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(57) ABSTRACT

An object of the present invention is to provide a light
emitting device that is able to suppress power consumption
while a balance of white light is kept, without making a
configuration of a power source circuit complicated. A
power source potential corresponding to each color of a light
emitting element is used as a higher electric potential of a
video signal and an electric potential of a power source line
in the case that a transistor for controlling a supply of
electric current to the light emitting element is a p-channel
TFT. Conversely, a power source potential corresponding to
each color of a light emitting element is used as a lower
electric potential of a video signal and an electric potential
of a power source line in the case that a transistor for
controlling a supply of electric current to the light emitting
element is an n-channel TFT.
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1
LIGHT EMITTING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light emitting device
provided with a light emitting element and a means for
supplying electric current to the light emitting element in
each of a plurality of pixels.

2. Description of the Related Art

There will be described a structure of a pixel in a general
light emitting device and a driving method thereof. A pixel
shown in FIG. 5A has TFTs 80 and 81, a capacitor 82, and
a light emitting element 83. It is not always necessary to
provide the capacitor 82.

The TFT 81 has a gate connected to a gate line 85, one of
a source and a drain connected to a source line 84, and the
other connected to a gate of the TFT 81. The TFT 81 has a
source connected to a power source line 86 and a drain
connected to an anode of the light emitting element 83. The
capacitor 82 is provided in order to keep voltage between the
gate and the source of the TFT 81. To each of the power
source line 86 and a cathode of the light emitting element 83,
a predetermined voltage is given from a power source to
have a potential difference each other.

It is noted that a connection in the present specification
means an electrical connection, providing no specific notice
is mentioned.

When the TFT 80 is turned on in accordance with an
electric potential of the gate line 85, an electric potential of
a video signal input to the source line 84 is given to the gate
of the TFT 81. In accordance with the electric potential of
the input video signal, a gate voltage (a potential difference
between the gate and the source) of the TFT 81 is deter-
mined. Then, a drain current that flows in accordance with
the gate voltage is supplied to the light emitting element 83
and the light emitting element 83 emits light in accordance
with the supplied electric current.

A structure of a pixel in a general light emitting device,
which is different from FIG. 5A, is shown in FIG. 5B. The
pixel shown in FIG. 5B has TFTs 60, 61, and 67, a capacitor
62, and a light emitting element 63. It is not always
necessary to provide the capacitor 62.

The TFT 60 has a gate connected to a first gate line 65,
one of a source and a drain connected to a source line 64, and
the other connected to a gate of the TFT 61. The TFT 67 has
a gate connected to a second gate line 68, one of a source and
a drain connected to a power source line 66, and the other
connected to the gate of the TFT 61. The TFT 61 has a
source connected to the power source line 66 and a drain
connected to an anode of the light emitting element 63. The
capacitor is provided in order to keep voltage between the
gate and the source of the TFT 61. To each of the power
source line 66 and a cathode of the light emitting element 63,
a predetermined voltage is given from a power source to
have a potential difference each other.

When the TFT 60 is turned on in accordance with an
electric potential of the first gate line 65, an electric potential
of a video signal input to the source line 64 is given to the
gate of the TFT 61. In accordance with the electric potential
of the input video signal, a gate voltage (a potential differ-
ence between the gate and the source) of the TFT 61 is
determined. Then, a drain current that flows in accordance
with the gate voltage is supplied to the light emitting element
63 and the light emitting element 63 emits light in accor-
dance with the supplied electric current.
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In addition, in the pixel shown in FIG. 5B, when the TFT
67 is turned on in accordance with an electric potential of the
second gate line 68, an electric potential of the power source
line 66 is given to the gate of the TFT 61, and therefore the
TFT 61 is turned off and the light emitting element 63 is
forced to finish emitting light.

SUMMARY OF THE INVENTION

Now, in many of electroluminescent materials, luminance
in emitting red light is generally low, compared to luminance
in emitting blue or green light. In the case of applying an
electroluminescent material with such characteristic on light
emission to a light emitting device, luminance of red light in
a displayed image is likely to be naturally low.

Especially, in the case of a color display method of
forming three kinds of light emitting elements correspond-
ing to R (red), G (green), and B (blue) respectively, it is
difficult to control a balance of white color.

It has been conventionally carried out as a means to use
orange light with a shorter wavelength than red light as red
light. However, with the means, a purity of red light that a
light emitting device displays is low and an image to be
displayed as a red image is displayed as orange light as a
result.

