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(57) ABSTRACT

The present invention is intended to suppress power con-
sumption of an EL display. In accordance with the brightness
of an image to be displayed in a pixel portion, the contrast of
the image is determined whether to be inverted or not, and the
number of bits of the digital video signal to be input into the
pixel portion is reduced, and the magnitude of a current to
flow through the EL element is allowed to be maintained at a
constant level even when a temperature of an EL layer
changes by providing the EL display with another EL element
to be used for monitoring a temperature.
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Fig. 3
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Fig. 4
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Fig. 5
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Fig. 7
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 10/920,279, filed Aug. 18, 2004, now allowed,
which is a continuation of U.S. application Ser. No. 09/833,
673, filed Apr. 13, 2001, now U.S. Pat. No. 7,221,338, which
claims the benefit of foreign priority applications filed in
Japan as Serial No. 2000-117045 on Apr. 18, 2000 and Serial
No. 2001-059511 on Mar. 5, 2001, all of which are incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display panel in
which a light emitting element formed on a substrate is sealed
between the substrate and a cover member. In addition the
present invention also relates to a display module in which an
1C chip is mounted on the above-mentioned display panel. It
should be noted that in the present specification, the display
panel and the display module are collectively referred to as
the light emitting device. The present invention further relates
to an electronic apparatus that employs the above-mentioned
light emitting device.

[0004] 2. Description of the Related Art

[0005] Recently, techniques for forming a TFT on a sub-
strate has been greatly advanced, and much developments
have been made to apply those techniques to an active-matrix
type display device. In particular, a TFT employing a poly-
crystalline silicon film can operate at a higher speed since a
field effect mobility (simply referred to as the mobility)
thereof is larger than that of a TFT employing the conven-
tional amorphous silicon film. Thus, it becomes possible to
control pixels by means of'a driver circuit formed on the same
substrate as the pixels. Such the pixels was conventionally
controlled by means of a driver circuit provided at the outside
of the substrate.

[0006] The active-matrix type display device as mentioned
above can exhibit various advantages such as a reduced fab-
ricating cost, miniaturization of the display device, an
increased fabricating yield, a reduced throughput or the like,
by providing various circuits and elements on the identical
substrate.

[0007] Furthermore, developments of an active-matrix type
light emitting device having light emitting elements as a
self-emission type element have been actively conducted.
Such a light emitting device is also referred to as an Organic
EL Display (OELD) or an Organic Light Emitting Diode
(OLED).

[0008] Unlike a liquid crystal display, the light emitting
device is of the self-emission type. The light emitting element
has a structure in which a layer containing an organic com-
pound (hereinafter referred to as the organic compound layer)
that allows luminescence to be generated by applying an
electrical field thereto is interposed between a pair of elec-
trodes (an anode and a cathode). The organic compound layer
usually has a layered structure. Typical examples therefor
include a layered structure of “a hole transportation layer/a
light emitting layer/an electron transportation layer” pro-
posed by Tang et al. of Eastman Kodak Co. This structure has
ahigh luminous efficiency, and most of light emitting devices
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about which research and development activities are cur-
rently being progressed employ this structure.

[0009] Although a luminescence in an organic compound
includes a singlet excitation (fluorescence) and a triplet exci-
tation (phosphorescence), the light emitting device of the
present invention can use one or both of the above lumines-
cence.

[0010] Alternatively, a layered structure in which a hole
injection layer/a hole transportation layer/a light emitting
layer/an electron transportation layer, or a hole injection
layer/a hole transportation layer/a light emitting layer/an
electron transportation layer/an electron injection layer are
formed on an anode in these orders may be used. Further-
more, fluorescent dyes or the like may be doped into the light
emitting layer.

[0011] In the present specification, all of the layers to be
disposed between the cathode and the anode are collectively
referred to as the organic compound layer. Accordingly, all of
the above-mentioned layers such as the hole injection layer,
the hole transportation layer, the light emitting layer, the
electron transportation layer, the electron injection layer or
the like are included in the organic compound layer.

[0012] A predetermined voltage is applied to the organic
compound layer made of the above-mentioned structure via
the pair of electrodes, and thus recombination of carriers
occurs in the light emitting layer, thereby resulting in light
emission. In the present specification, when the light emitting
element emits light, the light emitting element is expressed as
being driven. Inaddition, in the present specification, the light
emitting element composed of an anode, an organic com-
pound layer, and a cathode is referred to as the light emitting
element.

[0013] Since the light emitting device is not required to
employ a back light, a thickness and a weight of the display
itself can be suppressed, as compared to a liquid crystal
display. For that reason, the light emitting device has come to
beused as a display section of a portable information terminal
(a mobile computer, a portable telephone, a portable game
apparatus, an electronic book or the like), instead of the liquid
crystal display.

[0014] In order to suppress power consumption of the por-
table information terminal, it has been desired to suppress
power consumption of the light emitting device to be
employed as the display section.

[0015] Moreover, digitalization of a receiver ora VIR to be
used in home as well as various equipment to be used ina TV
orradio broadcast station has now proceeded. As the next step
following digitalization of a broadcast system is digitaliza-
tion of broadcast electric waves, 1.e., realization of digital
broadcasting. Vigorous research and development activities
have been performed toward such a goal.

[0016] One scheme to be used for realizing a digital driving
of the light emitting device is a temporal gradation display.
More specifically, the temporal gradation display refers to a
driving method in which the gradation display is performed
by controlling a time period during which the light emitting
element is to emit light in one frame period.

[0017] In the case where the light emitting device is digi-
tally driven to perform the temporal gradation display, the
required number of rewriting a digital video signal containing
image information to be input to pixels is increased, as the
number of gradation of an image to be displayed is increased.
Consequently, power consumption of a group of driver cir-
cuits to be used for inputting the digital video signal into the
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pixels is increased, thereby resulting in increased power con-
sumption of the light emitting device.

[0018] Inaddition, since the light emitting element is of the
self-emission type, a time period during which the light emit-
ting element is to emit light in one frame period varies
depending on an image to be displayed. Accordingly, power
consumption of the light emitting device in turn varies
depending on an image to be displayed.

[0019] Furthernmore, the magnitude of a current to flow
through the light emitting element varies also depending on
temperature. Even with a voltage of the same magnitude
being applied across the electrodes of the light emitting ele-
ment, the magnitude of a current to flow through the light
emitting element varies due to temperature characteristics of
the light emitting element. For example, as the temperature of
the organic compound layer increases, a larger current tends
to flow. Accordingly, as an environmental temperature under
which the light emitting element is to be used increases,
power consumption of the light emitting device increases,
which in turn increases the brightness of the light emitting
element.

[0020] In view of the above-described situations, the
present invention is intended to suppress power consumption
ofalight emitting device and an electronic apparatus employ-
ing the light emitting device as its display section.

SUMMARY OF THE INVENTION

[0021] A first structure according to the present invention is
characterized in which in the case where a monochrome
display is performed in a light emitting device, the contrast of
an image is determined whether to be inverted or not in
accordance with what kind of an image to be displayed by
pixels in a pixel portion.

[0022] In accordance with the above-mentioned structure,
the magnitude of a current to flow through the light emitting
element can be suppressed to some degree, thereby resulting
in a reduced power consumption of the light emitting device.
[0023] Furthermore, a second structure in accordance with
the present invention is characterized in that in a light emitting
device that performs a digitally-driven time-divisional grada-
tion display, a digital video signal input to a source signal line
driver circuit included in the light emitting device is input into
a pixel portion after its number of bits is reduced. More
specifically, a bit of the digital video signal is sequentially cut
off from the least significant bit to reduce the number of bits
of the digital video signal to be input into the pixel portion.
[0024] In accordance with the above-mentioned structure,
since the number of bits of the digital video signal to be input
into the pixels is reduced, the required number of writing the
digital video signal by the source signal line driver circuit and
a gate signal line driver circuit can be reduced. Thus, power
consumption of the source signal line driver circuit and the
gate signal line driver circuit can be reduced, thereby result-
ing in a reduced power consumption of the light emitting
device.

[0025] Moreover, in accordance with a third structure of the
present invention, a light emitting device is provided with a
light emitting element for monitoring a temperature. One of
electrodes of the temperature-monitoring light emitting ele-
ment is connected to a constant current source. Thus, by
means of temperature characteristics of the temperature-
monitoring light emitting element, the magnitude of a current
to flow through a light emitting element of a pixel is main-
tained at a constant level.
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[0026] In accordance with the above-described structure,
the magnitude of a current to flow through the light emitting
element of a pixel is maintained at a constant level, even when
a temperature of the organic compound layer changes. Thus,
power consumption of the light emitting device can be pre-
vented from increasing even when an environmental tempera-
ture of the light emitting device increases, which in turn can
maintain the brightness at a constant level.

[0027] Inaccordance with the first, second, and third struc-
tures of the present invention as described in the above, it is
possible to suppress the power consumption of a light emit-
ting device and an electronic apparatus which employs the
light emitting device. It should be noted that only either one of
the first through third structures is required to be included in
the present invention, although two or all of the first through
third structures may be included.

[0028] Structures in accordance with the present invention
will be further described below.

[0029] Thepresentinvention provides a display device hav-
ing a plurality of pixels, wherein a polarity of a digital video
signal to be input into the plurality of pixels is inverted,
thereby resulting in brightness of the plurality of pixels being
changed.

[0030] Thepresentinvention provides a display device hav-
ing a pixel portion including a plurality of pixels, and a source
signal line driver circuit, wherein the source signal line driver
circuit includes a switching circuit for switching a polarity of
an output, and a polarity of a digital video signal input to the
switching circuit is inverted by means of a shift signal to be
input into the switching circuit and the resultant signal is then
input into the plurality of pixels.

[0031] Thepresentinvention provides a display device hav-
ing a pixel portion including a plurality of pixels, and a source
signal line driver circuit, wherein each of the plurality of
pixels has a light emitting element, and the source signal line
driver circuit includes a shift register, one or more latches and
a switching circuit, and a polarity of a digital video signal
input from the one or more latches into the switching circuit
is inverted by means of a shift signal to be input into the
switching circuit and the resultant signal is then input into the
plurality of pixels.

[0032] Thepresentinvention providesa display device hav-
ing a pixel portion including a plurality of pixels, and a source
signal line driver circuit, wherein each of the plurality of
pixels has a light emitting element, and the source signal line
driver circuit includes a shift register, one or more latches and
a switching circuit, and a polarity of a digital video signal
input from the one or more latches into the switching circuit
is inverted by means of a shift signal to be input into the
switching circuit and the resultant signal is then input into the
plurality of pixels, and an average of a time period during
which all of the light emitting elements emit light in one
frame period is equal to or less than a half of the maximum
value of the time period during which all of the light emitting
elements emit light in one frame period.

[0033] Theabove structures may be characterized in which
the switching circuit includes an inverter, a first analog
switch, and a second analog switch, wherein the digital video
signal input into the switching circuit is input into an input
terminal of the first analog switch via the inverter, the digital
video signal output from the one or more latches is input into
an input terminal of the second analog switch, the shift signal
is input from a first control input terminal of the first analog
switch and a second control input terminal of the second
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analog switch, a signal obtained by inverting the polarity of
the shift signal is input from a second control input terminal of
the first analog switch and a second control input terminal of
the first analog switch, and signals output from output termi-
nals of the first analog switch and the second analog switch
are output from the switching circuit.

[0034] The above structures may be characterized in which
the switching circuit includes an inverter, a first NAND, a
second NAND, and a NOR, wherein the first NAND is sup-
plied with the digital video signal via the inverter and the shift
signal, the second NAND is supplied with the digital video
signal and a signal obtained by inverting a polarity of the shift
signal, a signal output from the first NAND and a signal
output from the second NAND are input into the NOR, and a
signal output from the NOR is output from the switching
circuit.

[0035] Thepresentinvention provides a display device hav-
ing a plurality of pixels and a source signal line driver circuit,
wherein among a digital video signal to be input into the
source signal line driver circuit, only more significant bits are
input into the plurality of pixels.

[0036] Thepresentinvention provides a display device hav-
ing a pixel portion including a plurality of pixels, and a source
signal line driver circuit, wherein the source signal line driver
circuitincludes a shift register, a first latch, asecond latch, and
a clock signal control circuit, a clock signal is input into the
shift register via the clock signal control circuit to thereby
output a timing signal from the shift register, a digital video
signal is input into and held at the first latch by the timing
signal, the digital video signal held at the first latch is input
into and held at the second latch by a latch signal, the digital
video signal input into and held at the second latch is input
into the plurality of pixels, and the clock signal control circuit
reduces the number of bits of the digital video signal to be
input into and held at the first latch by supplying a constant
fixed electrical potential instead of the clock signal to the shift
register for a constant period of time.

[0037] The above structure may be characterized in which
the clock signal control circuit includes a NAND and an
inverter, wherein a clock signal and a selection signal are
input into the NAND, and a signal output from the NAND is
output from the clock signal control circuit via the inverter.
[0038] The above structure may be characterized in which
the clock signal control circuit includes a first analog switch,
a second analog switch, and an inverter, wherein a selection
signal is input via the inverter into a second control input
terminal of the first analog switch and a first control input
terminal of the second analog switch, the selection signal is
input into a first control input terminal of the first analog
switch and a second control input terminal of the second
analog switch, a clock signal is input into an input terminal of
the first analog switch, a fixed electrical potential is supplied
to an input terminal of the second analog switch, and signals
output from output terminals of the first analog switch and the
second analog switch are output from the clock signal control
circuit.

[0039] Thepresentinvention provides a display device hav-
ing a pixel portion including a plurality of pixels, and a source
signal line driver circuit, wherein the source signal line driver
circuitincludes a shift register, a first latch, a second latch, and
atiming signal control circuit, a timing signal output from the
shift register is input into the first latch via the timing signal
control circuit, a digital video signal is input into and held at
the first latch by the timing signal input into the first latch, the
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digital video signal held at the first latch is input into and held
at the second latch by a latch signal, the digital video signal
input into and held at the second latch is input into the plu-
rality of pixels, and the timing signal control circuit reduces
the number of bits of the digital video signal to be input into
and held at the first latch by supplying to the first latch a
constant fixed electrical potential instead of the timing signal
output from the shift register for a constant period of time.

[0040] The above structure may be characterized in which
the timing signal control circuit includes a NAND and an
inverter, wherein a timing signal and a selection signal are
input into the NAND, and a signal output from the NAND is
output from the timing signal control circuit via the inverter.

[0041] The above structure may be characterized in which
the timing signal control circuit includes a first analog switch,
a second analog switch, and an inverter, wherein a selection
signal is input via the inverter into a second control input
terminal of the first analog switch and a first control input
terminal of the second analog switch, the selection signal is
input into a first control input terminal of the first analog
switch and a second control input terminal of the second
analog switch, the timing signal is input into an input terminal
of the first analog switch, a fixed electrical potential is sup-
plied to an input terminal of the second magnitude of a current
to flow through the plurality of light emitting elements is
maintained by means of temperature characteristics of the
monitoring light emitting element.

[0042] The present invention provides a display device
including a pixel portion including a plurality of pixels, a
power source line, a buffer amplifier, a monitoring light emit-
ting element, and a constant current source, wherein each of
the plurality of pixels includes a thin film transistor and a light
emitting element, each of the monitoring light emitting ele-
ment and the light emitting element includes a first electrode,
a second electrode, and an organic compound layer disposed
between the first electrode and the second electrode, the first
electrode of the monitoring light emitting element is con-
nected to the constant current source, the first electrode of the
monitoring light emitting element is also connected to a non-
inverted input terminal of the buffer amplifier, and an output
terminal of the buffer amplifier is connected to the power
source line, and an electrical potential of the power source
line is applied to the first electrode of the light emitting
element via the thin film transistor.

[0043] The present invention provides a display device
including a pixel portion having a plurality of pixels, a power
source line, a buffer amplifier, a monitoring light emitting
element, a constant current source, and an adding circuit,
wherein each of the plurality of pixels includes a thin film
transistor and a light emitting element, each of the monitoring
light emitting element and the light emitting element includes
afirst electrode, a second electrode, and an organic compound
layer disposed between the first electrode and the second
electrode, the first electrode of the monitoring light emitting
element is connected to the constant current source, the first
electrode of the monitoring light emitting element is also
connected to a non-inverted input terminal of the buffer
amplifier, an output terminal of the buffet amplifier is con-
nected to an input terminal of the adding circuit, an output
terminal of the adding circuit is connected to the power source
line, a constant potential difference is always maintained
between the input terminal and the output terminal of the
adding circuit, and an electrical potential of the power source
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line is applied to the first electrode of the light emitting
element via the thin film transistor.

[0044] The present invention may be embodied in the form
of avideo camera, an image analog switch, and signals output
from output terminals of the first analog switch and the sec-
ond analog switch are output from the timing signal control
circuit.

