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Description
TECHNICAL FIELD

[0001] The present invention relates to a display de-
vice to which a self-light emitting type display element is
applied and a driving method thereof.

BACKGROUND ART

[0002] In a driving method of a display device, there
are an active matrix drive and a passive matrix drive
mainly. A passive matrix drive has a structure that a dis-
play clement is sandwiched between electrodes ar-
ranged in matrix, which can be manufactured at low cost.
However, when one pixel is driven, other pixels cannot
be driven so that it is not good for a large-area or high-
definition display device. On the other hand, an active
matrix drive has an active element and a unit for holding
luminance data in each pixel, so that manufacturing cost
is higher than a passive matrix drive. However, while one
pixel is driven, other pixels can emit light holding lumi-
nance data. Therefore, an active matrix driving method
is used for most of large-area or high-definition display
devices.

[0003] An active matrix display device has a unit for
holding luminance data in each pixel as described above.
The display device can be classified by whether the lu-
minance data has a digital value or an analog value.
When the luminance data has a digital value, a light emit-
ting element has only a binary value of on or off, thereby
a display image has only two gray scales. A method of
expressing multi gray scale by displaying images of bi-
nary values quickly and repeatedly is widely used (time
gray scale method). In addition, when the luminance data
has an analog value, luminance of a display element can
be controlled with an intermediate value; therefore, atime
gray scale method is not always required in order to ex-
press a multi gray scale.

[0004] An active matrix drive display device with lumi-
nance data having an analog value is mainly, for exam-
ple, a liquid crystal display. A liquid crystal display has
been spread widely, but has problems such as unfitness
for displaying a moving image because of slow response
speed, and dependence on viewing angle. In addition, a
display element is not self-light emitting type; therefore,
a back light is required so that power consumption is
high. Therefore, development of a new display device
replacing a liquid crystal display is expected.

[0005] On the other hand, a display device of so-called
self-light emitting type, of which a pixel is formed of a
light emitting element such as a light emitting diode (LED)
attracts attention. As a light emitting element employed
for a self-light emitting type display device, an organic
light emitting diode (also called OLED (Organic Light
Emitting Diode), organic EL element, electrolumines-
cence (EL) element, and the like) attracts attention and
is becoming to be used for an EL display and the like.

10

15

20

25

30

35

40

45

50

55

Because a light emitting element such as an OLED is
self-light emitting type, a pixel has higher visibility, a back
lightis notrequired, and response speed is faster as com-
pared to a liquid crystal display. Therefore, an active ma-
trix drive display device which employs the organic EL
element as a display element has been developed ac-
tively.

[0006] Here, a description is made of an organic EL
element. Luminance of an organic EL element is deter-
mined by a flowing current value. This nature mainly
causes a problem of an organic EL element driven by an
active matrix drive. In other words, when a voltage of an
analog value is written to a luminance data holding unit
(e.g., a capacitor) of a pixel like a liquid crystal display,
an active element controlling a current flowing to a display
elementis controlled in an analog manner, unlike a liquid
crystal display in which a voltage applied to a display
element is controlled in an analog manner. The active
elementis provided in each EL element; therefore, a var-
iation in electrical characteristics of an active element in
each pixel directly causes a variation in luminance.
[0007] Accordingly, when a current drive type display
element such as an organic EL element is driven by an
active matrix drive by an analog value, it is important to
compensate a characteristic variation of an active ele-
ment which drives a display element. For the method
thereof for example, a current input type display element
is employed in which a structure of a pixel circuit is de-
vised.

[0008] In a current input type pixel circuit, an analog
currentis employed as luminance data inputted to a pixel.
Note that an analog current here refers a current output-
ted from a circuit which can control a current value by
multi-level. An analog current (also referred to as a data
current) made by such a peripheral driver circuit corre-
sponding to luminance of a display element is supplied
to an active element of each pixel, and a voltage applied
to the active element at that time is held. As a result, the
current value is held and may keep to be supplied to a
display element even after a supply of data current is
stopped. FIG. 8 shows an example of such a pixel circuit.
A circuit shown in FIG. 8 includes a first power supply
line ANODE, a second power supply line CATHODE, a
current source for supplying a data current Idata, a wire
DATA which the data current Idata flows, a display ele-
ment 10, a driving transistor Tr1, a capacitor Cs as a
luminance data holding unit, a switch Tr2 for connecting
and disconnecting between a gate electrode and a drain
electrode of the driving transistor Tr1 a switch Tr3 for
selecting a pixel in which the Idata is supplied to the driv-
ing transistor Tr1, and a switch Tr4 for connecting and
disconnecting between the display element 10 and the
drain electrode of the driving transistor Tr1.

[0009] The current input type pixel circuit can keep
supplying a data current as it is regardless of a charac-
teristic of an active element, thereby being suitable for
driving a current drive type display element by an active
matrix drive. However, when a current value of a display
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element is very small when driven display element such
as an organic EL element, there is a problem in that time
(also referred to as program time) for charging the ca-
pacitor Cs becomes very long since a data current cor-
responds one-to-one to a current value of the display
element 10 when driven in the circuit shown in FIG. 8.
[0010] Therefore, a current input type pixel circuit is
suggested in which a data current can be increased
against a current value when a display element is driven
by adding a capacitor in a pixel circuit (refer to Patent
Document 1).

[Patent Document 1]
Japanese Patent Laid-Open No. 2004-310006

US 2005/0068274 is concerned with the problem of in-
creasing the aperture ratio of an OLED pixel programmed
in current. An architecture of a pixel comprising a single
capacitor, storing both the threshold compensation and
the data voltage is disclosed.

US 2005/0190177 is concerned with the problem of re-
ducing the programming time in an OLED current pro-
grammed pixel. The pixel is programmed with large cur-
rents and then the brightness of the OLED pixels is re-
duced by PWM with an emission control transistor.

EP 1418 566 is concerned with the discharge of the par-
asitic capacitance of the light emitting element. Deterio-
ration in linearity of gradation control and deterioration in
light-emitting efficiency of the light emitting unit accom-
panied by applying reverse bias voltage can be compen-
sated.

DISCLOSURE OF INVENTION

[0011] As an example of a conventional pixel circuit, a
pixel circuit corresponding to FIG 5 of Patent Document
1 is shown in FIG 9 (Note that reference numerals are
changed from those in Patent Document 1). A circuit
structure of FIG 9 corresponds to a pixel circuit where a
capacitor Ct for holding a threshold value and a switch
Tr6 for connecting a capacitor, which are connected in
series, are added to the pixel circuit in FIG. 8.

[0012] In Patent Document 1, a threshold voltage of a
driving transistor Tr1 is held in a capacitor Ct for holding
a threshold value before a data current corresponding
voltage (also referred to as Vgs (data)) is held in a ca-
pacitor Cs for holding a threshold value, and Ct and Cs
are connected after holding Vgs (data) in Cs, thereby a
data current may be larger than a current value when a
display element is driven. In addition, the difference
thereof becomes larger as a capacitance value of Ct in
response to a capacitance value of Cs is larger. A pro-
gramtime may be shortened by increasing a data current.
Note that, a relationship of a current value (loled) when
a display element is driven and a data current (Idata) is
shown in equation 1.

[0013]
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[Formula 1]

2

. Cs ) x Idata

Ioled =} ————
((Ct +Cs)

[0014] Time to write a data current to one pixel is a
value obtained by dividing one flame period (about one-
60th second) by the number of scan lines, and the time
for a display device with 320 scan lines is about 50
second. On the other hand, it takes several ms to charge
parasitic capacitance of a data line enough when a dis-
play element (e.g. an EL element) has a drive current of
about several tens nA and a data current is also about
severaltens nA. Charging time is proportional to a current
value; therefore, by calculations, a data current need to
be about a hundred times as large as a current value
supplied to a display element in order to write a data
current to a pixel within several tens p seconds. That is,
in the case where a data current is written in the way
described in Patent Document 1, a capacitance value of
a threshold holding capacitor Ct is required to be about
tentimes as large as that of a Vgs (data) holding capacitor
Cs. Cs is required to have a certain amount of capaci-
tance in order to hold Vgs (data); therefore, an area of
Ct is required to be larger to increase a data current.
[0015] However, the proportion of the area of Ct to an
area of a pixel becomes larger as the area of Ct becomes
larger, and an area (referred to as aperture ratio) where
a light emitting area of a display element occupies in the
pixel area is decreased. If Ct is required to be about ten
times as large as Cs, a decrease in aperture ratio is a
serious problem. Luminance becomes lower because of
adecrease in aperture ratio even if the same voltage and
a current with the same current density as when the ap-
erture ratio is high, are supplied to a display element. To
get the same luminance, a higher voltage is required to
be applied to a display element so that a current with a
higher current density is supplied to a display element,
which causes higher power consumption. In addition,
there is a problem in reliability and lifetime of a display
element when a current with a higher current density is
supplied to a display element.

[0016] As described above, when program time is
shortened to be within normal program time by using the
pixel structure of Patent Document 1, Ct is required to
be larger; therefore, a decrease in aperture ratio of a pixel
is occurred. A decrease in aperture ration causes a prob-
lem such as luminance, power consumption, reliability,
and lifetime.

[0017] In view of the foregoing problems, the present
invention provides a current input type pixel circuit, which
has shorter program time and high aperture ratio of a
pixel.

[0018] In view of the forgoing subject in the invention,
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a display element functions as a capacitor. A threshold
voltage of a transistor, which drives a display element,
can be written to the capacitor. Therefore, the threshold
voltage of a transistor can be written without providing a
capacitor for holding a threshold value.

[0019] The invention is as defined in the claims.
[0020] A threshold holding capacitor Ct is replaced by
capacitance Cel of a display element; therefore, a data
current may be increased compared to a drive current of
the display element without providing Ct. In addition, an
aperture ratio can be increased because Ct is not pro-
vided in a pixel. When the aperture ratio is high, the ca-
pacitance Cel of the display element becomes large;
therefore, a data current may be further increased. In this
manner, anincrease in aperture ratioleads to anincrease
in data current, which generates a synergistic and signif-
icant effect.

BRIEF DESCRIPTION OF DRAWINGS
[0021]

FIG 1is a diagram showing a pixel circuit of a display
device of the invention.

FIG 2 is a diagram showing a driving method of a
pixel circuit of a display device of the invention.
FIG 3 is a diagram-showing a structure of a display
device of the invention.

FIGS. 4A and 4B are diagrams each showing a
shape of an electrode of a display device of the in-
vention.

FIG. 5 is a diagram showing a driving method of a
pixel circuit of a display device of the invention.
FIG. 6 is a diagram showing a driving method of a
pixel circuit of a display device of the invention.
FIG 7 is a diagram showing a pixel circuit of a display
device of the invention.

FIG 8 is a diagram showing a pixel circuit of a display
device.

FIG. 9is adiagram showing a pixel circuit of a display
device.

FIGS. 10Ato 10C are diagrams each showing aman-
ufacturing step of a display device of the invention.
FIGS. 11A to 11F are diagrams each showing an
electronic apparatus of the invention.

FIGS. 12A and 12B are diagrams each showing a
pixel of the invention.

FIGS. 13A and 13B are diagrams each showing a
pixel of the invention.

FIGS. 14A and 14B are diagrams each showing a
pixel of the invention.

FIGS. 15A to 15E are diagrams each showing struc-
tures of an EL element of the invention.

FIG 16 is a diagram showing a vapor deposition ap-
paratus for manufacturing a display element of the
invention.

FIG. 17 is a diagram showing a deposition process
chamber of a vapor deposition apparatus of the in-
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vention.
FIG. 18 is a diagram showing a pixel of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] Although the invention will be fully described by
way of embodiment modes with reference to the accom-
panying drawings, it is to be understood that various
changes and modifications will be apparent to those
skilled in the art. Therefore, unless such changes and
modifications depart from the scope of the invention, they
should be construed as being included therein.

[0023] Note that in the specification, a connection
means being electrically connected unless specifically
described. A disconnection means not being connected
and being electrically separated.

[Embodiment Mode 1]

[0024] In this embodiment mode, first, description is
made of a display device of the invention with reference
to FIG. 3. The display element of the invention includes
a data line driver circuit 302 as a peripheral driver circuit,
a scan line driver circuit 303, n data lines (X1 to Xn) (n
is an integer) driven by the data line driver circuit 302, m
scan lines (Y1 to Ym) (m is an integer) driven by the scan
line driver circuit 303, a plurality of pixel circuits 304 ar-
ranged in a position where the m scan lines (m is more
than one) and the n data lines cross, and a pixel portion
301 including the plurality of pixel circuits 304. A selection
signal is transmitted by the scan lines, and a data current
for showing an image signal flows through the data lines.
Note that although FIG. 3 shows a case where one pixel
circuit 304 is provided with one data line and one scan
line, the invention is not limited to this, and one pixel
circuit 304 may be provided with a plurality of scan lines
and datalines. As described above, the number of pixels,
to which a data current is written simultaneously, can be
increased, and writing time can be reduced. In addition,
the number of driver circuits is not limited in the invention,
and a plurality of data line driver circuits and scan line
driver circuits may be provided.

[0025] Next, description is made of a structure of the
pixel circuit 304 with reference to FIG. 1. The plurality of
pixel circuits 304 each include a first power supply line
ANODE, a second power supply line CATHODE, a data
line DATA for supplying a data current Idata, a display
element which also functions as a capacitor Cel, a switch
element Tr3 for selecting a pixel to which Idata is written,
a first transistor (also referred to as a driving transistor)
Tr1 which is connected to the display element in series
and controls a current flowing to the display element, a
capacitor Cs which is connected to a gate electrode of
the driving transistor Tr1 and holds a voltage between a
gate and a source (gate-source voltage) Vgs (data) high
enough to supply a current value of Idata when Idata is
supplied to the driving transistor Tr1, a switch element
Tr2 which connects or disconnects between the gate
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electrode and a drain electrode of the driving transistor
Tr1, a switch element Tr4 which is connected to the dis-
play element in series and connects or disconnects be-
tween the display element and the driving transistor Tr1,
a switch element Tr5 which connects and disconnects
between the capacitor Cs and the display element. A
circuit diagram shows a circuit including an EL element
20 provided as a display element, a light emitting diode
and a capacitor are provided; however, the EL element
functions both as a light emitting element and as a ca-
pacitor. The pixel circuit of the invention can store a
threshold voltage of the driving transistor Tr1 without pro-
viding a threshold holding capacitor Ct by using the ca-
pacitor Cel of the EL element. Note that in the pixel circuit
304, the display element can be driven by changing a
potential of the first power supply line ANODE and a po-
tential of the second power supply line CATHODE. In
addition, the second power supply line CATHODE, may
be connected to all pixel circuits in common.