Then, as a means for controlling the balance of luminance
in emitting red, blue, and green light, it is generally
employed to make electric current supplied to a pixel
different from each other in displaying RGB (red, green, and
blue). Specifically, it is possible to make electric current
supplied to a pixel different and keep the balance of white
light if an electric potential between a power source line and
a cathode of a light emitting element is made different for
each of RGB.

There was, however, a problem to be solved in the above
means. In making an electric potential of the power source
line different for each pixel of RGB, it is necessary, in order
to completely turned off a TFT for controlling a supply of
electric current to the light emitting element, to determine an
electric potential of a video signal in accordance with either
the power source line with the highest electric potential if the
TFT is a p-channel TFT or the power source line with the
lowest electric potential if the TFT is an n-channel TFT.

For example, in the case of the pixel shown in FIG. 5A,
a higher electric potential (hereinafter referred to as Hi) of
the video signal is made to be equal to or more than an
electric potential of the power source line 86 so that the TFT
81 is turned off since the TFT 81 is a p-channel TFT.
Therefore, the Hi of the video signal is set to be higher than
the highest electric potential of the power source lines for
RGB in the case of making an electric potential of the power
source line different for each of RGB. However, in the case
that an electric potential of the power source line corre-
sponding to R is the highest, for example, it is not necessary
that the Hi of the video signal in a pixel corresponding to B
or G is made to get as high as that in a pixel corresponding
to R, and waste power consumption is caused.

In addition, similarly in the case of the pixel shown in
FIG. 5B, waste power consumption is caused if the electric
potential of the video signal is determined in accordance
with the power source line with the highest electric potential
in order to turn off the TFT 61. Further, similarly to the case
of'the p-channel TFT, waste power consumption is naturally
caused in the case of the n-channel TFT if a lower electric
potential (hereinafter referred to as Lo) of the video signal
is determined in accordance with the power source line with
the lowest electric potential.
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If the electric potential of the video signal is made
different for each pixel of RGB in order to suppress power
consumption, two more systems becomes necessary on an
electric potential supplied from a power source circuit
(hereinafter referred to as a power source potential). The
pixel shown in FIG. 5A needs at least six systems for Hi and
Lo of the video signal, Hi and Lo given to the gate line, the
electric potential of the power source line, and a fixed
electric potential given to either the anode or the cathode of
the light emitting element on the power source potential
supplied to a pixel portion. Then, the pixel shown in FIG. 5B
needs two more systems for Hi and Lo of the second gate
line, in addition to the above six systems. Accordingly, it is
not the best way to increase the number of systems on the
power source potential supplied to a pixel portion from a
power source since a configuration of the power source
circuit is made to be complicated.

In view of the above problem, it is an object of the present
invention to provide a light emitting device which is able to
suppress power consumption while a balance of white light
is kept, without making the configuration of the power
source circuit complicated.

In the present invention, the same power source potential
provides an electric potential of a power source line corre-
sponding to a specific color and one of Hi and Lo of a video
signal corresponding to the specific color.

Specifically, a power source potential corresponding to
each color of a light emitting element is used as a higher
electric potential of two electric potentials of a video signal
and an electric potential of the power source line in the case
that a transistor for controlling a supply of electric current to
the light emitting element is a p-channel TFT. Conversely, a
power source potential corresponding to each color of a light
emitting element is used as a lower electric potential of two
electric potentials of a video signal and an electric potential
of the power source line in the case that a transistor for
controlling a supply of electric current to the light emitting
element is an n-channel TFT.

It is noted that a light emitting device includes a panel in
which a light emitting element is sealed and a module in
which the panel is provided with a circuit such as IC
including a controller.

In accordance with the above means, it is possible to
suppress the number of systems on a power source potential
and unnecessary to heighten or lower an electric potential of
a power source line like the conventional means even if one
of Hi and Lo of a video signal is made different in accor-
dance with each corresponding color. Accordingly, it is
possible to suppress power consumption while a balance of
white light is kept without making the configuration of the
power source circuit complicated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of a
light emitting device according to the present invention;

FIGS. 2A and 2B are a block diagram of a source line
driving circuit and a circuit diagram of a level shifter;

FIGS. 3A and 3B are a diagram showing an appearance of
a light emitting device according to the present invention
and a block diagram of a controller;

FIG. 4 is a block diagram of a power source circuit;

FIGS. 5A and 5B are circuit diagrams of general pixels;
and
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FIGS. 6A to 6H are diagrams showing examples of
electronic apparatuses that employs light emitting devices
according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment Mode

In the present embodiment mode, there will be descried a
configuration of a light emitting device that the common
power source potential provides Hi of a video signal and an
electric potential of a power source line for each correspond-
ing color of RGB.

