[0435] Transistor 11a needs to be turned off in order to apply reverse bias voltage Vm to EL device 15. Shortcircuiting
the Vdd terminal and the gate terminal (G) of transistor 11a is sufficient to turn transistor 11a off. This feature will be
described later with reference to Fig. 53.

[0436] Alternatively, voltage Vdd or a voltage for causing transistor 11a to turn off may be applied to source signal
line 18 to turn transistor 11b on, thereby applying such a voltage to the gate terminal (G) of transistor 11a. This voltage
turns transistor 11a off (or into a state allowing little current to pass therethrough (i.e., a substantially off-state in which
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transistor 11a has a high impedance).) Thereafter, transistor 11g is turned on to apply reverse bias voltage to EL device
15. The application of reverse bias voltage Vm may be performed on all the pixels at a time. Specifically, source signal
lines 18 are each applied with the voltage for causing transistor 11a to turn substantially off thereby turning on transistors
11b of all (plural) pixel rows. Accordingly, transistors 11a are turned off. Subsequently, transistors 11g are turned on to
apply reverse bias voltage to EL devices 15. Thereafter, the pixel rows are sequentially applied with image signal,
whereby the display apparatus displays an image.

[0437] The following description is directed to a reset driving method applied to the pixel configuration shown in Fig.
51. Fig. 53 illustrates an embodiment of the reset driving method. As shown in Fig. 53, gate signal line 17a connected
to the gate terminal (G) of transistor 11c of pixel 16a is also connected to the gate terminal (G) of resetting transistor
11b of pixel 16b of the succeeding row. Similarly, gate signal line 17a connected to the gate terminal (G) of transistor
11c of pixel 16b is also connected to the gate terminal (G) of resetting transistor 11b of pixel 16¢ of the succeeding row.
[0438] Accordingly, when on-voltage is applied to gate signal line 17a connected to the gate terminal (G) of transistor
11c of pixel 16a, pixel 16a is programmed with voltage, while at the same time the resetting transistor 11b of pixel 16a
of the succeeding row is turned on to reset driving transistor 11a of pixel 16b. Similarly, when on-voltage is applied to
gate signal line 17a connected to the gate terminal (G) of transistor 11c of pixel 16b, pixel 16b is programmed with
current, while at the same time the resetting transistor 11b of pixel 16c¢ of the succeeding row is turned on to reset driving
transistor 11a of pixel 16c. In this way, reset driving based on the antecedent gate control method can be realized easily.
Further, the number of gate signal lines routed from each pixel can be decreased.

[0439] More specific description follows. It is assumed that gate signal lines 17 are applied with respective voltages
as shown in Fig. 53(a); that is, gate signal line 17a of pixel 16a is applied with on-voltage, while gate signal lines 17a of
other pixels 16 applied with off-voltage. It is also assumed that gate signal lines 17b of pixels 16a and 16b are applied
with off-voltage, while gate signal lines 17b of pixels 16¢c and 16d applied with on-voltage.

[0440] Under these conditions, pixel 16a is in a state programmed with voltage and in the non-lighting state; pixel 16b
is in a reset state and in the non-lighting state; pixel 16c¢ is in a state holding the programming current and in the lighting
state; and pixel 16d is in a state holding the programming current and in the lighting state.

[0441] After lapse of 1H, data in shift register circuit 61 of control gate driver 12 shifts by one bit, so that the state
shown in Fig. 53(b) results. Specifically, the state shown in Fig. 53(b) is such that: pixel 16a is in a state holding the
programming current and in the lighting state; pixel 16b is in a state programmed with current and in the non-lighting
state; pixel 16¢cis in a reset state and in the non-lighting state; and pixel 16d is in a state holding the programming current
and in the lighting state.

[0442] As can be understood from the above description, the voltage applied to gate signal line 17a of each pixel of
a row of concern resets driving transistor 11a of each pixel of the succeeding row thereby rendering the pixel of the
succeeding row ready for voltage-based programming in the next horizontal period. Thus, voltage-based programming
is performed on pixel rows sequentially.

[0443] The antecedent gate control method can be implemented even with the voltage-based programming pixel
configuration shown in Fig. 43. Fig. 54 shows an embodiment in which the pixel configuration of Fig. 43 has connections
adapted for the antecedent gate control method.

[0444] As shown in Fig. 54, gate signal line 17a connected to the gate terminal (G) of transistor 11b of pixel 16a is
also connected to the gate terminal (G) of resetting transistor 11e of pixel 16b of the succeeding row. Similarly, gate
signal line 17a connected to the gate terminal (G) of transistor 11b of pixel 16b is also connected to the gate terminal
(G) of resetting transistor 11e of pixel 16¢ of the succeeding row.

[0445] Accordingly, when on-voltage is applied to gate signal line 17a connected to the gate terminal (G) of transistor
11b of pixel 16a, pixel 16a becomes programmed with voltage, while at the same time resetting transistor 11e of pixel
16b of the succeeding row is turned on to reset driving transistor 11a of pixel 16b. Similarly, when on-voltage is applied
to gate signal line 17a connected to the gate terminal (G) of transistor 11b of pixel 16b, pixel 16b becomes programmed
with current, while at the same time resetting transistor 11e of pixel 16c of the succeeding row is turned on to reset
driving transistor 11a of pixel 16¢. In this way, reset driving based on the antecedent gate control method can be realized
easily.

[0446] More specific description follows. It is assumed that gate signal lines 17 are applied with respective voltages
as shown in Fig. 55(a); that is, gate signal line 17a of pixel 16a is applied with on-voltage, while gate signal lines 17a of
other pixels 16 applied with off-voltage. It is also assumed that all the reverse bias transistors 11g are off.

[0447] Under these conditions, pixel 16a is in a state programmed with voltage; pixel 16b is in a reset state; pixel 16¢
is in a state holding the programming current; and pixel 16d is in a state holding the programming current.

[0448] After lapse of 1H, data in shift register circuit 61 of control gate driver 12 shifts by one bit, so that the state
shown in Fig. 55(b) results. Specifically, the state shown in Fig. 55(b) is such that: pixel 16a is in a state holding the
programming current; pixel 16b is in a state programmed with current; pixel 16c is in a reset state; and pixel 16d is in a
state holding the programming current.

[0449] As can be understood from the above description, the voltage applied to gate signal line 17a of each pixel of
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a row of concern resets driving transistor 11a of each pixel of the succeeding row thereby rendering the pixel of the
succeeding row ready for voltage-based programming in the next horizontal period. Thus, voltage-based programming
is performed on pixel rows sequentially.

[0450] When perfect black display is performed with a current-based driving method, the current programmed at the
driving transistor 11 of each pixel is 0. That s, no current is passed from source driver 14. With no current, itis impossible
to charge/discharge the parasitic capacitance produced in source signal line 18 as well as to vary the potential of source
signal line 18. Accordingly, the gate potential of the driving transistor does not vary and, hence, capacitor 19 keeps on
holding the potential as built one frame (field) (IF) before. For example, if a white display is given one frame before, the
white display is maintained in the next frame even when a perfect black display is desired in the next frame. In order to
solve this problem, the present invention has an arrangement such as to write source signal line 18 with a black-level
voltage in the beginning of a one-horizontal scanning period (1H) and then output the programming current to source
signal line 18. Assuming, for example, that picture image data has a gray level of from Oth to 7th which is close to the
black level, a voltage corresponding to the black level is written for a predetermined time period in the beginning of a
one-horizontal period. In this way, it becomes possible to reduce the burden on current-based driving and compensate
for insufficient writing. Here, it is assumed that a 64-level gray scale display has the 0Oth level corresponding to a perfect
black display and the 63rd level corresponding to a perfect white display.

[0451] The level at which precharge is to be performed has to be limited to within a black display range. Specifically,
image data to be written is judged as to whether it has a level within the black display range (low luminance range, that
is, the range in which the writing current is low (feeble) in the current-based driving method) and then the black range
level is selected for precharge (selective precharge.) If precharge is performed for all levels of gray scale data, a drop
in luminance (which means that a target luminance is not reached) occurs in the white display range. In addition, vertical
streaks appear in the image displayed.

[0452] Preferably, selective precharge is performed within a 1/8 range from level 0 of gray scale data. (For example,
if the gray scale data has 64 levels, precharge is performed for image data having a level ranging from the Oth to the
7th before the writing of the image data.) More preferably, selective precharge is performed within a 1/16 range from
level O of gray scale data. (For example, if the gray scale data has 64 levels, precharge is performed for image data
having a level ranging from the Oth to the third before the writing of the image data.)

[0453] Inraisingthe contrast with a black display in particular, a method including detection of level 0 only for precharge
is also effective. This method provides a very good black display. The problem essential to this method is that the screen
is observed to have unclear black when the whole screen is of level 1 or 2. Thus, the selective precharge is performed
within a 1/8 range from level 0 of gray scale data and within a fixed range.

[0454] Itis also effective to vary the precharge voltage and the gray scale level range depending on R, G and B. This
is because EL devices 15 for R, G and B are different from each other in luminescence initiating voltage and luminance
of emission. For example, in the case of R, the selective precharge is performed within a 1/8 range from level 0 of gray
scale data. (For example, if the gray scale data has 64 levels, precharge is performed for image data having a level
ranging from the Oth to the 7th before the writing of the image data.) In the case of the other colors (G and B), control
is made so that the selective precharge will be performed within a 1/16 range from level 0 of gray scale data. (For
example, if the gray scale data has 64 levels, precharge is performed for image data having a level ranging from the Oth
to the third before the writing of the image data.) Also, if the prechrage voltage for R is 7 (V), a voltage of 7.5 (V) is written
to source signal line 18 as the precharge voltage for the other colors (G and B). The optimum precharge voltage often
varies depending on production lots of EL display panel. Therefore, it is preferable to employ an arrangement capable
of adjusting the precharge voltage by means of an external volume or the like. Such an adjustment circuit can be realized
easily by the use of an electronic volume circuit.

[0455] Next, description will be made of an embodiment of an electronic apparatus incorporating the EL display panel
of the present invention. Fig. 57 is a plan view of a mobile phone as an example of a personal digital assistant. The
mobile phone shown includes a receiver and a speaker. Casing 573 is provided with an antenna 571, a numeric key
pad 572 and the like. Keys 572a to 572e include a display color switching key, a power on-off key and a frame rate
changing key.

[0456] A sequence may be formed such that depressing the display color switching key once will turn the display into
a 8-color mode, depressing the same key again subsequently will turn the display into a 256-color mode, and further
depressing the same key will turn the display into a 4096-color mode. The key is a toggle switch operative to change
the display color mode upon every depression. Change keys corresponding to display colors may be provided separately.
In this case, there are three (or more) display color switching keys.

[0457] The display color switching key may be another mechanical switch, such as a slide switch, instead of a push
switch. Alternatively, it is possible to employ an arrangement for switching the display color based on voice recognition.
Such an arrangement is possible that the display color on the display screen 50 of a display panel is changed in response
to a voice inputting of, for example, "4096-color display", "high-definition display", "256-color mode" or "low display color
mode" to the receiver. This arrangement can be realized easily by utilizing the current voice recognition technology.
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[0458] The switching of display color may be made using an electrical switch or a touch panel for the user to select a
desired item from a menu displayed in the display section 21 of the display panel by touching. Alternatively, it is possible
to employ such an arrangement that the display color is changed as the number of depressions on the switch varies or
as the rotation and the direction vary like a click ball.

[0459] Instead of the aforementioned display color switching key, a key for changing the frame rate or the like may
be used. A key for switching between motion picture display and stationary image display may be used. It is possible to
employ such an arrangement as to change plural conditions such as the frame rates of motion picture display and
stationary image display. Also, it is possible to employ such an arrangement as to gradually vary the frame rate by being
continuously depressed. This arrangement can be realized by using a variable resistor or an electronic volume for resistor
R of an oscillator comprising capacitor C and the resistor R, or by using a trimmer capacitor for the capacitor C. Such
an arrangement may be realized using a circuit in which one or more capacitors selected from plural capacitors formed
on a semiconductor chip are connected in parallel.

[0460] The technical concept of varying the frame rate based on the display color is applicable not only to mobile
phones but also to various apparatus of the type having a display screen such as palm-top computers, notebook PCs,
desk-top PCs and portable clocks. This concept is applicable not only to organic EL display panels but also to liquid
crystal display panels, transistor panels, PLZT panels, CRTs and the like.

[0461] Though not shown in Fig. 57, the mobile phone according to the present invention has a CCD camera on the
rear side of the casing 573. An image taken by this CCD camera can be immediately displayed on display screen 50 of
the display panel. The data on the image taken by the CCD camera can be displayed on display screen 50. The image
data taken by the CCD camera can be displayed in different display color modes such as 24-bit mode (16,700,000
colors), 18-bit mode (260,000 colors), 16-bit mode (65,000 colors), 12-bit mode (4,096 colors), and 8-bit mode (256
colors), which can be switched one from another by inputting through the key 572.