[0026] An element of various modes may be employed
as an element which functions as a switch, such as an
electrical switch and a mechanical switch. That s, as long
as a flow of current can be controlled, it is not limited to
a specific form of a switch, and various elements may be
used. For example, a transistor, a diode (a PN diode, a
PIN diode, a Schottky diode, a diode-connected transis-
tor, or the like), or a logic circuit of a combination thereof
may be employed. When a transistor is used as a switch,
a thin film transistor (also referred to as TFT) may be
employed. A thin film transistor may also be employed
as a driving transistor. In the case where a transistor is
used as a switch, polarity (conductivity type) thereof may
be either p-channel or n-channel, and all transistors may
have the same polarity. Generally, a p-channel transistor
has high reliability, and an n-channel transistor has a
larger on current. Due to the aforementioned, either of
the polarity is selected. However, a transistor with a
smaller off current is preferably employed when it is pref-
erable that an off current is smaller. As for a transistor
with small off current, a transistor provided with an LDD
region, a transistor with a multi-gate structure, and the
like may be used. In addition, it is preferable to employ
an n-channel transistor when operating in a state where
a potential of a source terminal of the transistor, which
operates as a switch, is close to a low potential side power
source (Vss, GND, 0V, or the like), whereas it is prefer-
able to employ a p-channel transistor when operating in
a state where a potential of the source terminal of the
transistor is close to a high potential side power source
(Vdd or the like). This is because the transistor can be
easily operated as a switch since an absolute value of a
gate-source voltage thereof can be set large. Note that
a CMOS switch may also be applied by using both n-
channel and p-channel transistors. In the case where a
CMOS switch is employed, the switch can be operated
appropriately even when circumstances are changed in
such a manner that a voltage inputted through the switch
(in other words, a input voltage) is higher or lower than
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an output voltage.

[0027] However, polarity of the driving transistor Tr1,
which controls a current flowing to the EL element, is
decided by a potential of the first power supply line AN-
ODE which is connected to the driving transistor Tr1
when the EL element 20 emits light. For example, in the
case where an anode of the EL element 20 is connected
to the driving transistor Tr1 as shown in FIG 1, a current
passes through the first power supply line ANODE, the
driving transistor Tr1, and the EL element 20 in this order
when the EL element 20 emits light. At this time, the first
power supply line ANODE connected to the driving tran-
sistor Tr1 has the highest potential in this current path.
The driving transistor Tr1 is a p-channel transistor in the
case where the first power supply line ANODE has a high
potential, and the driving transistor Tr1 is an n-channel
transistor in the case where the first power supply line
ANODE has a low potential. This is because a current
value supplied to atransistor which operates in saturation
region changes depending on a gate-source voltage
thereof; therefore, it is easier to control a current value
when a source electrode is connected to a power supply
line if a current value is kept constant. Note that a source
electrode, which is one of source and drain electrodes,
is an electrode on a high potential side in the case of a
p-channel transistor, and an electrode on a low potential
side in the case of an n-channel transistor.

[0028] The polarity of the driving transistor Trl1 and
each switching transistor are not necessarily the same.
However, if the polarity of the transistors are all the same,
it is favorable for cost reduction because the number of
processes for manufacturing the transistors is reduced.
[0029] In addition, itis further favorable for cost reduc-
tion because an amorphous silicon TFT, which can be
manufactured with a large area and at low cost, can be
employed as the driving transistor Tr1 and each switch
element. In the case of using an amorphous silicon TFT,
polarity of transistors are preferably all n-channel type.
FIG 7 shows a pixel circuit using all n-channel transistors
in the pixel circuit in FIG 1.

[0030] Note thatin this embodiment mode, description
is made that the polarity of a switching transistor and a
driving transistor are all p-channel type.

[0031] Next, a driving method of the pixel circuit of this
embodiment mode shown in FIG 1 is described with ref-
erence to FIG 2. FIG 2 is a timing chart, which shows a
change of potential of the data line DATA, the second
power supply line CATHODE, each gate electrode of
switching transistors Tr2, Tr3, Tr4 and Tr5 with a hori-
zontal axis representing time.

[0032] Adrive of the display device of this embodiment
mode includes one frame period 201 having an initiali-
zation period 202, a threshold writing period 203, an ad-
dress period 204, and a light emitting period 205 with the
one frame period 201 as one unit. Here, the initialization
period 202 is a period in which a threshold writing oper-
ation is performed appropriately in the threshold writing
period 203. The threshold writing period 203 is a period
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for writing a threshold voltage of the driving transistor Tr1
to the capacitor Cel of the EL element 20. The address
period 204 is a period for writing a data current to all
pixels. Note that by connecting the capacitor Cel of the
EL element 20 to which the threshold voltage of the driv-
ing transistor Tr1 is written, to the capacitor Cs to which
a voltage Vgs (data) between a gate and source of the
driving transistor Tr1 (referred to as a gate-source volt-
age) is written corresponding to an data current Idata and
dividing a charge therebetween, a data current can be
written to a pixel with a large data current. The light emit-
ting period 205 is a period in which the EL element 20
emits light in accordance with the data current written in
the address period 204.

[0033] First, a potential of each signal line is described.
A potential of the data line DATA may be lower than that
ofthefirst power supply line ANODE by an absolute value
of the threshold voltage of the driving transistor Tr1 in
the initialization period 202. If this condition is not satis-
fied, the driving transistor Tr1 is not turned on because
the gate-source voltage thereof does not become equal
to or higher than the threshold voltage in the threshold
writing period 203, and the threshold voltage cannot be
written because a current does not flow to the capacitor
Cel of the EL element 20. Note that in the case of using
an n-channel transistor as the driving transistor Tr1 the
potential of the data line DATA in the initialization period
202 may be equal to or higher than that of the first power
supply line ANODE by the absolute value of the threshold
voltage of the driving transistor Tr1.

[0034] In the address period 204, the potential of the
data line DATA is decided by a current value generated
in a peripheral driver circuit in accordance with luminance
data from image data and by an electrical characteristic
of the driving transistor Tr1 That is, a potential of the data
line DATA is different from time to time; therefore, a value
is not decided in FIG. 2. In addition, a potential of the
data line DATA in the light emitting period 205 is arbitrary
because a state of the EL element 20 is not affected.
That is, it may be only in the initialization period 202 that
an electrical state of the data line DATA is decided by a
potential.

[0035] In the initialization period 202, the threshold
writing period 203, and the address period 204, a poten-
tial of the second power supply line CATHODE may be
high, and the same or almost the same as that of the first
power supply line ANODE thereof. In the light emitting
period 205, the potential of the second power supply line
CATHODE is low and lower than that of the first power
supply line ANODE thereof, and may be a potential which
makes the driving transistor Tr1 operate in a saturation
region when the switch Tr4 is turned on.

[0036] Although a potential of the first power supply
line ANODE is not shown in FIG 2, it is preferable to have
a certain potential in view of reducing power consumption
and noise.

[0037] Concerning a potential of a signal inputted to
the switching transistors Tr2, Tr3, Tr4, and Tr5, it may
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be a potential (a potential operating in a saturation region)
at which a switch element is sufficiently turned on or off.
It is preferable that an amplitude of a signal inputted to
the gate electrode is smaller to such a degree that a func-
tion as a switch is not damaged in view of reducing power
consumption and noise.

[0038] A pixel in FIG 1 is operated by an input signal
shown in the timing chart of FIG. 2 as described below.
First, a light emitting period 205A of a former frame is
shifted to the initialization period 202 of a concerned
frame. Atthattime, a potential of the second power supply
line CATHODE israised up to a potential of the first power
supply line ANODE. In addition, almost simultaneously,
a switch element is changed so that a point A, the data
line DATA, the gate electrode and drain electrode of the
driving transistor Tr1 are electrically connected, and a
potential of the data line DATA is set lower than the po-
tential of the first power supply line ANODE by an abso-
lute value of the threshold voltage of the driving transistor
Tr1. A condition of each switch element is arbitrary in
order to realize this state, and as shown by the initializa-
tion period 202 in FIG 2, for example, the switch elements
Tr2, Tr3and Tr5 may be turned on and Tr4 may be turned
off. In realizing such a state, a potential of the point A,
the gate electrode and drain electrode of the driving tran-
sistor Tr1 are initialized to a value lower than the potential
of the first power supply line ANODE by the absolute
value of the threshold voltage of the driving transistor Tr1.
[0039] Note thatthe potential of the second power sup-
ply line CATHODE is lower than that of the point A (also
referred to as reverse bias) in the initialization period 202;
therefore, a forward current is not applied to the EL ele-
ment 20, which emits no light. In addition, the EL element
20 can obtain a longer lifetime and higher reliability by
applying a reverse bias voltage.

[0040] By applying the reverse bias voltage to the EL
element 20, a defect and reliability of the EL element 20
can be improved. The EL element 20 sometimes causes
an initial defect of a short circuit between an anode and
a cathode owing to adhesion of foreign materials, a pin-
hole caused by a minor protrusion of the anode or the
cathode, or heterogeneity of deposition of an electrolu-
minescent material. When such an initial defect occurs,
lighting and non-lighting are not performed in accordance
with a signal, and most current flows to a short-circuited
clement. As aresult, display of an image is not performed
well. The defect may also happen in an arbitrary pixel.
[0041] Consequently, when the reverse bias voltage
is applied to the EL element 20 as in this embodiment
mode, a local current is supplied to a short-circuited part,
and the short-circuited part produces heat and can be
oxidized or carbonized. Therefore, the short-circuited
part can be insulated, a current is supplied to a region
except the short-circuited part, and thereby the EL ele-
ment 20 can be operated normally. As described above,
if the initial defect occurs, it can be resolved by applying
the reverse bias voltage. Note that such a short-circuited
part can be insulated before shipment. For example, the
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switch elements Tr3 and Tr4 of all pixels are turned on,
and the potential of the data line DATA is made lower
than the potential of the second power supply line CATH-
ODE; therefore, the reverse bias can be applied before
shipment.

[0042] A shortcircuitbetween an anode and a cathode
may occur as time passes in addition to an initial defect.
Such a defect is also called a progressive defect. By ap-
plying the reverse bias voltage to the EL element 20 as
in this embodiment mode, the progressive defect can be
resolved if it occur, and the EL element 20 can be oper-
ated normally.

[0043] In addition, image burn-in can be prevented by
applying the reverse bias voltage. The image burn-in oc-
curs in accordance with a deterioration state of the EL
element 20. The deterioration state can be decreased by
applying the reverse bias voltage; therefore, the image
burn-in can be prevented.

[0044] Generally, the deterioration of the EL element
20 progresses in an early stage, and a proceeding of
deterioration is lessened as time passes. That is, the EL
element 20 which is once deteriorated is less likely to be
further deteriorated. As a result, the deterioration state
of the EL element 20 varies. For resolving this, all the EL
elements 20 may emit light before shipment or when an
image is not displayed. At this time, deterioration can be
caused even in an element which is not deteriorated, and
the deterioration state of all the EL element 20 can be
averaged.

[0045] Note that a timing for raising the potential of the
second power supply line CATHODE and a timing for
changing each switch element may be whether each
switch element is switched after the potential of the sec-
ond power supply line CATHODE is raised, or each
switch element is switched before the potential of the
second power supply line CATHODE is raised so as not
to change the potential of the point A alot. This is because
time for stabilizing the potential is considered since par-
asitic capacitance connected to the second power supply
line CATHODE is large. Note that an object of providing
the initialization period 202 is to certainly carry out an
threshold writing operation in the threshold writing period
203 described below, thus it is not always required to
provide the initialization period 202 if the threshold writing
operationis certainly carried out. However, itis preferable
that the initialization period 202 is provided for certainly
performing the threshold writing operation because the
potential of the point A is changed as the potential of the
second power supply line CATHODE is raised. In this
embodiment mode, although description is made of the
case where the data line DATA is employed for initiali-
zation, another wire such as an exclusive power supply
line or a scan line may be employed for initialization in-
stead of the data line DATA.

[0046] Next, after the potential of the point A is set low-
er than the potential of the first power supply line ANODE
by the absolute value of the threshold voltage of the driv-
ing transistor Tr1, a period is shifted to a period (corre-
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sponding to the threshold writing period 203) for changing
a voltage, which is supplied to both ends of electrodes
of the capacitor Cel, into the threshold voltage of the driv-
ing transistor Tr1. At this time, a switch element is
switched so that the point A, the gate electrode and the
drain electrode of the driving transistor Tr1 are electrically
connected and become a floating state. A condition of
each switch element for realizing this state is arbitrary.
For example, the switch elements Tr2 and Tr5 are turned
on, and the switch elements Tr3 and Tr4 are turned off
as shown in the threshold writing period 203 of FIG 2. By
realizing such a state, a current flows to the capacitor Cs
from the first power supply line ANODE through the driv-
ing transistor Tr1. The driving transistor Tr1 is turned off
and a current stops flowing when the gate-source voltage
of the driving transistor Tr1 becomes the threshold volt-
age thereof.

[0047] Atthis time, the point A, the gate electrode and
drain electrode of the driving transistor Tr1 are electrically
connected; therefore, the potential of the point A is lower
than the potential of the first power supply line ANODE
by the absolute value of the threshold voltage of the driv-
ing transistor Tr1. The voltage applying to the both elec-
trodes of the capacitor Cs at this time becomes the
threshold voltage of the driving transistor Tr1. On the
other hand, the potential of the point A is lower than the
potential of the first power supply line ANODE by the
absolute value of the threshold voltage of the driving tran-
sistor Tr1 regardless of the potential of the second power
supply line CATHODE; therefore, the voltage applying
to the both electrodes of the capacitor Cel becomes the
threshold voltage of the driving transistor Tr1 in the case
where the potential of the second power supply line
CATHODE is the same or almost the same as the po-
tential of the first power supply line ANODE. In addition,
it is preferable not to change the potential of the second
power supply line CATHODE from that in the initialization
period 202 because the potential of the point A also
changes as the potential of the second power supply line
CATHODE changes.

[0048] Next, a period is shifted to the address period
204 including a period for writing a data current by each
scan line. In the address period 204, a period before se-
lecting the pixelis called a pre-writing period 206, a period
forwriting a data currentto the pixelis called a data writing
period 207, a period for rewriting a voltage applied to the
capacitor Cs of the pixel by a voltage held in the capac-
itance Celis called a Cs rewriting period 208, and a period
after the Cs rewriting period 208 is over is called a post-
rewriting period 209. In the pixel circuit of the invention,
the capacitance Cel of the EL element 20 is applied with-
out providing the threshold holding capacitor Ct, and the
Cs rewriting period 208 is provided for rewriting the volt-
age applied to the capacitor Cs of the pixel by the voltage
holding to the capacitance Cel. Note that as a data current
is written to each pixel connected to each scan line (Y1
to Ym), a timing and length of each period in the address
period 204 shown in FIG 2 are one example. A timing for
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the data writing period 207, and a length of the pre-writing
period 206 and a length of the post-rewriting period 209
are different depending on each pixel connected to each
scan line (Y1to Ym). Note that in the address period 204,
as the potential of the second power supply line CATH-
ODE, the potential of the point A is also changed; there-
fore, an accurate gate-source voltage of the driving tran-
sistor Tr1 cannot be obtained in the Cs rewriting period
208, and it is preferable that the potential of the second
power supply line CATHODE is not changed from that in
the initialization period 202 and the threshold writing pe-
riod 203.

[0049] In the pre-writing period 206, the point A sets
to be a floating state so that the threshold voltage of the
driving transistor Tr1 obtained in the aforementioned
threshold writing period 203 is held in the capacitor Cel.
Each element except for a switch element in the pixel (in
particular, the capacitor Cs, the driving transistor Tr1,
and the EL element 20) and the data line DATA are set
not to be electrically connected so as not to prevent writ-
ing to a pixel connected to a selected scan line other than
ascan line connected to the concerned pixel. A condition
of each switch element for realizing such a state is arbi-
trary, and for example, the switch elements Tr2, Tr3, Tr4
and Tr5 are turned off as shown in the pre-writing period
206 of FIG. 2.