[0045] Thepresent invention provides a display device hav-
ing a pixel portion including a plurality of pixels and a source
signal line driver circuit, wherein the source signal line driver
circuitincludes a shift register, a first latch, a second latch, and
a start pulse signal control circuit, a start pulse signal is input
into the shift register via the start pulse signal control circuit
to thereby output a timing signal from the shift register, a
digital video signal is input into and held at the first latch by
the timing signal, the digital video signal held at the first latch
is input into and held at the second latch by a latch signal, the
digital video signal input into and held at the second latch is
input into the plurality of pixels, and the start pulse signal
control circuit reduces the number of bits of the digital video
signal to be input into and held at the first latch by supplying
to the shift register a constant fixed electrical potential instead
of the start pulse for a constant period of time.

[0046] The above structure may be characterized in which
the start pulse signal control circuit includes a NAND and an
inverter, wherein a start pulse signal and a selection signal are
input into the NAND, and a signal output from the NAND is
output from the start pulse signal control circuit via the
inverter.

[0047] The above structure may be characterized in which
the start pulse signal control circuit includes a first analog
switch, a second analog switch, and an inverter, wherein a
selection signal is input via the inverter into a second control
input terminal of the first analog switch and a first control
input terminal of the second analog switch, the selection
signal is input into a first control input terminal of the first
analog switch and a second control input terminal of the
second analog switch, a start pulse signal is input into an input
terminal of the first analog switch, a fixed electrical potential
is supplied to an input terminal of the second analog switch,
and signals output from output terminals of the first analog
switch and the second analog switch are output from the start
pulse signal control circuit.

[0048] The present invention provides a display device
including a plurality of pixels having a plurality of light
emitting elements, and a monitoring light emitting element,
wherein the reproduction apparatus, a head mount display, a
portable telephone, or a portable information terminal
employing the above-mentioned display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] FIG. 11is ablock diagram of a light emitting device
in accordance with the present invention.

[0050] FIG. 2is a block diagram of a light emitting device
in accordance with the present invention.

[0051] FIG. 3 is a block diagram of a light emitting device
in accordance with the present invention.

[0052] FIG. 4is a block diagram of a light emitting device
in accordance with the present invention.

[0053] FIG. 5 is a diagram for illustrating connection of a
monitoring light emitting element of alight emitting device in
accordance with the present invention.
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[0054] FIG. 6is a diagram for illustrating a pixel portion of
a light emitting device in accordance with the present inven-
tion.

[0055] FIG. 7 is an expanded diagram of a pixel of a light
emitting device in accordance with the present invention.
[0056] FIG. 8is a diagram for illustrating a driving method
of a light emitting device in accordance with the present
invention.

[0057] FIG. 91is a block diagram of a light emitting device
in accordance with the present invention.

[0058] FIG. 10 is a diagram for illustrating a pixel portion
of a light emitting device in accordance with the present
invention.

[0059] FIG. 11 is an expanded diagram of a pixel of a light
emitting device in accordance with the present invention.
[0060] FIG. 12 is a diagram for illustrating a driving
method of a light emitting device in accordance with the
present invention.

[0061] FIG. 13 is a circuit diagram of a source signal line
driver circuit of a light emitting device in accordance with the
present invention.

[0062] FIG. 14 is a partial plan view of a latch (A).

[0063] FIGS.15A and 15B are circuit diagrams ofa switch-
ing circuit.

[0064] FIG. 161s an equivalent circuit diagram of an analog
switch.

[0065] FIG. 17 is a circuit diagram of a source signal line

driver circuit of a light emitting device in accordance with the
present invention.

[0066] FIGS. 18A and 18B are circuit diagrams of a clock
signal control circuit, a timing signal control circuit, and a
start pulse signal control circuit.

[0067] FIG. 19 is a circuit diagram of a source signal line
driver circuit of a light emitting device in accordance with the
present invention.

[0068] FIG. 20 is a circuit diagram of a source signal line
driver circuit ofa light emitting device in accordance with the
present invention.

[0069] FIG. 21 is a diagram for illustrating connection of a
monitoring light emitting element of alight emitting device in
accordance with the present invention.

[0070] FIG. 22 is a circuit diagram of an adding circuit.
[0071] FIGS. 23A through 23D are cross-sectional views
for illustrating various steps of a fabricating method of a light
emitting device.

[0072] FIGS. 24A through 24C are cross-sectional views
for illustrating various steps of a fabricating method of a light
emitting device.

[0073] FIGS. 25A through 25C are cross-sectional views
for illustrating various steps of a fabricating method of a light
emitting device.

[0074] FIGS. 26A and 26B are cross-sectional views for
illustrating various steps of a fabricating method of a light
emitting device.

[0075] FIGS. 27A and 27B are diagram for illustrating
electronic apparatuses each employing alight emitting device
in accordance with the present invention.

[0076] FIGS. 28A through 28F are diagram for illustrating
electronic apparatuses each employing alight emitting device
in accordance with the present invention.

[0077] FIGS. 29A and 29B show a connection of a light
emitting element for a monitor of the light emitting device of
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the present invention, and a characteristic in measurement
values of brightness due to temperatures of the light emitting
element, respectively.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment Mode 1

[0078] A first structure in accordance with the present
invention will be now described. FIG. 1 shows a block dia-
gram of a light emitting device having the first structure in
accordance with the present invention.

[0079] Reference numeral 101 denotes a pixel portion in
which a plurality of pixels are provided in matrix. Reference
numerals 102 and 103 denote a source signal line driver
circuit and a gate signal line driver circuit, respectively.
[0080] The source signal line driver circuit 102 includes a
shift register 102-1, a latch (A) 102-2, a latch (B) 102-3, and
a switching circuit 102-4. It should be noted that the source
signal line driver circuit of the present invention may further
include a level shift, a buffer or the like, in addition to the
components mentioned above.

[0081] Although not illustrated, the gate signal line driver
circuit 103 includes a shift register and a buffer. In some
cases, the gate signal line driver circuit 103 may further
include a level shift in addition to the shift register and the
buffer. Gate electrodes of pixel TFTs in one row are con-
nected to one gate signal line, and therefore, all of the pixels
TFTs in one row have to be simultaneously turned on.
Accordingly, a buffer capable of allowing a large current to
flow therethrough is used.

[0082] In the source signal line driver circuit 102, a clock
signal (CLK) and a start pulse (SP) are input into the shift
register 102-1. The shift register 102-1 sequentially generates
a timing signal based on these clock signal (CLK) and start
pulse (SP) and supplies the generated timing signal sequen-
tially to a circuit in the succeeding stage.

[0083] Thetiming signal to be output from the shift register
102-1 may be sequentially supplied to the circuit in the suc-
ceeding stage through a buffer or the like (not illustrated). The
timing signal from the shift register 102-1 is buffered and
amplified by the buffer or the like. Since a number of circuits
or elements are connected to a wiring to which the timing
signal is to be supplied, a large load capacitance (parasitic
capacitance) exists. In order to prevent a rising edge or a
trailing edge of the timing signal from being rounded due to
such a large load capacitance, the above-mentioned buffer is
provided.

[0084] The timing signal output from the shift register
102-1 is supplied to the latch (A) 102-2. The latch (A) 102-2
includes latches in multiple stages for processing an n-bit
digital video signal. When the timing signal is input to the
latch (A) 102-2, it sequentially takes in the n-bit digital video
signal to be externally supplied to the source signal line driver
circuit 102 and held them therein.

[0085] When the digital video signal is taken in into the
latch (A) 102-2, the digital video signal may be sequentially
input into the latches in the multiple stages included in the
latch (A) 102-2. However, the present invention is not limited
to such a structure. A so-called division driving may be per-
formed in which the latches in the multiple stages included in
the latch (A) 102-2 are divided into several groups and the
digital video signal is input every group in parallel and simul-
taneously. In such a case, the number of the groups is referred
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to as the division number. For example, in the case where the
latches are divided into four groups, it can be said that the
device is driven through the quarter-division scheme.

[0086] A time period required for completing all of the
writing of the digital video signal into the latches in all of the
stages of the latch (A) 102-2 is referred to as a line period.
More specifically, the line period refers to a time period
measured from a timing when the writing of the digital video
signal into the latch in the leftmost stage in the latch (A) 102-2
starts until a timing when the writing of the digital video
signal into the latch in the rightmost stage ends. In practice,
the line period may include a horizontal blanking period in
addition to the above-described line period.

[0087] After the one line period ends, latch signals are
supplied to the latch (B) 102-3. At this moment, the digital
video signal that has been written into and held at the latch (A)
102-2 is simultaneously sent out to the latch (B) 102-3 to be
written into latches in all of the stages of the latch (B) 102-3
and held therein.

[0088] Further digital video signal to be externally supplied
to the source signal line driver circuit 102 is again sequen-
tially written, based on the timing signal from the shift reg-
ister 102-1, into the latch (A) 102-2 from which the previous
digital video signal was sent out to the latch (B) 102-3.
[0089] During the second turn of the one line period, the
digital video signal that has been written into and held at the
latch (B) 102-3 is simultaneously sent out to the switching
circuit 102-4. The switching circuit 102-4 causes the polarity
of the digital video signal input from the latch (B) 102-2 to be
inverted, or alternatively allows the polarity of those digital
video signal not to be inverted, in accordance with shift sig-
nals, and outputs the resultant signals.

[0090] The digital video signal includes information of
either “0” or “1”. The digital video signal corresponding to
“0” is a signal having a Hi potential, while the digital video
signal corresponding to “1” is a signal having a Lo potential,
or vice versa. The inversion of the polarity of the digital video
signal means that the digital video signal having information
of “0” is converted into that having information of 17, while
the digital video signal having information of*1” is converted
into that having information of “0”.

[0091] The shift signal is a signal to be used for selecting
whether the polarity of the digital video signal input from the
latch (B) 102-2 is to be inverted or not. The polarity of the
digital video signal is inverted by the shift signal when an
average of a time period during which all of the light emitting
elements emit light in one frame period becomes longer than
a half of a time period during which the light emitting ele-
ments emit light in one frame period in the case where the
totally white is to be displayed in the pixel portion 101,
thereby resulting in power consumption being reduced. On
the other hand, when an average of the time period during
which all of the light emitting elements emit light in one
frame period becomes shorter than a half of the time period
during which the light emitting elements emit light in one
frame period in the case where the totally white is to be
displayed in the pixel portion 101, the polarity of the digital
video signal is not allowed to be inverted in accordance with
the shift signal, for the purpose of suppressing the power
consumption.

[0092] Whether the polarity of the digital video signal
should be inverted or not in accordance with the shift signal
may be chosen by a user, or alternatively, may be automati-
cally chosen based on an image to be displayed.
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[0093] The digital video signal output from the switching
circuit 102-4 is input into the source signal lines.

[0094] On the other hand, in the gate signal line driver
circuit 103, a gate signal from a shift register (not illustrated)
is input into a buffer (not illustrated), and further input into a
corresponding gate signal line (also referred to as a scanning
line).

[0095] Inaccordance withthe gate signal input into the gate
signal line, the digital video signal input into the source signal
lines is input into the pixels.

[0096] In the above description, the source signal line
driver circuit 102 and the gate signal line driver circuit 103
may be provided on the same substrate as the pixel portion
101. Alternatively, those driver circuits 102 and 103 may be
provided on an IC chip and connected to the pixel portion 101
via some techniques such as FPC or TAB.

[0097] In accordance with the above-mentioned structure
of the present embodiment of the invention, in the case where
the light emitting device for performing a digitally-driven
time-divisional gradation display displays a monochrome
image, the contrast of an image can be inverted based on
natures of theimage to be displayed in the pixel portion. More
specifically, the contrast of the image to be displayed in the
pixel portion is inverted when an average of a time period
during which all of the light emitting elements emit light in
one frame period becomes longer than a half of a time period
during which the light emitting elements emit light in one
frame period in the case where the totally white is to be
displayed in the pixel portion 101. On the other hand, when an
average of the time period during which all of the light emit-
ting elements emit light in one frame period becomes shorter
than a half of the time period during which the light emitting
elements emit light in one frame period in the case where the
totally white is to be displayed in the pixel portion 101, it is
desirable that the contrast of the image to be displayed in the
pixel portion is not allowed to be inverted.

[0098] Inthe above description of the present embodiment,
the switching circuit is included in the source signal line
driver circuit. Alternatively, it is acceptable that the switching
circuit is not included in the source signal line driver circuit.
[0099] Inthe present embodiment mode, only the situation
where the digital video signal is employed has been
described. Alternatively, the present invention may be applied
to the case where an analog video signal is used instead of the
digital video signal.

[0100] Accordingly, the magnitude of a current to flow
through the light emitting element can be suppressed to some
extent in accordance with the first structure of the present
invention, thereby resulting in the power consumption of the
resultant light emitting device being suppressed.

Embodiment Mode 2

[0101] A second structure in accordance with the present
invention will be now described. FIG. 2 shows a block dia-
gram of a light emitting device having the second structure in
accordance with the present invention. In FIG. 2, the same
components as shown in FIG. 1 are designated with the same
reference numerals.

[0102] Thelightemitting device in the present embodiment
mode employs a clock signal control circuit 106 which allows
a constant electrical potential instead of the clock signal
(CLK) to be applied to the shift register 102-1.

[0103] More specifically, the light emitting device is con-
figured to input a constant electrical potential (fixed electrical
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potential) into the shift register 102-1, instead of the clock
signal, for a constant time period by means ofthe clock signal
control circuit 106. The above structure prevents the timing
signal that is to be used for inputting the digital video signal
at less significant bits in the range from the first bit to the m-th
bit (m is any integer in the range from 1 to n) into the latch (A)
102-2 from being input into the latch (A) 102-2. Accordingly,
only the digital video signal at more significant bits in the
range from the (m+1)-th bit to the n-th bit can be written into
the latch (A) 102-2.

[0104] Thelightemitting device in the present embodiment
mode is different from that shown in FIG. 1 in that the source
signal line driver circuit 102 does not include the switching
circuit 102-4. Accordingly, the digital video signal that has
been written into and held at the latch (B) 102-3 is input into
the source signal lines by means of the latch signal to be input
into the latch (B) 102-3.

[0105] In accordance with the present embodiment mode,
in the light emitting device that performs a digitally-driven
time-divisional gradation display, the digital video signal
input into the source signal line driver circuit contained in the
light emitting device is input into the pixel portion after the
number of bits thereof is reduced. More specifically, the num-
ber of bits of the digital video signal to be input into the pixel
portion is reduced by sequentially cutting off a bit of the
digital video signal from the least significant bit.

[0106] In accordance with the above-described structure,
the number of bits of the digital video signal to be input into
the pixel portion is reduced, and therefore, the required num-
ber of writing the digital video signal into the pixels by means
of the source signal line driver circuit and the gate signal line
driver circuit can be reduced. Thus, the power consumption of
the source signal line driver circuit and the gate signal line
driver circuit can be suppressed, thereby resulting in the
power consumption of the light emitting device being sup-
pressed.

[0107] It should be noted that in the present embodiment
mode, the clock signal control circuit 106 may be provided on
the same substrate as the pixel portion 101, or alternatively,
may be formed in an IC chip.

Embodiment Mode 3

[0108] Another example of the second structure in accor-
dance with the present invention, which is different from the
one described in Embodiment Mode 2, will be now described.
FIG. 3 shows a block diagram of a light emitting device
having the second structure in accordance with the present
invention. In FIG. 3, the same components as shown in FIG.
1 are designated with the same reference numerals.

[0109] Thelightemitting device in the present embodiment
mode employs a timing signal control circuit 107 which
allows a constant electrical potential, instead of the timing
signal output from the shift register 102-1, to be applied to the
latch (A) 102-2.

[0110] More specifically, the light emitting device is con-
figured to input a constant electrical potential (fixed electrical
potential) into the latch (A) 102-2, instead of the timing signal
output from the shift register 102-1, for a constant time period
by means of the timing signal control circuit 107. The above
structure prevents the timing signal that is to be used for
inputting the digital video signal at less significant bits in the
range from the first bit to the m-th bit (m is any integer in the
range from 1 to n) into the latch (A) 102-2 from being input
into the latch (A) 102-2. Accordingly, only the digital video
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signal at more significant bits in the range from the (m+1)-th
bit to the n-th bit can be written into the latch (A) 102-2.
[0111] Tt should be noted that in the present embodiment
mode, the fixed electrical potential is required to be at such a
level that prevents the digital video signal from being written
into the latch (A) 102-2.

[0112] In accordance with the present embodiment mode,
in the light emitting device that performs a digitally-driven
time-divisional gradation display, the digital video signal
input into the source signal line driver circuit contained in the
light emitting device is input into the pixel portion after the
number of bits thereof is reduced. More specifically, the num-
ber of bits of the digital video signal to be input into the pixel
portion is reduced by sequentially cutting off the bit of the
digital video signal from the least significant bit.

[0113] In accordance with the above-described structure,
the number of bits of the digital video signal to be input into
the pixel portion is reduced, and therefore, the required num-
ber of writing the digital video signal into the pixels by means
of the source signal line driver circuit and the gate signal line
driver circuit can be reduced. Thus, the power consumption of
the source signal line driver circuit and the gate signal line
driver circuit can be suppressed, thereby resulting in the
power consumption of the light emitting device being sup-
pressed.