[0462] When the display data is data of 12 bits or more, the error diffusion process is performed before it is display.
That is, when image data from the CCD camera exceeds the capacity of internal memory, image processing including
the error diffusion process and the like is performed so that the number of colors to be displayed will correspond to a
capacity lower than the capacity of the internal image memory.

[0463] Now, reference is made to the case where source driver 14 is provided with internal RAM adapted for 4,096
colors (4 bits for each of R, G and B) per screen. In the case where image data fed from outside of the module is 4,096-
color data, the data is stored directly into the internal image RAM and then read out of the internal image RAM for the
image to be displayed on display screen 50.

[0464] In the case where image data is 260,000-color data (16-bit data comprising 6 bits for G and 5 bits for each of
R and B), the image data is temporarily stored into the operational memory of an error diffusion controller while, at the
same time, being subjected to the error diffusion process or dither process performed by an operational circuit. Such
an error diffusion process or the like converts the 16-bit image data into 12-bit data, the number of bits of which is equal
to that of the internal image RAM. The data thus converted is transferred to source driver 14, which in turn outputs image
data having 4 bits for each of R, G and B (4,096 colors) to display the image on display screen 50.

[0465] An embodiment employing the EL display panel or EL display apparatus or the driving method according to
the present invention will be described with reference to the drawings.

[0466] Fig. 58 is a sectional view of a view finder according to the embodiment of the present invention. Fig. 58
illustrates the view finder schematically for easy explanation. In this figure there are portions enlarged or reduced in
scale, or omitted. For example, an eyepiece cover is omitted from Fig. 58. This holds true for other figures.

[0467] Body 573 has areverse surface in a dark or black color. This is for preventing stray light emitted from EL display
panel (display apparatus) 574 from diffuse reflection at an internal surface of body 573. On the light-emitting side of the
display panel are located phase plate (A/4 plate or the like) 108, sheet polarizer 109 and the like. These components
have been described with reference to Figs. 10 and 11.

[0468] Magnifying lens 582 is fitted to eyepiece ring 581. The observer adjusts the position of the eyepiece ring 581
inserted in the body 573 so that image 50 displayed by the display panel 574 may be brought into focus.

[0469] If convex lens 583 is disposed on the light-emitting side of the display panel 574 when need arises, a principal
ray incident on the magnifying lens 582 can be converged. Therefore, it is possible to reduce the diameter of the
magnifying lens 582, hence, downsize the view finder.

[0470] Fig. 59 is a perspective view of a digital video camera. The video camera includes shooting (image pickup)
lens section 592 and a digital video camera body 573, the shooting lens section 592 and the view finder section 573
being positioned back to back. The view finder 573 (see Fig. 58 also) is fitted with an eyepiece cover. The observer
(user) observes display section 50 of the display panel 574 from the eyepiece cover section.

[0471] Thedisplay section 50, which is the EL display panel of the present invention, is also used as a display monitor.
The angle of the display section 50 can be adjusted about a fulcrum 591 as desired. When not in use, the display section
50 is put in a storage section 593.

[0472] A switch 594 is a change-over switch or a control switch for implementing the following functions. The switch
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594 is adisplay mode change-over switch. It is preferable to provide a mobile phone or the like with switch 594. Description
will be made of this display mode change-over switch 594.

[0473] One of the driving methods according to the present invention includes feeding EL device 15 with an N-fold
current for 1/M of a 1F period thereby causing EL device 15 to light for a 1/M period. The brightness of EL device 15
can be varied digitally by varying this lighting period. If N = 4 for example, EL device 15 is fed with a 4-fold current. If
the 1/M lighting period is varied by varying the value of M from 1 up to 4, the brightness can be varied from 1-fold
brightness up to 4-fold brightness. It is possible to employ an arrangement capable of varying the value of M in such a
manneras M =1,1.5, 2, 3,4, 5, 6.

[0474] The above-described change-over operation is utilized for an arrangement such as to make display screen 50
very bright when the mobile phone is powered on and, after lapse of a fixed time, lower the display luminance to save
the power. The change-over operation may also be utilized as a function which allows the user to set his or her desired
brightness. For example, when in use outdoors, the screen is made very bright, otherwise the screen is difficult to view
due to the surrounding which is bright outdoors. However, if such a high-luminance display is continued, EL device will
deteriorate rapidly. For this reason, if such a very bright display is provided, an arrangement is employed such as to
resume the normal luminance in a short time. Further, if a high-luminance display is needed, an arrangement is employed
which allows the user to raise the display luminance by his or her depressing a button.

[0475] Thus, it is preferable to employ an arrangement which allows the user to vary the brightness of the screen by
button 594, an arrangement which is capable of automatically varying the brightness of the screen according to preset
modes, or an arrangement which is capable of detecting the brightness of extraneous light and automatically varying
the brightness of the screen depending on the result of detection. Also, it is preferable to employ an arrangement which
allows the user or the like to set the display luminance to any value, for example, 50%, 60% or 80%.

[0476] Preferably, display screen 50 provides a Gaussian distribution display. The Gaussian distribution display is a
display having a central portion made to exhibit a higher luminance and a peripheral portion made relatively dark. Visually,
a display having a bright central portion appears to be wholly bright even when the peripheral portion is dark. According
to subjective evaluation, the peripheral portion appears not to be visually inferior to the central portion as far as the
peripheral portion maintains 70% of the luminance of the central portion. Not so serious a problem arises even when
the luminance of the peripheral portion is further lowered to 50% of the luminance of the central portion. In the display
panel of the self -luminescence type according to the present invention, a Gaussian distribution is provided vertically of
the screen from the upper side to the lower side thereof by utilizing the N-fold pulse driving method (which includes
feeding EL device 15 with an N-fold current for 1/M of a IF period.)

[0477] Specifically, the value of M is increased for the upper and lower portions of the screen and decreased for the
central portion. This can be realized by modulating the operation speed of the shift register of gate driver 12. The
modulation of the brightness of the screen in the lateral direction is made based on multiplication of table data and image
data by each other. When the peripheral luminance is lowered to 50% (with an angle of view of 0.9), the operation
described above makes it possible to attain about 20% reduction in power consumption as compared to the case of
100% display luminance. When the peripheral luminance is lowered to 70% (with an angle of view of 0.9), the above-
described operation makes it possible to attain about 15% reduction in power consumption as compared to the case of
100% display luminance.

[0478] Itis preferable to provide a change-over switch or the like for turning on/off such a Gaussian distribution display.
This is because the peripheral portion of the screen giving the Gaussian distribution display becomes invisible when the
apparatus is used outdoors for example. For this reason, it is preferable to employ an arrangement which allows the
user to turn on/off the Gaussian distribution display by a button, an arrangement which is capable of automatically
switching between on and off according to preset modes, or an arrangement which is capable of detecting the brightness
of extraneous light and automatically switching between on and off depending on the result of detection. It is also
preferable to employ an arrangement which allows the user to set the luminance of the peripheral portion to any value,
for example, 50%, 60% or 80%.

[0479] Liquid crystal display panels, in general, use a back light to cause a fixed Gaussian distribution to occur.
Therefore, such a Gaussian distribution cannot be turned on/off. The ability to turn on/off a Gassian distribution is the
advantage characteristic of self-luminescence type display devices.

[0480] In the case where the frame rate is predetermined, it is possible that flicker occurs due to interference between
the panel and a lighting state of a fluorescent lamp located indoors or the like. When EL display device 15 operates at
a frame rate of 60 Hz while a fluorescent lamp is lighting with an alternating current of 60 Hz, there occurs slight
interference, which might make the viewer feel the screen blinking slowly. To avoid this inconvenience, varying the frame
rate is sufficient. According to the present invention, the function of varying the frame rate is additionally provided. Further,
the N-fold pulse driving method (which includes feeding EL device 15 with an N-fold current for 1/M of a IF period)
according to the present invention is capable of varying the value of N or M.

[0481] The above-described functions can be implemented by switch 594. When depressed plural times, switch 594
realizes switching between the above-described functions according to a menu provided on display screen 50.
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[0482] Itis needless to say that the feature described above is applicable not only to mobile phones but also to television
sets, monitors and the like. It is preferable that the display screen is provided with icons for the user to be capable of
immediately recognizing what display state the current display state is. The matters described above hold true for the
matters to be described below.

[0483] The EL display apparatus and the like according to this embodiment are applicable not only to a digital video
camera but also to a digital still camera as shown in Fig. 60. The display apparatus is used as a monitor 50 attached to
a camera body 601. The camera body 601 is fitted with a shutter 603 as well as switch 594.

[0484] Though the foregoing description is directed to cases where the display region of a display panel is relatively
small, display screen 50 as large as 30 inches or more is likely to warp. To deal with this inconvenience, the present
invention provides the display panel with an outer frame 611 fitted therearound and a fixing member 614 for hanging
the outer frame 611, as shown in Fig. 61. The display panelis fitted on wall or the like by means of this fixing member 614.
[0485] However, the weight of the display panel increases with increasing screen size. For this reason, a leg-mounting
portion 613 is provided under the display panel so that plural legs mounted thereon can support the weight of the display
panel.

[0486] The legs 612 are movable laterally as indicated by arrow A and are expandable/contractible in directions
indicated by arrow B. For this reason, the display apparatus can be easily installed even in a narrow place.

[0487] A television set shown in Fig. 61 has a screen covered with a protective film (which may be a protective plate.)
One object of such coverage is to prevent damage to the surface of the display panel due to a body hitting the surface.
The protective film has an obverse surface formed with an AIR coat and embossed to inhibit unwanted reflection of
external scene (extraneous light) by the display panel.

[0488] A fixed space is provided between the protective film and the display panel by dispersing beads or the like
therebetween. Further, the protective film has a reverse surface formed with fine projections for retaining the space
between the display panel and the protective film. By thus retaining the space, an impact is inhibited to transfer from the
protective film to the display panel.

[0489] Itis also effective to dispose or inject a light coupling agent such as alcohol or ethylene glycol in a liquid state,
an acrylic resin in a gel state, or an epoxy resin which is a solid resin between the protective film and the display panel.
This is because interfacial reflection can be prevented and because the light coupling agent functions also as a shock
absorber.

[0490] Examples of such protective films include polycarbonate film (plate), polypropylene film (plate), acrylic film
(plate), polyester film (plate), and PVA film (plate). It is needless to say that besides these films, engineering resin films
(such as ABS) can be used. The protective film may be formed from an inorganic material such as strengthened glass.
A similar effect will be produced if the surface of the display panel is coated with epoxy resin, phenolic resin, acrylic resin
or the like to a thickness of not less than 0.5 mm and not more than 2.0 mm instead of the provision of the protective
film. Embossing the surface of such a resin coat or a like process is also effective.

[0491] Itis also effective that the surface of the protective film or coating layer is coated with fluorine. This is because
such a fluorine coat allows stain thereon to be removed easily with a detergent. The protective film may be formed thicker
so that a front light may share the protective film.

[0492] It is needless to say that combining the display panel according to the embodiment of the present invention
with the three-side-free arrangement. The three-side-free arrangement is effective particularly when the pixels are man-
ufactured utilizing the amorphous silicon technology. With the panel formed utilizing the amorphous silicon technology,
process control for controlling variations in the characteristics of transistors is impossible. Hence, it is preferable to apply
the N-fold pulse driving method, reset driving method, dummy pixel driving method or the like according to the present
invention to such a panel. Thus, the transistors used in the present invention may be formed by the amorphous silicon
technology without limitation to those formed by the polysilicon technology.

[0493] The N-fold pulse driving methods (see Figs. 13, 16, 19, 20, 22, 24 and 30 and the like) and like methods
according to the present invention are effective for display panels of the type having transistors 11 formed by the
amorphous silicon technology as well as for display panels of the type having transistors 11 formed by the low temperature
polysilicon technology. This is because adjacent transistors 11 formed using amorphous silicon substantially agree to
each other in characteristics. Accordingly, driving currents for individual transistors are each substantially equalized to
the target value even when the panel is driven with the sum of currents. (The N-fold pulse driving methods illustrated in
Figs. 22, 24 and 30 are particularly effective for pixel configurations of the type having transistors formed utilizing
amorphous silicon.)

[0494] The technical concept described by way of the embodiments of the present invention is applicable to digital
video cameras, projectors, stereoscopic television, projection television, and the like. The concept is also applicable to
view finders, mobile phone monitors, PHSs, personal digital assistants and their monitors, and digital still cameras and
their monitors.

[0495] Also, the technical conceptis applicable to electrophotographic systems, head-mounted displays, direct viewing
monitors, notebook PCs and desktop PCs. Further, the concept is applicable to monitors for cash dispensers, and public
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telephones, video phones and watches and their displays.