[0050] In the data writing period 207, the point A sets
to be a floating state so that the capacitor Cel holds the
threshold voltage of the driving transistor Tr1 obtained in
the aforementioned threshold writing period 203. The da-
taline DATA and the gate and the drain electrodes of the
driving transistor Tr1 are electrically connected to each
other, which are prevented from being electrically con-
nected to the other elements except for a switch element.
A condition of each switch element for realizing such a
state is arbitrary, and for example, the switch elements
Tr2 and Tr3 are turned on, and the switch elements Tr4
and Tr5 are turned off as shown in the threshold writing
period 203 of FIG. 2. By realizing such a state, the data
current Idata flows to the driving transistor Tr1, and the
gate-source voltage (Vgs (data)), which is high enough
for the driving transistor Tr1 to supply the data current
Idata, is supplied to the capacitor Cs.

[0051] Inthe Cs rewriting period 208, the capacitor Cel
which holds the threshold voltage of the driving transistor
Tr1 obtained in the aforementioned threshold writing pe-
riod 203 is electrically connected to the capacitor Cs
which holds the gate-source voltage high enough for the
driving transistor Tr1 to supply the data current Idata, and
the point A is prevented from being electrically connected
to the other elements except for a switch element (except
for the gate electrode of the driving transistor Tr1). A con-
dition of each switch element for realizing such a state
is that, for example, the switch elements Tr2, Tr3 and
Tr4 are turned off, and the switch element Tr5 is turned
on as shown in the Cs rewriting period 208 of FIG 2. By
realizing such a state, the gate-source voltage (also re-
ferred to as Vgs (oled)), which is high enough to supply
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a current loled satisfying Formula 2, is supplied to the
capacitor Cs. The current loled is described by the fol-
lowing formula.

[0052]
[Formula 2}
2
loled = ——g'f-—— x Idata
(Cel +Cs)
[0053] In the post-rewriting period 209, the gate elec-

trode of the driving transistor Tr1 is set to be a floating
state so that the voltage Vgs (oled) applied to the capac-
itor Cs in the Cs rewriting period 208 can be held, and
each element except for a switch element in the pixel (in
particular, the capacitor Cs, the driving transistor Tr1,
and the EL element 20) and the data line DATA are set
not to be electrically connected so as not to prevent writ-
ing to a pixel connected to a selected scan line other than
a scan line connected to the pixel. A condition of each
switch element for realizing such a state is arbitrary, and
for example, the switch elements Tr2, Tr3, Tr4 and Tr5
are turned off as shown in the post-rewriting period 209
of FIG. 2.

[0054] As described above, inthe address period 204,
a gate-source voltage, which is high enough to supply a
current loled corresponding to each luminance, is written
to the capacitor Csin all pixels by writing data sequentially
to each scan line (Y1 to Ym). Then, the voltage is shifted
in the next one frame period 201 and held in the capacitor
Cs. Note that description of the number to divide the ad-
dress period 204 in FIG 2 is one example, and this em-
bodiment mode is not limited to this. For example, the
number to divide the address period 204 is the same or
the almost same as the number of the scan lines. In ad-
dition, a plurality of scan lines may be driven using a
plurality of the data line driver circuits 302 in order to
shorten the address period 204. In the case where two
scan lines are driven by using two data line driver circuits
302, forexample, the number to divide the address period
204 is half the number of the scan lines.

[0055] Next, a period is shifted to the light emitting pe-
riod 205, in which the EL element 20 emits light in ac-
cordance with the gate-source voltage Vgs (oled) of the
driving transistor Tr1 held in the aforementioned address
period 204. At this time, the driving transistor Tr1 and the
EL element 20 are connected in series, and the gate-
source voltage Vgs (oled) of the driving transistor Tr1
holding in the aforementioned address period 204 is held;
therefore, the gate electrode of the driving transistor Tr1
is set to be a floating state, and an element except for
each switch elementin each pixel and the data line DATA
are set not to be electrically connected. A condition of
each switch element is that, for example, the switch el-
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ement Tr4 is turned on, and the switch elements Tr2, Tr3,
and Tr5 are turned off as shown in the light emitting period
205 of FIG. 2. By realizing such a state, the current loled
satisfying Formula 2 flows to the driving transistor Tr1
and the EL element 20, and the EL element 20 emits light
at luminance in accordance with the data current Idata.
[0056] Asthe pixel circuit and the driving method there-
of in this embodiment mode, the threshold holding ca-
pacitor Ct is replaced by the capacitance Cel of an EL
element. As a result, a data current can be increased in
response to a drive current of the EL element without
providing Ct. This may be also understood from a com-
parison of the pixel circuit and the driving method thereof
in this embodiment mode with a conventional pixel circuit
shown in FIG. 9 and Formula 1, which expresses a cur-
rent flowing to the EL element 20.

[0057] Inthis embodiment mode, an aperture ratio can
be increased because Ct is not provided in a pixel. The
increase in aperture ratio leads to an increase in the ca-
pacitance Cel of an EL element; therefore, a data current
can be further increased. In this manner, the increase in
aperture ratio leads to the increase in data current, which
generates a synergistic and significant effect.

[Embodiment Mode 2]

[0058] Next, description is made of a second mode of
a display device of the invention with reference to FIGS.
4A, 4B, and 5.

[0059] A pixel circuit in this embodiment mode may be
applied to FIG. 1 explained in Embodiment Mode 1. Note
that in this embodiment mode a manufacturing method
of the second power supply line CATHODE is different
from the mode explained in Embodiment Mode 1, which
can generate a particular effect. Description is made of
a mode of the second power supply line CATHODE with
reference to FIGS. 4A and 4B.

[0060] FIG4Ais aschematic view of the second power
supply line CATHODE in the display device explained in
the aforementioned Embodiment Mode 1. The second
power supply line CATHODE in FIG 4A has a mode of
being connected to all pixel circuits in common as already
described in Embodiment Mode 1. A pixel portion 301 is
formed over a substrate 401, over which an EL element
is formed as a display element, over which a contact re-
gion 402 with a lower electrode is formed, over which the
second power supply line CATHODE is formed over a
whole area by vapor deposition, which can be directly
applied to a common electrode.

[0061] Note thatin the case of using an EL element as
a display element, the second power supply line CATH-
ODE may be processed in shape by photolithography;
however, itis considered that a damage to an EL element
by the process is large. In the case where the second
power supply line CATHODE is formed by vapor depo-
sition using a vapor-deposition mask, the second power
supply line CATHODE can be processed in shape with-
out giving great damage to the EL element. In this em-
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bodiment mode, description is made of the case where
the second power supply line CATHODE is processed
in shape in parallel to scan lines (Y1 to Ym) represented
by an arrow shown in FIG. 4B. Note that it is preferable
that the number of dividing the second power supply line
CATHODE by processing shape is the same as the
number of scan lines, which is one line per one pixel row
which is in parallel with the scan line. However, the
number of partitions itself is arbitrary, and the number of
the second power supply line CATHODE to be processed
may be freely decided.

[0062] As the region 402 in contact with the second
power supply line, it is preferable that the second power
supply line CATHODE is controlled individually in a circuit
connected to the second power supply line CATHODE
or to the lower electrode.

[0063] Description is made of a driving method with
reference to FIG. 5, which is an operation of the pixel
circuit 304 in this embodiment mode and can be realized
by making the second power supply line CATHODE pe-
culiar to each scan line. FIG. 5 shows a timing chart of a
concerned line and a timing chart of a next line. A line
means a pixel group connected to the same scan line.
[0064] In this embodiment mode, a structure of the pix-
el circuit 304 can employ to that of FIG 1 as in Embodi-
ment Mode 1.

[0065] FIG 5 is a timing chart, which shows a change
of potential of the data line DATA, the second power sup-
ply line CATHODE, each gate electrode of the switching
transistors Tr2, Tr3, Tr4 and Tr5 with a horizontal axis
representing time. In a drive of the display device of this
embodiment mode, one frame 201 includes a one scan
line writing period 501 and a light emitting period 205 as
one unit. The one scan line writing period 501 includes
a initialization period 202, a threshold writing period 203,
a data writing period 207, a Cs rewriting period 208.
[0066] Whenthe concerned line finishes light emission
in a former frame and shifts to the one scan line writing
period 501, the line is rewritten from Vgs of a former line
to a Vgs (oled) of a concerned line, which corresponds
to adata current through a state of the initialization period
202, the threshold writing period 203, the data writing
period 207 and the Cs rewriting period 208, and may be
shifted to a light emitting state again.

[0067] Here, description of each state in detail is omit-
ted as is already described in Embodiment Mode 1. How-
ever, an input signal to the data line DATA is different
from that of Embodiment Mode 1 and is required to be a
lower value than the first power supply line ANODE by
the absolute value of the threshold voltage of the driving
transistor Tr1 so as to be initialized individually by each
line before writing data to each line. Note that in FIG 5
the initialization period 202 is just before the threshold
writing period 203, however it is not required to be just
before the threshold writing period 203 particularly, and
initialization may be performed before the threshold writ-
ing period 203. For example, the concerned line can be
initialized when the data line DATA has a lower value
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than the first power supply line ANODE by the absolute
value of the threshold voltage of the driving transistor Tr1
intwo lines before the concerned lines. After initialization,
Tr3 is turned off, and the threshold voltage is written to
the capacitor Cel of an EL element. Then data writing or
the like are performed in a selecting period. In performing
as described above, the threshold writing period 203 can
be set long enough.

[0068] Note that although a length of a horizontal axis
shown in FIG 5 is almost equally spaced, this embodi-
ment mode is not limited to this, and a length of each
period may be decided appropriately as needed.
[0069] A driving method of this embodiment mode
shown in FIG 5 is characterized by forming the second
power supply line CATHODE in parallel with the scan
lines. In the case where the second power supply line
CATHODE of the concerned line is changed in order to
be written to the concerned line, an operation of the lines
other than the concerned line is not effected. Therefore,
the other lines may continue to emit light with Vgs (oled)
being held in accordance with the data current of a former
line, while the concerned line is selected and the data
current is written thereto. That is, a ratio (duty ratio) of
light emitting period within the one frame period 201 is
substantially improved. When the duty ratio is high, even
momentary luminance of a light emitting element is small-
er than that with smaller duty ratio, it is recognized as the
same luminance. Therefore, in addition to the effects in
Embodiment Mode 1, a driving voltage can be smaller,
power consumption can be reduced, and reliability can
be improved.

[Embodiment Mode 3]

[0070] Next, description is made of a third mode of a
display device of the invention with reference to FIG. 6.
In this embodiment mode, a driving method of the display
device by alternating a First power supply line ANODE
is described. In this embodiment mode, a second power
supply line CATHODE may be connected to all pixels in
common, which is described in this embodiment mode.
However, the second power supply line CATHODE may
be processed in shape in this embodiment mode.
[0071] In FIG. 6, an input signal is described in the
case where the display device of the invention is driven
by alternating the first power supply line ANODE with
polarity of all transistors being p-channel. One frame in-
cludes the initialization period 202, the threshold writing
period 203, the address period 204, the light emitting
period 205, which is the same as the drive shown in Em-
bodiment Mode 1, and a performance of circuits in each
period is almost the same as well. Therefore, in this em-
bodiment mode, description is mainly made of different
points from Embodiment Mode 1.

[0072] First, a potential of each signal line is described.
Inthe initialization period 202, the threshold writing period
203, and the address period 204, a potential of the first
power supply line ANODE may be low and be the same
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or almost the same as a potential of the second power
supply line CATHODE. In the light emitting period 205,
a potential of the first power supply line ANODE may be
high and higher than a potential of the second power
supply line CATHODE atthattime, and may be a potential
atwhich the driving transistor Tr1 operates in a saturation
region when the switch element Tr4 is turned on.
[0073] A potential of the second power supply line
CATHODE is not shown in FIG. 6; however, it is prefer-
able to be a constant potential in view of reducing power
consumption and noise.

[0074] A potential of a data line DATA in the initializa-
tion period 202 may be lower than a potential of the first
power supply line ANODE by an absolute value of a
threshold voltage of the driving transistor Tr1. If this con-
dition is not satisfied, the driving transistor Tr1 is not
turned on because a gate-source voltage thereof is not
more than the threshold voltage in the threshold writing
period 203, and the threshold voltage cannot be written
to the EL element 20 because a current does not flow to
the capacitor Cel of the EL element 20. Note that in the
case of using an n-channel transistor as the driving tran-
sistor Tr1, the potential of the data line DATA in the ini-
tialization period 202 may be equal to or higher than that
of the first power supply line ANODE by the absolute
value of the threshold transistor of the driving transistor
Tr1.

[0075] A potential of the data line DATA in the address
period 204 is decided by a value of a data current gen-
erated in a peripheral driver circuit in accordance with
luminance data from image data and by an electrical
characteristic of the driving transistor Tr1. That is, a po-
tential of the data line DATA is different from time to time,
so that a value is not decided in FIG 6. In addition, a
potential of the data line DATA in the light emitting period
205 is arbitrary because a state of the EL element 20 is
not affected. That is, it may be only in the initialization
period 202 that an electrical state of the data line DATA
is decided by a potential.

[0076] A potential of a signal inputted to the switching
transistors Tr2, Tr3, Tr4 and Tr5 may be a potential (po-
tential operating in a linear region) at which the switch
element is sufficiently turned on or off. An amplitude of
a signal inputted to a gate electrode is preferably smaller
to such a degree that a function as a switch is not dam-
aged in view of reducing power consumption and noise.
[0077] In this embodiment mode, a different part of an
operation from that in Embodiment Mode 1 is that the
potential of the second power supply line CATHODE is
not changed and the potential of the first power supply
line ANODE is changed so as to be equal to the potential
of the second power supply line CATHODE. There are
the following three differences in specific. First, when the
light emitting period 205 is shifted to the initialization pe-
riod 202, the potential of the first power supply line AN-
ODE is lowered. Second, when the address period 204
is shifted to the light emitting period 205, the potential of
the first power supply line ANODE is raised. And third,
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inthe initialization period 202, the threshold writing period
203, and the address period 204, the potential of the first
power supply line ANODE is set to be the same or almost
the same as the potential of the second power supply
line CATHODE, of which potential is low. However, the
third difference described above does not affect to a cir-
cuit operation; therefore, the circuit operations in this em-
bodiment mode and Embodiment Mode 1 are not differ-
ent. Therefore, description of the circuit operation is omit-
ted since it is the same as that in Embodiment Mode 1.
[0078] Description is made of the operation on a first
point at which the potential of the first power supply line
ANODE is lowered when a light emitting period 205A of
a former frame is shifted to the initialization period 202
of the concerned frame. When the light emitting period
205A of the former frame is shifted to the initialization
period 202 of the concerned frame, the switch elements
Tr2, Tr3 and Tr5 which are off are turned on, and Tr4
which is on is turned off. And almost simultaneously, the
potential of the first power supply line ANODE is lowered
so as to be almost equal to the potential of the second
power supply line CATHODE, and the potential of the
data line DATA is lowered than the lower potential (Low
state) of the first power supply line ANODE by the abso-
lute value of the threshold voltage of the driving transistor
Tr1. In Embodiment Mode 1, the potential of the data line
DATA in initialization is lowered than the high potential
(High state) of the second power supply line CATHODE
by the absolute value of the threshold voltage of the driv-
ing transistor Tr1, which is different from this embodiment
mode. Note that in the case where the driving transistor
Tr1 is an n-channel transistor, the potential of the data
line DATA is raised than the lower potential of the first
power supply line ANODE by the absolute value of the
threshold voltage of the driving transistor Tr1 in this em-
bodiment mode. In Embodiment Mode 1, in the case
where the driving transistor Tr1 is an n-channel transistor,
the potential of the data line DATA is raised than the
higher potential of the second. power supply line CATH-
ODE by the absolute value of the threshold voltage of
the driving transistor Tr1, which is different from this em-
bodiment mode.