[0114] It should be noted that in the present embodiment
mode, the timing signal control circuit 107 may be provided
on the same substrate as the pixel portion 101, or alternatively,
may be formed in an IC chip.

Embodiment Mode 4

[0115] Still another example of the second structure in
accordance with the present invention, which is different
from the ones described in Embodiment Modes 2 and 3, will
be now described. FIG. 4 shows a block diagram of a light
emitting device having the second structure in accordance
with the present invention. In FIG. 4, the same components as
shown in FIG. 1 are designated with the same reference
numerals.

[0116] Thelightemitting device in the present embodiment
mode employs a start pulse signal control circuit 108 which
allows a constant electrical potential, instead of the start pulse
signal (SP), to be applied to the shift register 102-1.

[0117] More specifically, the light emitting device is con-
figured to input a constant electrical potential (fixed electrical
potential) into the shift register 102-1, instead of the start
pulse signal, for a constant time period by means of the start
pulse signal control circuit 108, so that the timing signal that
is to be used for inputting the digital video signal at less
significant bits in the range from the first bit to the m-th bit (m
is any integer in the range from 1 to n) into the latch (A) 102-2
is prevented from being input into the latch (A) 102-2.
Accordingly, only the digital video signal at more significant
bits in the range from the (m+1)-th bit to the n-th bit can be
written into the latch (A) 102-2.

[0118] It should be noted that in the present embodiment
mode, the fixed electrical potential is required to be at such a
level that prevents the timing signal from being output from
the shift register 102-1.

[0119] In accordance with the present embodiment mode,
in the light emitting device that performs a digitally-driven
time-divisional gradation display, the digital video signal
input into the source signal line driver circuit contained in the
light emitting device is input into the pixel portion after the
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number of bits thereof is reduced. More specifically, the num-
ber of bits of the digital video signal to be input into the pixel
portion is reduced by sequentially cutting off the bit of the
digital video signal from the least significant bit.

[0120] In accordance with the above-described structure,
the number of bits of the digital video signal to be input into
the pixel portion is reduced, and therefore, the required num-
ber of writing the digital video signal into the pixels by means
of the source signal line driver circuit and the gate signal line
driver circuit can be reduced. Thus, the power consumption of
the source signal line driver circuit and the gate signal line
driver circuit can be suppressed, thereby resulting in the
power consumption of the light emitting device being sup-
pressed.

[0121] It should be noted that in the present embodiment
mode, the start pulse signal control circuit 108 may be pro-
vided on the same substrate as the pixel portion 101, or
alternatively, may be formed in an IC chip.

Embodiment Mode 5

[0122] A third structure in accordance with the present
invention will be now described with reference to FIG. 5.
[0123] In FIG. 5, reference numeral 501 denotes a power
source line. In the present specification, the power source line
refers to a wiring to be used for applying a predetermined
electrical potential to a pixel electrode contained in a light
emitting element in a pixel section by means of the digital
video signal to be input into a source signal line. In the present
specification, the electrical potential of the power source line
1s referred to as the power source potential.

[0124] Reference numeral 502 denotes a buffer amplifier,
reference numeral 503 denotes a monitoring light emitting
element, and reference numeral 504 denotes a constant cur-
rent source. One of electrodes of the monitoring light emitting
element 503 is connected to the constant current source 504,
so that a constant current always flows through the monitor-
ing light emitting element 503. When a temperature of an
organic compound layer contained in the light emitting ele-
ment changes, the magnitude of the current to flow through
the monitoring light emitting element 503 does not change,
but rather, an electrical potential of the electrode of the moni-
toring light emitting element 503 connected to the constant
current source 504 changes.

[0125] On the other hand, the buffer amplifier 502 includes
two input terminals and one output terminal. One of the two
input terminals is a non-inverted input terminal (+), while the
other is an inverted input terminal (-). An electrical potential
at one of electrodes of the monitoring light emitting element
503 is supplied to the buffer amplifier 502.

[0126] The buffer amplifier 502 is a circuit for preventing
an electrical potential at a pixel electrode of the monitoring
light emitting element 503 connected to the constant current
source 504 changes in accordance with aload such as a wiring
capacitance of the power source line 501 or the like. Accord-
ingly, the electrical potential provided to the non-inverted
input terminal of the buffer amplifier 502 is output from an
output terminal to be supplied to the power source line as the
power source potential, without being changed in accordance
with a load such as a wiring capacitance of the power source
line 501 or the like.

[0127] Accordingly, even when a temperature of the moni-
toring light emitting element 503 or the organic compound
layer of the light emitting element in the pixel portion changes
due to a change in an environmental temperature, the power
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source potential is changed so as to allow a constant current to
flow through the light emitting element. Thus, even when the
environmental temperature of the light emitting device
increases, power consumption of the light emitting device can
be prevented from increasing.

[0128] In the present embodiment mode, the buffer ampli-
fier 502, the monitoring light emitting element 503, and the
constant current source 504 may be provided on the same
substrate as the pixel portion, or alternatively, may be formed
in an IC chip. Moreover, the monitoring light emitting ele-
ment 503 may be included in the pixel portion, or alterna-
tively, may be provided independently of the pixel portion.
[0129] Thepresentinvention can suppress power consump-
tion of a light emitting device and an electronic apparatus
employing the light emitting device in accordance with the
above-described first through third structures. It should be
noted that only either one of the first through third structures
is required to be included in the present invention, although
two or all of the first through third structures may be included.
[0130] Thepresentinvention can allow power consumption
of the light emitting device to be suppressed by means of the
above-described three structures.

EMBODIMENTS
[0131] Several embodiments will be described below.
Embodiment 1
[0132] In the present embodiment, the structure of a pixel

portion of a light emitting device and its driving method in
accordance with the present invention will be described.
[0133] FIG. 6 shows an expanded view of the pixel portion
301 of the light emitting device in accordance with the present
embodiment of the invention. Source signal lines (S1 to Sx),
power source lines (V1 to Vx), and gate signal lines (G1 to
Gy) are provided in the pixel portion 301.

[0134] In the present embodiment, a pixel 304 refers to a
region in which one of the source signal lines (S1 to Sx), one
of the power source lines (V1 to Vx), and one of the gate
signal lines (G1 to Gy) are provided. In the pixel portion 301,
a plurality of the pixels 304 are arranged in matrix.

[0135] Anexpanded view of the pixel 304 is shown in FIG.
7. In FIG. 7, reference numeral 305 denotes a switching TFT.
A gate electrode of the switching TFT 305 is connected to the
gate signal line G (G1 to Gx). One of a source region and a
drain region of the switching TFT 305 is connected to the
source signal line S (S1 to Sx), while the other thereof is
connected to a gate electrode 306 of a current-controlling
TFT 306 as well as to a capacitor 308 of each pixels.

[0136] The capacitor 308 is provided for holding a gate
potential of the current-controlling TFT 306 (an electrical
potential difference between the gate electrode and the source
region) when the switching TFT 305 is in the non-selected
condition (off condition). Although the capacitor 308 is pro-
vided in the present embodiment, the present invention is not
limited to such a structure. The capacitor 308 may be omitted.
[0137] One of the source region and the drain region of the
current-controlling TFT 306 is connected to the power source
line V (V1 to Vx), while the other is connected to the light
emitting element 307. The power source line V is connected
to the capacitor 308.

[0138] The light emitting element 307 is composed of an
anode, a cathode, and an organic compound layer provided
between the anode and the cathode. In the case where the
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anode is connected to the source region or the drain region of
the current-controlling TFT 306, the anode functions as the
pixel electrode and the cathode functions as a counter elec-
trode. On the other hand, in the case where the cathode is
connected to the source region or the drain region of the
current-controlling TFT 306, the cathode functions as the
pixel electrode and the anode functions as the counter elec-
trode.

[0139] A counter potential is supplied to the counter elec-
trode of the light emitting element 307. In addition, the power
source potential is supplied to the power source line V. The
power source potential and the counter potential are supplied
to the light emitting device of the present invention by means
of a power source provided by an externally-attached IC chip
or the like.

[0140] The switching TFT 305 and the current-controlling
TFT 306 may be either of the n-channel type TFT or the
p-channel type TFT. It should be noted, however, that in the
case where the source region or the drain region of the cur-
rent-controlling TFT 306 is connected to the anode of the
light emitting element 307, it is preferable that the current-
controlling TFT 306 is the p-channel type TFT. On the other
hand, in the case where the source region or the drain region
of the current-controlling TFT 306 is connected to the cath-
ode of the light emitting element 307, it is preferable that the
current-controlling TFT 306 is the n-channel type TFT.

[0141] The switching TFT 305 and the current-controlling
TFT 306 may have a multi-gate structure such as a double
gate structure, a triple gate structure or the like, rather than a
single gate structure.

[0142] Then, a driving method of the light emitting device
of the present invention that includes the above-mentioned
structure will be described with reference to FIG. 8.

[0143] First, the power source potential of the power source
line becomes to be equal to an electrical potential of the
counter electrode of the light emitting element. Then, a gate
signal is input from the gate signal line driver circuit to the
gate signal line G1. As a result, the switching TFTs 305 of all
of the pixels connected to the gate signal line G1 (i.e., the
pixels in the first row) are placed in the ON state.

[0144] Simultaneously, the digital video signal at the first
bit is input from the source signal line driver circuit into the
source signal lines (S1 to Sx). The digital video signal is input
to the gate electrode of the current-controlling TFT 306 via
the switching TFT 305.

[0145] Then, at the same time when the input of the gate
signalinto the G1 is completed, the similar gate signal is input
into the next gate signal line G2. Thus, the switching TFTs
305 of all of the pixels connected to the gate signal line G2
(i.e., the pixels in the second row) are placed in the ON state,
thereby the digital video signal at the first bit is input from the
source signal lines (S1 to Sx) into the pixels in the second row.

[0146] Thereafter, the gate signal is sequentially input to all
of the gate signal lines (G1 to Gx). A time period required for
selecting all of the gate signal lines (G1 to Gx) and inputting
the digital video signal at the first bit into the pixels in all of
the rows is a writing period Tal.

[0147] When the writing period Tal is completed, a light
emitting period Trl then starts. During the light emitting
period Trl, the power source potential of the power source
line comes to be at such a potential level that provides a
potential difference with respect to the counter electrode, so
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that the light emitting element can emit light when the power
source potential is supplied to the pixel electrode of the light
emitting element.

[0148] In the present embodiment, in the case where the
digital video signal has information of “0”, the current-con-
trolling TFT 306 is in the OFF state. Accordingly, the power
source potential is not supplied to the pixel electrode of the
light emitting element 307. As a result, the light emitting
element 307 included in the pixel to which the digital video
signal having information of “0” is supplied does not emit
light.

[0149] On the other hand, in the case where the digital
video signal has information of “1”, the current-controlling
TFT 306 is in the ON state. Accordingly, the power source
potential is supplied to the pixel electrode of the light emitting
element 307. As a result, the light emitting element 307
included in the pixel to which the digital video signal having
information of “1” is supplied emits light.

[0150] Thus, during the display period Trl, the light emit-
ting element 307 is placed either in the emission state or the
non-emission state, so that all of the pixels perform a display
operation. A time period during which the pixel performs the
display operation is referred to as a display period Tr. More
specifically, the display period that starts when the digital
video signal at the first bit is input into the pixel is referred to
as Trl. In FIG. 8, only the display period of the pixels in the
first row is illustrated for the purpose of simplification of the
description. Timings at which the respective display periods
for all of the rows start are the same.

[0151] When the display period Trl is completed, a next
writing period Ta2 starts, and the power source potential of
the power source line comes to be equal to the electrical
potential of the counter electrode of the light emitting ele-
ment. Similarly in the case of the writing period Tal, all of the
gate signal lines are sequentially selected, and the digital
video signal at the second bit is input into all of the pixels. A
time period required for completing the input of the digital
video signal at the second bit into the pixels in all of the rows
is referred to as a writing period Ta2.

[0152] When the writing period Ta2 is completed, a display
period Tr2 then starts, and the power source potential of the
power source line comes to be at such a potential level that
provides a potential difference with respect to the counter
electrode, so that the light emitting element can emit light
when the power source potential is supplied to the pixel
electrode of the light emitting element. Thus, all of the pixels
perform the display operation.

[0153] The above-described operations are repeated until
the digital video signal at the n-th bit is input into the pixels,
so that the writing period Ta and the display period Tr appear
alternately. After all of the display periods (Tr1 to Trn) are
completed, one image canbe displayed. In the driving method
in accordance with the present invention, a time period
required for displaying one image is referred to as one frame
period (F). After a certain one frame period (F) is completed,
the next one frame period is started. The writing period Tal
again appears, and the above-described operations are
repeated.

[0154] Inanormal light emitting device, it is preferable to
provide 60 or more frame periods per one second. If the
number of images to be displayed in one second is smaller
than 60, flickering of the image may become visually signifi-
cant.
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[0155] 1In the present embodiment, it is necessary that the
sum of all of the writing periods is shorter than one frame
period and ratios among the respective display periods are set

Tm=2":2":2% ... :2292:2¢D Through the combination of
the display periods, a desired gradation display among the
total of 2” gradations can be realized.

[0156] Thegradationtobe displayed by a particular pixel in
acertain one frame period is determined by obtaining the sum
ofthe display periods during which the light emitting element
emits light in that frame period. For example, assuming that
n=8 and the brightness obtained when the pixel emits light in
all of the display periods is expressed as 100%, the brightness
of 1% can be realized in the case where the pixel emits light
in Tr1 and Tr2, while the brightness of 60% can be realized
when Tr3, Tr5, and Tr8 are selected.

[0157] Thedisplay periods Trl through Trn may appear on
any order. For example, during one frame period, the display
periods may be controlled to appear in such an order that Trl
is followed by Tr3, Tr5, Tr2, . . ..

[0158] Although the level of the power source potential at
the power source line is changed by means of the writing
period and the display period in the above description of the
present embodiment, the present invention is not limited
thereto. A potential difference which allows the light emitting
element to emit light when the power source potential is
supplied to the pixel electrode of the light emitting element
may be controlled to always exist between the power source
potential and the electrical potential at the counter electrode.
In such a case, the light emitting element can emit light even
in the writing period. Accordingly, the gradation to be dis-
played by a particular pixel in a certain frame period is deter-
mined by the sum of the writing periods and the display
periods during which the light emitting element emits light in
that frame period. In this case, it is necessary that the sum of
the writing periods and the display periods corresponding to
the digital video signal at the respective bits is set to satisfy the

Embodiment 2

[0159] Inthe present embodiment, another example of the
structure of a pixel portion of a light emitting device and its
driving method in accordance with the present invention,
different from those in the Embodiment 1, will be described.
[0160] FIG. 9 shows an exemplary block diagram of a light
emitting device in the present embodiment. The light emitting
device in FIG. 9 includes a pixel portion 901 by TFT formed
on the substrate and includes a source signal side driver cir-
cuit 902, a writing gate signal side driver circuit (first gate
signal line driver circuit) 903a, and an erasure gate signal line
driver circuit (second gate signal line driver circuit) 9035,
each provided in the periphery of the pixel portion. Although
the light emitting device with one source signal side driver
circuit is described in the present embodiment, two of the
source signal side driver circuits may be provided.

[0161] The source signal side driver circuit 902 has at least
one of the first through third structures of the present inven-
tion described previously.

[0162] In the present embodiment, the source signal line
driver circuit 902 and the writing gate signal side driver
circuit 903a and the erasure gate signal line driver circuit
9035 may be provided on the same substrate as the pixel
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portion 901, or alternatively may be formed on an IC chip and
connected to the pixel portion 901 via a certain connector
such as FPC, TAB or the like.

[0163] Anexpanded view of the pixel portion 901 is shown
in FIG. 10. In FIG. 10, source signal lines (S1 to Sx), power
source lines (V1 to Vx), and writing gate signal lines (first
gate signal lines) (Gal to Gay), and erasure gate signal lines
(second gate signal lines) (Gel to Gey) are provided in the
pixel portion 901.

[0164] The pixel 904 refers to a region in which one of the
source signal lines (S1 to Sx), one of the power source lines
(V1to Vx), one of the writing gate signal lines (Gal to Gay),
and one of the erasure gate signal lines (Gel to Gey) are
provided. In the pixel portion 901, a plurality of the pixels 904
are arranged in matrix.

[0165] An expanded view of the pixel 904 is shown in FIG.
11. In FIG. 11, reference numeral 907 denotes the switching
TFT. A gate electrode of the switching TFT 907 is connected
to the gate signal line Ga (Gal to Gay). One of a source region
and a drain region of the switching TFT 907 is connected to
the source signal line S (81 to Sx), while the other thereof is
connected to a gate electrode of a current-controlling TFT
908 as well as to a capacitor 912 and source and drain regions
of an erasure TFT 909 included in each pixels.

[0166] The capacitor 912 is provided for holding a gate
potential of the current-controlling TFT 908 when the switch-
ing TFT 907 is in the non-selected condition (off condition).
Although the capacitor 912 is provided in the present embodi-
ment, the present invention is not limited to such a structure.
The capacitor 912 may be omitted.