[0496] Itis needless tosay thatthe technical conceptofthe presentinvention can be utilized in or applied to development
of display monitors for household appliances, pocket-size game machines and their monitors, back lights for display
panels, lighting instruments for home use or industrial use, and the like. A lighting instrument is preferably configured
to be capable of varying the color temperature. The color temperature can be varied by adjustment of currents to be fed
to R, G and B pixels if these pixels are arranged in a striped pattern or a dot-matrix pattern. The technical concept is
also applicable to display apparatus for displaying advertisements or posters, RGB signals, warning display lights, and
the like.

[0497] The organic EL display panel is effective as a light source of a scanner. In this case, a dot matrix comprising
R, G and B pixels is used as the light source to illuminate a subject with light in reading the image of the subject. Of
course, it is needless to say that such a light source may be designed to emit monochromatic light. Such a light source
may be of a simple matrix configuration without limitation to an active matrix configuration. The image reading precision
will improve if the color temperature can be controlled.

[0498] Also, the organic EL display apparatus is effective as the back light of a liquid crystal display device. The color
temperature can be varied by adjustment of currents to be fed to R, G and B pixels of the EL display apparatus (back
light) if these pixels are arranged in a striped pattern or a dot-matrix pattern. In this case, the brightness can also be
controlled easily. Moreover, since the EL display apparatus is a surface-emitting light source, it can easily realize a
Gaussian distribution in which a central portion of the screen is made relatively bright whereas a peripheral portion of
the screen made relatively dark. The EL display apparatus is also effective as the back light of a liquid crystal display
panel of the field sequential type which performs scanning with R, G and B rays alternately. The EL display apparatus
can also be used as the back light of a liquid crystal display panel or the like adapted for motion picture display if black
is inserted even when the back light blinks.

[0499] It should be noted that EL device 15 is regarded as an OLED in the present invention and represented using
the symbol of diode in the drawings such as Fig. 1. However, EL device 15 according to the present invention is not
limited to the OLED but may be of any type which controls its luminance based on the amount of current passing through
EL device 15. An example of such a device is an inorganic EL device. Other examples include a white light emitting
diode comprising a semiconductor, and a common light emitting diode. A light-emitting transistor can serve the purpose.
Device 15 does not necessarily call for rectification. Therefore, device 15 may be a bidirectional diode.

[0500] It will be apparent from the foregoing description that many improvements and other embodiments of the present
invention occur to those skilled in the art. Therefore, the foregoing description should be constructed as an illustration
only and is provided for the purpose of teaching the best mode for carrying out the present invention to those skilled in
the art.

Industrial Applicability

[0501] The EL display apparatus according to the presentinvention is useful as the display section of the thin television
set, digital video camera, digital still camera, mobile phone or the like.

[0502] A first example is an EL display apparatus comprising a plurality of gate signal lines and a plurality of source
signal lines, which are arranged to intersect each other, EL devices arranged in a matrix pattern, each of the EL devices
being operative to emit light at a luminance corresponding to a current fed thereto, a gate driver operative to output a
gate signal to each of the gate signal lines, a source driver operative to output to each of the source signal lines a current
which is higher than a current corresponding to an image signal inputted from outside, a transistor, provided for each of
the EL devices, for outputting the current outputted from the source driver to the EL device, and a first switching device
capable of feeding the current outputted from the source driver to the EL device by switching to bring the EL device and
the transistor into and out of conduction thereacross in accordance with the gate signal fed thereto through the gate
signal line, wherein the gate driver is configured to output the gate signal to the gate signal line in a manner to bring the
EL device and the transistor into and out of conduction thereacross at least once in a one-frame period.

[0503] Asecondexampleisthe EL display apparatus according to the firstexample, wherein the gate driver is configured
to output the gate signal to the gate signal line in a manner to bring the EL device and the transistor into and out of
conduction thereacross plural times periodically in the one-frame period.

[0504] Athird exampleisthe EL display apparatus according to the first example, further comprising a second switching
device capable of feeding the current outputted from the source driver to the transistor by switching to bring the source
driver and the transistor into and out of conduction thereacross in accordance with the gate signal fed thereto through
the gate signal line, wherein the gate driver is configured to bring the source driver and the transistor into conduction
thereacross to program the transistor with the current outputted from the source driver while the EL device and the
transistor are out of conduction thereacross and then output the gate signal to the gate signal line in a manner to bring
the EL device and the transistor into and out of conduction thereacross at least once in the one-frame period.

[0505] A fourth example is the EL display apparatus according to the first example, wherein the gate driver and the
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transistor are formed in a same process.

[0506] A fifth example is the EL display apparatus according the first example, wherein the source driver comprises
a semiconductor chip.

[0507] A sixth example is an EL display apparatus comprising a plurality of gate signal lines and a plurality of source
signal lines, which are arranged to intersect each other, EL devices arranged in a matrix pattern, each of the EL devices
being operative to emit light at a luminance corresponding to a current fed thereto, a gate driver operative to output a
gate signal to each of the gate signal lines, a source driver operative to output to each of the source signal lines a current
which is higher than a current corresponding to an image signal inputted from outside, a first switching device provided
for each of the EL devices and capable of feeding the EL device with a current fed through the source signal line by
switching to bring the EL device and the source signal line into and out of conduction thereacross in accordance with
the gate signal fed thereto through the gate signal line a plurality of dummy devices located in a region different from a
region where the EL devices are formed, the dummy devices being of substantially no use in image display, and a
second switching device provided for each of the dummy devices and capable of feeding the dummy device with the
current fed through the source signal line by switching to bring the dummy device and the source signal line into and
out of conduction thereacross in accordance with the gate signal supplied thereto through the gate signal line, wherein
the gate driver is configured to output gate signals to the gate signal line associated with the EL device and the gate
signal line associated with the dummy device at substantially the same timing, whereby the EL device and the dummy
device are fed with the current fed through the source signal line dividedly therebetween.

[0508] A seventh example is the EL display apparatus according to the sixth example, wherein the gate signal line
associated with the dummy device is formed to extend adjacent the gate signal line associated with EL devices in a first
or final row, and the gate driver is configured to output gate signals to gate signal lines associated with a series of
adjacent rows at substantially the same timing series by series sequentially, whereby plural EL devices or the pair of
the EL device and the dummy device are fed with the current fed through the source signal line dividedly therebetween.
[0509] An eighth example is a method of driving an EL display apparatus having an EL device which is operative to
emit light at a luminance corresponding to a current fed thereto, and a source driver operative to output a current to the
EL device through a source signal line, the method comprising the steps of causing the source driver to output to the
source signal line a current higher than a current corresponding to an image signal inputted from outside, and feeding
the EL device with the current outputted to the source signal line for a part of a one-frame period to cause the EL device
to emit light at a luminance corresponding to the current outputted to the source signal line for the part of the one-frame
period.

[0510] A ninth example is the method according to the eighth example , wherein the part of the one-frame period is
divided into plural periods.

[0511] A tenth example is an electronic apparatus comprising an EL display apparatus as recited in the first example,
and an arrangement for outputting an image signal to the EL display apparatus.

[0512] An eleventh example is an EL display apparatus comprising EL devices arranged in a matrix pattern, a driving
transistor operative to feed a current to each of the EL devices, a first switching device disposed between the EL device
and the driving transistor, and a gate driver operative to on-off control the first switching device, wherein the gate driver
is configured to control the first switching device in a manner to turn the first switching device off at least once within a
one-frame period.

[0513] A twelfth example is the EL display apparatus according to the eleventh example, wherein the first switching
device is controlled in a manner to turn off plural times periodically within the one-frame period.

[0514] A thirteenth example is an EL display apparatus comprising a source driver circuit operative to output a pro-
gramming current, EL devices arranged in a matrix pattern, a driving transistor operative to feed a current to each of the
EL devices, a first switching device disposed between the EL device and the driving transistor, a second switching device
forming a path for transmitting the programming current to the driving transistor, and a gate driver circuit operative to
on-off control the first and second switching devices, wherein the gate driver is configured to control the first switching
device in a manner to turn the first switching device on at least once and off at least once within a one-frame period.
[0515] A fourteenth example is the EL display apparatus according to the thirteenth example, wherein the gate driver
and the driving transistor are formed in a same process, while the source driver comprises a semiconductor chip.
[0516] A fifteenth example is an EL display apparatus comprising gate signal lines, source signal lines, a source driver
operative to output a programming current, a gate driver, EL devices arranged in a matrix pattern, a driving transistor
operative to feed a current to each of the EL devices, a first transistor disposed between the EL device and the driving
transistor, and a second transistor forming a path for transmitting the programming current to the driving transistor,
wherein the source driver is operative to output the programming current to each of the source signal lines the gate
driver is connected to each of the gate signal lines, the second transistor has a gate terminal connected to the gate
signal line, a source terminal connected to the source signal line, and a drain terminal connected to the drain terminal
of the driving transistor, and the gate driver is configured to select plural ones of the gate signal lines to feed the
programming current to the driving transistor of each of plural pixels and control the first transistor in a manner to turn
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the first transistor on at least once and off at least once within a one-frame period.

[0517] A sixteenth example is the EL display apparatus according to the fifteenth example, wherein the gate driver
and the driving transistor are formed in a same process, while the source driver comprises a semiconductor chip.
[0518] A seventeenth example is an EL display apparatus comprising a display region including | pixel rows (I is an
integer not less than 2) and J pixel columns (J is an integer not less than 2), a source driver operative to apply video
signals to source signal lines in the display region, a gate driver operative to apply on-voltage or off-voltage to gate signal
lines in the display region, and a dummy pixel row formed in a region other than the display region, wherein the display
region is formed with EL devices arranged in a matrix pattern, each of which is operative to emit light in accordance with
the video signals from the source driver, while the dummy pixel row is configured such that the dummy pixel row fails
to emit light or its light-emitting state is not recognized visually.

[0519] An eighteenth example is the EL display apparatus according to the seventeenth example, wherein the gate
driver is configured to select plural pixel rows at a time for the pixel rows selected to be applied with the video signals
from the source driver in a manner that the dummy pixel row is selected when the first pixel row or the Ith pixel row is
selected.

[0520] A nineteenth example is a method of driving an EL display apparatus characterized by feeding the EL device
with a current that causes the EL device to emit light at a luminance higher than a predetermined luminance; and causing
the EL device to emit light for a 1/N part of a one-frame period (N is less than 1).

[0521] A twentieth example is the method according to a nineteenth example, wherein the 1/N part of the one-frame
period is divided into plural periods.

[0522] A twenty-first example is a method of driving an EL display apparatus adapted for programming of a current to
pass through an EL device based on a current, characterized by causing the EL device to emit light at a luminance
higher than a predetermined luminance to provide a display in a 1/N (N>1) portion of a display region, and sequentially
shifting the 1/N portion of the display region to another thereby causing the whole display region to display.

[0523] A twenty-second example is an electronic apparatus characterized by comprising an EL display apparatus as
recited in the eleventh example, a receiver, and a speaker.

Claims
1. An electroluminescent (EL) display apparatus comprising:

a display screen (50) including pixels arranged in a matrix, each of the pixels including an EL device (15) and
a pixel circuit;

a source signal line (18) through which a video signal output from a source driver circuit is transmitted; and

a gate driver circuit (12) which includes a first gate driver circuit (61b) and a second gate driver circuit (61a),
first gate signal lines (17b) through which selection voltages and non-selection voltages output from the first
gate driver circuit (61b) are transmitted, and

second gate signal lines (17a) through which selection voltages and non-selection voltages output from the
second gate driver circuit (61a) are transmitted,

wherein the pixel circuit of each of the pixels includes:

a driving transistor (11a) to supply a current to the EL device (15);

a first switch transistor (11e) provided on a current path through which the current is supplied by the driving
transistor to the EL device (15);

a second switch transistor (11c) to supply, to the driving transistor (11a), an image signal supplied from the
source signal line (18); and

a third switch transistor (11b) for initially resetting the pixel circuit before the second switch transistor supplies,
to the driving transistor, the image signal supplied from the source signal line,

a gate terminal of the first switch transistor (11c) is connected to the first gate driver circuit (12a),

a gate terminal of the second switch transistor (11c) and a gate terminal of the third switch transistor (11b) are
connected to the second gate driver circuit (12b), and the second gate driver circuit (61a) includes a second
gate signal line (17a) connected to both the gate terminal of the second switch transistor (11c) of a Nth row and
the gate terminal of the third switch transistor (11b) of a (N+1)th row for simultaneously connecting the gate
terminal of the second switch transistor (11c) of the Nth row and the gate terminal of the third switch transistor
(11b) of the (N+1)th row.