[0079] Description is made of the operation on a sec-
ond point at which the potential of the first power supply
line ANODE is raised when the address period 204 is
shifted to the light emitting period 205. When the address
period 204 is shifted to the light emitting period 205, the
switch elements Tr2 and Tr3 remain to be off, Tr4 which
is on is turned off, and Tr5 remains to be off or is turned
off. After the switch element Tr5 is accurately turned off
so that one electrode of the capacitor Cs is in a floating
state, the potential of the first power supply line ANODE
is raised to be a higher potential. If the switch element
Tr5 is not accurately turned off and one electrode of the
capacitor Cs is not in a floating state, a voltage cannot
be held in the capacitor Cs when the potential of the first
power supply line ANODE is raised, which is the same
as Embodiment Mode 1.
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[0080] In this embodiment mode, advantages are de-
scribed below in the case where the display device of the
invention is driven by alternating a potential of the first
power supply line ANODE. First, power consumption in
driving can be reduced because the second power supply
line CATHODE connected to large capacitance is not
changed. In addition, it is easy to process to drive each
scan line independently because the first power supply
line ANODE can be formed on a substrate side. That is,
a drive with a high duty ratio can be realized without add-
ing a step such as mask deposition in manufacturing.

[comparative example 1

[0081] FIG 12A shows a layout example of an element
in a pixel including two TFTs per one pixel. FIG. 12B
shows a cross sectional view taken along a line X-X'
shown in FIG 12A.

[0082] A pixel as shownin FIG. 12A may include a first
TFT 1205, afirst wire 1206, a second wire 1207, a second
TFT 1208, a third wire 1211, an opposite electrode 1212,
a capacitor 1213, a pixel electrode 1215, a partition wall
1216, an organic conductive film 1217, an organic thin
film 1218, and a substrate 1219. Note that it is preferable
that the first TFT 1205 functions as a switching TFT, the
first wire 1206 functions as a gate signal line, the second
wire 1207 functions as a source signal line, the second
TFT 1208 functions as a driving TFT, and the third wire
1211 functions as a power supply line.

[0083] As shown in FIG. 12A, it is preferable that a
gate electrode of the first TFT 1205 is electrically con-
nected to the first wire 1206, one of source and drain
electrodes of the first TFT 1205 is electrically connected
to the second wire 1207, and the other of the source and
drain electrodes thereofis electrically connected to agate
electrode of the second TFT 1208 and one electrode of
the capacitor 1213. Note that the gate electrode of the
first TFT 1205 may include a plurality of gate electrodes
as shown in FIG. 12A. As a result, a leakage current in
an off state of the first TFT 1205 can be reduced.
[0084] In addition, it is preferable that one of source
and drain electrodes of the second TFT 1208 is electri-
cally connected to the third wire 1211, and the other of
the source and drain electrodes of the second TFT 1208
is electrically connected to the pixel electrode 1215. As
aresult, a current flowing to the pixel electrode 1215 can
be controlled by the second TFT 1208.

[0085] The organic conductive film 1217 may be
formed over the pixel electrode 1215, over which the or-
ganic thin film (organic compound layer) 1218 may be
formed. The opposite electrode 1212 may be formed over
the organic thin film (organic compound layer) 1218. Note
that the opposite electrode 1212 may be formed so as
to be connected to all pixels in common and may be pat-
terned using a shadow mask or the like.

[0086] Light from the organic thin film (organic com-
pound layer) 1218 is transmitted through one of the pixel
electrode 1215 and the opposite electrode 1212 to be



21 EP 1932 136 B1 22

emitted. At this time, in FIG. 12B, in the case where light
is emitted to the pixel electrode side, namely a side where
a TFT and the like are formed, the pixel electrode 1215
is preferably formed of a light transmissive conductive
film. In the case where light is emitted to the opposite
electrode side, the opposite electrode 1212 is preferably
formed of a light transmissive conductive film.

[0087] In addition, as a light emitting device for color
display, an EL element which has each light emission
color of R, G or B may be separately deposited, or light
emission of RGB may be obtained through a color filter.
[0088] Note that the structures shown in FIGS. 12A
and 12B are only examples, and a pixel layout, a cross
sectional structure, a stacking order of electrodes of an
EL element, and the like may have various structures
other than those shown in FIGS. 12A and 12B. As for a
lightemitting layer, various elements such as a crystalline
element, for example an LED, or an element including
an inorganic thin film may be employed other than an
element including an organic thin film shown in the draw-
ings.

[0089] Next, description is made of a layout example
of an element in a pixel including three TFTs with refer-
ence to FIG 13A. FIG 13B shows a cross sectional view
taken along a line X-X’ shown in FIG. 13A.

[0090] As shown in FIG. 13A, a pixel of the invention
may include a substrate 1300, a first wire 1301, a second
wire 1302, a third wire 1303, a fourth wire 1304, a first
TFT 1305, a second TFT 1306, a third TFT 1307, a pixel
electrode 1308, a partition wall 1311, an organic conduc-
tive film 1312, an organic thin film 1313, and an opposite
electrode 1314. Note that it is preferable that the first wire
1301 functions as a source signal line, the second wire
1302 functions as a writing gate signal line, the third wire
1303 functions as an erasing gate signal line, the fourth
wire 1304 functions as a power supply line, the first TFT
1305 functions as a switching TFT, the second TFT 1306
functions as an erasing TFT, and the third TFT 1307 func-
tions as a driving TFT.

[0091] AsshowninFIG 13A, itis preferable that a gate
electrode of the first TFT 1305 is electrically connected
to the second wire 1302, one of source and drain elec-
trodes of the first TFT 1305 is electrically connected to
the first wire 1301, and the other of the source and drain
electrodes thereof is electrically connected to a gate elec-
trode of the third TFT 1307. Note that the gate electrode
of the first TFT 1305 may include a plurality of gate elec-
trodes as shown in FIG 13A, which can reduce a leakage
current in an off state of the first TFT 1305.

[0092] In addition, it is preferable that a gate electrode
of the second TFT 1306 is electrically connected to the
third wire 1303, one of source and drain electrodes of
the second TFT 1306 is electrically connected to the
fourth wire 1304, and the other of the source and drain
electrodes thereof is electrically connected to a gate elec-
trode of the third TFT 1307. Note that the gate electrode
of the second TFT 1306 may include a plurality of gate
electrodes as shown in FIG 13A, which can reduce a
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leakage current in an off state of the second TFT 1306.
[0093] In addition, it is preferable that one of source
and drain electrodes of the third TFT 1307 is electrically
connected to the fourth wire 1304 and the other of the
source and drain electrodes thereof is electrically con-
nected to the pixel electrode 1308, which can control a
current flowing to the pixel electrode 1308 by the third
TFT 1307.

[0094] The organic conductive film 1312 may be
formed over the pixel electrode 1308, over which the or-
ganic thin film (organic compound layer) 1313 may be
formed. The opposite electrode 1314 may be formed over
the organic thin film (organic compound layer) 1313. Note
that the opposite electrode 1314 may be formed so as
to be connected to all pixels in common, and may be
patterned using a shadow mask or the like.

[0095] Light from the organic thin film (organic com-
pound layer) 1313 is transmitted through one of the pixel
electrode 1308 and the opposite electrode 1314 to be
emitted. At this time, in FIG 13B, in the case where a light
is emitted to the pixel electrode side, namely a side of
which a TFT and the like are formed, the pixel electrode
1308 is preferably formed of a light transmissive conduc-
tive film. In the case where light is emitted to the opposite
electrode side, the opposite electrode 1314 is preferably
formed of a light transmissive conductive film.

[0096] In addition, as a light emitting apparatus for
color display, an EL element which has each light emis-
sion color of R, G or B may be separately deposited, or
light emission of RGB may be obtained through a color
filter.

[0097] Note that the structures shown in FIGS. 13A
and 13B are examples, and a pixel layout, a cross sec-
tional structure, a stacking order of electrodes of an EL
element, and the like may have various structures other
than shown in FIGS. 13A and 13B. As for a light emitting
layer, various elements such as a crystalline element, for
example an LED, an element including an inorganic thin
film may be employed other than an element including
an organic thin firm shown in the drawings.

[0098] Next, description is made of a layout example
of an element in a pixel including four TFTs per one pixel
with reference to FIG 14A. FIG 14B shows a cross sec-
tional view taken along a line X-X’ shown in FIG. 14A.
[0099] As shown in FIG 14A, a pixel of the invention
may include a substrate 1400, a first wire 1401, a second
wire 1402, a third wire 1403, a fourth wire 1404, a first
TFT 1405, asecond TFT 1406, a third TFT 1407, a fourth
TFT 1408, a pixel electrode 1409, a fifth wire 1411, a
sixth wire 1412, a partition wall 1421, an organic conduc-
tive film 1422, an organic thin film 1423, and an opposite
electrode 1424. Note that it is preferable that the first wire
1401 functions as a source signal line, the second wire
1402 functions as a writing gate signal line, the third wire
1403 functions as an erasing gate signal line, the fourth
wire 1404 functions as a reverse bias supplying signal
line, the first TFT 1405 functions as a switching TFT, the
second TFT 1406 functions as an erasing TFT, the third
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TFT 1407 functions as a driving TFT, the fourth TFT 1408
functions as a reverse bias supplying TFT, the fifth wire
1411 functions as a power supply line, and the sixth wire
1412 functions as a reverse bias power supply line.
[0100] AsshowninFIG 14A, itis preferable that a gate
electrode of the first TFT 1405 is electrically connected
to the second wire 1402, one of source and drain elec-
trodes of the first TFT 1405 is electrically connected to
the first wire 1401, and the other of the source and drain
electrodes thereof is electrically connected to a gate elec-
trode of the third TFT 1407. Note that the gate electrode
of the first TFT 1405 may include a plurality of gate elec-
trodes as shown in FIG 14A, which can reduce a leakage
current in an off state of the first TFT 1405.

[0101] Inaddition, itis preferable that a gate electrode
of the second TFT 1406 is electrically connected to the
third wire 1403, one of source and drain electrodes of
the second TFT 1406 is electrically connected to the fifth
wire 1411, and the other of the source and drain elec-
trodes thereof is electrically connected to a gate elec-
trode of the third TFT 1407. Note that the gate electrode
of the second TFT 1406 may include a plurality of gate
electrodes as shown in FIG 14A, which can reduce a
leakage current in an off state of the second TFT 1406.
[0102] In addition, it is preferable that one of source
and drain electrode of the third TFT 1406 is electrically
connected to the fifth wire 1411, and the other of the
source and drain electrodes thereof is electrically con-
nected to the pixel electrode 1409, which can control a
current flowing to the pixel electrode 1409 by the third
TFT 1407.

[0103] In addition, it is preferable that a gate electrode
of the fourth TFT 1408 is electrically connected to the
fourth wire 1404, one of source and drain electrodes of
the fourth TFT 1408 is electrically connected to the sixth
wire 1412, the other of the source and drain electrodes
thereof is electrically connected to the pixel electrode
1409. As a result, a potential of the pixel electrode 1409
can be controlled by the fourth TFT 1408; therefore, a
reverse bias voltage can be applied to the organic con-
ductive film 1422 and the organic thin film 1423. The re-
verse bias voltage is applied to a light emitting element
including the organic conductive film 1422, the organic
thin film 1423 and the like, which may significantly im-
prove reliability of the light emitting element.

[0104] Itis known that, for example, in the case where
a light emitting element of which half decay time of lumi-
nance is about 400 hours when driven with a DC voltage
(3.65 V) is driven with an AC voltage (forward bias: 3.7
V, reverse bias: 1.7 V, duty ratio: 50%, and AC frequency:
60 Hz), the half decay time of luminance thereof is known
to be 700 hours or more.

[0105] The organic conductive film 1422 may be
formed over the pixel electrode 1409, over which the or-
ganic thin film (organic compound layer) 1423 may be
formed. The opposite electrode 1424 may be formed over
the organic thin film (organic compound layer) 1423. Note
that the opposite electrode 1424 may be formed so as
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to be connected to all pixels in common, and may be
patterned using a shadow mask or the like.

[0106] Light from the organic thin film (organic com-
pound layer) 1423 is transmitted through one of the pixel
electrode 1409 and the opposite electrode 1424 and
emitted. At this time, in FIG. 14B, in the case where a
light is emitted to the pixel electrode side, namely a side
of which a TFT and the like are formed, the pixel electrode
1409 is preferably formed by a light transmissive con-
ductive film. In the case where a light is emitted to the
opposite electrode side, the opposite electrode 1424 is
preferably formed by a light transmissive conductive film.
[0107] In addition, as a light emitting apparatus for
color display, an EL element which has each light emis-
sion color of R, G or B may be separately deposited, or
light emission of RGB may be obtained through a color
filter.

[0108] Note that the structures shown in FIGS. 14A
and 14B are examples, and a pixel layout, a cross sec-
tional structure, a stacking order of electrodes of an EL
element, and the like may have various structures other
than shown in FIGS. 14A and 14B. As for a light emitting
layer, various elements such as a crystalline element, for
example an LED, an element including an inorganic thin
film may be employed other than an element including
an organic thin film shown in the drawings.

[0109] Next, description is made of a structure of an
EL element which can be applied to the invention.
[0110] The EL element which can be applied to the
invention instead of may have a structure (hereinafter
called a mixed junction type EL element) including a layer
(mixed layer) which are compounded of a plurality of ma-
terials selected from a hole injecting material, hole trans-
porting material, light emitting material, electron trans-
porting material, and electron injecting material are
mixed, a stacked-layer structure where a hole injecting
layer formed of a hole injecting material, a hole transport-
ing layer formed of a hole transporting material, a light
emitting layer formed of a light emitting material, an elec-
tron transporting layer formed of an electron transporting
material, an electron injecting layer formed of an electron
injecting material and the like which are clearly distinct.
[0111] FIGS. 15A to 15E show schematic views of
structures of a mixed junction type EL element. In FIGS.
15A to 15E, reference numeral 1501 denotes an anode
of the EL element and 1502 denotes a cathode of the EL
element. A layer sandwiched between the anode 1501
and the cathode 1502 corresponds to an EL layer.
[0112] In FIG 15A, the EL layer may include a hole
transporting region 1503 formed of a hole transporting
material and an electron transporting region 1504 formed
of an electron transporting material, where the hole trans-
porting region 1503 is closer to an anode side than the
electron transporting region 1504, and a mixed region
1505 including both the hole transporting material and
the electron transporting material is provided between
the hole transporting region 1503 and the electron trans-
porting region 1504.
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[0113] Note that at that time it may be characterized
in that concentration of the hole transporting material in
the mixed region 1505 decreases in a direction from the
anode 1501 to the cathode 1502, while concentration of
the electron transporting material in the mixed region
1505 increases.