[0167] One of the source region and the drain region of the
current-controlling TFT 908 is connected to the power source
line V (V1 to Vx), while the other thereof is connected to the
light emitting element 910. The power source line V is con-
nected to the capacitor 912.

[0168] One of the source region and the drain region of the
erasure TFT 909 that is not connected to the source or drain
region of the switching TFT 907 is connected to the power
source line V. A gate electrode of the erasure TFT 909 is
connected to the erasure gate signal line Ge.

[0169] The light emitting element 910 is composed of an
anode, a cathode, and an organic compound layer provided
between the anode and the cathode. In the case where the
anode is connected to the source region or the drain region of
the current-controlling TFT 908, the anode functions as the
pixel electrode and the cathode functions as a counter elec-
trode. On the other hand, in the case where the cathode is
connected to the source region or the drain region of the
current-controlling TFT 908, the cathode functions as the
pixel electrode and the anode functions as the counter elec-
trode.

[0170] A counter potential is supplied to the counter elec-
trode 911 of the light emitting element 910. In addition, the
power source potential is supplied to the power source line V.
A potential difference between the counter potential and the
power source potential is always maintained at such a level
that causes the light emitting element to emit light when the
power source potential is applied to the pixel electrode. The
power source potential and the counter potential are supplied
to the light emitting device of the present invention by means
of a power source provided by an externally-attached IC chip
or the like.

[0171] Inthe typical light emitting device to date, when the
amount of light emission per unit light emission area of a
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pixel is 200 cd/m?, a current of several mA/cm? per unit area
of a pixel portion is required to flow. Thus, especially with a
larger display area, it becomes difficult to control the magni-
tude of the electrical potential to be supplied from the power
source provided in the IC chip by means of a switch. In the
present embodiment, the power source potential and the
counter potential are always maintained to be constant, and
therefore, the magnitude of the electrical potential to be sup-
plied from the power source provided in the IC chip is not
required to be controlled by means of a switch. Accordingly,
the present embodiment is useful for realizing a panel having
a larger display size.

[0172] The switching TFT 907, the current-controlling
TFT 908, and the erasure TEFT 909 may be either of the
n-channel type TFT or the p-channel type TFT. It should be
noted, however, that in the case where the source region orthe
drain region of the current-controlling TFT 908 is connected
to the anode of the light emitting element 910, it is preferable
that the current-controlling TFT 908 is the p-channel type
TFT. Onthe other hand, in the case where the source region or
the drain region of the current-controlling TFT 908 is con-
nected to the cathode of the light emitting element 910, it is
preferable that the current-controlling TFT 908 is the n-chan-
nel type TFT.

[0173] The switching TFT 907, the current-controlling
TFT 908, and the erasure TFT 909 may have a multi-gate
structure such as a double gate structure, a triple gate structure
or the like, rather than a single gate structure.

[0174] Then, a driving method of the light emitting device
of the present invention that includes the above-mentioned
structure will be described with reference to FIG. 12.

[0175] First, a writing gate signal is input from the writing
gate signal line driver circuit 9034 to the writing gate signal
line Gal, and thus, the switching TFTs 907 of all of the pixels
connected to the writing gate signal line Gal (i.e., the pixels
in the first row) are placed in the ON state. In the present
specification, when all of the TFTs having a gate electrode
connected to a certain signal line, the signal line is referred to
as being selected. Thus, in the above-described case, the
writing gate signal line Gal is being selected. Simulta-
neously, the digital video signal at the first bit is input from the
source signal line driver circuit 902 into the source signal
lines (S1 to Sx). More specifically, the digital video signal is
input to the gate electrode of the current-controlling TFT 908
via the switching TFT 907.

[0176] In the present embodiment, in the case where the
digital video signal has information of “0”, the current-con-
trolling TFT 908 is in the OFF state. Accordingly, the power
source potential is not supplied to the pixel electrode of the
light emitting element 910. As a result, the light emitting
element 910 included in the pixel to which the digital video
signal having information of “0” is supplied does not emit
light.

[0177] On the other hand, in the case where the digital
video signal has information of “17”, the current-controlling
TFT 908 is in the ON state. Accordingly, the power source
potential is supplied to the pixel electrode of the light emitting
element 910. As a result, the light emitting element 910
included in the pixel to which the digital video signal having
information of “1” is supplied emits light.

[0178] Thus, at the same time when the digital video signal
is input into the pixels in the first row, the light emitting
element is placed either in the emission state or the non-
emission state, so that all of the pixels in the first row perform
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a display operation. A time period during which the pixel
performs the display operation is referred to as a display
period Tr. More specifically, the display period that starts
when the digital video signal at the first bit is input into the
pixel is referred to as Trl. In FIG. 12, only the display period
of the pixels in the first row is illustrated for the purpose of
simplification of the description. Timings at which the dis-
play periods for the respective rows start are offset from each
other by a certain time difference.

[0179] Then, at the same time when the selection ofthe Gal
is completed, the next writing gate signal line Ga2 is selected
by the writing gate signal. Thus, the switching TFTs 907 of all
of the pixels connected to the writing gate signal line Ga2 are
placed in the ON state, thereby the digital video signal at the
first bit is input from the source signal lines (S1 to Sx) into the
pixels in the second row.

[0180] Thereafter, all of the writing gate signal lines (Gal
to Gax) are sequentially selected. A time period required for
selecting all of the writing gate signal lines (Gal to Gax) and
inputting the digital video signal at the first bit into the pixels
in all of the rows is a writing period Tal.

[0181] On the other hand, before the digital video signal at
the first bit is input into the pixels in all of the rows, in other
words, before the writing period Tal is completed, the erasure
gate signal line Gel is selected by an erasure gate signal to be
input from the erasure gate signal line driver circuit 9035, in
parallel to the input of the digital video signal of the first bit
into the pixels.

[0182] When the erasure gate signal line Gel is selected,
the erasure TFTs 909 in all of the pixels connected to the
erasure gate signal line Gel (the pixels in the first row) are
placed in the ON state. Thus, the power source potential of the
power source line (V1 to Vx) is supplied to the gate electrodes
of the current-controlling TFTs 908 in the pixels in the first
row.

[0183] When the power source potential is supplied to the
gate electrodes of the current-controlling TFTs 908, the cur-
rent-controlling TFTs 908 are placed in the OFF state. Thus,
the power source potential is not supplied to the pixel elec-
trodes of the light emitting elements 910, so that all of the
light emitting elements included in the pixels in the first row
are placed in the non-emission state. Thus, the pixels in the
first row do not performs a display operation. In other words,
the digital video signal that has been held at the gate electrode
of the current-controlling TFT since the selection of the writ-
ing gate signal line Gal is erased when the power source
potential is supplied to the gate electrode of the current-
controlling TFT. Thus, the pixels in the first row do not
performs a display operation.

[0184] A time period during which the pixel does not per-
form a display operation is referred to as a non-display period
Td. The display period Trl for the pixels in the first row is
completed simultaneously when the erasure gate signal is
input into the erasure gate signal line Gel, and the non-
display period Tdl starts.

[0185] InFIG. 12, only the non-display period for the pixels
in the first row is particularly illustrated for the purpose of
simplification of the description. Timings at which the non-
display periods for the respective rows start are offset from
each other by a certain time difference.

[0186] Then, atthe same time when the selection ofthe Gel
is completed, the next erasure gate signal line Ge2 is selected
by the erasure gate signal. Thus, the erasure TFTs 909 of all of
the pixels connected to the erasure gate signal line Ge2 (the
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pixels in the second row) are placed in the ON state. The
power source potential of the power source lines (V1to Vx) is
supplied to the gate electrode of the current-controlling TFT
908 via the erasure TFT 909. When the power source potential
is supplied to the gate electrode of the current-controlling
TFT 908, the current-controlling TFT 908 is placed in the
OFF state. Thus, the power source potential is not supplied to
the pixel electrode of the light emitting element 910, so that
all of the light emitting elements included in the pixels in the
second row are placed in the non-emission state. Thus, the
pixels in the second row do not performs a display operation
and are placed in the non-display state.

[0187] Then, all of the erasure gate signal lines are sequen-
tially selected by the erasure gate signal. A time period
required for selecting all of the erasure gate signal lines (Gal
to Gax) and erasing the digital video signal at the first bit held
in the pixels in all of the rows is referred to as the erasure
period Tel.

[0188] On the other hand, before the digital video signal at
the first bit held in the pixels in all of the rows is erased, in
other words, before the erasure period Tel is completed, the
writing gate signal line Gal is again selected, in parallel to the
erasure of the digital video signal at the first bit in the pixels.
Thus, the pixels in the first row again perform the display
operation. The non-display period Td1 is thus completed, and
a display period Tr2 starts.

[0189] Thereafter, all of the writing gate signal lines are
sequentially selected in the similar manner as described
before, and the digital video signal at the second bit is input
into all of the pixels. A time period required for inputting the
digital video signal at the second bitinto the pixels in all of the
rows is referred to as a writing period Ta2.

[0190] On the other hand, before the digital video signal at
the second bit is input into the pixels in all of the rows, in other
words, before the writing period Ta2 is completed, the erasure
gate signal line Ge2 is selected in parallel to the input of the
digital video signal at the second bit into the pixels. Thus, all
of the light emitting elements included in the pixels in the first
row are placed in the non-emission state. Thus, the pixels in
the first row do not perform a display operation. The display
period Tr2 for the pixels in the first row is then completed, and
the non-display period Td2 starts.

[0191] Thereafter, all of the erasure gate signal lines are
sequentially selected. A time period required for selecting all
of the erasure gate signal lines (Gal to Gax) and erasing the
digital video signal at the second bit held at the pixels in all of
the rows is an erasure period Te2.

[0192] The above-described operations are repeated until
the digital video signal at the m-th bit is input into the pixels,
so that the display period Tr and the non-display period Td
appear alternately. The display period Trl is a period from the
start of the writing period Tal until the erasure period Tel
starts. The non-display period Td1 is a period from the start of
the erasure period Tel until the display period Tr2 starts.
Similarly as the display period Trl and the non-display period
Td1, lengths of the display periods Tr2, Tr3, .. ., Tr(m-1) and
the non-display periods Td2, Td3, .. ., Td(m-1) are defined
by means of the writing periods Tal, Ta2, . . ., Tam and the
erasure periods Tel, Te2, . . . , Te(m-1).

[0193] After the digital video signal at the m-th bit has been
input into the pixels in the first row, the erasure gate signal line
Gel is not selected. For the purpose of simplification of the
description, the case with m=n-2 is described as an example
in the present embodiment. However, the present invention is



US 2010/0045578 A1l

not limited to such a case. In the present invention, as the
value of m, any number in the range from 2 to n can be
arbitrarily selected.

[0194] When the digital video signal at the (n-2)-th bit is
input into the pixels in the first row, the pixels in the first row
are placed in the display period Tr(n-2) to perform a display
operation. Until the next digital video signal at the next bit is
input, the digital video signal at the (n-2)-th bit is held at the
pixels.

[0195] When the digital video signal at the (n—1)-th bit is
input into the pixels in the first row, the digital video signal at
the (n-2)-th bit held at the pixels are rewritten into the digital
video signal at the (n-1)-th. The pixels in the first bit are then
placed in the display period Tr(n-1) to perform a display
operation. Until the next digital video signal at the next bit is
input, the digital video signal at the (n-2)-th bit is held at the
pixels.

[0196] The above-described operations are repeated until
the digital video signal at the n-th bit is input into the pixels.
The display period Tr(n-2) is a period from the start of the
writing period Ta(n-2) until the writing period Ta(n-1) starts.
Similarly as the display period Tr(n-2), lengths of the display
periods Tr(n-1) and Trn are defined by means of the writing
period Ta.

[0197] In the present embodiment, it is necessary that the
sum of all of the writing periods is shorter than one frame
period and ratios among the respective display periods are set

the display periods, a desired gradation display among the
total of 2” gradations can be realized.

[0198] Afterall of the display periods (Tr1 through Trn) are
completed, one image canbe displayed. In the driving method
in accordance with the present invention, a time period
required for displaying one image is referred to as one frame
period (F).

[0199] After a certain one frame period (F) is completed,
the digital video signal at the first bit is again input into the
pixels, so that the pixels in the first row are again placed in the
display period Trl. The above-mentioned operations are
again repeated.

[0200] Inanormallight emitting device, it is preferable to
provide 60 or more frame periods per one second. If the
number of images to be displayed in one second is smaller
than 60, flickering of the image may become visually signifi-
cant.

[0201] Thegradationtobe displayed by a particular pixel in
acertain one frame period is determined by obtaining the sum
of the display periods during which the light emitting element
emits light in that frame period. For example, assuming that
n=8 and the brightness obtained when the pixel emits light in
all of the display periods is expressed as 100%, the brightness
of 1% can be realized in the case where the pixel emits light
in Tr1 and Tr2, while the brightness of 60% can be realized
when Tr3, Tr5, and Tr8 are selected.

[0202] The writing period Tam during which the digital
video signal at the m-th bit is input into the pixels is required
to be shorter than the display period Trm. Accordingly, the
number of bits m is required to be such a number from 1 to n
that can allow the writing period Tam to be shorter than the
display period Trm.

[0203] The display periods (Trl through Trn) may appear
on any order. For example, during one frame period, the
display periods may be controlled to appear in such an order
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that Tr1 is followed by Trd, Tr3, Tr2, .. .. It should be noted,
however, that the appearing order of the display periods is
preferably set so as not to cause the erasure periods (Tel
through Ten) to be overlapped with each other.

[0204] 1In the present embodiment, the display period Tr
and the writing period Ta are partially overlapped with each
other. In other words, the pixels can perform a display opera-
tion even during the writing period. Accordingly, aratio of the
sum of the display periods within one frame period (duty
ratio) is not determined only by the length of the writing
period.

Embodiment 3

[0205] In the present embodiment, the structure of the
source signal line driver circuit contained in the light emitting
device as described in Embodiment 1 will be described in
detail. FIG. 13 shows a circuit diagram of the source signal
line driver circuit in the present embodiment. In FIG. 13, the
same components as those shown in FIG. 1 are designated
with the same reference numerals.

[0206] Reference numeral 102-1 denotes a shift register, to
which a clock signal (CLK), a signal (CLKB) obtained by
inverting the polarity of the clock signal, a start pulse signal
(SP), a bi-direction shift signal (SL/R) are input through the
illustrated wirings, respectively.

[0207] Reference numerals 102-2 and 102-3 denote a latch
(A) and a latch (B), respectively. In the present embodiment,
a combination of the latches (A) 102-2 and a combination of
the latches (B) 102-3 corresponds to four source signal lines.
However, the number of source signal lines to which a com-
bination of the latches (A) 102-2 and a combination of the
latches (B) 102-3 corresponds is not limited to the above
number in the present embodiment. In addition, although a
level shift for changing a width of a voltage amplitude of a
signalis not provided in the present embodiment, such a level
shift may be appropriately provided by a designer.

[0208] The digital video signal (DV) to be supplied exter-
nally to the source signal line driver circuit is input into the
latch (A) 102-2 through the illustrated wirings. A latch signal
S_LAT and asignal S_LATb obtained by inverting the polar-
ity of the S_LAT are respectively input into the latch (B)
102-3 through the illustrated wirings.

[0209] The structure of the latch (A) 102-2 will be
described in detail with reference to a portion 801 of the latch
(A) 102-2. The portion 801 of the latch (A) 102-2 includes
two clocked inverters and two invetters.

[0210] A planview ofthe portion 801 of the latch (A) 102-2
is shown in FIG. 14. Reference numerals 831a and 8315
respectively denote active layers of TFTs that constitute one
of the inverters included in the portion 801 of the latch (A)
102-2. Reference numeral 836 denotes a common gate elec-
trode of the TFTs that constitute the particular one of the
inverters. Reference numerals 832a and 8325 respectively
denote active layers of TFTs that constitute the other one of
the inverters included in the portion 801 of the latch (A)
102-2. Reference numerals 837a and 8375 denote gate elec-
trodes formed over the active layers 832a and 8325, respec-
tively. The gate electrodes 837¢ and 8375 are electrically
connected to each other.

[0211] Reference numerals 833a and 8335 respectively
denote active layers of TFTs that constitute one of the clocked
inverters included in the portion 801 of the latch (A) 102-2.
Gate electrodes 838a and 8385 are provided over the active
layer 833a to form a double gate structure. Similarly, gate
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electrodes 8385 and 839 are provided over the active layer
83354 to form a double gate structure.

[0212] Reference numerals 834a and 8345 respectively
denote active layers of TFTs that constitute the other one of
the clocked inverters included in the portion 801 of the latch
(A)102-2. Gate electrodes 839 and 840 are provided over the
active layer 834a to form a double gate structure. Similarly,
gate electrodes 840 and 841 are provided over the active layer
834b to form a double gate structure.