FIG. 1 is a block diagram that shows configurations of a
pixel portion 100 and a source line driving circuit 220 in a
light emitting device according to the present invention.

In the pixel portion 100, there are provided pixels each
corresponding to R, G or B and an electric potential is given
to each pixel from each of a source line, a power source line,
and a gate line. An electric potential (specifically, an electric
potential of a video signal) given to one source line is given
to a plurality of pixels corresponding to the same color, and
an electric potential given to one power source line is given
to a plurality of pixels corresponding to the same color.

In FIG. 1, source lines corresponding to RGB are denoted
by Sr, Sg, and Sb, respectively, and power source lines
corresponding to RGB denoted by Vr, Vg, and Vb, respec-
tively. It is noted that the light emitting device of the present
invention is not limited on the number of source lines or
power source lines, there may be a plurality of source lines
or power source lines corresponding to each color. Although
FIG. 1 shows the case of three power source lines, the
number of power source lines is not limited.

Although it is assumed in the present embodiment mode
that two transistors are provided in the pixel as shown in
FIG. 5A, the present invention is not limited to this structure.
For example, it may be assumed that three transistors are
provided in a pixel as shown in FIG. 5 B. Only what is
necessary is that a light emitting device of the present
invention is an active matrix light emitting device that is
capable of time division gray scale display with digital video
signals.

The source line driving circuit 220 shown in FIG. 1 has
a shift register 220a, a memory circuit A 2205, a memory
circuit B 220¢, and a level shifter 2204.

In the present embodiment mode, a power source poten-
tial VDD (R) supplied from a power source circuit is given
to the power source line Vr, and also to the level shifter 2204
to be used as Hi of a video signal corresponding to R.
Similarly, a power source potential VDD (G) supplied from
the power source circuit is given to the power source line
Vg, and also to the level shifter 2204 to be used as Hi of a
video signal corresponding to G. Also similarly, a power
source potential VDD (B) supplied from the power source
circuit is given to the power source line Vb, and also to the
level shifter 2204 to be used as Hi of a video signal
corresponding to B.

A block diagram of FIG. 2A shows more detailed struc-
ture of the source line driving circuit 220. Hereafter, there
will be simply explained on drive of the source line driving
circuit 220.

First, when a clock signal CLK and a start pulse signal SP
are input to the shift register 220q, a timing signal is
generated to be input to each of a plurality of latches A
(LATA1 to LATA3) held in the memory circuit A 2205. At
this time, the timing signal generated in the shift register



US 9,613,565 B2

5

220a may be input to each of the plurality of latches A
(LATA1 to LATA3) held in the memory circuit A 2205 after
amplifying the timing signal via a buffering means such as
a buffer.

When the timing signal is input to the memory circuit A
2205, a bit of video signal input to a video signal line 230
is written into each of the plurality of latches A (LATAI1 to
L.ATA3) sequentially and stored therein in accordance with
the timing signal. A period of time during once completion
of writing video signals into all stages of latches in the
memory circuit A 2205 is called a line period. Actually, there
is a case in which the line period refers to a period in which
a horizontal retracing period is added to the line period.

After terminating one line period, latch signals are deliv-
ered to a plurality of latches B (LATB1 to LATB3) held in
the memory circuit B 220c¢ via a latch signal line 231.
Simultaneously, the video signals stored in the plurality of
latches A (LATA1 to LATA3) held in the memory circuit A
2205 are written all at once into the plurality of latches B
(LATB1 to LATB3) held in the memory circuit B 220¢ and
stored therein.

After fully delivering the retained video signals to the
memory circuit B 220¢, video signals corresponding to the
following one bit are sequentially written into the memory
circuit A 2205 again synchronously in accordance with the
timing signal fed from the shift register 220a. During the
second-round one-line period, the video signals stored in the
memory circuit B 220c¢ are delivered to the level shifter
220d.

The level shifter 2204 amplifies amplitude of the input
video signals before inputting to respective source lines. The
power source potential VDD corresponding to each color is
used for amplifying the amplitude of the video signals.