[0114] Note thatin the above structure, the hole trans-
porting region 1503 consisted only of the hole transport-
ing material may not exist, and a ratio of concentration
of each functional material changes in the mixed region
1505 including both the hole transporting material and
the electron transporting material (that is, a structure hav-
ing a concentration gradient). It may also have a structure
where the hole transporting region 1503 consisted only
of the hole transporting material and the electron trans-
porting region consisted only of the electron transporting
material do not exist, and a ratio of concentration of each
functional material changes in the mixed region 1505 in-
cluding both the hole transporting material and the elec-
tron transporting material (that is, a structure having a
concentration gradient). The ratio of concentration may
be changed in accordance with a distance from the anode
or the cathode. In addition, the ratio of concentration may
change continuously. The concentration gradient may be
set freely.

[0115] A region 1506 to which a light emitting material
is added is provided in the mixed region 1505. A light
emission color of the EL element can be controlled by a
light emitting material. In addition, a carrier can be
trapped by the light emitting material. As for the light emit-
ting material, a metal complex including a quinoline skel-
eton, a metal complex including a benzoxazol skeleton,
a metal complex including a benzothiazole skeleton, and
the like may be employed as well as various fluorescent
dyes. The light emission color of the EL element can be
controlled by adding these light emitting materials.
[0116] As for the anode 1501, an electrode material
with high work function is preferably employed so as to
inject a hole effectively. For example, a light transmissive
electrode such as tin-doped indium oxide (TTO), zinc-
doped indium oxide (IZO), ZnO, SnO,, and In,O5 may
be employed. If a transparency is not required, the anode
1501 may be formed of an opaque metal material.
[0117] As for the hole transporting material, a com-
pound of an aromatic amine group and the like may be
employed.

[0118] As for the electron transporting material, a qui-
noline derivative, a metal complex including 8-quinolinol
or a derivative thereof as a ligand (especially tris(8-qui-
nolinolato)aluminum) and the like may be employed.
[0119] As for the cathode 1502, an electrode material
with a low work function is preferably employed so as to
inject an electron effectively. A metal such as aluminum,
indium, magnesium, silver, calcium, barium, and lithium
may be employed as a single material. In addition, an
alloy thereof may be employed as well as an alloy of the
aforementioned metal and other metal.

[0120] FIG. 15B shows a schematic view of a structure
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of an EL element other than that shown in FIG. 15A. Note
that the same portions as those in FIG 15A are described
by the same reference numerals, and description thereof
is omitted here.

[0121] In FIG 15B, a region to which a light emitting
material is added is not included. However, as for a ma-
terial added to the electron transporting region 1504, a
material (electron-transporting light-emitting material) in-
cluding both an electron transporting property and a light
emitting property, for example, tris(8-quinolinolato)alu-
minum may be employed, which can perform light emis-
sion.

[0122] Alternatively, as for a material added to the hole
transporting region 1503, a material (hole-transporting
light-emitting material) including both a hole transporting
property and a light emitting property may be employed.
[0123] FIG 15C shows a schematic view of a structure
of an EL element which is different from those in FIGS.
15A and 15B. Note that the same portions as those in
FIGS. 15A and 15B are described by the same reference
numerals, and description thereof is omitted here.
[0124] FIG 15C includes a region 1507 including the
mixed region 1505 to which a hole blocking material is
added, of which energy difference between a highest oc-
cupied molecular orbital and lowest occupied molecular
orbital is wider than that of a hole transporting material.
The region 1507 to which the hole blocking material is
added is placed on the cathode 1502 side than the region
1506 to which the light emitting material is added in the
mixed region 1505, thereby, a recombination rate of a
carrier and light emission efficiency can be increased. A
structure provided with the region 1507 to which the hole
blocking material is added as described above is espe-
cially effective in an EL element which utilizes light emis-
sion (phosphorescence) by a triplet exciton.

[0125] FIG. 15D shows a schematic view of a structure
of an EL element which is different from those in FIGS.
15A, 15B and 15C. Note that the same portions as those
in FIGS. 15A to 15C are described by the same reference
numerals, and description thereof is omitted here.
[0126] FIG 15D includes a region 1508 including the
mixed region 1505 to which an electron blocking material
is added, of which energy difference between a highest
occupied molecular orbital and a lowest occupied molec-
ular orbital is wider than that of an electron transporting
material. The region 1508 to which the electron blocking
material is added is placed on the anode 1501 side than
the region 1506 to which the light emitting material is
added in the mixed region 1505, thereby, a recombina-
tion rate of a carrier and light emission efficiency can be
increased. A structure provided with the region 1508 to
which the electron blocking material is added as de-
scribed above is especially effective in an EL element
which utilizes light emission (phosphorescence) by a tri-
plet exciton.

[0127] FIG 15E shows a schematic view of a structure
of an a different mixed junction type EL element from
those in FIGS. 15A to 15D. FIG 15E shows an example
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of a structure including a region 1509 to which a metal
material is added in a part of an EL layer contacted with
an electrode of an EL element. In FIG 15E, the same
portions as those in FIGS. 15A to 15D are described by
the same reference numerals, and description thereof is
omitted. A structure shown in FIG 15E may, for example,
employ MgAg (Mg-Ag alloy) as the cathode 1502 and
may include the region 1509 to which A1 (aluminum) alloy
is added in a region contacted with the cathode 1502 of
theregion 1504 to which an electron transporting material
is added. By the aforementioned structure, oxidation of
the cathode may be prevented, and injection efficiency
of an electron from the cathode may be increased. There-
fore, the lifetime of the mixing junction type EL element
may be longer, and a driving voltage may be lowered.
[0128] A method of manufacturing the mixed junction
type EL element described above may be co-vapor dep-
osition and the like.

[0129] The mixed junction type EL element such as
those shown in FIGS. 15A to 15E does not have a clear
interface between the layers, and charge accumulation
can be reduced. In this manner, the lifetime of the EL
element can be extended, and a driving voltage can be
lowered.

[0130] Note that the structures shown in FIGS. 15A to
15E may be freely implemented in combination with each
other.

[0131] Note that a structure of the mixed junction type
EL element is not limited to those described above. A
known structure may be freely employed.

[0132] Note that an organic material which forms an
EL layer of an EL element may be a low molecular ma-
terial, high molecular material, or both of them. In the
case where a low molecular material is employed as an
organic compound material, a film can be formed by va-
por deposition. On the other hand, in the case where a
high molecular material is employed as the EL layer, the
high molecular material is dissolved in a solvent and a
film may be formed by a spin coating method or an ink-
jet method.

[0133] In addition, the EL layer may be formed of a
medium molecular material. In this specification, a me-
dium molecular organic light emitting material denotes
an organic light emitting material without a sublimation
property and with a polymerization degree of about 20
degrees or lower. In the case where a medium molecular
material is employed as the EL layer, a film can be formed
by an ink-jet method and the like.

[0134] Note that a low molecular material, a high mo-
lecular material and a medium molecular material may
be used in combination.

[0135] Inaddition, an EL elementmay utilize light emis-
sion (fluorescence) of a singlet exciton or light emission
(phosphorescence) of a triplet exciton.

[0136] Next, a vapor deposition apparatus for manu-
facturing a display device to which the invention can be
applied is described with reference to the drawings.
[0137] The display device to which the invention can
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be applied may be manufactured by forming an EL layer.
The EL layer is formed including a material which pro-
duces electroluminescence in at least a part thereof. The
EL layer may be formed of a plurality of layers having
different functions. In this case, the EL layer may be
formed of a combination of layers having different func-
tions, which are called a hole injecting transporting layer,
light emitting layer, electron injecting transporting layer,
and the like.

[0138] FIG. 16 shows a structure of a vapor deposition
apparatus for forming an EL layer over an element sub-
strate over which a transistor is formed. In the vapor dep-
osition apparatus, transfer chambers 1660 and 1661 are
connected to a plurality of treatment chambers. Each
treatment chamber includes a loading chamber 1662 for
supplying a substrate, an unloading chamber 1663 for
collecting the substrate, a heat treatment chamber 1668,
a plasma treatment chamber 1672, deposition treatment
chambers 1669 to 1671, 1673 to 1675 for depositing an
EL material, and a deposition treatment chamber 1676
for forming a conductive film formed of aluminum or using
aluminum as a main component as one electrode of an
EL element. In addition, gate valves 1677ato 16771 are
provided between the transfer chambers and each treat-
ment chamber, thereby the pressure in each treatment
chamber can be controlled independently, and cross con-
tamination between the treatment chambers is prevent-
ed.

[0139] A substrate introduced to the transfer chamber
1660 from the loading chamber 1662 is transferred to a
predetermined treatment chamber by an arm type trans-
fer unit 1666 rotatably. In addition, the substrate is trans-
ferred from a certain treatment chamber to another treat-
ment chamber by the transfer unit 1666. The transfer
chambers 1660 and 1661 are connected by the deposi-
tion treatment chamber 1670, where the substrate is de-
livered and received by the transfer unit 1666 and a trans-
fer unit 1667.

[0140] Each treatment chamber connected to the
transfer chambers 1660 and 1661 is held under a re-
duced pressure. Therefore, in the vapor deposition ap-
paratus, a film forming process of the substrate is con-
tinuously performed without a direct contact with a room
air. A display panel which is completed to form an EL
layer may be deteriorated due to moisture or the like;
therefore, in this vapor deposition apparatus, a sealing
treatment chamber 1665, which performs a sealing treat-
ment to maintain a quality before exposure to the air, is
connected to the transfer chamber 1661. As the sealing
treatment chamber 1665 is under atmospheric pressure
or reduced pressure similar thereto, an intermediate
chamber 1664 is also provided between the transfer
chamber 1661 and the sealing treatment chamber 1665.
The intermediate chamber 1664 is provided for delivering
and receiving the substrate and buffering the pressure
in the chamber.

[0141] Anexhaustunitis provided in the loading cham-
ber, the unloading chamber, and the deposition treatment
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chamber in order to hold areduced pressure in the cham-
ber. As for the exhaust unit, various vacuum pumps such
as a dry pump, a turbo-molecular pump, and a diffusion
pump may be employed.

[0142] In the vapor deposition apparatus of FIG. 16,
the number of treatment chambers connected to the
transfer chambers 1660 and 1661 and structure thereof
may be combined with each other in accordance with a
stacked-layer structure of the EL element appropriately.
An example of the combination is described below.
[0143] The heattreatmentchamber 1668 performs de-
gasification by heating a substrate over which a lower
electrode, and an insulating partition wall, and the like
are primarily formed. In the plasma treatment chamber
1672, a surface of the lower electrode is treated with an
inertgas or oxygen plasma. The plasma treatment is per-
formed for cleaning the surface, stabilizing a surface
state, and stabilizing a physical or chemical state (for
example, a work function or the like) of the surface.
[0144] The deposition treatment chamber 1669 is a
treatment chamber for forming an electrode buffer layer
connected to one electrode of the EL element. The elec-
trode buffer layer has a carrier injection property (hole
injection or electron injection) and controls generation of
a short-circuit or a black spot defect of the EL element.
Typically, the electrode buffer layer is formed of an or-
ganic inorganic hybrid material, of which resistivity is 5
X 104 to 1 X 106 Qcm, to have a thickness of 30 to 300
nm. In addition, a deposition treatment chamber 1671 is
a treatment chamber for forming a hole transporting lay-
er.

[0145] A light-emitting layer in an EL element has a
different structure between the case of emitting mono-
chromatic light and the case of emitting white light. A
deposition treatment chamber is preferably provided in
the vapor deposition apparatus in accordance therewith.
For example, in the case of forming three kinds of EL
elements having a different light emission color in a dis-
play panel, it is required to form a light emitting layer
corresponding to each light emission color. In this case,
the deposition treatment chamber 1670 can be used for
forming a first light emitting layer, a deposition treatment
chamber 1673 can be used for forming a second light
emitting layer, and a deposition treatment chamber 1674
may be used for forming a third light emitting layer. By
separating the deposition treatment chambers for each
light emitting layer, cross contamination due to different
light emitting materials can be prevented, and throughput
of the deposition treatment can be improved.

[0146] In addition, three kinds of EL elements having
different light emission colors may be sequentially de-
posited in each of the deposition treatment chambers
1670, 1673 and 1674. In this case, deposition is per-
formed by moving a shadow mask in accordance with a
region to be deposited.

[0147] In the case of forming an EL element which
emits white light, the EL element is formed by stacking
light emitting layers of different light emission colors ver-
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tically. In this case, the element substrate may be trans-
ferred through the deposition treatment chambers se-
quentially so as to form a film for each light emitting layer.
Further, different light emitting layers can be formed con-
tinuously in the same deposition treatment chamber.
[0148] In the deposition treatment chamber 1676, an
electrode is formed over an EL layer. The electrode can
be formed by electron beam vapor deposition or a sput-
tering method; however, resistance heating vapor dep-
osition is preferably employed.

[0149] An element substrate over which up to the elec-
trode is formed is transferred to the sealing treatment
chamber 1665 through the intermediate chamber 1664.
The sealing treatment chamber 1665 is filled with an inert
gas such as helium, argon, neon, or nitrogen, and a seal-
ing substrate is attached and sealed to a side where an
EL layer of an element substrate is formed under the
atmosphere. In a sealed state, a space between the el-
ement substrate and the sealing substrate may be filled
with the inert gas or a resin material. The sealing treat-
ment chamber 1665 is provided with a dispenser which
draws a sealant, a mechanical element such as an arm
and a fixing stage which fixes the sealing substrate to
face the element substrate, a dispenser or a spin coater
which fills the chamber with a resin material.

[0150] FIG. 17 shows an internal structure of a depo-
sition treatment chamber. A reduced pressure is held in
the deposition treatment chamber. In FIG 17, an inner
side sandwiched between a top plate 1791 and a bottom
plate 1792 is an inner chamber, which is held under re-
duced pressure.

[0151] One or a plurality of evaporation sources are
provided in the treatment chamber. This is because it is
preferable to provide a plurality of evaporation sources
in the case of forming a plurality of layers having different
compositions or in the case of co-evaporating different
materials. InFIG. 17, evaporation sources 1781a, 1781b,
and 1781c are mounted in an evaporation source holder
1780. The evaporation source holder 1780 is held by a
multijoint arm 1783. The multijoint arm 1783 may freely
move the evaporation source holder 1780 within a range
of movement thereof by stretching the joint. In addition,
the evaporation source holder 1780 may be provided with
a distance sensor 1782 to monitor a distance between
the evaporation sources 1781ato 1781c and a substrate
1789, so that an optimum distance for deposition may be
controlled. In this case, a multijoint arm which is also
displaced toward an upper and lower direction (Z direc-
tion) may be employed as the multijoint arm 1783.
[0152] The substrate 1789 is fixed by a substrate stage
1786 and a substrate chuck 1787 together. The substrate
stage 1786 may have a structure in which a heater is
incorporated so that the substrate 1789 can be heated.
The substrate 1789 is fixed to the substrate stage 1786
and carried in and out by tightening and loosening the
substrate chuck 1787. Atthe time of deposition, a shadow
mask 1790 which includes an opening corresponding to
a deposition pattern may be employed as required. In
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this case, the shadow mask 1790 is provided between
the substrate 1789 and the evaporation sources 1781a
to 1781c. The shadow mask 1790 is fixed to the substrate
1789 in a close contact or with a certain interval by a
mask chuck 1788. When an alignment of the shadow
mask 1790 is required, the alignment is performed by
arranging acamerain a treatment chamber and providing
the mask chuck 1788 with a positioning unit which moves
slightly in an X-Y-6 direction.