[0213] Reference numeral 102-4 denotes the switching cir-
cuit. FIGS. 15A and 15B shows circuit diagrams of the
switching circuit in accordance with the present embodiment.
[0214] The switching circuit 102-4 of the present embodi-
ment as shown in FIG. 15A includes an inverter 851, a first
analog switch 852, and a second analog switch 853. A shift
signal SS and a signal SSB obtained by inverting the polarity
of the shift signal SS are input through the illustrated wirings.
[0215] Equivalent circuit diagrams of the first analog
switch 852 and the second analog switch 853 are shown in
FIG. 16. Each of the first analog switch 852 and the second
analog switch 853 includes an n-channel type TFT and a
p-channel type TFT. A signal to be input from an input ter-
minal (IN) is sampled by means of a signal to be input from a
first control input terminal (Vin) or a second control input
terminal (Vinb), and the resultant signals is output from an
output terminal (OUT).

[0216] The digital video signal from the latch (B) 102-3 is
input via the inverter 851 into the first analog switch 852
through the input terminal (IN). Simultaneously, the digital
video signal from the latch (B) 102-3 is input into the second
analog switch 853 through the input terminal (IN).

[0217] The shift signal SS and the signal SSB obtained by
inverting the polarity of the shift signal SS are input into the
first analog switch 852 and the second analog switch 853,
respectively, through the first control input terminal (Vin) or
the second control input terminal (Vinb). The digital video
signal is sampled by this shift signal SS, and the sampled
digital video signal is output from output terminals (OUT) of
the first analog switch 852 and the second analog switch 853.
[0218] The digital video signal input into the switching
circuit 102-4 is output therefrom after the polarity thereof is
inverted, or alternatively, without having the polarity
inverted. The shift signal SS determines whether the polarity
of the digital video signal is to be inverted or not in the
switching circuit 102-4.

[0219] The switching circuit 102-4 as shown in FIG. 15B
includes an inverter 861, a first NAND 862, a second NAND
863, and NOR 864. A shift signal SS and a signal SSB
obtained by inverting the polarity of the shift signal SS are
input through the illustrated wirings.

[0220] The digital video signal from the latch (B) 102-3 is
provided through the inverter 861. Simultaneously, the signal
SSB obtained by inverting the polarity of the shift signal SS is
input into the first NAND 862.

[0221] Simultaneously with the input of the digital video
signal into the first NAND 862 through the inverter 861, the
digital video signal is also input into the second NAND 8§63.
Simultaneously, the shift signal SS is also input into the
second NAND 863.

[0222] Signals output from the first NAND 862 and the
second NAND 863 are simultaneously input into the NOR
864. A signal output from the NOR 864 is input into the
source signal line.
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[0223] The digital video signal input into the switching
circuit 102-4 is output therefrom after the polarity thereof is
inverted, or alternatively, without having the polarity
inverted. The shift signal SS determines whether the polarity
of the digital video signal is to be inverted or not in the
switching circuit 102-4.

[0224] The structure of the switching circuit is not limited
to those shown in FIGS. 15A and 15B. The switching circuit
may have any appropriate structure as long as it can allow the
digital video signal input thereto to be output therefrom with
either the inverted polarity or the non-inverted polarity.
[0225] The present embodiment can be freely combined
with Embodiments 1 or 2.

Embodiment 4

[0226] In the present embodiment, the structure of the
source signal line driver circuit contained in the light emitting
device as described in Embodiment 2 will be described in
detail. FIG. 17 shows a circuit diagram of the source signal
line driver circuit in the present embodiment. In FIG. 17, the
same components as those shown in FIG. 1 are designated
with the same reference numerals.

[0227] Reference numeral 102-1 denotes a shift register, to
which a clock signal (CLK), a signal (CLKB) obtained by
inverting the polarity of the clock signal, a start pulse signal
(SP), a bi-direction shift signal (SL/R) are input through the
illustrated wirings, respectively.

[0228] Reference numerals 102-2 and 102-3 denote a latch
(A) and a latch (B), respectively. In the present embodiment,
a combination of the latches (A) 102-2 and a combination of
the latches (B) 102-3 correspond to four source signal lines.
However, the number of source signal lines to which a com-
bination of the latches (A) 102-2 and a combination of the
latches (B) 102-3 correspond is not limited to the above
number in the present embodiment. In addition, although a
level shift for changing a width of a voltage amplitude of a
signal is not provided in the present embodiment, such a level
shift may be appropriately provided by a designer.

[0229] The digital video signal (DV) to be supplied exter-
nally to the source signal line driver circuit is input into the
latch (A) 102-2 through the illustrated wirings. A latch signal
S_LAT and asignal S_LATb obtained by inverting the polar-
ity of the S_LAT are respectively input into the latch (B)
102-3 through the illustrated wirings.

[0230] The detailed structure of the latch (A) 102-2 is the
same as that shown in FIG. 14. Accordingly, the description
thereof is omitted here.

[0231] Reference numeral 106 denotes the clock signal
control circuit, that can supply a constant electrical potential
(fixed electrical potential), instead of the clock signal (CLK),
to the shift register 102-1 for a constant time period.

[0232] More specifically, the constant electrical potential
(fixed electrical potential) instead of the clock signal is input
into the shift register 102-1 for a constant time period by
means of the clock signal control circuit 106, so that the
timing signal that is to be used for inputting the digital video
signal at less significant bits in the range from the first bit to
the m-th bit into the latch (A) 102-2 is prevented from being
input into the latch (A) 102-2. Accordingly, among the digital
video signal n input from external source signal line driver
circuit, only the digital video signal at more significant bits in
the range from the (m+1)-th bit to the n-th bit can be written
into the latch (A) 102-2.
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[0233] FIGS. 18A and 18B show detailed circuit diagrams
of the clock signal control circuit 106 in accordance with the
present embodiment.

[0234] The clock signal control circuit 106 of the present
embodiment as shown in FIG. 18A includes a NAND 1801
and an inverter 1802. A selection signal is input through the
illustrated wiring.

[0235] The clock signal to be input externally to the source
signal line driver circuit is input into the NAND 1801 through
an input terminal (IN). Simultaneously, the selection signal is
also input into the NAND 1801. A signal output from the
NAND 1801 is provided at an output terminal (QUT) after the
polarity thereof is inverted by the inverter 1802 to be input
into the shift register 102-1.

[0236] The selection signal determines whether the clock
signal is to be input into the shift register 102-1, or the con-
stant electrical potential (fixed electrical potential) is to be
instead supplied thereto.

[0237] The clock signal control circuit 106 of the present
embodiment as shown in FIG. 18B includes a first analog
switch 1811, a second analog switch 1812, and an inverter
1813. A selection signal is input through the illustrated wir-
ing.

[0238] Equivalent circuit diagrams of the first analog
switch 1811 and the second analog switch 1812 are the same
as that shown in FIG. 16. Each of the first analog switch 1811
and the second analog switch 1812 includes an n-channel
type TFT and a p-channel type TFT. A signal to be input from
an input terminal (IN) is sampled by means of a signal to be
input from a first control input terminal (Vin) or a second
control input terminal (Vinb), to be then output from an
output terminal (OUT).

[0239] The selection signal is input into the first analog
switch 1811 and the second analog switch 1812 through the
first control input terminal (Vin). Simultaneously, the selec-
tion signal is also input into the first analog switch 1811 and
the second analog switch 1812 through the second control
input terminal (Vinb) after the polarity thereof is inverted.
Further simultaneously, the clock signal to be supplied exter-
nally to the source signal line driver circuit is input into the
first analog switch 1811 through the input terminal (IN). The
second analog switch 1812 is supplied with the constant
electrical potential (fixed electrical potential) through the
input terminal (IN).

[0240] Signals respectively output from output terminals
(OUT) of the first analog switch 1811 and the second analog
switch 1812 are both output from an output terminal of the
clock signal control circuit 106.

[0241] The selection signal determines whether the clock
signal is to be input into the shift register 102-1, or the con-
stant electrical potential (fixed electrical potential) is to be
instead supplied thereto.

[0242] The structure of the clock signal control circuit is
not limited to those shown in FIGS. 18A and 18B.

[0243] The present embodiment can be freely combined
with Embodiments 1 through 3.

Embodiment 5

[0244] In the present embodiment, the structure of the
source signal line driver circuit contained in the light emitting
device as described in Embodiment 3 will be described in
detail. FIG. 19 shows a circuit diagram of the source signal
line driver circuit in the present embodiment. In FIG. 19, the
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same components as those shown in FIG. 1 are designated
with the same reference numerals.

[0245] Reference numeral 102-1 denotes a shift register, to
which a clock signal (CLK), a signal (CLKB) obtained by
inverting the polarity of the clock signal, a start pulse signal
(SP), a bi-direction shift signal (SL/R) are input through the
illustrated wirings, respectively.

[0246] Reference numerals 102-2 and 102-3 denote a latch
(A) and a latch (B), respectively. In the present embodiment,
a combination of the latches (A) 102-2 and a combination of
the latches (B) 102-3 correspond to four source signal lines.
However, the number of source signal lines to which a com-
bination of the latches (A) 102-2 and a combination of the
latches (B) 102-3 correspond is not limited to the above
number in the present embodiment. In addition, although a
level shift for changing a width of a voltage amplitude of a
signalis not provided in the present embodiment, such a level
shift may be appropriately provided by a designer.

[0247] The digital video signal (DV) to be supplied exter-
nally to the source signal line driver circuit is input into the
latch (A) 102-2 through the illustrated wirings. A latch signal
S_LAT and asignal S_LATb obtained by inverting the polar-
ity of the S_LAT are respectively input into the latch (B)
102-3 through the illustrated wirings.

[0248] The detailed structure of the latch (A) 102-2 is the
same as that shown in FIG. 14. Accordingly, the description
thereof is omitted here.

[0249] Reference numeral 107 denotes the timing signal
control circuit, that can supply a constant electrical potential
(fixed electrical potential), instead of the timing signal, to the
latch (A) 102-2 for a constant time period.

[0250] More specifically, the constant electrical potential
(fixed electrical potential) instead of the timing signal is input
into the shift register 102-2 for a constant time period by
means of the timing signal control circuit 107, so that the
timing signal that is to be used for inputting the digital video
signal at less significant bits in the range from the first bit to
the m-th bit into the latch (A) 102-2 is prevented from being
input into the latch (A) 102-2. Accordingly, only the digital
video signal at more significant bits in the range from the
(m+1)-th bit to the n-th bit can be written into the latch (A)
102-2.

[0251] A structure of the timing signal control circuit 107 in
the present embodiment is the same as those shown in FIGS.
18A and 18B. Accordingly, the detailed description about the
structure of the timing signal control circuit 107 should be
found in Embodiment 4. It should be noted, however, that in
the present embodiment, the timing signal from the shift
register 102-1 is input into the input terminal (IN) in the
circuits as shown in FIGS. 18 A and 18B. A signal output from
an output terminal (OUT) in the circuits as shown in FIGS.
18A and 18B is input into the latch (A) 102-2. The selection
signal determines whether the timing signal is to be input into
the latch (A) 102-2, or the constant electrical potential (fixed
electrical potential) is to be instead supplied thereto.

[0252] The structure of the timing signal control circuit is
not limited to those shown in FIGS. 1518A and 18B.

[0253] The present embodiment can be freely combined
with Embodiments 1 through 3.

Embodiment 6

[0254] In the present embodiment, the structure of the
source signal line driver circuit contained in the light emitting
device as described in Embodiment 4 will be described in
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detail. FIG. 20 shows a circuit diagram of the source signal
line driver circuit in the present embodiment. In FIG. 20, the
same components as those shown in FIG. 1 are designated
with the same reference numerals.

[0255] Reference numeral 102-1 denotes a shift register, to
which a clock signal (CLK), a signal (CLKB) obtained by
inverting the polarity of the clock signal, a start pulse signal
(SP), a bi-direction shift signal (SL/R) are input through the
illustrated wirings, respectively.

[0256] Reference numerals 102-2 and 102-3 denote a latch
(A)and a latch (B), respectively. In the present embodiment,
a combination of the latches (A) 102-2 and a combination of
the latches (B) 102-3 correspond to four source signal lines.
However, the number of source signal lines to which a com-
bination of the latches (A) 102-2 and a combination of the
latches (B) 102-3 correspond is not limited to the above
number in the present embodiment. In addition, although a
level shift for changing a width of a voltage amplitude of a
signal is not provided in the present embodiment, such a level
shift may be appropriately provided by a designer.

[0257] The digital video signal (DV) to be supplied exter-
nally to the source signal line driver circuit is input into the
latch (A) 102-2 through the illustrated wirings. A latch signal
S_LAT and asignal S_LATb obtained by inverting the polar-
ity of the S_LAT are respectively input into the latch (B)
102-3 through the illustrated wirings.

[0258] The detailed structure of the latch (A) 102-2 is the
same as that shown in FIG. 14. Accordingly, the description
thereof is omitted here.

[0259] Reference numeral 108 denotes the start pulse sig-
nal control circuit, that can supply a constant electrical poten-
tial (fixed electrical potential), instead of the start pulse signal
(SP), to the shift register 102-1 for a constant time period.
[0260] More specifically, the constant electrical potential
(fixed electrical potential) instead of the start pulse signal is
inputinto the shift register 102-2 for a constant time period by
means of the start pulse signal control circuit 108, so that the
timing signal that is 1o be used for inputting the digital video
signal at less significant bits in the range from the first bit to
the m-th bit into the latch (A) 102-2 is prevented from being
input into the shift register 102-1. Accordingly, only the digi-
tal video signal at more significant bits in the range from the
(m+1)-th bit to the n-th bit can be written into the latch (A)
102-2.

[0261] A structure of the start pulse signal control circuit
108 in the present embodiment is the same as those shown in
FIGS. 18A and 18B. Accordingly, the detailed description
about the structure of the start pulse signal control circuit 108
should be found in Embodiment 4. It should be noted, how-
ever, that in the present embodiment, the start pulse signal is
input into the input terminal (IN) in the circuits as shown in
FIGS. 18A and 18B. A signal output from an output terminal
(OUT) in the circuits as shown in FIGS. 18A and 18B is input
into the shift register 102-1. The selection signal determines
whether the start pulse signal is to be input into the shift
register 102-1, or the constant electrical potential (fixed elec-
trical potential) is to be instead supplied thereto.

[0262] The structure of the start pulse signal control circuit
is not limited to those shown in FIGS. 18A and 18B.

[0263] The present embodiment can be freely combined
with Embodiments 1 through 3.

Embodiment 7

[0264] Inthe presentembodiment, another example for the
third structure in accordance with the present invention,
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which is different from that as described in Embodiment 3,
will be described with reference to FIG. 21. In FIG. 21, the
same component as shown in FIG. 5 are designated with the
same reference numerals.

[0265] InFIG. 21, reference numeral 501 denotes a power
source line, reference numeral 502 denotes a buffer amplifier,
reference numeral 503 denotes a monitoring light emitting
device, reference numeral 504 denotes a constant current
source, and reference numeral 505 denotes an adding circuit.
One of electrodes of the monitoring light emitting element
503 is connected to the constant current source 504, so that a
constant current always flows through the monitoring light
emitting element 503. When a temperature of an organic
compound layer contained in the light emitting element
changes, the magnitude of the current to flow through the
monitoring light emitting element 503 does not change, but
rather, an electrical potential of the electrode of the monitor-
ing light emitting element 503 connected to the constant
current source 504 changes.

[0266] On the other hand, the buffer amplifier 502 includes
two input terminals and one output terminal. One of the two
input terminals is a non-inverted input terminal (+), while the
other is an inverted input terminal (-). An electrical potential
at one of electrodes of the monitoring light emitting device
503 is supplied to the non-inverted input terminal of the buffer
amplifier 502.

[0267] The buffer amplifier 502 is a circuit for preventing
an electrical potential at a pixel electrode of the monitoring
light emitting element 503 connected to the constant current
source 504 from changing in accordance with a load such as
a wiring capacitance of the power source line 501 or the like.
Accordingly, the electrical potential provided to the non-
inverted input terminal of the buffer amplifier 502 is output
from an output terminal to be supplied to the power source
line as the power source potential, without being changed in
accordance with a load of a wiring capacitance of the power
source line 501, adding circuit 505 or the like, to the adding
circuit 505.

[0268] The electrical potential supplied to the adding cir-
cuit 505 from the output terminal of the buffer amplifier 502
is further supplied to the power source line 501 as the power
source voltage, after a certain constant potential difference is
added thereto or subtracted therefrom.

[0269] FIG. 22 shows the detailed circuit diagram of the
adding circuit in the present embodiment. The adding circuit
505 includes a first resistor 521, a second resistor 522, a
power source 525 for the adding circuit, and a non-inverting
amplifier circuit 520. The non-inverting amplifier circuit 520
includes a third resistor 523, a fourth resistor 524, a power
source 526 for the non-inverting amplifier circuit, and an
amplifier 527.

[0270] One of the terminals of the first resistor 521 func-
tions as an input terminal (IN) of the adding circuit. The other
terminal of the first resistor 521 is connected to one of the
terminals of the second resistor 522. The other terminal of the
second resistor 522 is connected to the power source 525 for
the adding circuit. An output obtainable between the first
resistor 521 and the second resistor 522 is input into the
non-inverted input terminal (+) of the amplifier 527 of the
non-inverting amplifier circuit 520.