2. The EL display apparatus according to claim 1, further comprising:
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a source driver circuit connected to the source signal line,

wherein the source driver circuit is configured to supply a signal voltage to a gate of the driving transistor to
flow a current which is N times as large as a predetermined value to the EL device to achieve a gray scale
display indicated by the video signal, and

N is greater than one.

The EL display apparatus according to claim 1 or 2, further comprising:
a precharge circuit or a discharge circuit which forcibly charges or discharges the source signal line. (18)

The EL display apparatus according to one of claims 1 to 3,
wherein, by the first gate driver circuit (61b) and the second gate driver circuit (61a), the first switch transistor (11e)
is independently on/off controlled from the second switch transistor (11c) and the third switch transistor (11b).

The EL display apparatus according to one of claims 1 to 4,
wherein the first gate driver circuit (61b) is configured to select a plurality of the first gate signal lines (17b) simul-
taneously.

The EL display apparatus according to one of claims 1 to 5,
wherein the third switch transistor (11b) initially resets a gate terminal of the driving transistor (11a) before the
second switch transistor supplies, to the driving transistor, the image signal supplied from the source signal line.

The EL display apparatus according to claim 6,
wherein the third switch transistor (11b) initially resets the gate terminal of the driving transistor (11a) by shorting
the gate terminal of the driving transistor and a drain terminal of the driving transistor.

The EL display apparatus according to claim 6,
wherein the third switch transistor (11e) initially resets the gate terminal of the driving transistor (11a) by shorting
the gate terminal of the driving transistor and an initial reset voltage.

An electronic device, comprising:
the EL display apparatus according to one of claims 1 to 8.

A method of controlling an electroluminescent (EL) display apparatus,
the EL display apparatus comprising:

a display screen (50) including pixels arranged in a matrix, each of the pixels including an EL device (15) and
a pixel circuit;

a source signal line (10) through which a video signal output from a source driver circuit is transmitted; and

a gate driver circuit (12) which includes a first gate driver circuit (61b) and a second gate driver circuit (61a),
first gate signal lines (17b) through which selection voltages and non-selection voltages output from the first
gate driver circuit (61b) are transmitted, and second gate signal lines (17a) through which selection voltages
and non-selection voltages output from the second gate driver circuit (61a) are transmitted,

the pixel circuit of each of the pixels including:

a driving transistor (11a) to supply a current to the EL device (15);

a first switch transistor (11e) provided on a current path through which the current is supplied by the driving
transistor (11a) to the EL device (15);

a second switch transistor (11c) to supply, to the driving transistor (11a), an image signal supplied from the
source signal line (18); and

a third switch transistor (11b) for initially resetting the pixel circuit before the second switch transistor (11c)
supplies, to the driving transistor (11a), the image signal supplied from the source signal line (18),

a gate terminal of the first switch transistor (11e) is connected to the first gate driver circuit (61b),

a gate terminal of the second switch transistor (11c) and a gate terminal of the third switch transistor (11b) are
connected to the second gate driver circuit (61a),

the second gate driver circuit (61a) includes a second gate signal line (17a) connected to both the gate terminal
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of the second switch transistor (11c) of a Nth row and the gate terminal of the third switch transistor (11b) of a
(N+1)th row for simultaneously connecting the gate terminal of the second switch transistor (11c) of the Nth
row and the gate terminal of the third switch transistor (11b) of the (N+1)th row,

the method comprising:

programming, by the second gate driver circuit (61a) and during a period, a first pixel of the Nth row with a
voltage by applying an on-voltage to the second gate signal line (17a) to turn on the second switch transistor
(11c) of the first pixel; and

resetting, by the second gate driver circuit (61a) and during the period, a second pixel of the (N+1)th row by
applying the on-voltage to the second gate signal line (17a) to simultaneously turn on the third switch transistor
of the second pixel.

11. The method according to claim 10,
wherein a gate terminal of the driving transistor (11a) is reset by the resetting of the second pixel.

12. The method according to claim 11,
wherein the gate terminal of the driving transistor (11a) is reset by shorting the driving transistor and a drain terminal
of the driving transistor.

13. The method according to claim 11,
wherein the gate terminal of the driving transistor (11a) is reset by shorting the gate terminal of the driving transistor
and an initial reset voltage.

14. The method according to one of claims 10 to 13, further comprising:

applying, by the second gate driver circuit (61a) and during the period, an off-voltage to a different second gate
signal line (17a), the different second gate signal line being simultaneously connected to the gate terminal of
the second switch transistor (11c) of the (N+1)th row and the gate terminal of the third switch transistor (11b)
of the (N+2)th row.

Patentanspriiche
1. Elektrolumineszenz-Anzeigevorrichtung, die umfasst:

einen Bildschirm (50), der Pixel enthalt, die in einer Matrix angeordnet sind, wobei jedes der Pixel eine Elek-
trolumineszenz-Einrichtung (15) und eine Pixel-Schaltung enthalt;

eine Source-Signalleitung (18), tber die ein Video-Signal ibertragen wird, das von einer Source-Treiberschal-
tung ausgegeben wird; sowie

eine Gate-Treiberschaltung (12), die eine erste Gate-Treiberschaltung (61b) und eine zweite Gate-Treiberschal-
tung (61a) einschlielt, erste Gate-Signalleitungen (17b), tGber die Auswahl-Spannungen und Nicht-Auswahl-
Spannungen Ubertragen werden, die von der ersten Gate-Treiberschaltung (61b) ausgegeben werden, sowie
zweite Gate-Signalleitungen (17a), Gber die Auswahl-Spannungen und Nicht-Auswahl-Spannungen tbertragen
werden, die von der zweiten Gate-Treiberschaltung (61a) ausgegeben werden,

wobei die Pixel-Schaltung jedes der Pixel einschlief3t:

einen Ansteuer-Transistor (11a), der der Elektrolumineszenz-Einrichtung (15) einen Strom zufihrt;

einen ersten Schalt-Transistor (11e), der sich auf einem Stromweg befindet, tiber den der Strom der Elektro-
lumineszenz-Einrichtung (15) durch den Ansteuer-Transistor zugefiihrt wird;

einen zweiten Schalt-Transistor (11c), der dem Ansteuer-Transistor (11a) ein von der Source-Signalleitung (18)
zugefiihrtes Bild-Signal zufiihrt; sowie

einen dritten Schalt-Transistor (11b), mit dem die Pixel-Schaltung anfanglich zurtickgesetzt wird, bevor der
zweite Schalt-Transistor dem Ansteuer-Transistor das von der Source-Signalleitung zugefiihrte Bild-Signal
zufuhrt,

wobei ein Gate-Anschluss des ersten Schalt-Transistors (11¢) mit der ersten Gate-Treiberschaltung (12a) ver-
bunden ist,
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ein Gate-Anschluss des zweiten Schalt-Transistors (11c¢) und ein Gate-Anschluss des dritten Schalt-Transistors
(11b) mit der zweiten Gate-Treiberschaltung (12b) verbunden sind, und

die zweite Gate-Treiberschaltung (61a) eine zweite Gate-Signalleitung (17a) enthalt, die sowohl mit dem Gate-
Anschluss des zweiten Schalt-Transistors (11c) einer N-ten Reihe als auch dem Gate-Anschluss des dritten
Schalt-Transistors (11b) einer (N+1)-ten Reihe verbunden ist, um gleichzeitig den Gate-Anschluss des zweiten
Schalt-Transistors (11c) der N-ten Reihe und den Gate-Anschluss des dritten Schalt-Transistors (11b) der
(N+1)-ten Reihe zu verbinden.

Elektrolumineszenz-Anzeigevorrichtung nach Anspruch 1, die Des Weiteren umfasst:

eine Source-Treiberschaltung, die mit der Source-Signalleitung verbunden ist,

wobei die Source-Treiberschaltung so konfiguriertist, dass sie einem Gate des Ansteuer-Transistors eine Signal-
Spannung zuflihrt, um einen Strom, der N-mal so grof3 ist wie ein vorgegebener Wert, zu der Elektrolumineszenz-
Einrichtung zu leiten und eine Graustufen-Anzeige zu erzeugen, die durch das Video-Signal angegeben wird, und
N gréRer ist als 1.

Elektrolumineszenz-Anzeigevorrichtung nach Anspruch 1 oder 2, die des Weiteren umfasst:

eine Vorlade-Schaltung oder eine Entlade-Schaltung, die die Source-Signalleitung (18) zwangsweise ladt oder
entladt.

Elektrolumineszenz-Anzeigevorrichtung nach einem der Anspriiche 1 bis 3,

wobei durch die erste Gate-Treiberschaltung (61b) und die zweite Gate-Treiberschaltung (61a) An/Aus-Steuerung
des ersten Schalt-Transistors (11e) unabhangig von dem zweiten Schalt-Transistor (11c) und dem dritten Schalt-
Transistor (11b) durchgefiihrt wird.

Elektrolumineszenz-Anzeigevorrichtung nach einem der Anspriiche 1 bis 4,
wobei die erste Gate-Treiberschaltung (61b) so konfiguriert ist, dass sie gleichzeitig eine Vielzahl der ersten Gate-
Signalleitungen(17b) auswahit.

Elektrolumineszenz-Anzeigevorrichtung nach einem der Anspriiche 1 bis 5,

wobei der dritte Schalt-Transistor (11b), anfanglich einen Gate-Anschluss des Ansteuer-Transistors (11a) zuriick-
setzt, bevor der zweite Schalt-Transistor dem Ansteuer-Transistor das von der Source-Signalleitung zugefihrte
Bild-Signal zufiihrt,

Elektrolumineszenz-Anzeigevorrichtung nach Anspruch 6,

wobei der dritte Schalt-Transistor (11b) anfanglich den Gate-Anschluss des Ansteuer-Transistors (11a) zurlicksetzt,
indem er den Gate-Anschluss des Ansteuer-Transistors und einen Drain-Anschluss des Ansteuer-Transistors kurz-
schlief3t.

Elektrolumineszenz-Anzeigevorrichtung nach Anspruch 6,
wobei der dritte Schalt-Transistor (11e) anfanglich den Gate-Anschluss des Ansteuer-Transistors (11a) zurlicksetzt,
indem er den Gate-Anschluss des Ansteuer-Transistors und eine Anfangs-Rucksetz-Spannung kurzschlief3t.

Elektronische Einrichtung, die umfasst:
die Elektrolumineszenz-Anzeigevorrichtung nach einem der Anspriiche 1 bis 8.

Verfahren zum Ansteuern einer Elektrolumineszenz-Anzeigevorrichtung,
wobei die Elektrolumineszenz-Anzeigevorrichtung umfasst:

einen Bildschirm (50), der Pixel enthalt, die in einer Matrix angeordnet sind, wobei jedes der Pixel eine Elek-
trolumineszenz-Einrichtung (15) und eine Pixel-Schaltung enthalt;

eine Source-Signalleitung (10), tber die ein Video-Signal libertragen wird, das von einer Source-Treiberschal-
tung ausgegeben wird; sowie

eine Gate-Treiberschaltung (12), die eine erste Gate-Treiberschaltung (61b) und eine zweite Gate-Treiberschal-
tung (61a) einschlielt, erste Gate-Signalleitungen (17b), tGber die Auswahl-Spannungen und Nicht-Auswahl-
Spannungen Ubertragen werden, die von der ersten Gate-Treiberschaltung (61b) ausgegeben werden, sowie

55



10

15

20

25

30

35

40

45

50

55

11.

12.

13.

14.