One example of a level shifter is shown in a circuit
diagram of FIG. 2B. The level shifter shown in FIG. 2B has
four p-channel TFTs 300 to 303 and two n-channel TFTs 304
and 305 provided.

The power source potential VDD is given to sources of
the p-channel TFTs 300 and 302. Further, a drain of the
p-channel TFT 300 is connected to a source of the p-channel
TFT 301 and a drain of the p-channel TFT 301 is connected
to a drain of the n-channel TFTs 304, and a drain of the
p-channel TFT 302 is connected to a source of the p-channel
TFT 303 and a drain of the p-channel TFT 303 is connected
to a drain of the n-channel TFTs 305.

In addition, the power source potential VSS is given to
sources of the n-channel TFTs 304 and 305. It is noted that
the VDD is larger than the VSS (VSS<VDD).

A gate of the p-channel TFT 300 is connected to the drain
of'the p-channel TFT 303, and an electric potential IN, of the
video signal from the memory circuit B 220c¢ is given to
gates of the p-channel TFT 301 and the n-channel TFT 304.

An electric potential IN, of a signal obtained by inverting
a polarity of the video signal from the memory circuit B
220c¢ is given to gates of the p-channel TFT 303 and
n-channel TFT 305. A gate of the p-channel TFT 302 is
connected to the drain of the p-channel TFT 301, and an
electric potential of the node is given to each source line as
an electric potential of the amplified video signal OUT.

A height of the power source potential VDD given to each
level shifter is different in accordance with the correspond-
ing color. In the present embodiment mode, the power
source potential VDD (R), the power source potential VDD
(G), and the power source potential VDD (B) are given to
the level shifter corresponding to R, the level shifter corre-
sponding to G, the level shifter corresponding to B, respec-
tively.
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Then, Hi of the amplified video signal output from the
level shifter is kept at the same height as the power source
potential VDD corresponding to each color, and the ampli-
fied video signal is supplied to a pixel corresponding to each
color via the source line.

Accordingly, the electric potential of the power source
line supplied to each pixel and Hi of the video signal are kept
at the same height as the power source potential VDD for the
corresponding color.

In a pixel, the electric potential of the video signal is given
to a gate of a TFT for controlling electric current supplied to
a light emitting element, and the electric potential of the
power source line is given to a source of the TFT. Therefore,
the electric potential of the source of the TFT is the same as
that of the gate thereof so that the TFT is turned off when Hi
of the video signal is given to the gate.

Since it is assumed in the present embodiment mode that
the TFT for controlling electric current supplied to the light
emitting element is a p-channel TFT, the TFT is turned on
when Lo of the video signal is given to the gate thereof.

In the case that the TFT for controlling electric current
supplied to the light emitting element is an n-channel TFT,
the power source potential VSS corresponding to each color
is used as Lo of the video signal and the electric potential of
the power source line. Specifically, if a height of the power
source potential VSS given to the level shifter is changed, it
is possible to change Lo of the video signal in accordance
with the corresponding color.

It is noted that a source line driving circuit used for the
present invention is not limited to the configuration shown
in the present embodiment mode. Further, the level shifter in
the present embodiment mode is not limited to the configu-
ration shown in FIG. 2B. Another circuit that has a function
of selecting a source line, for example, such as a decoder
circuit may be used instead of the shift register.

In the case of inputting the video signal output from the
LATB held in the memory circuit B 220¢ into a correspond-
ing source line without amplifying by the level shifter, a
power source potential used as one of Hi and Lo of the video
signal, of electric potentials supplied to the LATB, may be
changed in accordance with the corresponding color, and at
the same time, the power source potential may be used as an
electric potential of the power source line in accordance with
the corresponding color. After all, what is necessary in the
present invention is that a common power source potential
is used as one of Hi and Lo of a video signal and an electric
potential of a power source line, and at the same time, a
height of the power source potential is different in accor-
dance with the corresponding color.

In the present invention, it is not always necessary that
power source potentials corresponding to respective colors
are all different from each other, and there may be at least
two colors existing that have corresponding power source
potentials different from each other.

In accordance with the above means, it is possible to
suppress the number of systems on an electric potential
supplied from a power source circuit and unnecessary to
heighten or lower an electric potential of a power source line
like the conventional means even if one of Hi and Lo of a
video signal is made different for each corresponding color.
Accordingly, it is possible to suppress power consumption
while a balance of white light is kept without making the
configuration of the power source circuit complicated.