[0271] One of the terminals of the third resistor 523 is
connected to an output terminal of the amplifier 527, while
the other terminal of the third resistor 523 is connected to the
inverted input terminal of the amplifier 527. An output obtain-
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able between the third resistor 523 and the inverted input
terminal of the amplifier 527 is input to one of the terminals of
the fourth resistor 524. The other terminal of the fourth resis-
tor 524 is connected to the power source 526 for the non-
inverting amplifier circuit. An output obtainable between the
third resistor 523 and the output terminal of the amplifier 527
is output from an output terminal (OUT) of the adding circuit
505.

[0272] In accordance with the above-described structure,
even when a temperature of the monitoring light emitting
element 503 or the organic compound layer of the light emit-
ting element in the pixel portion changes due to a change in an
environmental temperature, the power source potential is
changed so as to allow a constant current to flow through the
light emitting element. Thus, even when the environmental
temperature of the light emitting device increases, power
consumption of the light emitting device can be prevented
from increasing, and furthermore, the brightness of the light
emitting element can be maintained at a constant level. More-
over, by further providing the adding circuit 505, the electri-
cal potential of the power source line 501 is not required to be
at the same level as the electrical potential of the electrode
connected to the constant current source 504 of the monitor-
ing light emitting element 503. Thus, the magnitude of the
current to flow through the buffer amplifier 502, the monitor-
ing light emitting element 503, and the constant current
source 504 can be suppressed, thereby resulting in the power
consumption being suppressed.

[0273] Thestructure of the adding circuit 505 is not limited
to that shown in FIG. 22.

[0274] The present embodiment can be freely combined
with Embodiments 1 through 6.

Embodiment 8

[0275] In Embodiment 8, a method of manufacturing a
pixel portion and TFT's (n-channel TFT's and p-channel TFTs)
of adriver circuit formed in the periphery of the pixel portion,
on the same substrate simultaneously is explained in detail.
[0276] First, as shown in FIG. 23A, a base film 401 made
from an insulating film such as a silicon oxide film, a silicon
nitride film, or a silicon oxynitride film is formed on a sub-
strate 400 made from glass such as barium borosilicate glass
or aluminum borosilicate glass, typically Corning Corp.
#7059 glass or #1737 glass, or made from a quartz substrate.
For example, a silicon oxynitride film made from SiH,, NH;,
and N,O by plasma CVD is formed with a thickness of 10 to
200 nm (preferably from 50 to 100 nm), and a hydrogenated
silicon oxynitride film with a thickness of 50 to 200 nm
(preferably between 100 and 150 nm), made from SiH, and
N,0, is similarly formed and laminated. Note that the base
film is shown as one layer in FIG. 23A. The base film 401 is
shown as a two layer structure in Embodiment 8, but it may
also be formed as a single layer of the above insulating films,
and it may also be formed having a lamination structure in
which two layers or more are laminated.

[0277] Semiconductor layers 402 to 405 are formed from a
crystalline semiconductor film which is formed by a semi-
conductor film having an amorphous structure with a laser
crystallization method or a known thermal crystallization
method. The thickness of the semiconductor layers 402 to 405
is formed to a thickness 0f 25 to 80 nm (preferably between 30
and 60 nm). There are no limitations in the crystalline semi-
conductor film material, but it is preferable to form the film
from silicon or silicon germanium (SiGe) alloy.
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[0278] As for known crystallization methods, there is a
thermal crystallization method using an electric furnace, a
laser annealing crystallization method using laser light, a
lamp annealing crystallization method using infrared light,
and a crystallization method using a catalyst metal.

[0279] A laser such as a pulse emission type or continuous
emission type excimer laser, a YAG laser, and a YVO, laser
canbe used in the laser crystallization method to manufacture
a crystalline semiconductor film. A method of condensing
laser light emitted from a laser emission device into a linear
shape by an optical system and then irradiating the light to the
semiconductor film may be used when these types of lasers
are used. The crystallization conditions may be suitably
selected by the operator, but when using the excimer laser, the
pulse emission frequency is set to 300 Hz, and the laser
energy density is set from 100 to 400 mlem? (typically
between 200 and 300 mJ/cm?). Further, the second harmonic
is utilized when using the YAG laser, the pulse emission
frequency is set from 30 to 300 kHz, and the laser energy
density may be set from 300 to 600 mliem? (typically
between 350 and 500 mJ/cm?®. The laser light collected into a
linear shape with a width of 100 to 1000 um, for example 400
L, is then irradiated over the entire surface of the substrate.
This is performed with an overlap ratio of 50 to 98% for the
linear shape laser light.

[0280] Then, a gate insulating film 406 is formed covering
the semiconductor layers 402 to 405. A gate insulating film
406 is formed by an insulating film containing silicon with a
thickness of 40 to 150 nm by plasma CVD or sputtering. A
120 nm thick silicon oxynitride film is formed in Embodi-
ment 8. The gate insulating film 406 is not limited to this type
of silicon oxynitride film, of course, and other insulating films
containing silicon may also be used, in a single layer or in a
lamination structure. For example, when using a silicon oxide
film, it can be formed by plasma CVD with a mixture of
TEOS (tetracthyl orthosilicate) and O,, at a reaction pressure
of 40 Pa, with the substrate temperature set from 300 to 400°
C. and by discharging at a high frequency (13.56 MHZ)
electric power density of 0.5 to 0.8 W/cm®. Good character-
istics as a gate insulating film can be obtained by subse-
quently performing thermal annealing, at between 400 and
500° C., of the silicon oxide film thus manufactured.

[0281] A first conducting film 407 and a second conducting
film 408 are then formed on the gate insulating film 406 in
order to form gate electrodes. The first conducting film 407 is
formed from Ta (tantalum) with a thickness of 50 to 100 nm,
and the second conducting film 408 is formed from W (tung-
sten) having a thickness of 100 to 300 nm, in Embodiment §.
[0282] The Ta film is formed by sputtering, and sputtering
of aTatarget is performed in Ar. If appropriate amounts of Xe
and Kr are added to Ar at the time of sputtering, the internal
stress of the Ta film is relaxed, and film peeling can be pre-
vented. The resistivity of an a phase Ta film is on the order of
20 pQcm, and it can be used in the gate electrode, but the
resistivity ofa [3 phase Ta film is on the order of 180 u€2cm and
it is unsuitable for the gate electrode. An o phase Ta film can
easily be obtained if a tantalum nitride film, which possesses
a crystal structure near that of a phase Ta, is formed with a
thickness of 10 to 50 nm as a base for Ta in order to form a
phase Ta.

[0283] The W film is formed by sputtering with a W target,
which can also be formed by thermal CVD using tungsten
hexafluoride (WF ). Whichever is used, it is necessary to be
able to make the film become low resistance in order to use it



US 2010/0045578 A1l

as the gate electrode, and it is preferable that the resistivity of
the W film be made equal to or less than 20 uQem. The
resistivity can be lowered by enlarging the crystal grains of
the W film, but for cases in which there are many impurity
elements such as oxygen in the W film, crystallization is
inhibited, and the film becomes high resistance. A W target
having a purity of 99.9999% or 99.99% is thus used in sput-
tering. In addition, by forming the W film while taking suffi-
cient care that no impurities from the gas phase are introduced
at the time of film formation, the resistivity of 9 to 20 pQcm
can be achieved.

[0284] Note that, although the first conducting film 407 is
Ta and the second conducting film 408 is W in Embodiment 8,
the conducting films are not limited to these, and both may
also be formed from an element selected from the group
consisting of Ta, W, Ti, Mo, Al, and Cu, or from an alloy
material having one of these elements as its main constituent,
or from a chemical compound of these elements. Further, a
semiconductor film, typically a poly-crystalline silicon film
into which an impurity element such as phosphorus is doped,
may also be used. An example of preferable combinations
other than that used in Embodiment 8 include: forming the
first conducting film by tantalum nitride (TaN) and combin-
ing it with the second conducting film formed from W; form-
ing the first conducting film by tantalum nitride (TaN) and
combining it with the second conducting film formed from
Al; and forming the first conducting film by tantalum nitride
(TaN) and combining it with the second conducting film
formed from Cu. (See F1G. 23B.)

[0285] Masks 409 to 412 are formed next from resist, and a
first etching process is performed in order to form electrodes
and wirings. An ICP (inductively coupled plasma) etching
method is used in Embodiment 8. A gas mixture of CF,, and
Cl, is used as an etching gas, and a plasma is generated by
applying a 500 W RF electric power (13.56 MHZ) to a coil
shape electrode at a pressure of 1 Pa. A 100 W RF electric
power (13.56 MHZ) is also applied to the substrate side (test
piece stage), effectively applying a negative self-bias voltage.
The W film and the Ta film are both etched on the same order
when CF, and Cl, are combined.

[0286] Not shown in FIG. 23C, edge portions of the first
conducting layer and the second conducting layer are made
into a tapered shape in accordance with the effect of the bias
voltage applied to the substrate side under the above etching
conditions by using a suitable resist mask shape. The angle of
the tapered portions is from 15 to 45°. The etching time may
be increased by approximately 10 to 20% in order to perform
etching without any residue remaining on the gate insulating
film. The selectivity of a silicon oxynitride film with respect
to a W film is from 2 to 4 (typically 3), and therefore approxi-
mately 20 to 50 nm of the exposed surface of the silicon
oxynitride film is etched by this over-etching process. Fur-
ther, not shown in FIG. 23C, regions of the gate insulating
film 406 not covered by first shape conducting layers 414 to
417 are made thinner by 20 to 50 nm after etching.

[0287] The first shape conducting layers 414 to 417 (first
conducting layers 414a to 417« and second conducting layers
414b to 417b) are thus formed from the first conducting layer
and the second conducting layer in accordance with the first
etching process.

[0288] A second etching process is performed next, as
shown in FIG. 23D. The ICP etching method is similarly
used, a mixture of CF,,, Cl,, and O, is used as the etching gas,
and a plasma is generated by supplying a 500 W RF electric
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power (13.56 MHZ) to a coil shape electrode at a pressure of
1Pa. A 50 W RF (13.56 MHZ) electric power is applied to the
substrate side (test stage), and a self-bias voltage which is
lower in comparison to that of the first etching process is
applied. The W film is etched anisotropically under these
etching conditions, and Ta (the first conducting layers) is
anisotropically etched at a slower etching speed, forming
second shape conducting layers 419 to 422 (first conducting
layers 419a to 422a and second conducting layers 4195 to
422b). Further, although not shown in FIG. 23D, the gate
insulating film 406 is additionally etched on the order of 20 to
50 nm, becoming thinner, in regions not covered by the sec-
ond shape conducting layers 419 to 422.

[0289] Theetching reaction of the W film and the Ta film in
accordance with the mixed gas of CF, and Cl, can be esti-
mated from the radicals generated, and from the ion types and
vapor pressures of the reaction products. Comparing the
vapor pressures of W and Ta fluorides and chlorides, the W
fluoride compound WF is extremely high, and the vapor
pressures of WCly, TaF,, and TaCly are of similar order.
Therefore the W film and the Ta film are both etched by the
CF, and Cl, gas mixture. However, if a suitable quantity of O,
is added to this gas mixture, CF, and O, react, forming CO
and F, and a large amount of F radicals or F ions are generated.
As a result, the etching speed of the W film having a high
fluoride vapor pressure becomes fast. On the other hand, even
if F increases, the etching speed of Ta does not relatively
increase. Further, Ta is easily oxidized compared to W, and
therefore the surface of Ta is oxidized by the addition of O,.
The etching speed of the Ta film is further reduced because Ta
oxides do not react with fluorine and chlorine. It therefore
becomes possible to have a difference in etching speeds
between the W film and the Ta film, and it becomes possible
to make the etching speed of the W film larger than that of the
Ta film.

[0290] Then, the masks 409a to 4124 are removed, and a
first doping process is performed as shown in FIG. 24A,
adding an impurity element which imparts n-type conductiv-
ity. For example, doping may be performed at an acceleration
voltage of 70 to 120 keV and with a dose amount of 1x10"
atoms/cm?. The doping process is performed using the sec-
ond shape conducting layers 419 to 422 as masks against the
impurity element, and so as to also add the impurity element
in regions below the second conducting layers 419a to 422q.
First impurity regions 425 to 428, which overlap with the
second conducting layers 4194 to 422a, and second impurity
regions 429 to 432, which have a higher impurity concentra-
tion than the first impurity regions, are thus formed. Note that
the impurity element which imparts n-type conductivity is
added after removing the masks 4094 to 412a in Embodiment
8, but the present invention is not limited to this. The impurity
element which imparts n-type conductivity may also be added
in the step of FIG. 24A, and then the masks 409a to 412a may
be removed.

[0291] A mask 433 is next formed on the semiconductor
layer 404 so as to cover the second conducting layers 421a
and 421b. The mask 433 partially overlaps with the second
impurity region 431, sandwiching the gate insulating film
406. A second doping process is then performed, and an
impurity element which imparts n-type conductivity is added.
Doping of the impurity element which imparts n-type con-
ductivity is performed at conditions in which the dose amount
is raised higher than that of the first doping process, and at a
low acceleration voltage. (See F1G. 24B.) The doping can be
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carried out by ion doping or ion implantation. Ton doping is
performed under conditions of a dose amount from 1x10" to
5x10'* atoms/cm® and an acceleration voltage of 60 to 100
keV. A periodic table group 15 element, typically phosphorus
(P) or arsenic (As) is used as the impurity element which
imparts n-type conductivity, and phosphorus (P) is used here.
The second shape conducting layers 419 to 422 become
masks with respect to the impurity element which imparts
n-type conductivity in this case, and source regions 434 to
437, drain regions 438 to 441, and Lov regions 442 to 445 are
formed in a self-aligning manner. Further, Loff region 446 is
formed in accordance with the mask 433. The impurity ele-
ment which imparts n-type conductivity is added to the source
regions 434 to 437, and to the drain regions 438 to 441 with a
concentration in the range of 1x10?° to 1x10?* atoms/cm’.
[0292] Tt is possible to freely set the length of the Loff
region 446 by controlling the size of the mask 433 according
to Embodiment 8.

[0293] Note that in the specification, the LDD region over-
lapping with a gate electrode through a gate insulating film is
referred to as an Lov region, and the LDD region not over-
lapping with a gate electrode through a gate insulating film is
referred to as an Loff region.

[0294] Theimpurity element which imparts n-type conduc-
tivity is added at a concentration of 1x10*7 to 1x10" atoms/
cm? in the Loff region, and at a concentration of 1x10'® to
1x10'® atoms/cm’ in the Lov region.

[0295] Note that, in FIG. 24B, either before or after doping
of an impurity element which imparts n-type conductivity is
performed under the above mentioned condition, doping of
an impurity element which imparts an n-type conductivity
may also be performed with an acceleration voltage of 70 to
120 keV in a state in which the mask 433 is formed on the
semiconductor layer 404. The concentration of the impurity
element which imparts an n-type conductivity in a portion
446 which becomes an Loff region of the switching TFT can
be suppressed in accordance with the above process, and the
concentration of the impurity element which imparts n-type
conductivity in portions 442 and 443, which become Lov
regions of the TFTs used in the driver circuit canbe increased.
It is possible to lower the off current of the switching TFT by
suppressing the concentration of the impurity element which
imparts an n-type conductivity in the portion 446 which
becomes the Loff region of the switching TFT. Further, hot
carriers generated in accordance with a high electric field in
the vicinity of the drain and a cause of'a degradation phenom-
enon due to the hot carrier effect can be prevented by increas-
ing the concentration of the n-type conductivity imparting
impurity element in the portion 443 which becomes the Lov
region of the n-channel TFT used in the driver circuit.
[0296] After removing the mask 453, source regions 447
and 448, drain regions 449 and 450, and Lov regions 451 and
452, having a conductivity type which is the inverse of the
above one conductivity type, are then formed in the semicon-
ductor layers 402 and 405 for forming the p-channel TFT, as
shown in FIG. 24C. The second shape conducting layers 419
and 422 are used as a mask with respect to the impurity
element, and the impurity regions are formed in a self-align-
ing manner. The semiconductor layers 402 and 403, which
form n-channel TFTs, are covered over their entire surface
areas by a resist masks 453 at this point. Phosphorus is added
in differing concentration to the source regions 447 and 448,
the drain regions 449 and 450, and the Lov regions 451 and
452, and ion doping is performed here using diborane (B, Hy),
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so that impurity is added to each of the regions with a con-
centration of 2x10*! to 2x10*! atoms/cm?.

[0297] Impurity regions (source regions, drain regions, Lov
regions, and Loff regions) are formed in the respective semi-
conductor layers 402 to 405 by the above processes. The
second conducting layers 419 to 422 overlapping the semi-
conductor layers function as gate electrodes.