EP 3 232 429 B1

zweite Gate-Signalleitungen (17a), Gber die Auswahl-Spannungen und Nicht-Auswahl-Spannungen tbertragen
werden, die von der zweiten Gate-Treiberschaltung (61a) ausgegeben werden,

wobei die Pixel-Schaltung jedes der Pixel einschlief3t:

einen Ansteuer-Transistor (11a), der der Elektrolumineszenz-Einrichtung (15) einen Strom zufihrt;

einen ersten Schalt-Transistor (11e), der sich auf einem Stromweg befindet, iber den der Strom der Elektro-
lumineszenz-Einrichtung (15) durch den Ansteuer-Transistor (11a) zugefuhrt wird;

einen zweiten Schalt-Transistor (11c), der dem Ansteuer-Transistor (11a) ein von der Source-Signalleitung (18)
zugefiihrtes Bild-Signal zufiihrt; sowie

einen dritten Schalt-Transistor (11b), mit dem die Pixel-Schaltung anfanglich zurtickgesetzt wird, bevor der
zweite Schalt-Transistor (11c) dem Ansteuer-Transistor (11a) das von der Source-Signalleitung (18) zugefiihrte
Bild-Signal zufiihrt,

wobei ein Gate-Anschluss des ersten Schalt-Transistors (11e) mit der ersten Gate-Treiberschaltung (61b) ver-
bunden ist,

ein Gate-Anschluss des zweiten Schalt-Transistors (11c) und ein Gate-Anschluss des dritten Schalt-Transistors
(11b) mit der zweiten Gate-Treiberschaltung (61a) verbunden sind,

die zweite Gate-Treiberschaltung (61a) eine zweite Gate-Signalleitung (17a) enthalt, die sowohl mit dem Gate-
Anschluss des zweiten Schalt-Transistors (11c) einer N-ten Reihe als auch dem Gate-Anschluss des dritten
Schalt-Transistors (11b) einer (N+1)-ten Reihe verbunden ist, um gleichzeitig den Gate-Anschluss des zweiten
Schalt-Transistors (11c) der N-ten Reihe und den Gate-Anschluss des dritten Schalt-Transistors (11b) der
(N+1)-ten Reihe zu verbinden,

und das Verfahren umfasst:

Programmieren eines ersten Pixels der N-ten Reihe mit einer Spannung durch die zweite Gate-Treiberschaltung
(61a) wahrend einer Periode durch Anlegen einer AN-Spannung an die zweite Gate-Signalleitung (17a), um
den zweiten Schalt-Transistor (11c) des ersten Pixels anzuschalten; und

Zurlicksetzen eines zweiten Pixels der (N+1)-ten Reihe durch die zweite Gate-Treiberschaltung (61a) wahrend
der Periode durch Anlegen der AN-Spannung an die zweite Gate-Signalleitung (17a), um gleichzeitig den dritten
Schalt-Transistor des zweiten Pixels anzuschalten.

Verfahren nach Anspruch 10,
Wobei ein Gate-Anschluss des Ansteuer-Transistors (11a) durch Zuriicksetzen des zweiten Pixels zuriickgesetzt
wird.

Verfahren nach Anspruch 11,
wobei der Gate-Anschluss des Ansteuer-Transistors (11a) zurlickgesetzt wird, indem der Ansteuer-Transistor und
ein Drain-Anschluss des Ansteuer-Transistors kurzgeschlossen werden.

Verfahren nach Anspruch 11,
wobei der Gate-Anschluss des Ansteuer-Transistors (11a) zuriickgesetzt wird, indem der Gate-Anschluss des An-
steuer-Transistors und eine Anfangs-Riicksetz-Spannung kurzgeschlossen werden.

Verfahren nach einem der Anspriiche 10 bis 13, das des Weiteren umfasst

Anlegen einer AUS- Spannung an eine andere zweite Gate-Signalleitung (17a) durch die zweite Gate-Treiberschal-
tung (61a) wahrend der Periode, wobei die andere zweite Gate-Signalleitung gleichzeitig mit dem Gate-Anschluss
des zweiten Schalt-Transistors (11c) der (N+1)-ten Reihe und dem Gate-Anschluss des dritten Schalt-Transistors
(11b) der (N+2)-ten Reihe verbunden wird.

Revendications

1.

Appareil d’affichage électroluminescent (EL) comprenant:
un écran d’affichage (50) comprenant des pixels agencés dans une matrice, chacun des pixels comprenant un

dispositif EL (15) et un circuit de pixel;
une ligne de signal source {18) a travers laquelle est transmis un signal vidéo délivré par un circuit d’attaque
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de source; et

un circuit d’attaque de grille (12) comprenant un premier circuit d’attaque de grille (61b) et un second circuit
d’attaque de grille (61a), des premieres lignes de signal de grille (17b) a travers lesquelles sont transmises des
tensions de sélection et des tensions de non-sélection a partir du premier circuit d’attaque de grille (61b), et
des secondes lignes de signal de grille (17a) a travers lesquelles sont transmises des tensions de sélection et
des tensions de non-sélection émises par le second circuit d’attaque de grille (61a),

dans lequel le circuit de pixel de chacun des pixels comprend;

un transistor d’attaque (11a) pour fournir un courant au dispositif EL (15);

un premier transistor de commutation (11e) prévu sur un trajet de courant a travers lequel le courant est fourni
par le transistor d’attaque au dispositif EL (15);

un deuxiéme transistor de commutation (11c) pour fournir, au transistor d’attaque (11a), un signal d'image fourni
par la ligne de signal de source (18); et

un troisiéme transistor de commutation (11b) pour réinitialiser initialement le circuit de pixel avant que le deuxie-
me transistor de commutation ne fournisse, au transistor d’attaque, le signal d'image fourni par la ligne de signal
de source,

une borne de grille du premier transistor de commutation (11c) est connectée au premier circuit de commande
de grille (12a),

une borne de grille du deuxieme transistor de commutation (11c) et une borne de grille du troisieme transistor
de commutation (11b) sont connectées au second circuit de commande de grille (12b), et

le second circuit d’attaque de grille (61a) comprend une seconde ligne de signal de grille (17a) connectée a la
fois a la borne de grille du deuxieme transistor de commutation (11c) d’'une N-iéme rangée et a la borne de
grille du troisiéeme transistor de commutation (11b) d’'une (N+1)-iéme ligne pour connecter simultanément la
borne de grille du deuxieme transistor de commutation (11c) de la N-ieme rangée et la borne de grille du
troisiéme transistor de commutation (11b) de la (N+1)-iéme rangée.

Dispositif d’affichage EL selon la revendication 1, comprenant en outre:

un circuit d’attaque de source connecté a la ligne de signal de source,

dans lequel le circuit d’attaque de source est configuré pour fournir une tension de signal a une grille du transistor
d’attaque pour transmettre un courant qui est N fois aussi grand qu’une valeur prédéterminée au dispositif EL
afin d’obtenir un affichage d’échelle de gris indiqué par le signal vidéo, et

N est supérieur a un.

Dispositif d’affichage EL selon les revendications 1 ou 2, comprenant en outre:
un circuit de précharge ou un circuit de décharge qui charge ou décharge a force la ligne de signal de source (18).

Appareil d’affichage EL selon 'une quelconque des revendications 1 a 3, dans lequel, par le premier circuit d’attaque
de grille (61b) et le second circuit d’attaque de grille (61a), le premier transistor de commutation (11e) est indépen-
damment commandé en marche/arrét par le deuxiéme transistor de commutation (11c) et le troisieme transistor de
commutation (11b).

Appareil d’affichage EL selon 'une quelconque des revendications 1 a 4, dans lequel le premier circuit d’attaque
de grille (61b) est configuré pour sélectionner une pluralité des premiéres lignes de signal de grille (17b) simulta-
nément.

Appareil d’affichage EL selon I'une quelconque des revendications 1 a 5, dans lequel le troisieme transistor de
commutation (11b) réinitialise initialement une borne de grille du transistor d’attaque (11a) avant que le deuxiéme
transistor de commutation n’alimente le transistor d’attaque, en signal d'image fourni par la ligne de signal de source.

Dispositif d’affichage EL selon la revendication 8,

dans lequel le troisieme transistor de commutation (11b) réinitialise initialement la borne de grille du transistor
d’attaque (11a) en court-circuitant la borne de grille du transistor d’attaque et une borne de drain du transistor
d’attaque.

Dispositif d’affichage EL selon la revendication 8,

dans lequel le troisieme transistor de commutation (11e) réinitialise initialement la borne de grille du transistor
d’attaque (11a) en court-circuitant la borne de grille du transistor d’attaque et une tension de réinitialisation initiale.
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Dispositif électronique, comprenant:
I'appareil d’affichage EL selon 'une quelconque des revendications 1 a 8.
Procédé de commande d’un appareil d’affichage électroluminescent (EL), I'appareil d’affichage EL comprenant:

un écran d’affichage (50) comprenant des pixels agencés dans une matrice, chacun des pixels comprenant un
dispositif EL (15) et un circuit de pixel;

une ligne de signal source {10) a travers laquelle est transmis un signal vidéo délivré par un circuit d’attaque
de source; et

un circuit d’attaque de grille (12) comprenant un premier circuit d’attaque de grille (61b) et un second circuit
d’attaque de grille (61a), des premieres lignes de signal de grille (17b) a travers lesquelles sont transmises des
tensions de sélection et des tensions de non-sélection depuis le premier circuit d’attaque de grille (61b), et des
secondes lignes de signal de grille (17a) a travers lesquelles sont transmises des tensions de sélection et des
tensions de non-sélection émises par le second circuit d’attaque de grille (61a),

dans lequel le circuit de pixel de chacun des pixels comprend:

un transistor d’attaque (11a) pour fournir un courant au dispositif EL (15);

un premier transistor de commutation (11e) prévu sur un trajet de courant a travers lequel le courant est fourni
par le transistor d’attaque (11a) au dispositif EL (15);

un deuxiéme transistor de commutation (11c) pour fournir, au transistor d’attaque (11a), un signal d'image fourni
par la ligne de signal de source (18); et

un troisiéme transistor de commutation (11b) pour réinitialiser initialement le circuit de pixel avant que le deuxie-
me transistor de commutation (11c) ne fournisse, au transistor d’attaque (11a), le signal d’image fourni par la
ligne de signal de source (18),

une borne de grille du premier transistor de commutation (11e) est connectée au premier circuit d’attaque de
grille (61b),

une borne de grille du deuxieme transistor de commutation (11c) et une borne de grille du troisieme transistor
de commutation (11b) sont connectées au second circuit d’attaque de grille (61a), et

le second circuit d’attaque de grille (61a) comprend une seconde ligne de signal de grille (17a) connectée a la
fois a la borne de grille du deuxieme transistor de commutation (11c) d’'une N-iéme rangée et a la borne de
grille du troisiéeme transistor de commutation (11b) d’'une (N+1)-iéme ligne pour connecter simultanément la
borne de grille du deuxieme transistor de commutation (11c) de la N-ieme rangée et la borne de grille du
troisiéme transistor de commutation (11b) de la (N+1)-iéme rangée,

le procédé consistant a:

programmer, par le second circuit d’attaque de grille (61a) et pendant une période, d’un premier pixel de la N-
ieme rangée avec une tension en appliquant une tension sur la seconde ligne de signal de grille (17a) pour
activer le deuxiéme transistor de commutation (11c) du premier pixel; et

réinitialiser, par le second circuit d’attaque de grille (61a) et pendant une période, un second pixel de la (N+1)-ie-
me rangée en appliquant la tension de marche sur la seconde ligne de signal de grille (17a) pour activer
simultanément le troisiéme transistor de commutation du second pixel.

Procédé selon la revendication 10,
dans lequel une borne de grille du transistor d’attaque (11a) est réinitialisée par la réinitialisation du second pixel.

Procédé selon la revendication 11,

dans lequel la borne de grille du transistor d’attaque (11a) est réinitialisée en court-circuitant le transistor d’attaque
et une borne de drain du transistor d’attaque.

Procédé selon la revendication 11,

dans lequel la borne de grille du transistor d’attaque (11a) est réinitialisée en court-circuitant la borne de grille du

transistor d’attaque et une tension de réinitialisation initiale.

Procédé selon I'une des revendications 10 ou 13, comprenant en outre:
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appliquer, par le second circuit d’attaque de grille (61a) et pendantla période, une tension d’arrét a une seconde
ligne de signal de grille différente (17a), la seconde ligne de signal de grille différente étant connectée simul-
tanément a la borne de grille du deuxieme transistor de commutation (11c) de la (N+1)-ieme rangée et de la
borne de grille du troisiéme transistor de commutation (11b) de la (N+2)-iéme rangée.

59



EP 3 232 429 B1

(HOLI0VdVO TVYNOLLIAav)
JOL1I0VdYD 3DVHOLS

ANIT TVYNDIS 304N0S
3INI'1 TVNDOIS 31D

13XId 91

(301A3Q) 13 SI

(LINDHID) YW3AIMA IOUNOS V1
(LINJYID) ¥3AIMA ALYD 2
141 L1

N
-

5

qL1)

BL1

- L1

60



EP 3 232 429 B1

61

FIG. 2



EP 3 232 429 B1

€ VI4

62



v "Ol4d

EP 3 232 429 B1

EEEEREEEREREEE R ==y
N N S N S e e O O O A

AN O O O O M T O . O .ty (EVILEINTTTVNDIS 31YD
SRR RN S A S S Y S S s S S

——— L o AT g_mn (E)BL) ANIT TYNOIS 3LVD
S S S S N N N N N A O O O O O N N R R — ()3
——— — A
bbb bbb e b 0 At (€)AL) AN TYNDIS 31D
T (e 3 ol v
—— | m (1)713

e e RN W S S S S S S N S N S N S S N S S S 2

bbb e bbb LR N Tugy (HALEINTTTYNDIS 3LYD
e T s

S S S S S T S N S A S SO S A N S K :“m\\” (LELE 3NITTYNDIS 3LY9
SR A S S AR A e b b= 81 INI TYNDIS 304N0S
HET|HZZ|HIZ ION.EQ H8T | HLT |H9T |HST |HpI | HET Imﬁ.I: IoL H6 ._ HS8 _ HL | H9 Iw.ﬁ:v ._ HE ~ HT ._ HI w IuL.