Further, it is possible to suppress the number of connec-
tion terminals for electrically connecting a panel with power
source lines formed in a printed substrate when a power
source potential from a power source circuit is supplied to
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the source line driving circuit and the power source lines
from the common wirings in the panel like the present
embodiment mode.

In addition, a buffer may be provided behind the level
shifter 2204 in the source line driving circuit 220 shown in
FIG. 2A. In this case, a common power source potential
provides a power source potential supplied to the buffer, Hi
of a video signal, and a power source potential VDD
supplied to a level shifter.

It is noted that a light emitting element in the present
invention has a layer (hereinafter referred to as an electrolu-
minescent layer) containing an electroluminescent material
that provides luminescence (electro-luminescence) gener-
ated by applying electric field, an anode, and a cathode. The
electroluminescent layer is provided between the anode and
the cathode, and composed of a single layer or a plurality of
layers that may include an organic compound or an inor-
ganic compound. The luminescence obtained from the elec-
troluminescent layer includes light emission (fluorescence)
in returning to the base state from a singlet excitation state
and light emission (phosphorescence) in returning to the
base state from a triplet excitation state.

Also, the light emitting element in the present invention
may be an element that has luminance controlled by electric
current or voltage, and includes elements such as an OLED
(Organic Light Emitting Diode) and an MIM electron source
element (electron emitting element) used in FED (Field
Emission Display).

In addition, a transistor used in a light emitting device
according to the present invention may be a transistor
formed of single-crystal silicon, a thin film transistor formed
of poly-silicon, amorphous silicon, or a transistor formed of
organic semiconductor.

EMBODIMENT

Hereafter, an embodiment of the present invention will be
described.

Embodiment 1

In the present embodiment, a light emitting device
according to the present invention will be described on the
whole. The light emitting device according to the present
invention includes a panel in which a light emitting element
is sealed, a module in which the panel is provided with a
controller and an IC including a circuit such as a power
source circuit. The panel and the module are both corre-
sponding to one mode of the light emitting device. In the
present embodiment, a specific configuration of the module
will be described.

FIG. 3A shows an appearance of a module in which a
panel 800 is provided with a controller 801 and a power
source circuit 802. There are provided in the panel 800 a
pixel portion 803 in which a light emitting element is
provided in each pixel, a gate line driving circuit 804 for
selecting a pixel in the pixel portion 803, and a source line
driving circuit 805 for supplying a video signal to the
selected pixel.

The controller 801 and the power source circuit 802 are
provided in a printed substrate 806, various kinds of signals
and power source potentials output from the controller 801
and the power source circuit 802 are supplied via FPC 807
to the pixel portion 803, the gate line driving circuit 804, and
the source line driving circuit 805 of the pixel portion 803.
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Via an interface (I/F) 808 in which a plurality of input
terminals are arranged, power source potentials and various
kinds of signals to the printed circuit 806 is supplied.

Although the printed substrate 806 is attached to the panel
800 with the FPC 807 in the present embodiment, the
present invention is not limited to this configuration. The
controller 801 and the power source circuit 802 may be
provided directly in the panel 800 with a COG (Chip on
Class) method.

Further, in the printed circuit 806, there is a case that a
capacitor formed between leading wirings and a resistance
of a wiring itself cause a noise to a power source potential
or a signal, or make a rise of a signal dull. Therefore, it may
prevent the noise to the power source potential or a signal
and the dull rise of the signal to provide various kinds of
elements such as a condenser and a buffer in the printed
substrate 806.

FIG. 3B is a block diagram showing a configuration of the
printed substrate 806. Various kinds of signals and power
source potentials supplied to the interface 808 are supplied
to the controller 801 and the power source circuit 802.

The controller 801 has an A/D converter 809, a phase
locked loop (PLL) 810, control signal generating portion
811, and SRAM (Static Random Access Memory) 812 and
813. Although the SRAM is used in the present embodiment,
instead of the SRAM, SDRAM can be used and DRAM
(Dynamic Random Access Memory) can also be used if it is
possible to write in and read out data at high speed.

Video signals supplied via the interface 808 are subjected
to a parallel-serial conversion in the A/D converter 809 to be
input to the control signal generating portion 811 as video
signals corresponding to respective colors of R, G, and B.
Further, based on various kinds of signals supplied via the
interface 808, H sync signal, V sync signal, clock signal
(CLK), and AC cont are generated in the A/D converter 809
to be input into the control signal generating portion 811.