[0298] A process of activating the impurity elements added
to the respective semiconductor layers is then performed,
with the aim of controlling the conductivity type. Thermal
annealing using an annealing furnace is performed for this
process. In addition, laser annealing and rapid thermal
annealing (RTA) can also be applied. Thermal annealing is
performed with an oxygen concentration equal to or less than
1 ppm, preferably equal to or less than 0.1 ppm, in a nitrogen
atmosphere at 400to 700° C., typically between 500 and 600°
C. Heat treatment is performed for 4 hours at 500° C. in
Embodiment 8. However, for cases in which the wiring mate-
rial used in the conducting layers 419 to 422 is weak with
respect to heat, it is preferable to perform activation after
forming an interlayer insulating film (having silicon as its
main constituent) in order to protect the wirings and the like.
[0299] In addition, heat treatment is performed for 1 to 12
hours at 300 to 450° C. in an atmosphere containing between
3 and 100% hydrogen, performing hydrogenation of the
semiconductor layers. This process is one of terminating dan-
gling bonds in the semiconductor layers by hydrogen which is
thermally excited. Plasma hydrogenation (using hydrogen
excited by a plasma) may also be performed as another means
of hydrogenation.

[0300] A first interlayer insulating film 455 is formed next
from a silicon oxynitride film having a thickness of 100 to 200
nm. (FIG. 25A) A second interlayer insulating film 458 made
from an organic insulating material is then formed on the first
interlayer insulating film 455.

[0301] Contact holes are then formed in the gate insulating
film 406, the first interlayer insulating film 455 and the second
interlayer insulating film 458, and source wirings 459 to 462
are formed to contact the source regions 447, 435, 436, and
448 through the contact holes. In the same way, drain wirings
463 to 465 are further formed to contact the drain regions 449,
439, 440 and 450. (FIG. 25B)

[0302] Note thatitis preferable to form the contactholes by
dry etching using CF, and O, when the gate insulating film
406, the first interlayer insulating film 455, and the second
interlayer insulating film 458 are SiO, films or SiON films.
Further, for cases in which the gate insulating film 406, the
first interlayer insulating film 455, and the second interlayer
insulating film 458 are organic resin films, it is preferable to
form the contact holes by dry etching using CHF; or by BHF
(buffered hydrogen fluoride, HF+NH,F). In addition, if the
gate insulating film 406, the first interlayer insulating film 455
and the second interlayer insulating film 458 are formed by
different materials, it is preferable to change the method of
etching and the etchant or etching gas type for each film. The
contact holes may also be formed by using the same etching
method and the same etchant or etching gas.

[0303] A third interlayer insulating film 467 is formed next
from an organic resin. Organic resins such as polyimide,
polyamide, acrylic, and BCB (benzocyclobutene) can be
used. In particular, it is preferable to use acrylic, which has
superior levelness, because the third interlayer insulating film
467 is formed with a strong implication of leveling. An acrylic
film is formed in Embodiment 8 at a film thickness at which



US 2010/0045578 A1l

steps formed by the TFTs can be sufficiently leveled. The film
thickness is preferably from 1 to 5 pm (more preferably
between 2 and 4 pum).

[0304] A contact hole for reaching the drain wiring 465 is
formed next in the third interlayer insulating film 467, and a
pixel electrode 468 is formed. An indium tin oxide (ITO) film
is formed with a thickness of 110 nm in Embodiment 8, and
patterning is then performed, thereby forming the pixel elec-
trode 468. Further, a transparent conducting film in which
between 2 and 20% zinc oxide (ZnQ) is mixed with indium
oxide may also be used. The pixel electrode 468 becomes an
anode of a light emitting layer. (See FIG. 25C.)

[0305] A first bank 469 and a second bank 470 are formed
next from a resin material. The first bank 469 and the second
bank 470 are formed in order to separate an organic com-
pound layers and cathodes, which are formed later, of adja-
cent pixels. It is therefore preferable that the second bank 470
stick out farther horizontally than the first bank 469. Note that
it is preferable that the combined thickness of the first bank
469 and the second bank 470 be made on the order of 1 to 2
pm, but there are no limitations on this thickness provided that
the organic compound layers and the cathodes formed later of
adjacent pixels can be separated. Further, it is necessary to
form the first bank 469 and the second bank 470 by an insu-
lating film, and it is therefore possible to use materials such as
an oxide or a resin, for example. The first bank 469 and the
second bank 470 may both be formed by the same material,
and they may also be formed by different materials. The first
bank 469 and the second bank 470 are formed in stripe shapes
between pixels. The first bank 469 and the second bank 470
may be formed on and along the source wirings (source signal
lines), and may be formed on and along the gate wirings (gate
signal lines). Note that the first bank 469 and the second bank
470 may also be formed by a material in which a pigment is
mixed into a resin. (See FIG. 26A.)

[0306] An organic compound layer 471 and a cathode
(MgAg electrode) 472 are formed next in succession without
exposure to the atmosphere using vacuum evaporation. Note
that the film thickness of the organic compound layer 471
may be from 80 to 200 nm (typically between 100 and 120
nm), and that the film thickness of the cathode 472 may be
from 180 to 300 nm (typically between 200 and 250 nm).
Note also that, although only one pixel is shown in Embodi-
ment 8, an organic compound layer which emits red color
light, an organic compound layer which emits green color
light, and an organic compound layer which emits blue color
light are formed at the same time at this point. Note that
materials to form an organic compound layer and a cathode is
partially laminated on the bank 470, however, in this specifi-
cation, the materials are not included in the organic com-
pound layer 471 and the cathode 472.

[0307] The organic compound layer 471 and the cathode
472 are formed in order for a pixel corresponding to the red
color, a pixel corresponding to the green color, and a pixel
corresponding to the blue color. However, the organic com-
pound layer 471 lacks resistance with respect to solutions,
and therefore each color must be formed separately without
using a photolithography technique. It is preferable to use a
metal mask and cover the pixels other than the desired pixel,
and selectively form the organic compound layer 471 and the
cathode 472 in only the required portions.

[0308] Namely, first a mask is set so as to cover all of the
pixels except for those corresponding to the red color, and red
color light-emitting organic compound layers are selectively
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formed using the mask. Next, a mask is set so as to cover all
of the pixels except for those corresponding to the green
color, and green color light-emitting organic compound lay-
ers are selectively formed using the mask. Finally, a mask is
set so as to cover all of the pixels except for those correspond-
ing to the blue color, and blue color light-emitting organic
compound layers are selectively formed using the mask. Note
that, although the use of all different masks is described here,
the same mask may also be reused. Further, it is preferable to
perform processing until an organic compound layer and a
cathode are formed on all of pixels without releasing the
vacuum.

[0309] Note that the organic compound layer 471 has a
single layer structure composed of only a light-emitting layer
is shown in Embodiment 8, but a structure having layers such
as a hole transporting layer, a hole injecting layer, an electron
transporting layer, and an electron injecting layer in addition
to the light-emitting layer may also be used for the organic
compound layer. Various examples of these types of combi-
nations have already been reported, and all such structures
may be used. A known material can be used as the organic
compound layer 471. Considering the driver voltage of a light
emitting element, it is preferable to use an organic material as
the known material.

[0310] The cathode 472 is formed next. An example of
using an MgAg electrode as the cathode of an light emitting
element is shown in Embodiment 8, but it is also possible to
use other known materials.

[0311] The active matrix substrate having the structure
shown in FIG. 26B is thus completed. Note that, after forming
the first bank 469 and the second bank 470. It is effective to
perform processing in succession without exposure to the
atmosphere up through to the formation of the cathode 472 by
using a multi-chamber method (or an in-line method) thin
film formation apparatus.

[0312] In Embodiment 8, a source region 504, a drain
region 505, an Loff region 506, an Lov region 507, and a
channel forming region 508 are contained in a semiconductor
layer of a switching TFT 501. The Loff region 506 is formed
so as not to overlap with the gate electrode 421 through the
gate insulating film 406. Further, the Lov region 507 is
formed so as to overlap with the gate electrode 421 through
the gate insulating film 406. This type of structure is
extremely effective in reducing the off current.

[0313] Further, a single gate structure is used as the switch-
ing TFT 501 in Embodiment 8, but the present invention may
also have a double gate structure or another type of multi-gate
structure for the switching TFT. Two TFTs are substantially
connected in series by using the double gate structure, giving
the advantage of additionally reducing the off current.

[0314] Further, the switching TFT 501 is an n-channel TFT
in Embodiment 8, but a p-channel TFT may also be used.

[0315] A semiconductor layer of a current controlling TFT
502 contains a source region 510, a drain region 511, an Lov
region 512, and a channel forming region 513. The Lov region
512 is formed so as to overlap with the gate electrode 422
through the gate insulating film 406. Note that the current
controlling TFT 502 does not have the Loffregion in Embodi-
ment 8, but a structure having the Loff region may also be
used.

[0316] Further, the current controlling TFT 502 is a p-chan-
nel TFT in Embodiment 8, but it may also be an n-channel
TFT.
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[0317] Note that the active matrix substrate of Embodiment
8 shows an extremely high reliability, and its operational
characteristics are also increased, by arranging optimally
structured TFT in not only the pixel portion, but also in the
driver circuit portion.

[0318] First, a TFT having a structure in which hot carrier
injection is reduced so as not to have a very large drop in
operational speed is used as an n-channel TFT 503 of a
CMOS circuit forming the driver circuit portion. Note that
circuits such as a shift register, a buffer, a level shifter, and a
sampling circuit (sample and hold circuits) are included as the
driver circuits here. Signal conversion circuits such as a D/A
converter can also be included in the case of performing
digital drive.

[0319] A semiconductor layer of the n-channel TFT 503 of
the CMOS circuit in Embodiment 8§ contains a source region
521, a drain region 522, an Lov region 523, and a channel
forming region 524.

[0320] Further, a semiconductor layer of a p-channel TFT
504 of the CMOS circuit contains a source region 531, a drain
region 532, an Lov region 533, and a channel forming region
534.

[0321] Note that, in practice, it is preferable to perform
packaging (sealing) by a protecting film having high airtight
characteristics and little outgassing (such as a laminate film or
an ultraviolet hardened resin film) or by a transparent sealing
material after completing up through to the processes of FIG.
26B 50 as to have no exposure to theatmosphere. Further, ifan
inert gas is placed in the inside of the sealing material, and a
drying agent (barium oxide, for example) is arranged inside
of the sealing material, then the reliability of the light emitting
element is increased.

[0322] Further, a connector (flexible printed circuit, FPC) is
attached in order to connect the elements formed on the
substrate, with terminals extended from the circuits, to exter-
nal signal terming after increasing the airtight characteristics
in accordance with the packaging process or the like. A manu-
factured product is thus completed. This type of deliverable
state is referred to as a light emitting device throughout this
specification.

[0323] The widths of the gate electrodes in the direction of
the channel length (referred to hereinafter as a width of the
gate electrode) differ as stated above in accordance with
manufacturing processes of the present invention. Therefore,
it is possible to make the ion implantation within the semi-
conductor layers arranged under the first Date electrode less
than the ion concentration within the semiconductor layers
not arranged under the first gate electrode by utilizing the
difference in ion penetration depth, due to the difference of
gate electrode thickness, when performing ion injection using
the gate electrodes as masks.

[0324] Further, in order to form the Loff regions using a
mask, only the width of Lov region needs to be controlled by
etching. It becomes easy to control positions of the Lov
regions and the Loff regions.

[0325] Note that although an example in which light emit-
ted from the organic compound layer is directed toward the
substrate side is explained in Embodiment 8, the present
invention is not limited to this, and a structure in which light
emitted from the organic compound layer is directed above
the substrate may also be used. In this case, the cathode of the
light emitting element becomes the pixel electrode, and it is
preferable that the current controlling TFT be an n-channel
TFT.
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[0326] Note that although the case in which a pixel has a
switching TFT and a current controlling TFT is explained in
Embodiment 8, the present invention is not limited to this.
Even when a pixel has three TFTs or more, it is possible to
apply the present embodiment.

[0327] The method of manufacturing a light emitting
device according to the present invention is not limited to the
manufacturing method described in Embodiment 8 and other
manufacturing methods can be utilized.

[0328] Note that it is possible to freely combine Embodi-
ment 8 with any of Embodiments 1 to 7.

Embodiment 9

[0329] A light emitting device manufactured by the present
invention has superior visibility in bright locations in com-
parison to a liquid crystal display device because it is a self-
emission type device, and moreover viewing angle is wide.
Accordingly, it can be used as a display portion for various
electronic apparatuses. For example, it is appropriate to use
the light emitting display device of the present invention as a
display portion of a display device incorporating the light
emitting device in its casing having a diagonal equal to 30
inches or greater (typically equal to 40 inches or greater) for
appreciation of TV broadcasts by large screen. The light
emitting device of the present invention can be used as a
display portion for various electronic apparatuses.

[0330] The following can be given as examples of such
electronic apparatuses: a video camera; a digital camera; a
goggle type display (head mounted display); a car navigation
system; an audio reproducing device (such as a car audio
system, an audio compo system); a notebook personal com-
puter; a game equipment; a portable information terminal
(such as a mobile computer, a mobile telephone, a mobile
game equipment or an electronic book); and an image play-
back device provided with a recording medium (specifically,
adevice which performs playback of a recording medium and
is provided with a display which can display those images,
such as a digital video disk (DVD)). In particular, because
portable information terminals are often viewed from a diago-
nal direction, the wideness of the field of vision is regarded as
very important. Thus, it is preferable that the light emitting
device is employed. Examples of those electronic apparatuses
are shown in FIGS. 27 and 28.

[0331] FIG. 27A illustrates a portable information terminal
which includes a display panel 2701 and an operation panel
2702. The display panel 2701 is connected with the operation
panel 2702 at a connection portion 2703. In the connection
portion 2703, an angle 8 between a surface provided with the
display portion 2704 of the display panel 2701 and a surface
provided with an operation key 2706 of the operation panel
2702 can be arbitrary varied.

[0332] The display panel 2701 includes the display portion
2704. Further, the portable information terminal shown in
FIG. 27A has a function as a telephone, and the display panel
2701 includes an audio output portion 2705, so that voice is
outputted from the audio output portion 2705, The light emit-
ting device of the present invention can be utilized for the
display portion 2704.

[0333] The operation panel 2702 includes an operation key
2706, a power switch 2707, an audio input portion 2708, and
a CCD receiving portion 2709. Note that although the opera-
tion key 2706 and the power switch 2707 are provided sepa-
rately in FIG. 27 A, the power switch 2707 may be included in
the operation key 2706.
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[0334] 1In the audio input portion 2707, voice is inputted.
The image inputted at the CCD receiving portion 2709 is
received in the portable information terminal as an electronic
data.

[0335] Note that although the display panel 2701 includes
the audio output portion 2705 and the operation panel
includes the audio input portion 2708 in F1G. 27A, the present
embodiment is not limited to this. Namely, the display panel
2701 includes the audio input portion 2708, and the operation
panel includes the audio output portion 2705. Further, the
audio output portion 2705 and the audio input portion 2708
may be provided in the display panel 2701, and the audio
output portion 2705 and the audio input portion 2708 may be
provided in the operation panel 2702.

[0336] Note that although the portable information termi-
nal includes no antenna in FIG. 27A, an antenna may be
provided, if necessary.

[0337] FIG. 27B illustrates a portable telephone, which
includes a main body 2601, an audio output portion 2602, an
audio input portion 2603, a display portion 2604, operation
switches 2605, and an antenna 2606. The light emitting
device in accordance with the present invention can be used as
the display portion 2604. The display portion 2604 can reduce
power consumption of the portable telephone by displaying
white-colored characters on a black-colored background.
[0338] Thelight emitting device of the present invention is
very effective for the portable type electronic apparatus since
power consumption can be reduced.

[0339] FIG. 28A illustrates a display device having a light
emitting device which includes a frame 2001, a support table
2002, a display portion 2003, or the like. The light emitting
device of the present invention is applicable to the display
portion 2003. The light emitting device is of the self-emission
type and therefore requires no back light. Thus, the display
portion thereof can have a thickness thinner than that of the
liquid crystal display device.

[0340] FIG. 28B illustrates a video camera which includes
a main body 2101, a display portion 2102, an audio input
portion 2103, operation switches 2104, a battery 2105, an
image receiving portion 2106, or the like. The light emitting
device in accordance with the present invention can be used as
the display portion 2102.

[0341] FIG. 28C illustrates one portion (the right-half
piece) of a head-mounted type electronic apparatus which
includes a main body 2201, signal cables 2202, a head mount
band 2203, a screen portion 2204, an optical system 2205, a
display portion 2206, or the like. The light emitting device of
the present inventionis applicable to the display portion 2206.

[0342] FIG. 28D illustrates an image reproduction appara-
tus provided with a recording medium (more specifically, a
DVD reproduction apparatus), which includes a main body
2301, a recording medium (a DVD or the like) 2302, opera-
tion switches 2303, a display portion (a) 2304, another dis-
play portion (b) 2305, or the like. The display portion 2304 (a)
is used mainly for displaying image information, while the
display portion 2305 (b) is used mainly for displaying char-
acter information. The light emitting device in accordance
with the present invention can be used as these display por-
tions 2304(a) and 2305(b). The image reproduction apparatus
provided with a recording medium further includes a domes-
tic game equipment or the like.