63



EP 3 232 429 B1

G 'Ol

£g 0]=] 0s /L

||||||| ILLLSLLIL IS ST ISLISS SIS LSS IS SSS LIS TSSSS SIS SIS IS Y,

AR Y

8L
mm\ 25 | elg
Q) (e) ot

(NOIDIY DNLLHOI ‘NOIDIY AVdSIQ) T13XId AV1dSIa €8
(NOID3Y ONLLHOIM-NON ‘NOIDIY AV1dSIA-NON) 13XId AV1dSIG-NON 2§

(MOY) T13XId NILLIIM 1§
N334OS AV1dSIA 0§

64



EP 3 232 429 B1

3LV 1NdLNO £9 |
HIL4IANI 29 | .ﬁﬁ
Y31SID3Y I4IHS 19 STy

65



EP 3 232 429 B1

31VH1Sans SSv1D L
dIXNYVIN ONINOILISOd €L
JONVYH NOILLVIQvYYI ¥3SV1 ZL

L Ol

(TINV) JLVHLSENS AVHYY 1L

7
&
~

o, THFFF++++++++++++++++ 4+
- . - e
/
/
/
R D O ) i | nnun”nuuuugmm B
- - MJ .
H—_| < Y
%
1
i ) LAl ) Hpiuiipiiniat ,r....-.............-wa._ B
/
VL 7
/ m J
egL . - L A
/ n............_............. LT, A ...-.............uu..-N...
++ 4 +++++++++++ -+ ++ A+
i

vi

66



EP 3 232 429 B1

8 OId

i |

nm\ ol

3NIT TYNDIS TOHLNOD ILYD 68 ] g
os—! n

AN TYNDIS V1va 88 m n

(PPA) DNIHIM JAONY (8 | m}

ONRIIM JAOHLYD 98 mm\ i _

N
T -1

H3IAO0D ONLLVINSAYON3. 68 u\l
qyuvog 3191X3 14 ¥8 1L

67

N

a¥vod 1INOHIO A3LNIMd €8 K\\u

(LINDYID) O1 AddNS ¥IMOd 28 g

(LINDO™ID) OI TOHLNQQD. 18 eg—" |




17

71

EP 3 232 429 B1

—— 18

/——14

/
P//—SO

A 4 A 4 4 A

4

A A A 4 A 4L A

\
\

|

|
i

68

7

FIG. 9



EP 3 232 429 B1

-

i R NS 7207777 e
.v\.\\.\\.\Wﬁlcvﬁu 72277 e e Y—H 7"

R T I . .wm %////////////////%M///////f—/////////////////%

H

901

L0l

3Q0¥LOT13 IAOHLYD 901 N\
300YLOT13 13AXId SOL g g
43ZIMV10d LITHS 601 NOILLYOd LOVINOD +0I
ILVId v/ Y 80} HOLVINSNI HIAVIYILNI 201
INVOIS3A L0l and 1ol

69



EP 3 232 429 B1

11914

I

¢0l

LE

901

dstL SO0l

70



EP 3 232 429 B1

(SSANLHDIYE) IONVNIWNT

7

MAGNIFICATION

FIG.12



=

\
Hz\m
R

o

(=]

S

N

3 ezs
o P4

w 925

A\
€S

0
9\ | \



EP 3 232 429 B1

V1 OI4

¥ INLL
| INOISSINZ 40 JONVNINNT (2); P |
¥ INIL L m L
L CNAL T
{1 4.1 3NMTYNDIS 3LvD (a); o
1INIL o o
< 1 i \._/l_ _«\.

BLL

dANIT TVYNDIS 31vD (®)

ISA

UsA.

/N

UsA

73



Gl OId

EP 3 232 429 B1

B S S SR TR TR W
s s e s e s e s G R S S e e WP AJ LT Vo B V1B
———————— W s O NN TYNDIS ALY
R e S TN AN S S M S S SO S
e e s e e e e e o e e S o A +4A (2)9L1 INM TYNDIS 3LYD
ey T L e (0 3N TVNOIS ALY
RS S S S S S W S S S S S S SR
e Y e G 3 ims av
T T i e
._IMN._INN._I—N ION._IE ._10;22 Hv1 |HLT |HET m:._moa._m«u H8 | HL | HS | HS | HY En._IN H1 IJ._

74



91'DI1

0S 0o

. e\\m\\ )

? (=)



EP 3 232 429 B1

L1°DI14

3 3ANIL .

|||||||||| ] llalwllllllllll!lllllllll Tttt 1 _clillmlttl. ) Z
{1 NOISSINT 40 JONVNINNT (°) P

¥ INLL P : N R

lllllllll [} M ® cTTTTTThT ] Illllllll. w £w>

' " <> <> "
b (M-N)/dL (-N)/AL
b 9.1 3NI TVNDIS 3LvD (9) ¢ P

13INLL “ " m ; | A
e M e S 3N
T 41 . e

B/l 3INIT TVNDIS 31LVYHD (B)

76



81 Ol

EP 3 232 429 B1

S NN NN N S N S SR Y S S S SO O OO S WO N

Y. b L L W 4 b 8 b R ()L 3NTTIVNOIS 3LYD
T R T ()R 3N VNS LD
S R N OO S N O O O O O
A (L1 3N TYNDIS 3LvD
T T O T S S S R B S p_w%;z:zzgm%
I TN TN W N LT G A L O

N, SO N T O U O, 2 A S I R . 4z (2)AL1 INTT TYNOIS 3LYD
S S O O S s s 7
e s o o (2FLEINTTIVNDIS 3LVD
S S U T T S N A A O T O O O T T e

S U T J O O O . S A 2000 O O OO T O, mr_ml_z:mz:ézo_mﬂé
. N . \ . H . . . ' . . H ' . . . ' ' ' : : . . b}

T T T T S S T S M I 0, ,“% (1)L} 3N TYNDIS 3LYD
. HEC INN._I—N HOZ | H6T | H8T T.m:._ HI1 .._:mﬁ H¥1 Imaw ._E:._Ioﬂ._ H6 _ _ HL _ H9 gw _ HE | HT :- H1

77



EP 3 232 429 B1

Vi

(€9)

Vi
I

A HIHIHHIHIHIHHHI HHTIHNS

IR R
HLMMMIMIHIHHIHIHHHTThy
e

MMM
- I

AW
(2°)

A R R N
DSOS DM

A R ..

A R Y

- ANNNINNNN M T

(L9)

2s

I/I

£S

2s

%

1542

2s

£S

61 Ol

/////////////////////////////

L

LI

il
VNN,

%

IMMMIMUIMIMNY

AN
Il

SO

/

AN

P

(ee)

154=)

(¢e)

(1e)

78



0¢ OI4

I\ \ TS

i

/SIS

V4 =

_ A _

BT a—
e — m‘; \s

(9) | (®)



EP 3 232 429 B1

] 1 ] L] ] [] ] ] [ [] ’ ] 1 ] ] ] (] [] ) [ ] L] ] ] [ ] t

] ] 1] [ ] ] [] (] ] 1 [ ] ] [] [] [) ] ] ] ] ] [ ] ) ] ) [] 1

L] ] [ ] [ ] ] ] ] ] ] [} ] ] ] [ ] ] ) ) [) ] [] 1 [ 1 [] []

1 ] [} [ ] 1 1] L [] L] L] ] [ 1 [] ) ] ) [} [] ] ] 1] 1 [] ]

] [] L] ) ] ) 1 [ ] L ) ] (] ] ] ] ] ] ] [] [} [ ] [ ] ] ] 1 w>
L ! . ” v i ' 4 L A 4 A r I () 1 (] (] B () 1. 1. (} 1. t. —

R # T "__m
S M S A S S O o s S e SR S MY 7\
RS S S S SRS S SN N S S SN . J5 O T U OO O O M P
] [] [] ] ) » 1 ] t (] 1 1 1 1 [] ] (] ) ] ] [ ] ] ] ] ]

S S S S S S S S S S S S S SO S T SO SO SO O O O M A
R T O OO O O S N N S A o
R U O O A O S S S S S S R S S
" ] ) ) ] [} [ ] t m ] [) ) [] * " " " _ " n * [) [] -£m>
L [ ] [ ] 1 ) [] ] ] [] [ ] 1 1 1] [] ] 1 1 (] 4 ] 1 ] [] [ ] L]

O S O S S-S S S S S S S S SN S T SO SO S W S T N AP
ST 700 O O U L T T O O A T A
] 1 [} ) ] ] ] [] ) ) [} [ ] ] [} 1] (] L] 1 1 (] ] 1 [} L] 1 ﬂm»
T T T S e S S R Y TR, S

L 3 ) N N M n M [ ) o " " 4 1 1. I ) 1 i ! .IM\/
) [] ] ) [] [] [] § [] [] ] [] [} ] ] [] [] [} I ) [} ] [} [] t
N T T T T \ T T T T T 3
1) ¥ v v — T v L4 v v T L L3 1 ¥ 1) L] L] 1 § ) L) _ >
] " " 1 * [ ] (] ] [) ] ] [} 1 [] ] * (] ] ) ] 1 [] [ ] 1

Ve A A —" : [] 1. (] [} ] () () [) () [] [} I 2 | 1 [l [ 1 _.»M\/
D i 21
S T S R I R T . e ":m>
R O A T A A A s e s o

] [ ] ] [} 1 ] ] ] ] ] ] L] [ ] (] [} 1] 1 ] (] (] ] ) 1 [] 1

1 1 [} 1 I L ) 1 { ) 1 ) 1 " " " ) 4 { 1} [} ) 1 1 " _w>
T e
o O S M S S ST 7
A N S S S S S S U S S S SR SN TR A TN T S
] ] [] [) [] ] [] [] ] [] [ ] 1 [] ] ] ] [] ] ] (] [ ] 1 1 []

1 (] [} [ ] [] ] o 1 ] ] 1 ] 1 1 1 ] ] ) 1 ] [ [] ] ] ]

e e e s ——————————(———— .. ...V 1 M 1B
RS S S SO S N 2500 U O O O OO O O O B PO
e e —p— A
" [] [] 1] L] L] | [ ] 1 1] ] [ 1] 1 1 [ [] ] ‘ ] ] 1 [} + ]
R S e T S T S S T T S S S S S P 1F )\
] [] ] ] ] 1 1 [] [} [] ) ] (] ] ) ] (] [] L} ] ] [) 1 ] ]

1 [ ] [] (] ] 1 ) 1] ] ] ] [] ) [ ] ] [] ] [] ] [} ] " “ ] ]
HEZ |HZC |HIZ {HOT | HOT | HST { HLT |H9T { HST | HPT [HET |HZT |HTY [HOT | H6 | H8 | HL | H9 | HS | HY | HE _ HZ _ HT { H1

(9)9LF NI TYNDIS 3LYH
(9)eL1 INTT TYNDIS 3LYD

(S)9L} NI TYNDIS 3LYH
(S)eL) INIT TYNDIS 3LVD

(b)AL} IND TYNDIS 3LYD
(b)eL1 NI TYNOIS ALYD

(€)4L} ANIT TYNDIS 3LVD
(€)eL} INM TYNDIS ILYD

(©)4L1 3N TYNDIS 3LYD
(QBLL AN IYNDIS 3LYD

(HAL1 3INMTYNDIS 31YD
(1)Ll INTT TVYNDIS 3LYD

80



¢¢ Old

I Y

lI N

////////////////////////

///////////////////////////////////////

() . (®)



EP 3 232 429 B1

€¢ OId

A A e

I, S A T, Y A 0 T S S S A s TE LR SETL
[] . ) ) ‘ 1} 1 L] T [} (] ) ] 1 (] ¥ T 1 " " ” “ -P “ “.1-.>
T ()RL) INT TVNDIS LD
i R LN NS S S S M DS A S S S S O S S 0

Y s R R s (0001 3NTTTVNDIS 3LYD
NN S SN N N S O A R N R A TR R ,wn (¢)eL} 3N TYNDIS 3LYD
T,

W bbb R A e (DL INTT VNS ALY
bbb L e ——t

I . " RN S T SN S U T SO S R v I T * LuSA (LBLL INTTTYNDIS ALVD
[Hee [wicz [virz [moz{ et [ms [HLt {Fot [Ast [Avi [t [Hex [ Hit [FoT | He | 8 | HL |75 | Be |/ | 6e [ Bz | o1 [