The phase locked loop 810 has a function of synchroniz-
ing frequencies of the various kinds of signals supplied via
the interface 808 and an operation frequency of the control
signal generating portion 811. The operation frequency of
the control signal generating portion 811 is not always the
same as the frequencies of the various kinds of signals
supplied via the interface 808, and adjusted in the phase
locked loop 810 in order to synchronize each other.

The video signals input to the control signal generating
portion 811 are once written in the SRAM 812 and 813 and
stored. In the control signal generating portion 811, a bit of
video signal of the all bits of video signals stored in the
SRAM 812 is read out for each pixel and input to a source
line driving circuit 805 of the panel 800.

Further, in the control signal generating portion 811,
information for each bit on a period during which the
light-emitting element emits light, is input to a gate line
driving circuit 804 of the panel 800.

In addition, the power source circuit 802 supplies a
predetermined electric potential to the source line driving
circuit 805, the gate line driving circuit 804, and the pixel
portion 803 of the panel 800.

Next, a detailed configuration of the power source circuit
802 will be described with FIG. 4. The power source circuit
802 of the present embodiment is composed of a switching
regulator 854 that employs four switching regulator controls
860 and a series regulator 855.

In general, a switching regulator is smaller and lighter
than a series regulator, and capable of not only step-down
but also step-up and inversion of positive and negative. On
the other hand, the series regulator is used only for step-
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down while an output power source potential has a high
precision, compared to the switching regulator, and there is
almost no possibility for occurrence of a ripple or a noise.
The power source circuit 802 in the present embodiment
uses the both combined.

The switching regulator 854 shown in FIG. 4 has the
switching regulator controls (SWR) 860, attenuators (ATT)
861, transformers (T) 862, inductors (L) 863, a reference
power source (Vref) 864, an oscillation circuit (OSC) 865,
diodes 866, bipolar transistors 867, a variable resistor 868,
and a capacitor 869.

When a voltage of such an outside Li ion buttery (3.6 V)
is converted in the switching regulator 854, a power source
potential given to a cathode and a power source potential
supplied to the series regulator 855 are generated.

Further, the series regulator 855 has a band gap circuit
(BG) 870, an amplifier 871, operational amplifiers 872,
variable resistors 874, and bipolar transistors 875, and the
power source potential generated in the switching regulator
854 is supplied thereto.

In the series regulator 855, based on a predetermined
electric potential generated in the band gap circuit 870, a
direct current of power source potential, used as one of Hi
and Lo of a video signal and an electric potential of a power
source line for supplying electric current to an anode of a
light emitting element corresponding each color, is gener-
ated with using the power source potential generated in the
switching regulator 854.

In the present invention, the same power source potential
provides an electric potential of a power source line corre-
sponding to a specific color and one of Hi and Lo of a video
signal corresponding to the specific color. Therefore, it is
possible to suppress the number of systems on an electric
potential supplied from a power source circuit and make a
configuration of the power source circuit simpler even if one
of Hi and Lo of a video signal is made different for each
corresponding color. Then, since it is unnecessary to
heighten or lower an electric potential of a power source line
like the conventional means, it is possible to suppress power
consumption while a balance of white light is kept without
making the configuration of the power source circuit com-
plicated.

Embodiment 2

Electronic apparatuses, each using a light emitting device
according to the present invention, include a video camera,
a digital camera, a goggles-type display (head mount dis-
play), a navigation system, a sound reproduction device
(such as a car audio and an audio set), a lap-top computer,
a game machine, a portable information terminal (such as a
mobile computer, a mobile telephone, a portable game
machine, and an electronic book), an image reproduction
device including a recording medium (more specifically, an
device which can reproduce a recording medium such as a
digital versatile disc (DVD) and display the reproduced
image), or the like. Specific examples thereof are shown in
FIGS. 6A to 6H.

FIG. 6A illustrates a display device which includes a
casing 2001, a support table 2002, a display portion 2003, a
speaker portion 2004, a video input terminal 2005 and the
like. It makes the display device complete to apply the light
emitting device according to the present invention to the
display portion 2003. The display device includes all display
devices for displaying information, such as a personal com-
puter, a receiver of TV broadcasting and an advertising
display.
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FIG. 6B illustrates a digital still camera which includes a
main body 2101, a display portion 2102, an image receiving
portion 2103, an operation key 2104, an external connection
port 2105, a shutter 2106, and the like. It makes the digital
still camera complete to apply the light emitting device
according to the present invention to the display portion
2102.