[0343] FIG. 28E illustrates a goggle type display (head-
mounted display) which includes a main body 2401, a display
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portion 2402, and an arm portion 2403. The light emitting
device in accordance with the present invention can be used to
the display portion 2402.

[0344] FIG. 28F illustrates a personal computer which
includes a main body 2501, a frame 2502, a display portion
2503, akey board 2504, or the like. The light emitting device
in accordance with the present invention can be used as the
display portion 2503.

Note that if emission luminance of an organic material
becomes higher in the future, light including outputted image
information is enlarged to be projected by means of lenses or
the like, thereby applying to a front-type or a rear-type pro-
jector.

[0345] The aforementioned electronic apparatuses are
more likely to be used for display information distributed
through a telecommunication path such as Internet, a CATV
(cable television system), and in particular likely to display
moving picture information. The light emitting device is suit-
able for displaying moving pictures since the organic material
can exhibit high response speed.

[0346] Since a light emitting portion of the light emitting
device consumes power, it is desirable to display information
in such a manner that the light emitting portion therein
becomes as small as possible. Accordingly, when the light
emitting device is applied to a display portion which mainly
displays character information, e.g. a display portion of a
portable information terminal, and more particular, a portable
telephone or a car audio reproducing equipment, it is desir-
able to drive the light emitting display device so that the
character information is formed by a light-emitting portion
while a non-emission portion corresponds to the background.
[0347] As set forth above, the present invention can be
applied variously to a wide range of electronic apparatuses in
all fields. Note that it is possible to freely combine Embodi-
ment 9 with any of Embodiments 1 to 8.

Embodiment 10

[0348] In this embodiment, a further specific structure of a
third structure of the present invention and a change in bright-
ness due to a temperature will be explained with measured
values.

[0349] FIG. 29A shows a connection state of a light emit-
ting element for a monitor, which is included in a light emit-
ting device of this embodiment. Reference numerals 701,
702,703, 704 and 705 represent a power source line, a buffer
amplifier, a monitoring light emitting element, a constant
current source, and one of light emitting elements in a pixel
portion, respectively.

[0350] FIG. 29A shows a case when a current controlling
TFT (not shown) is “ON” state, and the current controlling
TFT directly connects a pixel electrode of the light emitting
element 705 in the pixel portion and the power source line
701.

[0351] Also, in FIG. 29A, although an anode of the light
emitting element 705 in the pixel portion is used as a pixel
electrode, this embodiment is not limited to such a structure.
A cathode may be used as a pixel electrode.

[0352] The constant current source 704 of this embodiment
has an amplifier, a variable resistor and a bipolar transistor.
References V1 and V2 represent a predetermined voltage to
be applied, a relationship (a voltage applied to an
anode<V2<V1) is satisfied. By the way, the relationship
among the voltage applied to the anode, V2, and V1 is
changed depending on whether an anode is used as a pixel
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electrode or a cathode is used as pixel electrode. In order to
flow a forward bias current into a light emitting element, the
relationship among the voltage applied to the anode, V2, and
V1 is appropriately set. Also, the constant current source 704
is not limited to the structure as shown in FIG. 29A, a well-
known constant current source can be used.

[0353] An output terminal of the constant current source
704 is connected with a pixel electrode of the monitoring light
emitting element 703. By the way, when an anode of the light
emitting element 705 in the pixel portion is used as a pixel
electrode, an anode of the monitoring light emitting element
703 is also used as a pixel electrode. To the contrary, when a
cathode of the light emitting element 705 in the pixel portion
is used as a pixel electrode, a cathode of the monitoring light
emitting element 703 is also used as a pixel electrode. In FIG.
29A, the anode of the monitoring light emitting element 703
is used as a pixel electrode.

[0354] When the output terminal of the constant current
source 704 is connected with the pixel electrode of the moni-
toring light emitting element 703 and thus a current flows into
the monitoring light emitting element 703, its value is always
kept constant. And then, when a temperature of a organic
compound layer included in the light emitting element is
changed, although an amount of a current flowing into the
monitoring light emitting element 703 is not changed, a
potential of the pixel electrode of the monitoring light emit-
ting element 703, which is connected with the constant cur-
rent source 704, is changed.

[0355] On the other hand, the buffer amplifier 702 has two
input terminals and one output terminal, one of the two input
terminals is a non-inverted input terminal (+), and the other is
an inverted input terminal (-). A potential of the pixel elec-
trode of the monitoring light emitting element 703 is provided
with the non-inverted input terminal of the buffer amplifier
702.

[0356] The buffer amplifier 702 is a circuit for suppressing
a change in the potential of the pixel electrode of the moni-
toring light emitting element 703, which is connected with the
constant current source 704, due to a load such as a wiring
capacitance of the power source line 701 or the like. Thus, the
potential provided with the non-inverted input terminal of the
buffer amplifier 702 is output from the output terminal with-
out the change due to a load such as a wiring capacitance of
the power source line 701 or the like, and provided with the
pixel electrode of the light emitting element 705 in the pixel
portion. As a result, acurrent flowing into the monitoring light
emitting element 703 is equal to a current flowing into the
light emitting element 705 in the pixel portion.

[0357] Then, even when a temperature of an organic com-
pound layer of, the monitoring light emitting element 703 or
the light emitting element 705 in the pixel portion is changed
depending on a change in an ambiance temperature, a con-
stant current flows into each light emitting element. Thus,
even when the ambiance temperature of the light emitting
device rises, an increase in power consumption of the light
emitting device can be suppressed.

[0358] FIG.29B shows a change in measurement values of
brightness due to a temperature, of the light emitting element
705 in the pixel portion of the light emitting device having the
structure as shown in FIG. 29A. By the way, a graph (cor-
rected) relates to the measurement values in the light emitting
device of the present invention, and a graph (not corrected)
relates to the measurement values in the light emitting device
without the third structure of the present invention.
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[0359] As can be cleared from FIG. 29A, in the graph (not
corrected), the brightness is increased depending on the rise
of the temperature. However, in the graph (corrected), even
when the temperature rises, the brightness is almost kept
constant. Since a current and a brightness are in a proportional
relation, in the light emitting device of the present invention,
even when the temperature rises, a current can be kept con-
stant, and the increase in the power consumption can be
suppressed.

[0360] Also, in a light emitting element, a decrease in
brightness is caused by deterioration of an organic light emit-
ting layer. Here, even ifthe deterioration is caused in the same
level, a decrease amount in brightness in the case where a
current flowing between a cathode and an anode is kept con-
stant is smaller than that in the case where a voltage applied
between the cathode and the anode is kept constant. Thus,
since a current flowing into the light emitting element can be
kept constant in the light emitting device of the present inven-
tion, a decrease in brightness, due to deterioration can be
suppressed.

[0361] This embodiment can be arbitrarily combined with
the structures of Embodiments 1 to 9 with respect to the
operation.

[0362] As described in the above, in accordance with the
first structure of the present invention, the magnitude of a
current to flow through the light emitting element can be
suppressed to some degree, thereby resulting in a reduced
power consumption of the light emitting device. In accor-
dance with the second structure of the present invention, the
number of bits of the digital video signal to be input into the
pixels is reduced, and therefore, the required number of writ-
ing the digital video signal by the source signal line driver
circuit and a gate signal line driver circuit can be reduced.
Thus, power consumption of the source signal line driver
circuit and the gate signal line driver circuit can be reduced,
thereby resulting in a reduced power consumption of the light
emitting device. In accordance with the third structure of the
present invention, the magnitude of a current to flow through
a light emitting element of a pixel is maintained at a constant
level, even when a temperature of the organic compound layer
changes. Thus, power consumption of the light emitting
device can be prevented from increasing even when an envi-
ronmental temperature of the light emitting device increases,
which in turn can maintain the brightness at a constant level.
[0363] Inaccordance with the first, second, and third struc-
tures of the present invention as described in the above, it is
possible to suppress the power consumption of a light emit-
ting device and an electronic apparatus which employs the
light emitting device. It should be noted that only either one of
the first through third structures is required to be included in
the present invention, although two or all of the first through
third structures may be included.

What is claimed is:

1. A light-emitting device comprising:

a constant current source;

a circuit which outputs a same potential as an input poten-
tial;

a first monitoring light emitting element having a pair of
electrodes, wherein one of the pair of electrodes is elec-
trically connected to an output of the constant current
source, and to an input of the circuit which outputs the
same potential as the input potential;

a second light emitting element having a pair of electrodes,
wherein one of the pair of electrodes is electrically con-
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nected to an output of the circuit which outputs the same
potential as the input circuit.

2. A light-emitting device according to claim 1, wherein the
circuit which outputs the same potential as the input potential
is formed in an IC chip.

3. A light-emitting device according to claim 1, wherein the
circuit which outputs the same potential as the input potential
is formed on a same substrate as the second light emitting
element is formed.

4. A light-emitting device according to claim 1, wherein the
one of the pair of electrodes of the first monitoring light
emitting element is an anode.

5. A light-emitting device according to claim 1, wherein the
one of the pair of electrodes of the first monitoring light
emitting element is a cathode.

6. A light-emitting device according to claim 1, wherein the
constant current source is formed in an IC chip.

7. A light-emitting device according to claim 1, wherein the
constant current source is formed on a same substrate as the
second light emitting element is formed.

8. A light-emitting device according to claim 1, wherein the
first monitoring light emitting element is formed on a same
substrate as the second light emitting element is formed.

9. A light-emitting device according to claim 1, wherein the
light-emitting device is incorporated in one selected from the
group consisting of a telephone, a video camera, a digital
camera, a goggle type display, an to image reproduction appa-
ratus, and a personal computer.

10. A light-emitting device comprising:

a constant current source;

a circuit which outputs a same potential as an input poten-

tial,

a first monitoring light emitting element having a pair of
electrodes, wherein one of the pair of electrodes is elec-
trically connected to an output of the constant current
source, and to an input of the circuit which outputs the
same potential as the input potential;

asecond light emitting element having a pair of electrodes;

a power source line, wherein the power source line is
electrically connected to one of the pair of electrodes of
the second light emitting element, and to an output of the
circuit which outputs the same potential as the input
circuit.

11. A light-emitting device according to claim 10, wherein
the circuit which outputs the same potential as the input
potential is formed in an IC chip.

12. A light-emitting device according to claim 10, wherein
the circuit which outputs the same potential as the input
potential is formed on a same substrate as the second light
emitting element is formed.

13. A light-emitting device according to claim 10, wherein
the one of the pair of electrodes of the first monitoring light
emitting element is an anode.

14. A light-emitting device according to claim 10, wherein
the one of the pair of electrodes of the first monitoring light
emitting element is a cathode.

15. A light-emitting device according to claim 10, wherein
the constant current source is formed in an IC chip.

16. A light-emitting device according to claim 10, wherein
the constant current source is formed on a same substrate as
the second light emitting element is formed.

17. A light-emitting device according to claim 10, wherein
the first monitoring light emitting element is formed on a
same substrate as the second light emitting element is formed.
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18. A light-emitting device according to claim 10, wherein
the light-emitting device is incorporated in one selected from
the group consisting of a telephone, a video camera, a digital
camera, a goggle type display, an image reproduction appa-
ratus, and a personal computer.

19. A light-emitting device comprising:

a constant current source;

a circuit which outputs a same potential as an input poten-

tial,

a first monitoring light emitting element having a pair of
electrodes, wherein one of the pair of electrodes is elec-
trically connected to an output of the constant current
source, and to an input of the circuit which outputs the
same potential as the input potential;

a second light emitting element having a pair of electrodes;

a power source line, wherein an output potential of the
circuit which outputs the same potential as the input
potential is applied to the power source line, and wherein
the power source line is electrically connected to one of
the pair of electrodes of the second light emitting ele-
ment.

20. A light-emitting device according to claim 19, wherein
the circuit which outputs the same potential as the input
potential is formed in an IC chip.

21. A light-emitting device according to claim 19, wherein
the circuit which outputs the same potential as the input
potential is formed on a same substrate as the second light
emitting element is formed.

22. A light-emitting device according to claim 19, wherein
the one of the pair of electrodes of the first monitoring light
emitting element is an anode.

23. A light-emitting device according to claim 19, wherein
the one of the pair of electrodes of the first monitoring light
emitting element is a cathode.

24. A light-emitting device according to claim 19, wherein
the constant current source is formed in an IC chip.

25. A light-emitting device according to claim 19, wherein
the constant current source is formed on a same substrate as
the second light emitting element is formed.

26. A light-emitting device according to claim 19, wherein
the first monitoring light emitting element is formed on a
same substrate as the second light emitting element is formed.

27. A light-emitting device according to claim 19, wherein
the light-emitting device is incorporated in one selected from
the group consisting of a telephone, a video camera, a digital
camera, a goggle type display, an image reproduction appa-
ratus, and a personal computer.

28. A light-emitting device comprising:

a constant current source;

a buffer amplifier;

a first monitoring light emitting element having a pair of
electrodes, wherein one of the pair of electrodes 1s elec-
trically connected to an output of the constant current
source, and to an input of the buffer amplifier;

a second light emitting element having a pair of electrodes,
wherein one of the pair of electrodes is electrically con-
nected to an output of the buffer amplifier.

29. A light-emitting device according to claim 28, wherein

the buffer amplifier is formed in an IC chip.

30. A light-emitting device according to claim 28, wherein
the buffer amplifier is formed on a same substrate as the
second light emitting element is formed.
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31. A light-emitting device according to claim 28, wherein
the one of the pair of electrodes of the first monitoring light
emitting element is an anode.

32. A light-emitting device according to claim 28, wherein
the one of the pair of electrodes of the first monitoring light
emitting element is a cathode.

33. A light-emitting device according to claim 28, wherein
the constant current source is formed in an IC chip.

34. A light-emitting device according to claim 28, wherein
the constant current source is formed on a same substrate as
the second light emitting element is formed.

35. A light-emitting device according to claim 28, wherein
the first monitoring light emitting element is formed on a
same substrate as the second light emitting element is formed.

36. A light-emitting device according to claim 28, wherein
the light-emitting device is incorporated in one selected from
the group consisting of a telephone, a video camera, a digital
camera, a goggle type display, an image reproduction appa-
ratus, and a personal computer.

37. A light-emitting device comprising:

a constant current source;

a buffer amplifier;

a first monitoring light emitting element having a pair of
electrodes, wherein one of the pair of electrodes is elec-
trically connected to an output of the constant current
source, and to an input of the buffer amplifier;

asecond light emitting element having a pair of electrodes;

a power source line, wherein the power source line is
electrically connected to one of the pair of electrodes of
the second light emitting element, and to an output of the
buffer amplifier.

38. A light-emitting device according to claim 37, wherein

the buffer amplifier is formed in an IC chip.

39. A light-emitting device according to claim 37, wherein
the buffer amplifier is formed on a same substrate as the
second light emitting element is formed.

40. A light-emitting device according to claim 37, wherein
the one of the pair of electrodes of the first monitoring light
emitting element is an anode.

41. A light-emitting device according to claim 37, wherein
the one of the pair of electrodes of the first monitoring light
emitting element is a cathode.

42. A light-emitting device according to claim 37, wherein
the constant current source is formed in an IC chip.

43. A light-emitting device according to claim 37, wherein
the constant current source is formed on a same substrate as
the second light emitting element is formed.

Feb. 25,2010

44. A light-emitting device according to claim 37, wherein
the first monitoring light emitting element is formed on a
same substrate as the second light emitting element is formed.

45. A light-emitting device according to claim 37, wherein
the light-emitting device is incorporated in one selected from
the group consisting of a telephone, a video camera, a digital
camera, a goggle type display, an image reproduction appa-
ratus, and a personal computer.

46. A light-emitting device comprising:

a constant current source;

a buffer amplifier;

a first monitoring light emitting element having a pair of
electrodes, wherein one of the pair of electrodes is elec-
trically connected to an output of the constant current
source, and to an input of the buffer amplifier;

a second light emitting element having a pair of electrodes;

a power source line, wherein an output potential of the
buffer amplifier is applied to the power source line, and
wherein the power source line is electrically connected
to one of the pair of electrodes of the second light emit-
ting element.

47. A light-emitting device according to claim 46, wherein

the buffer amplifier is formed in an IC chip.

48. A light-emitting device according to claim 46, wherein
the buffer amplifier is formed on a same substrate as the
second light emitting element is formed.

49. A light-emitting device according to claim 46, wherein
the one of the pair of electrodes of the first monitoring light
emitting element is an anode.

50. A light-emitting device according to claim 46, wherein
the one of the pair of electrodes of the first monitoring light
emitting element is a cathode.

51. A light-emitting device according to claim 46, wherein
the constant current source is formed in an IC chip.

52. A light-emitting device according to claim 46, wherein
the constant current source is formed on a same substrate as
the second light emitting element is formed.

53. A light-emitting device according to claim 46, wherein
the first monitoring light emitting element is formed on a
same substrate as the second light emitting element is formed.

54. A light-emitting device according to claim 46, wherein
the light-emitting device is incorporated in one selected from
the group consisting of a telephone, a video camera, a digital
camera, a goggle type display, an image reproduction appa-
ratus, and a personal computer.
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