82



¥¢ Ol

0S o5

I

€g . \\ L\ \

> Q



EP 3 232 429 B1

G¢'OId

) ’ ' ' ' ' ' ' ' i ) 1 ' 1 ( 1 ' ' ' . 1 ' ' ' '
] ] 1 ) ] ] ] ] t [} [} 1 [} L] { 1 ] ] ] 1 ] ] [} 1 ) ]
] ) ) ) 1 1 ] ] ’ ] ) ] ) ] ] ] ) [} [} ) ] ] ] 1 L]
] ] ) ] ] ] [} ] ] ) ] ) 1 ] ] ' ) ] (] ] ] ] ] 1 ]
“ ) ' ] [} L] ] [} “ u I [ A [} 1 ] L] 1 1 m ] ) " ] ”—w\/
T, S T, S T T T
) L) Ll L) ¥ L) ) L] ¥ T T ¥ L) ) 1 L) L] v ) 12 v v T v J.>
e s T T S S YL/
" ) [} 1 ] t 1 ] ] ] ¥ 1 ] 1 ' ] [} ‘. “ ‘ ] ) [} ) _£M>
[} ) ) ] [} ] [} t [} ] ] ‘ ] ] ] ] ) ) ) ] ] 1 (] ] ]
S OO R SN S S S W SO S S S N S S N N A T T T T
] ) T T L2 L T L) I ¥ v T Ll v — 1] ) ] L) L -_>
— R T
A s s s O SO
T S T S AR S S SN S N NN N R N S K 2K, A A
' R ) ' R R 1 i i j ' I R R
] ) 1 ] ] ] ] ) [} ) ] t ] [} | 1] [} ' 1 ] ] ] ] ] ]
. . VRN SIS NS MK SN S S N S S S S SO SO S S
R S L VR O T N 5 O O U O O SO - S
. N : bk : oot . " . . : . et H . et H . 18A
S S T S S T I A . T S
' L T v v v T T T T Y v T T v v v v T ) T v g v .r_w\/
' [} ] ) ] ) ] ) [} ) ) ] 1 ] ' ] [} ] [} [} ] [} ] ] [}
] [] [} L} L] ] 1) [} L} ) ] [} i ] ] ] 1 ] 1 [ ] [ ] [ ] [} (] [}
T e S e St S S PN RN N NS T S W S S L
SN 50 S S O R OO, S T "J O O O . N S
S O S M S S Y v o SO 7
[} ' ] 1 1 ] ) 1] [} ] t ) ' ' ] ] 1 ] ] ] + ] * [} '
e B e e B o A R S . e s e 2 I
1 ] ' 1 ) ] ] ] ] ] ) ] 1 [} ] i ] ] § ] [} 1] [} ] 1
e oSS SN NS N S ST ST SO ML I
AN, S S S N " UL O S 70 O O O A S S
O O s s ot 7
A S R A O O 35
] ] ] ] [} [} ] 1 ] ] ] [ ] [} ) [} | ] ] 1 ] i L 1 [} '
] ] ) [ ] ) ] ] ] 1 ' ' ] ) ' ] ] 1 ] 1 ] ] ' 1 ] 1
HEZ|HIZ|HIZ|HOZ | H61 |H8T | HLI |H9T |HST |HPT |HET{HCT [HIT|HOT| H6 | H8 | HZ | H9 | HS | HY | HE | HZ | HI | KN

(S)ALE INTTTYNDIS 3LYD
(G)BL) NI TYNDIS 3LYH

()AL1 INTT TYNDIS 3LYD
(v)eL} INITTYNOIS 3LYD

(€)aL1 INIT TYNDIS 3LYD
(€)BL1 NI TYNDIS 3LYD

(C)ALL INITTVNDIS 3LYD
(C)BL1 INIT TYNDIS 3LYD

(19LE INM TYNDIS 3LYD
(1)BL) INFT TYNDIS 3LYD

84



EP 3 232 429 B1

P T L L L T Ty

.\INP

85

PlLL oLl m

" a !

! art !
S QZ\M m
b
auPen Ot
,l

[ "




EP 3 232 429 B1

L¢ D14

(aLg) 182 0§
81 Ll Ll
8L~ qLg \
/| N
]
elLg
2 A o L L e L
SIS SIS SIS Y VIS SIS S SIS LSS SIS LS LSS SIS SIS S
r4 \ ZL
eLg
vl v
(a) (®)

(MOY) T13Xid AWNNQ 182

86



EP 3 232 429 B1

AR S > a1
mpl\m“ I + \\

) nﬂ__n ! _ /

m Y !

YW | T L 1 il

: "

m 9 |alt |
182’} et g !

PPA .

pr S| act
mF‘\ﬂ\l [ \\

gl ] _

L | e

PLL  fPLL _

AL

m \o arL !
YL o

PPA F

B R | act
si—~ T ¢ 4

T\ﬂ il N

" Y

PLL oL L L

“ 1

' a

" art |
aor” | el -5

\\.Nw

87



EP 3 232 429 B1

8L

6¢ OI4

0S
A

m_.:/

BLSG

[

(aLs) L82

(9)

*
\
w F

L]
1 /0

VI TLLLLL LSS LL G LS L LS SSLLI L SIS LSS LSS S SIS ISP S SIS LD,

PSS SLISS LSS VST SIS SIS S SIS SIS IS IS SIS LSS LSS,

Ly

qiG

¢l

cl

(®)

88



0¢ OI4
0s

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

(Le)



EP 3 232 429 B1

13S1

I I A T A B T 0 T Vg ¥ o TR
S R A e oo e e e e e e e e e

“sllJ”lllmuln.m ' ) m ) ' ” ) ' \ | ' ) ' ' ) .“—lllmllnm.nlnmlllm..llnm 13A B < G— MV
b ! ., IR MR A (v)eL1 NI TYNDIS 3LV
AN L S N O A O S S

Dol b b by e e e e ()ALl INTT TYNDIS 31D
uBA

T (£)8L) INI TYNDIS 3LYD
R S T NN S S S TR N N N T VO At A T O O O O O O n

R R T T U e e e R R 4 U T Y g e\ V) TR )
R R R R Rt S B e o e e a eaa S . s e B
r(qu ] (2)eL) NI TYNDIS 3LYD
—— Ll
I B e e e R (TR a7 eIV
RSN SPS JI S VU U WA SR S SO SO S b Y2

SR N U J S O SO SO AU M B

I (1BLI INTT TYNDIS 3LYD

I.w I.\u I.m I.m I.¢ I.m I.N I L J I—.I.._ IN.Iu_ Im_lu_

90



EP 3 232 429 B1

¢€ OI4

91



(b)

(a)

vdd

EP 3 232 429 B1

Vdd
Iw T

92

FIG.33



EP 3 232 429 B1

0
N
-

)
>

<
)
>

qI9—1

i
i
é

cemejrebabaccd-dd-- s

(
)

|~
_1

-
1

ezl

(]
-
©

=)
>

KL\
o
2
q-
™

R o Gt B s na

~
-

w2-1---F-tf---4-1-4--

v~

©

~~UR

~—

™~
-

e R el ket

L ]
TN T

5--f

~~

===~ =p=-=--

PSR PN

N

S~

-

=
)
>

NOILO3S 1NdLNO 40 1INJYHID 1vE

7

P B . Ll e

93



EP 3 232 429 B1

GE VI

) ] ) [} ) ] ] ] ] 1 [] ] ] 1] ] ] [] [} ] ] 1 [ B ] ] [}
] t ) [ ] ] ] ] 13 ) 1 ] [] ] ] ] ] ] [} ] ] ] [ ] [] [} ]
] ] ] | ] ] ] [ 1} ] ] ] [ ] ] t [] [} [] [] [] ] 1 ] 1
] 1 ] ] ] ] 1 ] [ ] [ ] ] ] [} [ ] ) ] ] [ ] 1 ] 1 1 [} ] ]
) ] ]  { ] 1 1 [ ] [ ] ] 1 ] ] ] [ ] (] (] ] [ ] ] 1 1 ] ] | ]
e . s g o101 ————————— - ey | [\
0 0 U, OO NN N S 2000 T U T L JE Z00 N
1 1 ] L] ] ] ] ] t 1 1 ] ] ] ] ] ] ] ] 1 ] [ 1 1 ]
L i L J L L L L A Is L L L L [ L ' L i L 1 1 L L L —M\/
S S e N A A Y R 2 T P
T e T T S S S S Y et S S
] 1 t ] ] ] ] ] ] 1 ] [ ] ] ] ] ’ ] ] 1 [] ] 1 ]
“ ] L] ] 1 ] [] L} 1 ] ] ] ] ] 1 L] ] L ] L] ] [ ] ] .£w>
(] ] 1] . (] 1 ] t 1 ] ) ) ) ] (] L] ] ] ] (] ] (] ] 1 ]
) .1 " .- ] 1 L] 1} 1 ] ] ) ) “ [} " " 1] " " ) ] [} 1 1 _N>
Y S R T R L S T
L. L L y N e e o e ) L () [ t. 1 1. 4 (] ()
N ' ' N ! ' ) : ! N ' ! N ' ' ! ! ! ! ' ! . e _,,.__m»
R S T S S T A . T, T
T e ) 1A
e e e e e e T T
y3
] ] 1] ] » ] ] ] [) 1 ) ) ] ' ] ] ] 1 ] 1 (] ] L} ] .L >
] (] ) ] ] 1 (] ) (] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ) ]
) I 1 [ ) ' 1 ) 1 ] ] ] 1 " ) ) 1 1 ) = 3 " 3 n _m>
TR R T . AR YA
L] ] t | ] [ ] 1 ] 1] ) ) ) ' 1] ] 1) 1 ] ] ] ] 1 1) ] 1 .._ _W\/
A T T S A O T T T T O O I D AR T
' N i N . N H L H H H H H L H . H H I \ ' Lok [BA
] ' ] [l ] ' ' 1 ) ' ] ' ] 1 ' 1 t ' ] ) ] e ’ ' ]
1 ] ) ] 1 1 ) 1 » ] L] L ] 1 1 1] ] 1 ] 1 ) 1 ] “.(_M\/
1 ' ' ' i H H 1 ’ ) ' ' H v H ' ) M ' ' H H H '
|} 1 ] ] 1 ] ) ] [] [} [] ] [} t L] [} ] 1 ] ) [] ] ] (] 1
) 1 I 1 1 1 ] [} [} [ i) () [} 1 ] ' I 1 il 1 Iy “ I} “ 1 —M)
e R T e . «ﬁ>
" " u u “ “ t 1 ) ] 1] ] ] [} " “ u “ " .- “ " 1] ] ] _M>
R O S S S N N O T O O IR . TR P
U S S S O S S O VO S S S O S U SO S St
) t ) ) 1 1 ) ] ] ] | (] ] ] [} [} | [ ] ] 1 1 * + t
I S S S TS TS S S S WSS S WSS SO CUSSS W  SANN NSNS EST T
ﬂ 1] L] n ” u u u 1 “ [] “ t ) ] ] ] [] ] ] ] L] ] 1 ]
) ] ] [] ] ] ] ] ] ] ] ] ] ) ] t ] 1 ] ] (] " " " []
HVT :mN_xNN—I—N HOZ | H61 [ HST | HLY | HOT {HST | HY1 [HET{HZT |HIT|{HOI| H6 | H8 | HL | H9 | HS | HY _ HE ~ HZ _ HI

(P)AL1 3NIT TVYNDIS 3LY9
(P)BLI 3INIT TVYNDIS 3LYH
(P)OL1 INIT TYNOIS 3LVH

(€)AL1 INIT TYNDIS 31Y9
(€BLI INIT TYNDIS 3LYD
(€)°L1 3INIT TYNDIS 3LYD

()aL1 3INI TYNDIS ALYD
(C)BLL ANIT TYNDIS 31Y9D
(€)°L1 INM TYNDIS 3LYD

(1)L} 3NI TYNOIS 3LYD
(1)BLL 3NITTVYNDIS 31YD
(1)OL1 ANITIYNOIS 3LY9

94



EP 3 232 429 B1

9€ DI

e e
g T Ghuan s
e s
w S S S R T 6 S S " w,*_“»@z:mz:ézgmﬁé
S T Y 2 T o (611 3N TYNOIS 31D
S IR 0 S oo (€L} 3NT1 WNOIS 3LvD
S, S S O S S . s s e’ m,w»avfmz_j/\zoamza
S 2 e 3 L L
e e M oo mesan
o, S e f“»:z:m_z:ézo_wmzo
S S . 2 VAU
e e W an s
_IvN.mmN.:NN_IPN.EON.IQH.Iw~.Eb.—_ES_En~_3¢~.mm~.~.-~.13.an_ Hé i H8 . HL i H9 . HS i HY i HE i HT i HI i