FIG. 6C illustrates a lap-top computer which includes a
main body 2201, a casing 2202, a display portion 2203, a
keyboard 2204, an external connection port 2205, a pointing
mouse 2206, and the like. It makes the lap-top computer
complete to apply the light emitting device according to the
present invention to the display portion 2203.

FIG. 6D illustrates a mobile computer which includes a
main body 2301, a display portion 2302, a switch 2303, an
operation key 2304, an infrared port 2305, and the like. It
makes the mobile computer complete to apply the light
emitting device according to the present invention to the
display portion 2302.

FIG. 6E illustrates a portable image reproduction device
including a recording medium (specifically, a DVD repro-
duction device), which includes a main body 2401, a casing
2402, a display portion A 2403, another display portion B
2404, a recording medium (DVD or the like) reading portion
2405, an operation key 2406, a speaker portion 2407 and the
like. The display portion A 2403 is used mainly for display-
ing image information, while the display portion B 2404 is
used mainly for displaying character information. The image
reproduction device including a recording medium further
includes a game machine or the like. It makes the image
reproduction device complete to apply the light emitting
device according to the present invention to the display
portion A 2403 and the display portion B 2404.

FIG. 6F illustrates a goggles-type display (head mounted
display) which includes a main body 2501, a display portion
2502, arm portion 2503, and the like. It makes the goggles-
type display complete to apply the light emitting device
according to the present invention to the display portion
2502.

FIG. 6G illustrates a video camera which includes a main
body 2601, a display portion 2602, a casing 2603, an
external connecting port 2604, a remote control receiving
portion 2605, an image receiving portion 2606, a battery
2607, a sound input portion 2608, an operation key 2609, a
viewfinder 2610, and the like. It makes the video camera
complete to apply the light emitting device according to the
present invention to the display portion 2602.

FIG. 6H illustrates a mobile telephone which includes a
main body 2701, a casing 2702, a display portion 2703, a
sound input portion 2704, a sound output portion 2705, an
operation key 2706, an external connecting port 2707, an
antenna 2708, and the like. It is noted that it makes the
display portion 2703 reduce power consumption of the
mobile telephone to display white-colored characters on a
black-colored background. It makes the mobile phone com-
plete to apply the light emitting device according to the
present invention to the display portion 2703.

As set forth above, the present invention can be applied
widely to electronic apparatuses in various fields. The elec-
tronic apparatus in this embodiment may use a light emitting
device that has the configuration shown in Embodiment 1.

In the present invention, it is possible to suppress the
number of systems on an electric potential supplied from a
power source circuit and unnecessary to heighten or lower
an electric potential of a power source line like the conven-
tional means even if one of Hi and Lo of a video signal is
made different for each corresponding color. Accordingly, it
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is possible to suppress power consumption while a balance
of' white light is kept without making the configuration of the
power source circuit complicated.

What is claimed is:

1. An active matrix light emitting device comprising:

a source line driving circuit;

a level shifter comprised in the source line driving circuit;

a wiring configured to supply the source line driving
circuit and the level shifter with a power source poten-
tial;

a pixel portion comprising:

a light emitting element; and

a transistor electrically connected to the light emitting
element;

a source line electrically connecting the level shifter to
the pixel portion; and

a power source line electrically connecting the source
line driving circuit to the pixel portion,

wherein the level shifter is configured to set one of a
higher electric potential and a lower electric potential
of a video signal input into the source line driving
circuit to the power source potential, and

wherein the power source line is configured to be set at the
power source potential.

2. An electronic apparatus having the active matrix light
emitting device according to claim 1, wherein the electronic
apparatus is one selected from the group consisting of a
video camera, a digital camera, a goggles-type display, a
navigation system, a sound reproduction device, a lap-top
computer, a game machine, a portable information terminal,
and an image reproduction device including a recording
medium.

3. An active matrix light emitting device according to
claim 1, wherein the transistor comprises a single-crystal
silicon.

4. An active matrix light emitting device according to
claim 1, wherein the light emitting element is an element
selected from the group consisting of an organic light
emitting diode and an MIM electron source element.

5. An active matrix light emitting device according to
claim 1, further comprising a power source circuit electri-
cally connected to the wiring.