[0153] The evaporation sources 1781a to 1781c in-
clude an evaporation material supply unit, which contin-
uously supplies an evaporation material to the evapora-
tion sources. The evaporation material supply unit in-
cludes evaporation material supply sources 1785a,
1785b, and 1785c, which are arranged apart from the
evaporation sources 1781ato 1781c, and a material sup-
ply pipe 1784 which connects therebetween. Topically,
the material supply sources 1785ato 1785c are provided
corresponding to the evaporation sources 1781a to
1781c. In FIG 17, the material supply source 1785a cor-
responds to the evaporation source 1781a. The same is
applied to the material supply source 1785b and the
evaporation source 1781b, and the material supply
source 1785c and the evaporation source 1781c.
[0154] As a method for supplying an evaporation ma-
terial, an airflow transfer method, an aerosol method, and
the like may be applied. By an airflow transfer method,
impalpable powder of an evaporation material is trans-
ferred in airflow, for which an inert gas or the like is used
to transfer to the evaporation sources 1781a to 1781c.
By an aerosol method, vapor deposition is performed by
transferring material liquid in which an evaporation ma-
terial is dissolved or resolved in a solvent, which is aer-
osolized by an atomizer, and the solvent in the aerosol
is evaporated. In each case, the evaporation sources
1781ato 1781care provided with a heating unit, and form
a film over the substrate 1789 by evaporating the evap-
oration material transferred thereto. In FIG 17, the ma-
terial supply pipe 1784 can be bent flexibly and is formed
of a thin pipe which has enough rigidity not to be trans-
formed even under a reduced pressure.

[0155] Inthe case of applying the airflow transfer meth-
od and aerosol method, vapor deposition may be per-
formed under atmospheric pressure or lower pressure in
the deposition treatment chamber, and preferably per-
formed under a reduced pressure of 133 to 13300 Pa.
The pressure in the deposition treatment chamber may
be adjusted by filling an inert gas such as helium, argon,
neon, krypton, xenon, or nitrogen in the deposition treat-
ment chamber, or supplying the gas (and simultaneously
exhausting the gas). In addition, an oxidizing atmosphere
may be formed by introducing a gas such as oxygen or
nitrous oxide in the deposition treatment chamber where
an oxide film is formed. Further, a reducing atmosphere
may be formed by introducing a gas such as hydrogen
in the deposition treatment chamber where an organic
material is deposited.

[0156] As for another method for supplying an evapo-
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ration material, such a structure may be employed, in
which an evaporation material is continuously pushed
toward the evaporation source by providing a screw in
the material supply pipe 1784.

[0157] By usingthe vapordeposition apparatus of FIG.
16, a film can be formed continuously with high uniformity
even in the case of a large display panel. In addition, it
is not required to supply an evaporation material to the
evaporation source every time the evaporation material
is runoutinthe evaporation source; therefore, throughput
can be improved.

[0158] Note that this embodiment mode can be freely
implemented in combination with other embodiment
modes.

[comparative example 2]

[0159] FIG 18 shows a layout example of a pixel to
which the invention can be applied.

[0160] As shown in FIG 18, a pixel may include a first
TFT 1801, asecond TFT 1802, a third TFT 1803, a fourth
TFT 1804, a fifth TFT 1805, a first wire 1806, a second
wire 1807, a third wire 1808, a fourth wire 1809, a fifth
wire 1810, a sixth wire 1811, a capacitor 1813, a pixel
electrode 1814, a partition wall opening 1815, alight emit-
ting element provided in the partition wall opening 1815,
an electrode 1816 and an electrode 1817. Note that the
first TFT 1801 is preferably employed as a driving TFT,
and the second TFT 1802, the third TFT 1803, the fourth
TFT 1804 and the fifth TFT 1805 are preferably employed
as switching TFTs. In addition, the first wire 1806 is pref-
erably employed as a power supply line. The second wire
1807, the third wire 1808, the fourth wire 1809 and the
fifth wire 1810 are preferably employed as a signal line
for turning on or off the second TFT 1802, the third TFT
1803, the fourth TFT 1804 and the fifth TFT 1805. The
sixth wire 1811 is preferably employed as a source signal
line.

[0161] Asshownin FIG 18, a gate electrode of the first
TFT 1801 may be electrically connected to the electrode
1817, one of source and drain electrodes of the first TFT
1801 may be electrically connected to the first wire 1806,
and the other of the source and drain electrodes of the
first TFT 1801 may be electrically connected to the elec-
trode 1816. Note that the first TFT 1801 is preferably
formed with a structure having a plurality of channel re-
gions as shown in FIG 18, which can prevent the light
emission of a light emitting element by a current supplied
to the light emitting element by a leakage current when
the first TFT 1801 is off.

[0162] In addition, a gate electrode of the second TFT
1802 may be electrically connected to the second wire
1807, one of source and drain electrodes of the second
TFT 1802 may be electrically connected to the electrode
1816, and the other of the source and drain electrodes
of the second TFT 1802 may be electrically connected
to the electrode 1817. Note that the second TFT 1802 is
preferably formed with a structure having a plurality of
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channel regions as shown in FIG 18, which can prevent
a charge stored in the capacitor 1813 from leaking by an
leakage current when the second TFT 1802 is off.
[0163] In addition, a gate electrode of the third TFT
1803 may be electrically connected to the third wire 1808,
one of source and drain electrodes of the third TFT 1803
may be electrically connected to the sixth wire 1811, and
the other of the source and drain electrodes of the third
TFT 1803 may be electrically connected to the electrode
1816. Note that the third TFT 1803 is preferably formed
with a structure having a plurality of channel regions as
shown in FIG 18, which can prevent a current flowing to
the light emitting element from changing by a leakage
current when the third TFT 1803 is off.

[0164] In addition, a gate electrode of the fourth TFT
1804 may be electrically connected to the fourth wire
1809, one of source and drain electrodes of the fourth
TFT 1804 may be electrically connected to the pixel elec-
trode 1814, and the other of the source and drain elec-
trodes of the fourth TFT 1804 may be electrically con-
nected to the electrode 1816. Note that the fourth TFT
1804 is preferably formed with a structure having a plu-
rality of channel regions as shown in FIG 18, which can
prevent the light emission of a light emitting element by
a current supplied to the light emitting element by a leak-
age current when the fourth TFT 1804 is off.

[0165] Inaddition, a gate electrode of thefifth TFT 1805
may be electrically connected to the fifth wire 1810, one
of source and drain electrodes of the fifth TFT 1805 may
be electrically connected to the pixel electrode 1814, and
the other of the source and drain electrodes of the fifth
TFT 1805 may be electrically connected to the electrode
1817. Note that the fifth TFT 1805 is preferably formed
with a structure having a plurality of channel regions as
shown in FIG 18, which may prevent a charge stored in
the capacitor 1813 from leaking by an leakage current
when the fifth TFT 1805 is off.

[0166] Note thatitis preferable that a plurality of TFTs
have a structure in which a direction of a current flow is
almost the same as that shown in FIG 18. Here, a direc-
tion of a current flow means an angle such as a vertical
direction and a horizontal direction, and does not depend
on a bias of a current flow. That is, a vertical direction
includes both the case that a current flows from right to
left and the case that a current flows from left from light.
As described above, with a structure in which a direction
of current flow is almost the same in a plurality of TFTs,
TFT characteristics can be uniform, and luminance var-
iations of the display device can be reduced.

[0167] Note that the pixel electrode 1814 may include
an organic conductive film, and may further include an
organic thin film (organic compound layer). An opposite
electrode may be provided in the organic thin film (organic
compound layer). In addition, the opposite electrode may
be formed so as to be connected to all pixels in common,
and may be patterned using a shadow mask or the like.
[0168] In addition, as a light emitting device for color
display, an EL element which has each light emission
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color of R, G or B may be separately deposited, or light
emission of RGB may be obtained through a color filter.
[0169] Note that the structure shown in FIG 18 is only
aexample, and a pixel layout, a cross sectional structure,
a stacking order of electrodes of an EL element, and the
like may have various structures other than that shown
in FIG 18. As for a light emitting layer, various elements
such as a crystalline element, for example an LED, or an
elementincluding an inorganic thin film may be employed
other than an element including an organic thin film
shown in the drawings.

[comparative example 3]

[0170] In this example, description is made of a cross
sectional structure of a pixel circuit in the case where a
p-channel type thin film transistor (TFT) is employed as
a driving transistor with reference to FIGS. 10A to 10C.
Note that in this example, one electrode of an EL element
is referred to as a first electrode, and the other electrode
thereof is referred to as a second electrode.

[0171] FIG 10A shows a cross sectional view of a pixel
circuitin the case where light emitted from an EL element
6003 is extracted from the first electrode 6004 side. In
FIG 10A, a first electrode 6004 of the EL clement 6003
is electrically connected to a TFT 6001. The TFT 6001
is a p-channel type transistor; therefore; the first elec-
trode 6004 is an anode.

[0172] The TFT 6001 can have a known structure in-
cluding a crystalline semiconductor film or an amorphous
semiconductor film, and includes a source electrode, a
drain electrode, and a gate electrode. The TFT 6001 is
covered with an interlayer insulating film 6007, over
which a partition wall 6008 including an opening is
formed. The first electrode 6004, which is connected to
one of the source and drain electrodes in the opening of
the partition wall 6008, is partly exposed, and the first
electrode 6004, an electroluminescent layer 6005, and
a second electrode 606 are stacked in this order over the
opening.

[0173] The interlayer insulating fiim 6007 may be
formed using an organic material or an inorganic mate-
rial, and have a single layer structure or a stacked-layer
structure. As for an inorganic material, silicon oxide or
silicon nitride may be employed. As for an organic ma-
terial, polyimide, acrylic, siloxane; or polysilazane may
be employed. Note that siloxane has a skeleton structure
formed by a bond of silicon (Si) and oxygen (O). As a
substituent, an organic group containing at least hydro-
gen (for example, an alkyl group and aromatic hydrocar-
bon) is used. A fluoro group may be employed as a sub-
stituent as well. Further, an organic group containing at
least hydrogen and a fluoro group may be employed as
a substituent. Polysilazane is formed of a polymer mate-
rial having a bond of silicon (Si) and nitrogen (N) as a
starting material. In addition, a material called a low die-
lectric constant material (low-k material) may be em-
ployed as the interlayer insulating film 6007.
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[0174] The partition wall 6008 may be formed using an
organic material or an inorganic material as well as the
interlayer insulating film 6007. In the case where a pho-
tosensitive organic material is employed as the partition
wall 6008, a side wall of an opening over thefirst electrode
6004 has aninclined surface with a continuous curvature.
Such a shape can prevent the electroluminescent layer
6005 from breaking, and a short circuit between the first
electrode 6004 and the second electrode 6006.

[0175] The first electrode 6004 is formed of a material
suitable for an anode. A material suitable for an anode
includes a metal, an alloy, an electrically conductive com-
pound, and a composition thereof with a low work func-
tion. In order to extract light from the first electrode 6004
side, the first electrode 6004 is formed of a light trans-
missive material or to have a thickness enough to trans-
mit light. Specifically, a light transmissive conductive ma-
terial such as indium tin oxide (ITO), zinc oxide (ZnO),
indium zinc oxide (1Z0O), or zinc oxide doped with gallium
(GZO) may be employed. In addition, indium tin oxide
containing silicon oxide (hereinafter referred to as ITSO),
ITO mixed with zinc oxide (ZnO), and ITSO mixed with
zinc oxide (ZnO) may be employed. As a non-light trans-
missive conductive material, for example, a single layer
film selected from one or more of TiN, ZrN, Ti, W, Ni, Pt,
Cr, Ag, Al, and the like may be employed as well as a
stacked-layer structure of a film including aluminum as
a main component and a titanium nitride film, a three-
layer structure of a titanium nitride film, a film including
aluminum as a main component, and a titanium nitride
film, and the like. In the case of using a non-light trans-
missive conductive material, however, the first electrode
6004 is formed to have a enough thickness to emit light
(preferably 5 nm to 30 nm, approximately).

[0176] The second electrode 6006 is formed of a ma-
terial suitable for a cathode. A material suitable for a cath-
ode includes a metal, an alloy, an electrically conductive
compound, and a composition thereof with a low work
function. In order to extract light only from the first elec-
trode 6004 side, a material which reflects or shields light
may be employed. Specifically, a metal such as Li, Cs,
Mg, Ca and Sr, an alloy thereof (Mg:Ag, Al:Li, Mg:In, and
the like), a compound thereof (calcium fluoride and cal-
cium nitride), a rare earth metal such as Yb and Er, and
the like may be employed.

[0177] The electroluminescent layer 6005 is formed of
a single layer or a plurality of layers. In the case where
the electroluminescent layer 6005 is formed of a plurality
of layers, the plurality of layers are divided into a hole
injecting layer, a hole transporting layer, a light emitting
layer, an electron transporting layer, an electron injecting
layer, and the like. Since the first electrode 6004 is an
anode, a hole injecting layer, a hole transporting layer, a
light emitting layer, an electron transporting layer and an
electron injecting layer are stacked in this order. Note
that a border between the layers is not required to be
clear, and there may be the case where a part of a ma-
terial forming each layer is mixed and a boundary thereof
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may be obscure. Each layer can be formed of an organic
material or an inorganic material. As an organic material,
a high molecular material, a medium molecular material,
and a low molecular material may be employed. Note
that a medium molecular material corresponds to a low
polymer of which number of repetition of a structural unit
(polymerization degree) is approximately 2 to 20. A dis-
tinction between a hole injecting layer and a hole trans-
porting layer is not always distinct, which is the same as
in the sense that a hole transporting property (hole mo-
bility) is an especially important characteristic. A distinc-
tion can be made between the hole injecting layer, which
is a layer on a side contacted with an anode, and the hole
transporting layer, which is a layer contacted with the
hole injecting layer. Similar description can be applied to
an electron transporting layer and an electron injecting
layer. A layer contacted with a cathode is called the elec-
tron injecting layer, while a layer contacted with the elec-
tron injecting layer is called the electron transporting lay-
er. A light emitting layer may also serve as the electron
transporting layer.

[0178] Inthe above-described pixel showninFIG. 10A,
light which is emitted from the EL element 6003 can be
extracted from the first electrode 6004 side as shown by
a hollow arrow.

[0179] Next, FIG 10B shows a cross sectional view of
a pixel circuit in the case where light emitted from an EL
element 6013 is extracted from a second electrode 6016
side. In FIG 10B, afirst electrode 6014 of the EL element
6013 is electrically connected to a TFT 6011. The TFT
6011 is a p-channel type transistor; therefore, the first
electrode 6014 is an anode. An electroluminescent layer
6015 and a second electrode 6016 are stacked over the
first electrode 6014 in this order.

[0180] The first electrode 6014 is formed of a material
suitable for an anode, and formed of a light reflecting or
shielding material so as to extract light only from the sec-
ond electrode 6016. For example, a single layer film se-
lected from one or more of TiN, ZrN, Ti, W, Ni, Pt, Cr,
Ag, Al, and the like may be employed for the first electrode
6014 as well as a stacked-layer structure of a titanium
nitride film and a film including aluminum as a main com-
ponent, a three-layer structure of a titanium nitride film,
a film including aluminum as a main component, and a
titanium nitride film, and the like.