95



EP 3 232 429 B1

96

| |
I | [
ﬁ\ |
\ | 5
o:\./LA i €
a:\/\/\ m _
SS\\/I\NM\ |
m x ‘
qL1
|l racirgs

1INJOHIO 4O LLE

@
—
v
«

14S



EP 3 232 429 B1

AA

O

97



EP 3 232 429 B1

6€ DI

St Sl Pl st

NELL gL — ol gL —" I mr\w\

\.\ PLL oy /\\ PLL oy /,\\ _2/_ oLy |

\ ) L y

o] —o | . _

M ‘ a a '

[ — m S

M_ e /m: L ﬂ ert| | S| Neyyi

qrl ll/-mr qLi Il./-mr oAkl HH/-? m

% : | : : : |
PPA. A - PPA /

() (Q) | (®)

98




EP 3 232 429 B1

10v<

0y Ol

oL

lllllll

--

\NF

(uioy —] 2
7 |
I I 9 ——= b
e T T
O_ST\\h \ .
e/l '
~ .
rmro¢\ asl o
[ o ' ;
I 5 |
¢ o
all 1 J
\t L o
act b = ~
eL1 3NIT TOYLNOD DNILHDIT LoV Bl

99



EP 3 232 429 B1

lllllllllllllll

B S 1 S 1 I

el Geen I U= T

m\gm w &Wﬁ T

N S s O S N RN S S 1 1 O U
Tl
Ly - L Ly \ _
Uil Qo= i g |

lllllllllllllll

llllllllllllll

7 P7E N7 o || [act
o I e \
e e e
o R s o T
”\%FWJM m _\mfwvl.ﬁ m _\m@FWTH ] oot TH | e
S = LU r e I s~ r....m.......u..“. o
se1 | Mg, a—

100

—cl




¢y Ol4

llllllllllllllllllllllllllllllll

act : ! acLl

EP 3 232 429 B1

" T N—
T 501 S _E\F_MM% # /

' 1N~ a6l

8l

101



EP 3 232 429 B1

Ev OI4

\ 4
]
-
g
-
-

S 7 Qi i g S QI

/ ast

°LL

BLL

102



EP 3 232 429 B1

PPA

vy OI4

103



EP 3 232 429 B1

¢} x JOVIIOA TVNINY3IL d3Lvd

Gy Ol4

| 13 x IDVLIOA SvIg ISHIATY |
00 2 GL 'L 0S

L

G¢

00’

OlLVY JDVLT10A TVNIWYAL

104



N 0O~ O Wun

9v Ol

(H) 3WLL ONILHOI
000F 00SE€ 000€ 00SC 000C O00ST 0001 00S 0.

105

EP 3 232 429 B1

(A) FOVLTIOA TVYNINYIL

4 ¥ IIdWVS
S ,.f}- e e e i

[ 2 e —i

. g TTANVS D

| [Ty

~i )
01 S iy G0
o\ /
11 .d/:V/ 9°0
4! Y I1dWVS f N L0
e
€1 80
b1, /%.o
01

Sl

OLLYYH JONVNINNT



EP 3 232 429 B1

Ly OI4

L

LLY

N

J W
%
ol

esp All

att

\ PPA
eLY

3INIT TOHINOD TVIINILOd JLVD €1+ 8L
AN SVIF ISHIATY 1LY

o
-

106



%
4
|
e
|

:
I
j
6
|

EP 3 232 429 B1

E}/m

’ i :
I Vo '
- L p
1 ] !
m T T :l [ '
' ' ) " )
o — . ;
ﬂu 1 ) " 3
o - n '
3 . r m
) I ;
WAy Lo ;
! 1
) ' 1 m "

ezt

el9

L
P, p

S
"1

Foakts CEEEE JROSE RN UNPUNNEDIDY PRI Houiy R

D
_- ._7/§o§-- :

~~d N

P S P N
P TN

-

N
[ O

N

=
&b
>

~
<t

r-~-=F<t-q-~---r~{~-----1-4--r---19--fp-r----

B e ] A

1
1
1
'
1
'
1
'
1
'
__,L"\~../
[ ]
rg
©
-~
i
'
1
[o2]
W
'\\_
L e T

R D e S
~
<

107



67 D14

EP 3 232 429 B1

il T N (6) 1 3N SV 3SHIATY
T e puan s e
Al T 2 (e)ers N Tvwals 3Lvd
ST e T e g 3 svie asuanay
bbbt R T LT (2)aL) 3N TYNDIS LYY
S e e e e ann vieis 2w
s R T M () 3N SV 3SUIATY
ittt e T () 3N vwels 1w
i - T P (e N TYNDIS 3LYD
R T | e |
S m~—.ﬁﬁ-~ 01| 6 SIpLiETITITor 618 L19]StvelTr]|o|siipijcT|eT

A

108



EP 3 232 429 B1

06 DI4

109



EP 3 232 429 B1

L e i e e i e T R T R SRSy

LLY m 3sA NW

/ m I IR /
art L T \ m
m \. | ol
mm:\UT \ n:m_|\_|Lw|..
or\,m O:Ml [ a1
! T\ e
= :
- esl

110



EP 3 232 429 B1

R A B R O S O S I T T S A R B R B B I B SRR
A R A I S O S N I A A O A A O B A A I B A

[ I D R R R T B ) -..-........._ | I R T N I I R R SRR JRNNE RN R T R | | I T I |

[ I D D IR R R B N | LU D R D N DY NN RN T T DR S R T | | U T AR N IO SR NN N N NN N NN S R | I T R ]

EERE R A A A A A B B AR
AR A A I S R O I B R A B I O R
betodedododobo b L L p bbb e e |
"vlmu..ml.ni.WEwlu.a“rl"lh"........"..n.. |._r|“.|.|_rnl".o.“.'....ﬁ|____ _M\/
messennul SRS IEEEEEE RN L yas 900 3NTTIVNDIS 3LYD
T R R R _IIIIII{\II
SRR RN SR RN R R R
bbbk b b R L
SRR R R R R R R R R : pr PN 01) 3N TYNDIS 3LYD
B B e e e e e AL S SR B B SR R RN
L S e Y3A
SRR R R R R R R R R R AR A R R R R RN RRRE

[huinlin il Ralh Al il ol ol LA LA RS SN A b EE X R R T p P-4~ 17
T T T T AT PA ey anm TYNDIS 31D
e e SR S AU S SRR A KRR

| N D R DR DY R R R 1 L I I R D D D D R D D B N B T | ___.__-.-._.. E I I B )

| DN N R DR Y SRR R T ] [ I D N S RN D [ T Y TR R TR T T | LI R D I R R DR Y DR R I R TR N | f I N B )
R R R A A A O B A O B A A
_rL.-L.-j-..-.rf-"---..-i-rr.[.:.-&.-ﬂ-.r_r.rL_L.-.-H-.rrL_L.L.-"-..-.r.I.L_-..-#.-_,-_I_L.-o
SEREERRRAREEEERERRRRERERE nany RRRRRRRRRERRNENE |
I"III]rI...r“IIIII N SRR I viva
[ I D R R D N DR R | hlJ.l-'l | I I R DR N B R D N I | Ihl.?l_ | I R R R TN R N R BN B | l"||"llhllulnv>
EEEEEEEE I::::mm:mA_E_v:mm:::: I

H A S B A B A S H A I S B B R aH
P AR N b
e (A o A A A A B A O O B RS

| S D D DU R R R B | { DN N R S R DR N D R A T R TR T | | I R DR S R R D R N RS N R R S | | I 2R T |
[8lc[ofslrlele]t[olsrprcii]ufors]s]e[o s r[e[e]v [o s pferfdfr o s e[ s s [e e[ 1 To [stprrferer

N

on
V

111



EP 3 232 429 B1

NO |11_" m No —— i m
" T : " A "
POl H POL ﬂ
440 440
440 |||“l_ i NO —————— "
LA " A "
o9 ,ﬂ o091 ﬁ
440 . 440
440
eLtL
NO

112



EP 3 232 429 B1

vG Ol

113



EP 3 232 429 B1

GG OI4

eLL

i
_ 440

| 8LL

e

IIIIIIIIII

| L1
J| A&

| 440

440

440

et

A

lllllllllllllll

NO

114



EP 3 232 429 B1

96014

&
T~

aND |
z9s f

[u]
-
-

(9)

PPA 61
PPA PPA

Q3LINOHIOLYOHS 141 40 (NIVHQ-30dN0S) dS 295
1INJdIO INNTOA JINOHLOITI 196

(Rele]

115



EP 3 232 429 B1

T3NVd AV1dSId
ONISVO

SAIM

VNN3LINY

e16—" |

(YLG)0G —

vLS
€LS
¢LS
LLS

LG —

9¢LG —

BCLG

LG O14

00—

116



EP 3 232 429 B1

86 OI4

VLS

L8

'

'

N

'
[ 7

[l

\\m

Vit

L8G

eLS

SNITXIANOO €86 ' goL
SN ONIAJINOVIN 285
ONIY 3031d3AT 18

//////////////////////w//////,,///////// |

117



EP 3 232 429 B1

66 OI4

N

€69 0S
v6S /
\
L6
e/S HOLIMS 166
NOILO3S IDVHOLS €66
SN31 DNILOOHS 26§
WNYOINd 165

[4s3e]

118



EP 3 232 429 B1

09°0I4

¢09

0S
109

.vmm///\
=

£09

265

HOLIMS H311NHS €09

NOILDO3S ONILOOHS ¢09

Adog

109

119



EP 3 232 429 B1

19014

4

v v6S

\

ON

J39W3N ONIXId v19
NOILHOd ONLLNNOW €19

SO3IT 219
JWVH4 Q3Llld 119

T.‘Il
05—

Zo\\\

vro\ll\i

azl9

ag 19

€19

120



EP 3 232 429 B1

¢9°Ol14

121



EP 3 232 429 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP HEI8234683 B [0006] * WO 9848403 A [0014]
 JPHEI11327637 B [0011] « EP 1130565 A [0015]

122



patsnap

LT RBFROF) EIE RER , BRI HEURelERESE
DN (E)S EP3232429B1 N (E)H 2018-11-14
HiES EP2017172364 HiEA 2002-09-06

FRIBBE(FEFROACF) BAXRENERL RERDERAF
BE(ERRN)AGE) JOLED INC.
HHBE (TR A(E) JOLED INC.

[FRIRBAA TAKAHARA HIROSHI
TSUGE HITOSHI

KA TAKAHARA, HIROSHI
TSUGE, HITOSHI

IPCH %S G09G3/30 G09G3/20 G09G3/3233 G09G3/3241 G09G3/325 G09G3/3258 G09G3/3266 G09G3/3275
G09G5/02 HO1L27/12 HO1L27/32 HO1L29/786 HO1L51/52 HO1L33/58 HO1L33/56 HO1L27/15

CPCH%S G09G3/3241 G09G3/325 G09G3/3266 G0O9GS5/02 G09G2300/0809 G09G2300/0814 G09G2300/0819
G09G2300/0842 G09G2300/0852 G09G2300/0861 G09G2310/0205 G09G2310/0218 G09G2310/0248
G09G2310/0251 G09G2310/0256 G09G2310/027 G09G2320/0247 G09G2320/0257 G09G2320/0261
G09G2320/043 G09G2320/06 G09G2320/0606 G09G2320/0626 HO1L27/3244 G09G3/2003 GO9G3
/2007 G09G3/32 G09G3/3233 G09G3/3258 G09G3/3275 G09G2300/0404 G09G2300/0413 G09G2310
/0289 G09G2310/08 G09G2320/0646 G09G2320/0653 HO1L27/124 HO1L27/1251 HO1L27/1255
HO1L27/127 HO1L27/156 HO1L27/3211 HO1L27/3216 HO1L27/3262 HO1L27/3265 HO1L29/78645
HO1L29/78672 HO1L33/56 HO1L33/58 HO1L51/525 HO1L51/5253 HO1L51/5259 HO1L51/5281 HO5K999
/99

R 2001271311 2001-09-07 JP
2001291598 2001-09-25 JP
2001347014 2001-11-13 JP
2002136117 2002-05-10 JP
PCT/JP2002/009111 2002-09-06 WO

H AN FF 3Tk EP3232429A1
INEREESE Espacenet
BE(R)

HERNZEL Y. BIREEE (14 ) BIEFRRESL (18 ) MELSEMH
(15) HMEB TR TREG&ESWERNER. ZRENRESL H
(18) FEEMFEBARIITRE/ME. FEREELSEH (15 ) MFRRIE
e (14) 2 BAHNSEEE (11d ) T4, FEELSEH (15 ) NAtL —in
BHN—MoBEFR. £R , E18E (15) NEZNEBEHN—Bo P KK, L
|

BRERALXBANELE REBSEELSEMS (15) , EETURNMTFHRIETH ’



https://share-analytics.zhihuiya.com/view/8d017d39-4c3d-4b2a-bd06-d14394b545dd
https://worldwide.espacenet.com/patent/search/family/027482539/publication/EP3232429B1?q=EP3232429B1