6. An active matrix light emitting device comprising:

a source line driving circuit;

a level shifter comprised in the source line driving circuit;

a first wiring configured to supply the level shifter with a
first power source potential and a second wiring con-
figured to supply the level shifter with a second power
source potential different from the first power source
potential;

a pixel portion comprising:

a first light emitting element;

a second light emitting element;

a first transistor electrically connected to the first light
emitting element; and

a second transistor electrically connected to the second
light emitting element;

a first source line and a second source line each electri-
cally and independently connecting the pixel portion to
the level shifter; and

a first power source line and a second power source line
electrically connecting the pixel portion to the first
wiring and to the second wiring, respectively, and

wherein the first power source line and the second power
source line are configured to be set at the first power
source potential and at the second power source poten-
tial, respectively.
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7. An electronic apparatus having the active matrix light
emitting device according to claim 6, wherein the electronic
apparatus is one selected from the group consisting of a
video camera, a digital camera, a goggles-type display, a
navigation system, a sound reproduction device, a lap-top
computer, a game machine, a portable information terminal,
and an image reproduction device including a recording
medium.

8. An active matrix light emitting device according to
claim 6, wherein the first transistor and the second transistor
comprise single-crystal silicon.

9. An active matrix light emitting device according to
claim 6, wherein the first light emitting element and the
second light emitting element are selected from the group
consisting of an organic light emitting diode and an MIM
electron source element.

10. An active matrix light emitting device according to
claim 6,

wherein the first power source line and the second power
source line are configured to provide a first current and
a second current to the first light emitting element and
to the second light emitting element, respectively;

wherein the first light emitting element and the second
light emitting element are configured to emit light of a
first color and light of a second color, respectively, the
first color and the second color being different from
each other; and

wherein the first power source potential and the second
power source potential depend on the first color and on
the second color, respectively.

11. An active matrix light emitting device according to
claim 6, wherein the source line driving circuit is configured
to set one of a higher electric potential and a lower electric
potential of a video signal to the first power source potential
of the first wiring.

12. An active matrix light emitting device according to
claim 6, further comprising a power source circuit electri-
cally connected to the first wiring and to the second wiring.

13. An active matrix light emitting device comprising:

a source line driving circuit;

a level shifter comprised in the source line driving circuit;

a pixel portion comprising:

a first light emitting element;

a second light emitting element;

a first transistor electrically connected to the first light
emitting element; and

a second transistor electrically connected to the second
light emitting element;

a first source line and a second source line each electri-
cally and independently connecting the pixel portion to
the level shifter;

a first power source line electrically connecting the source
line driving circuit to the first transistor, the first power
source line being configured to be at a first power
source potential;

a second power source line electrically connecting the
source line driving circuit to the second transistor, the
second power source line being configured to be at a
second power source potential, the second power
source potential being different from the first power
source potential, and

a first wiring configured to supply the level shifter with
the first power source potential and a second wiring
configured to supply the level shifter with the second
power source potential,

wherein the level shifter is configured to set one of a first
higher electric potential and a first lower electric poten-



US 9,613,565 B2

13

tial of a first video signal input into the source line
driving circuit to the first power source potential,

wherein the level shifter is configured to set one of a

second higher electric potential and a second lower
electric potential of a second video signal input into the
source line driving circuit to the second power source
potential, and

wherein the first power source line and the second power

source line are directly connected to the first wiring and
the second wiring, respectively.

14. An electronic apparatus having the active matrix light
emitting device according to claim 13, wherein the elec-
tronic apparatus is one selected from the group consisting of
a video camera, a digital camera, a goggles-type display, a
navigation system, a sound reproduction device, a lap-top
computer, a game machine, a portable information terminal,
and an image reproduction device including a recording
medium.

15. An active matrix light emitting device according to
claim 13, wherein the first transistor and the second tran-
sistor comprise single-crystal silicon.
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16. An active matrix light emitting device according to
claim 13, wherein the first light emitting element and the
second light emitting element are selected from the group
consisting of an organic light emitting diode and an MIM
electron source element.

17. An active matrix light emitting device according to
claim 13,

wherein the first light emitting element and the second
light emitting element are configured to emit light of a
first color and light of a second color, respectively, the
first color and the second color being different from
each other; and
wherein the first power source potential and the second
power source potential depend on the first color and on
the second color, respectively.
18. An active matrix light emitting device according to
claim 13, further comprising a power source circuit electri-
cally connected to the first wiring and to the second wiring.
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