[0181] The second electrode 6016 is formed of a ma-
terial suitable for a cathode, and formed of a light trans-
missive material and to have a thickness enough to emit
light so as to extract light from the second electrode 6016
side. Specifically, a metal such as Li, Cs, Mg, Ca and Sr,
an alloy thereof (Mg:Ag, Al:Li, Mg:In, and the like), a com-
pound thereof (calcium fluoride and calcium nitride), a
rare earth metal such as Yb and Er, and the like may be
employed, and a film is formed to have a thickness (pref-
erably 5 to 30 nm, approximately) so as to emit light. Note
that a light transmissive conductive material such as in-
dium tin oxide (ITO), zinc oxide (ZnO), indium zinc oxide
(120), or zinc oxide doped with gallium (GZO) may also
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be employed. In addition, indium tin oxide containing sil-
icon oxide (hereinafter referred to as ITSO), ITO com-
pounded with zinc oxide (ZnO), and ITSO compounded
with zinc oxide (ZnO) may be employed. In the case of
using such a light transmissive conductive film, an elec-
tron injecting layer is preferably formed in the electrolu-
minescent layer 6015.

[0182] The electroluminescent layer 6015 may be
formed in the same manner as the electroluminescent
layer 6005 in FIG 10A.

[0183] Inthe above-described pixel shown in FIG 10B,
light which is emitted from the EL element 6013 can be
extracted from the second electrode 6016 side as shown
by a hollow arrow.

[0184] Next, FIG 10C shows a cross sectional config-
uration of a pixel circuit in the case where light emitted
from an EL element 6023 is extracted from both a first
electrode 6024 side and a second electrode 6026 side.
In FIG. 10C, the first electrode 6024 of the EL element
6023 is electrically connected to a TFT 6021, and the
TFT 6021 is a p-channel type transistor; therefore; the
first electrode 6024 is an anode. An electroluminescent
layer 6025 and the second electrode 6026 are stacked
over the first electrode 6024 in this order.

[0185] The firstelectrode 6024 can be formed similarly
to the first electrode 6004 in FIG. 10A to extract light from
the first electrode 6024. The second electrode 6026 can
be formed similarly to the second electrode 6016 in FIG.
10B to extract light from the second electrode 6026 as
well. The electroluminescent layer 6025 can be formed
similarly to the electroluminescent layer 6005 in FIG.
10A.

[0186] Inthe above-described pixel shownin FIG 10C,
light which is emitted from the EL element 6023 can be
extracted from both the first electrode 6024 side and the
second electrode 6026 side as shown by a hollow arrow.
[0187] In this example, although description is made
of the case where a first electrode is an anode and a
second electrode is a cathode, a first electrode may be
a cathode and a second electrode may be an anode. In
the case where afirst electrode is a cathode and a second
electrode is an anode, an n-channel type thin film tran-
sistor is preferably employed as a driving transistor.
[0188] Note that this example may be freely imple-
mented in combination with other embodiment modes
and examples.

[Embodiment Mode 4]

[0189] An electronic apparatus including a display de-
vice of the invention includes a television apparatus (tel-
evision or television receiver), a camera such as a digital
camera, a digital video camera, a mobile phone (portable
phone), a portable information terminal such as a PDA,
a portable game machine, a monitor, a computer, an au-
dio reproducing device such as a car audio, an image
reproducing device provided with a recording medium
such as a home-use game machine, and the like. De-
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scription is made of specific examples with reference to
FIGS. 11A to 11F.

[0190] A portable information terminal using a display
device of the invention shown in FIG 11Aincludes a main
body 9201, adisplay portion 9202, and the like. A portable
information terminal with a large aperture ratio can be
provided by the invention.

[0191] Addigital video camera 9701 using a display de-
vice of the invention shown in FIG 11B includes a display
portion 9702 and the like. A digital video camera with a
large aperture ratio can be provided by the invention.
[0192] A portable phone using a display device of the
invention shown in FIG 11C includes a main body 9101,
a display portion 9102, and the like. A portable phone
with a large aperture ratio can be provided by the inven-
tion.

[0193] A portable television using a display device of
the invention shown in FIG. 11D includes a main body
9301, a display portion 9302, and the like. A portable
television with a large aperture ratio can be provided by
the invention.

[0194] A portable computer using a display device of
the invention shown in FIG. 11E includes a main body
9401, a display portion 9402, and the like. A portable
computer with a large aperture ratio can be provided by
the invention.

[0195] A television using a display device of the inven-
tion shown in FIG 11F includes a main body 9501, a
display portion 9502, and the like. A television with a large
aperture ratio can be provided by the invention

[0196] As described above, the display device of the
invention can be applied to various electronic apparatus-
es.

This application is based on Japanese Patent Application
serial No. 2005-269013 filed in Japan Patent Office on
September 15th, 2005.

Claims
1. Adisplay device comprising:

a plurality of data lines for supplying a data cur-
rent;

a plurality of scan lines for transmitting a selec-
tion signal; and

a pixel portion comprising a plurality of pixel cir-
cuits connected to the plurality of data lines and
the plurality of scan lines, each of the plurality
of pixel circuits comprising:

a display element (20) having an anode
electrode and a cathode electrode, and con-
figured to emit light at luminance corre-
sponding to the data current;

atransistor (Tr1) having a source electrode,
a drain electrode, and a gate electrode, the
transistor controlling a current flowing to the
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display element (20) and;

a first power supply line directly connected
to one of the source electrode and the drain
electrode of the transistor;

a second power supply line directly con-
nected to one of the anode electrolde and
the cathode electrode of the display ele-
ment (20) ;

a capacitor (Cs) having a first terminal di-
rectly connected to the one of the source
electrode and the drain electrode of the tran-
sistor and a second terminal directly con-
nected to the gate electrode of the transis-
tor;

afirst switch element (Tr2) directly connect-
ed between the other of the source elec-
trode and the drain electrode of the transis-
tor and the gate electrode of the transistor;
a second switch element (Tr3) directly con-
nected between one of the plurality of the
data lines and the other of the source elec-
trode and the drain electrode of the transis-
tor;

a third switch element (Tr4) directly con-
nected between the other of the source
electrode and the drain electrode of the tran-
sistor and the other of the anode electrode
and the cathode electrode of the display el-
ement (20);

said display device being characterized in
that

a fourth switch element; (Tr5) is directly
connected between the second terminal of
a capacitor (Cs) and the other of the anode
electrode and the cathode electrode of the
display element (20).

The display device according to claim 1 further com-
prising:

adataline driver circuit connected to the plurality
of data lines; and

a scan line driver circuit connected to the plural-
ity of scan lines.

The display device according to claim 1, being con-
figured to allow the potential of the first power supply
line to be at the same potential as the other of the
cathode and the anode electrodes of the display el-
ement (20).

The display device according to claim 1, being con-
figured to allow the potential of the second power
supply line to be at the same potential as the one of
the cathode and the anode electrodes of the display
element (20).

The display device according to claim 1, being con-
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figured to allow a modification of the potential of the
first power supply line or the potential of the second
power supply line.

The display device according to claim 1, wherein the
first transistor is a p-channel transistor.

The display device according to claim 1, wherein the
first transistor is an n channel transistor.

The display device according to claim 1, wherein the
firsttransistoris configured to drive a display element
(20).

The display device according to claim 1, wherein the
display element (20) is an electroluminescent ele-
ment.

An electronic apparatus comprising the display de-
vice according to claim 1, said electronic apparatus
being one selected from the group consisting of a
television apparatus, a camera such as a digital cam-
era, a digital video camera, a mobile phone, a port-
able information terminal such as a PDA, a portable
game machine, a monitor, a computer, an audio re-
producing device such as a car audio, and an image
reproducing device provided with a recording medi-
um such as a home-use game machine.

A driving method of the display device of claim 1
being characterized in that it comprises the steps
of:

in a threshold writing period (203), turning the
first switch (Tr2) and the fourth switch (Tr5) ON,
turning the second switch (Tr3) and the third
switch (Tr4) OFF, so that a charge correspond-
ing to a threshold voltage of the transistor (Tr1)
can be stored in the parasitic capacitance (Cel)
of the display element (20) and the capacitor
(Cs);

in a subsequent writing period (207), turning the
first switch (Tr2) and the second switch (Tr3)
ON, turning the third switch (Tr4) and the fourth
switch (Tr5) OFF, so that a charge, correspond-
ing to a data current provided by a currentsource
and flowing through the transistor (Tr1), can be
written in the capacitor (Cs);

in a subsequent rewriting period (208), turning
the first switch (Tr2), the second switch (Tr3)
and the third switch (Tr4) OFF, turning the fourth
switch (Tr5) ON, so thata charge, corresponding
to the data current stored in the capacitor (Cs),
can be divided between both the capacitor (Cs)
and the parasitic capacitance (Cel) of the display
element (20), wherein

in said threshold writing period (203), writing pe-
riod (207) and rewriting period (208), a potential
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of the one of the first and second power supply
lines connected on the cathode side of the dis-
play element (20) is set the same or almost the
same as a potential of the other of the first and
second power supply lines connected on the an-
ode side of the display element (20); and

in a subsequent light emitting period (205), turn-
ing the first switch (Tr2), the second switch (Tr3)
and the fourth switch (Tr5) OFF, turning the third
switch (Tr4) ON, while setting the potential of
the one of the first and second power supply
lines connected on the cathode side of the dis-
play element (20) lower than the potential of the
other of the first and second power supply lines
connected on the anode side of the display el-
ement (20).

The driving method of a display device according to
claim 11, wherein the first transistor is a p-channel
transistor.

The driving method of a display device according to
claim 11, wherein the first transistor is an n-channel
transistor.

The driving method of a display device according to
claim 11. wherein the first transistor is a driving tran-
sistor.

The driving method of a display device according to
claim 11, wherein the display element is an electro-
luminescent element.

The driving method of a display device according to
claim 11, wherein the first to fourth switches (Tr2,
Tr3, Tr4, Tr5) are transistors and the five transistors
have the same polarity.

Patentanspriiche

1.

Anzeigevorrichtung, umfassend:

eine Mehrzahl von Datenleitungen zum Zuflih-
ren eines Datenstromes;

eine Mehrzahl von Abtastleitungen zum Uber-
tragen eines Auswahlsignals; und

einen Pixelabschnitt, der eine Mehrzahl von Pi-
xelschaltungen umfasst, die zu der Mehrzahl
von Datenleitungen und der Mehrzahl von Ab-
tastleitungen verbunden sind, wobei jede aus
der Mehrzahl von Pixelschaltungen umfasst:

ein Anzeigeelement (20), das eine Anoden-
elektrode und eine Kathodenelektrode auf-
weist und daflir ausgelegt ist, Licht mit einer
Luminanz entsprechend dem Datenstrom
zu emittieren;
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einen Transistor (Tr1), der eine Source-
Elektrode, eine Drain-Elektrode und eine
Gate-Elektrode aufweist, wobei der Transi-
stor einen Strom steuert, der zu dem Anzei-
geelement (20) flieRt, und

eine erste Leistungszufuhrleitung, die direkt
mit einer von der Source-Elektrode und der
Drain-Elektrode des Transistors verbunden
ist;

eine zweite Leistungszufihrleitung, die di-
rekt mit einer von der Anodenelektrode und
der Kathodenelektrode des Anzeige-
elementes (20) verbunden ist;

einen Kondensator (Cs) mit einem ersten
Anschluss, der direkt mit der einen von der
Source-Elektrode und der Drain-Elektrode
des Transistors verbunden ist, und einem
zweiten Anschluss, der direkt mit der Gate-
Elektrode des Transistors verbunden ist;
ein erstes Schaltelement (Tr2), das direkt
zwischen deranderen von der Source-Elek-
trode und der Drain-Elektrode des Transi-
stors und der Gate-Elektrode des Transi-
stors zwischengeschaltet ist;

ein zweites Schaltelement (Tr3), das direkt
zwischen einer aus der Mehrzahl der Da-
tenleitungen und der anderen von der Sour-
ce-Elektrode und der Drain-Elektrode des
Transistors zwischengeschaltet ist;

ein drittes Schaltelement (Tr4), das direkt
zwischen deranderenvon der Source-Elek-
trode und der Drain-Elektrode des Transi-
stors und der anderen von der Anodenelek-
trode und der Kathodenelektrode des An-
zeigeelementes (20) zwischengeschaltet
ist;

wobei die Anzeigevorrichtung dadurch ge-
kennzeichnet ist, dass ein viertes Schal-
telement (Tr5) direkt zwischen dem zweiten
Anschluss eines Kondensators (Cs) und
der anderen von der Anodenelektrode und
der Kathodenelektrode des Anzeige-
elementes (20) zwischengeschaltet ist.

Anzeigevorrichtung nach Anspruch 1, des Weiteren
umfassend:

eine Datenleitungstreiberschaltung, die mit der
Mehrzahl von Datenleitungen verbunden ist;
und

eine Abtastleitungstreiberschaltung, die mit der
Mehrzahl von Abtastleitungen verbunden ist.

Anzeigevorrichtung nach Anspruch 1, die dafur aus-
gelegt ist zulassen, dass das Potenzial der ersten
Leistungszufihrleitung auf demselben Potenzial wie
die andere von den Kathoden- und den Anodenelek-
troden des Anzeigeelementes (20) ist.
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Anzeigevorrichtung nach Anspruch 1, die dafiir aus-
gelegt ist zuzulassen, dass das Potenzial der zwei-
ten Leistungszufiihrleitung auf demselben Potenzial
wie die eine von den Kathoden- und den Anoden-
elektroden des Anzeigeelementes (20) ist.

Anzeigevorrichtung nach Anspruch 1, die dafiir aus-
gelegt ist, eine Modifikation des Potenzials der er-
sten Leistungszufiihrleitung oder des Potenzials der
zweiten Leistungszufihrleitung zuzulassen.

Anzeigevorrichtung nach Anspruch 1, wobei der er-
ste Transistor ein p-Kanaltransistor ist.

Anzeigevorrichtung nach Anspruch 1, wobei der er-
ste Transistor ein n-Kanaltransistor ist.

Anzeigevorrichtung nach Anspruch 1, wobei der er-
ste Transistor dafir ausgelegt ist, ein Anzeige-
element (20) anzusteuern.

Anzeigevorrichtung nach Anspruch 1, wobei das An-
zeigeelement (20) ein elektrolumineszentes Ele-
ment ist.

Elektronische Einrichtung, umfassend die Anzeige-
vorrichtung nach Anspruch 1, wobei die elektroni-
sche Einrichtung eine ist, die aus einer Gruppe aus-
gewahlt ist, die besteht aus: einem Fernsehapparat,
einer Kamera, so beispielsweise einer Digitalkame-
ra, einer Digitalvideokamera, einem Mobiltelefon, ei-
nem tragbaren Informationsendgerat, so beispiels-
weise einem PDA, einem tragbaren Spielegeréat, ei-
nem Monitor, einem Computer, einer Audiowieder-
gabevorrichtung, so beispielsweise einem Autora-
dio, und einer mit einem Aufzeichnungsmedium ver-
sehenen Bildwiedergabevorrichtung, so beispiels-
weise einem Spielegerat zum Hausgebrauch.

Ansteuerverfahren fir die Anzeigevorrichtung nach
Anspruch 1, dadurch gekennzeichnet, dass es die
nachfolgenden Schritte umfasst:

in einer Schwellenschreibphase (203) erfolgen-
des Einschalten des ersten Schalters (Tr2) und
des vierten Schalters (Tr5), Ausschalten des
zweiten Schalters (Tr3) und des dritten Schal-
ters (Tr4), sodass eine Ladung entsprechend ei-
ner Schwellenspannung des Transistors (Tr1)
in der parasitéren Kapazitat (Cel) des Anzeige-
elementes (20) und des Kondensators (Cs) ge-
speichert werden kann;

in einer anschlielRende Schreibphase (207) er-
folgendes Einschalten des ersten Schalters
(Tr2) und des zweiten Schalters (Tr3), Aus-
schalten des dritten Schalters (Tr4) und des vier-
ten Schalters (Tr5), sodass eine Ladung ent-
sprechend einem Datenstrom, der von einer
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Stromquelle bereitgestellt wird und durch den
Transistor (Tr1) flieRt, in den Kondensator (Cs)
geschrieben werden kann;

in einer anschlieRenden Neuschreibphase
(208) erfolgendes Ausschalten des ersten
Schalters (Tr2), des zweiten Schalters (Tr3) und
desdritten Schalters (Tr4), Einschalten des vier-
ten Schalters (Tr5), sodass eine Ladung ent-
sprechend dem Datenstrom aus der Speiche-
rung in dem Kondensator (Cs) zwischen sowohl
dem Kondensator (Cs) wie auch der parasitaren
Kapazitat (Cel) des Anzeigeelementes (20) auf-
geteilt werden kann, wobei

in der Schwellenschreibphase (203), der
Schreibphase (207) und der Neuschreibphase
(208) ein Potenzial der einen von den ersten und
zweiten Leistungszufuhrleitungen mit Verbin-
dung zu der Kathodenseite des Anzeigeelemen-
tes (20) derart eingestellt wird,

dass es dasselbe oder nahezu dasselbe wie ein
Potenzial der anderen von den ersten und zwei-
ten Leistungszufuhrleitungen mit Verbindung zu
der Anodenseite des Anzeigeelementes (20) ist;
und

in einer anschlieBenden Lichtemissionsphase
(205) erfolgendes Ausschalten des ersten
Schalters (Tr2), des zweiten Schalters (Tr3) und
des vierten Schalters (Tr5), Einschalten des drit-
ten Schalters (Tr4), wahrend das Potenzial der
einen von den ersten und zweiten Leistungszu-
fuhrleitungen mir Verbindung zu der Kathoden-
seite des Anzeigeelementes (20) derart einge-
stellt wird, dass es niedriger als das Potenzial
der anderen von den ersten und zweiten Lei-
stungszuflihrleitungen mit Verbindung zu der
Anodenseite des Anzeigeelementes (20) ist.

Ansteuerverfahren flir eine Anzeigevorrichtung
nach Anspruch 11, wobei der erste Transistor ein p-
Kanaltransistor ist.

Ansteuerverfahren fir eine Anzeigevorrichtung
nach Anspruch 11, wobei der erste Transistor ein n-
Kanaltransistor ist.

Ansteuerverfahren fiir eine Anzeigevorrichtung
nach Anspruch 11, wobei der erste Transistor ein
Ansteuertransistor ist.

Ansteuerverfahren fir eine Anzeigevorrichtung
nach Anspruch 11, wobei das Anzeigeelement ein
elektrolumineszentes Element ist.

Ansteuerverfahren fiir eine Anzeigevorrichtung
nach Anspruch 11, wobei die ersten bis vierten
Schalter (Tr2, Tr3, Tr4, Tr5) Transistoren sind und
die funf Transistoren dieselbe Polaritat aufweisen.
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Revendications

1.

Dispositif d’affichage comprenant :

une pluralité de lignes de données pour fournir
un courant de données ;

une pluralité de lignes de balayage pour trans-
mettre un signal de sélection ; et

une zone a pixels comprenant une pluralité de
circuits de pixels connectés a la pluralité de li-
gnes de données et a la pluralité de lignes de
balayage, chacun des circuits de pixels de la
pluralité comprenant :

un élément d’affichage (20) ayant une élec-
trode d’anode et une électrode de cathode,
et configuré pour émettre de la lumiére a
une luminance correspondant au courant
de données ;

un transistor (Tr1) comportant une électro-
de de source, une électrode de drain et une
électrode de grille, le transistor contrélant
un courant qui s’écoule vers I'élément d’af-
fichage (20), et ;

une premiere ligne d’alimentation directe-
ment connectée a I'une des électrodes de
source ou de drain du transistor ;

une deuxiéme ligne d’alimentation directe-
ment connectée a l'une des électrodes
d’anode ou de cathode de I'élément d’affi-
chage (20) ;

un condensateur (Cs) comportant une pre-
miére borne directement connectée a l'une
des électrodes de source ou de drain du
transistor, et une deuxiéme borne directe-
ment connectée a I'électrode de grille du
transistor ;

un premier élément interrupteur (Tr2) direc-
tement connecté entre I'autre des électro-
des de source ou de drain du transistor et
I'électrode de grille du transistor ;

un deuxiéme élément interrupteur (Tr3) di-
rectement connecté entre une des lignes de
données de la pluralité et 'autre des élec-
trodes de source ou de drain du transistor ;
un troisieme élément interrupteur (Tr4) di-
rectement connecté entre l'autre des élec-
trodes de source ou de drain du transistor
et l'autre des électrodes d’anode ou de ca-
thode de I'élément d’affichage (20) ;

ledit dispositif d’affichage étant caractérisé

en ce qu’un quatrieme élément interrupteur
(Tr5) est directement connecté entre la deuxie-
me borne d’un condensateur (Cs) et 'autre des
électrodes d’anode ou de cathode de I'élément
d’affichage (20).
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1.

Dispositif d’affichage selon la revendication 1, com-
prenant en outre :

un circuit de commande de lignes de données
connecté a la pluralité de lignes de données ; et
un circuit de commande de lignes de balayage
connecté a la pluralité de lignes de balayage.

Dispositif d’affichage selon la revendication 1, con-
figuré pour permettre au potentiel de la premiére li-
gne d’alimentation d’étre identique au potentiel de
l'autre des électrodes de cathode ou d’anode de
I'élément d’affichage (20).

Dispositif d’affichage selon la revendication 1, con-
figuré pour permettre au potentiel de la deuxiéme
ligne d’alimentation d’étre identique au potentiel de
I'une des électrodes de cathode ou d’anode de I'élé-
ment d’affichage (20).

Dispositif d’affichage selon la revendication 1, con-
figuré pour permettre une modification du potentiel
de la premiere ligne d’alimentation ou du potentiel
de la deuxiéme ligne d’alimentation.

Dispositif d’affichage selon la revendication 1, dans
lequel le premier transistor est un transistor de canal
P.

Dispositif d’affichage selon la revendication 1, dans
lequel le premier transistor est un transistor de canal
N.

Dispositif d’affichage selon la revendication 1, dans
lequel le premier transistor est configuré pour com-
mander un élément d’affichage (20).

Dispositif d’affichage selon la revendication 1, dans
lequel I'élément d’affichage (20) est un élément élec-
troluminescent.

Appareil électronique comprenant le dispositif d’af-
fichage selon la revendication 1, ledit appareil élec-
tronique étant sélectionné parmi le groupe compre-
nant un téléviseur, un appareil photo tel qu'un appa-
reil photo numérique, une caméra vidéo numérique,
un téléphone mobile, un terminal d’'information por-
table tel qu’'un assistant numérique personnel ou
PDA, une console de jeu portable, un moniteur d’or-
dinateur, un ordinateur, un dispositif de lecture audio
tel qu’un appareil audio d’automobile, et un dispositif
de reproduction d’images pourvu d’un support d’en-
registrement tel qu’'une console de jeu domestique.

Procédé de commande du dispositif d’affichage se-
lon la revendication 1, caractérisé en ce qu’il com-
prend les étapes consistant a :
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dans une période d’écriture seuil (203), action-
ner le premier interrupteur (Tr2) et le quatrieme
interrupteur (Tr5) sur MARCHE, actionner le
deuxiéme interrupteur (Tr3) et le troisiéme inter-
rupteur (Tr4) sur ARRET, de telle sorte qu’une
charge correspondant a une tension seuil du
transistor (Tr1) peut étre stockée dans la capa-
cité parasite (Cel) de I'élément d’affichage (20)
et dans le condensateur (Cs) ;

dans une période d’écriture ultérieure (207), ac-
tionner le premier interrupteur (Tr2) et le deuxie-
me interrupteur (Tr3) sur MARCHE, actionner
le troisieme interrupteur (Tr4) et le quatrieme
interrupteur (Tr5) sur ARRET, de telle sorte
qgu’une charge correspondant a un courant de
données procuré par une source de courant et
s’écoulant a travers le transistor (Tr1) peut étre
écrite dans le condensateur (Cs) ;

dans une période de récriture ultérieure (208),
actionner le premier interrupteur (Tr2), le
deuxiéme interrupteur (Tr3) et le troisieme inter-
rupteur (Tr4) sur ARRET, actionner le quatriéme
interrupteur (Tr5) sur MARCHE, de telle sorte
gu’une charge correspondant au courant de
données stocké dans le condensateur (Cs) peut
étre divisée entre d’'une part le condensateur
(Cs) et d’autre part la capacité parasite (Cel) de
I'élément d’affichage (20), dans lequel

dans lesdites période d’écriture seuil (203), pé-
riode d’écriture (207) et période de récriture
(208), un potentiel de 'une des premiére ou
deuxiéme lignes d’alimentation connectées au
coté cathode de I'élément d’affichage (20) est
réglé pour étre identique ou presque identique
au potentiel de I'autre des premiére ou deuxie-
me lignes d’alimentation connectées au coté
anode de I'élément d’affichage (20) ; et

dans une période d’émission de lumiere ulté-
rieure (205), actionner le premier interrupteur
(Tr2), le deuxiéme interrupteur (Tr3) et le qua-
triéme interrupteur (Tr5) sur ARRET, actionner
le troisiéme interrupteur (Tr4) sur MARCHE, tout
en réglant le potentiel de I'une des premiére ou
deuxieme lignes d’alimentation connectées au
coOté cathode de I'élément d’affichage (20) pour
qu’il soit inférieur au potentiel de I'autre des pre-
miére ou deuxiéme lignes d’alimentation con-
nectées au c6té anode de I'élément d’affichage
(20).

Procédé de commande d’un dispositif d’affichage
selon la revendication 11, dans lequel le premier
transistor est un transistor de canal P.

Procédé de commande d’un dispositif d’affichage
selon la revendication 11, dans lequel le premier
transistor est un transistor de canal N.
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Procédé de commande d'un dispositif d’affichage
selon la revendication 11, dans lequel le premier
transistor est un transistor de commande.

Procédé de commande d'un dispositif d’affichage
selon larevendication 11, dans lequel I'élément d’af-
fichage est un élément électroluminescent.

Procédé de commande d’un dispositif d’affichage
selon la revendication 11, dans lequel les premier
au quatriéme interrupteurs (Tr2, Tr3, Tr4, Tr5) sont
des transistors et les cing transistors présentent la
méme polarité.
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FIG. 11A FIG. 11B
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EXPLANATION OF REFERENCE

ANODE: first power supply line, CATHODE: second power supply
line, DATA: data line, X1 to Xn: data lines, Y1 to Ym: scan lines,
Tr1: first transistor, Tr2: second transistor, Tr3: third transistor, Tr4:
fourth transistor, Tr5: fifth transistor, Idata: data current, 10: EL
element, 20: EL element, 201: one frame period, 202: initialization
period, 203: threshold writing period, 204: address period, 205: light
emitting period, 205A: light emitting period (former frame), 206:
pre-writing period, 207: data writing period, 208: Cs rewriting period,
209: post-rewriting period, 301: pixel portion, 302: data line driver
circuit, 303: scan line driver circuit, 304: pixel circuit, 401: substrate,
402: contact region, 501: one scan line writing period, 6001: TFT,
6003: EL element, 6004: electrode, 6005: electroluminescent layer,
6006: electrode, 6007: interlayer insulating film, 6008: partition wall,
6011: TFT, 6013: EL element, 6014: electrode, 6015:
electroluminescent layer, 6016: electrode, 6021: TFT, 6023: EL
element, 6024: electrode, 6025: electroluminescent layer, 6026:
electrode, 9101: main body of portable phone, 9102: display portion,
9201: main body of portable information terminal, 9202: display
portion, 9301: main body of portable television, 9302: display
portion, 9401: main body of portable computer, 9402: display
portion, 9501: main body of television, 9502: display portion, 9701:
main body of digital video camera, 9702: display portion, 1205: first
TFT, 1206: first wire, 1207: second wire, 1208: second TFT, 1211:
third wire, 1212: opposite electrode, 1213: capacitor, 1215: pixel
electrode, 1216: partition wall, 1217: organic conductive film, 1218:
organic thin film, 1219: substrate, 1300: substrate, 1301: first wire,
1302: second wire, 1303: third wire, 1304: fourth wire, 1305: first
TFT, 1306: second TFT, 1307: third TFT, 1308: pixel electrode,
1311: partition wall, 1312 organic conductive film, 1313: organic thin
film (light emitting layer), 1314: opposite electrode, 1400: substrate,
1401: first wire, 1402: second wire, 1403: third wire, 1404: fourth
wire, 1405: first TFT, 1406: second TFT, 1407: third TFT, 1408:
fourth TFT, 1409: pixel electrode, 1411: fifth wire, 1412: sixth wire,
1421: partition wall, 1422: organic conductive film, 1423: organic
thin film (light emitting layer), 1424: opposite electrode, 1501:
anode, 1502: cathode, 1503: hole transporting region, 1504:
electron transporting region, 1505: mixed region, 1506: region to
which light emitting material is added, 1507: region to which hole
blocking material is added, 1508: region to which electron blocking
material is added, 1509: region to which metal material is added,
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1660: transfer chamber, 1661: transfer chamber, 1662: loading
chamber, 1663: unloading chamber, 1664: intermediate chamber,
1665: sealing treatment chamber, 1666: transfer unit, 1667:
transfer unit, 1668: heat treatment chamber, 1669: deposition
treatment chamber, 1670: deposition treatment chamber, 1671:
deposition treatment chamber, 1672: deposition treatment
chamber, 1673: deposition treatment chamber, 1674: deposition
treatment chamber, 1675: deposition treatment chamber, 1676:
deposition treatment chamber, 1677a to 1677m: gate valves,
1780: evaporation source holder, 1781a to 1781c: evaporation
sources, 1782: distance sensor, 1783: multijoint arm, 1784:
material supply pipe, 1785a to 1785c¢: material supply sources,
1786: substrate stage, 1787: substrate chuck, 1788: mask chuck,
1789: substrate, 1790: shadow mask, 1791: top plate, 1792:
bottom plate, 1801: first TFT, 1802: second TFT, 1803: third TFT,
1804: fourth TFT, 1805: fifth TFT, 1806: first wire, 1807: second
wire, 1808: third wire, 1809: fourth wire, 1810: fifth wire, 1811:
sixth wire, 1813: electrical condenser, 1814: pixel electrode, 1815:
partition wall opening, 1816: electrode, 1817: electrode :
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