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7) ABSTRACT

An EL display unit which can realize an appropriate image
display corresponding to an input video signal in a simple
structure. N driving transistors individually supplying drive
currents to N electroluminescence elements respectively.
The driving transistors have channel widths and/or channel
lengths to generate the drive currents in a ratio in which each
of the N electroluminescence elements is driven to emit light
at a desired intensity.
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ELECTROLUMINESCENCE DISPLAY UNIT

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an organic elec-
troluminescence unit which serves as pixels in an active
matrix display panel.

[0003]

1. Field of the Invention

2. Description of the Related Art

[0004] At present, an clectroluminescence element (here-
inafter referred to as “EL element”) using an organic mate-
rial and the like for a light emitting layer, for example, is
known as a light emitting element for use in a display panel.
The EL e¢lement can be equivalently represented by a
capacitive component, and a component of diode character-
istic connected in parallel with the capacitive component. As
a DC voltage is applied between electrodes of the EL
element, a charge is accumulated on the capacitive compo-
nent, and a drive current begins to flow as the accumulated
charge exceeds a light emission threshold voltage. This
causes the EL element to emit light at an intensity propor-
tional to the drive current.

[0005] The EL elements include a red light emitting EL
element having a structure for emitting light in red; a green
light emitting EL element having a structure for emitting
light in green; and a blue light emitting EL element having
a structure for emitting light in blue. Thus, these three types
of EL elements, emitting light in red, blue and green, form
a single EL display unit serving as a pixel, and a number of
EL display units are arranged in matrix on a panel which
defines one screen, to thereby constitute a color display
panel.

[0006] However, the red light emitting EL element, green
light emitting EL element, and blue light emitting EL
element are different from one another in the intensity of
light emitted therefrom with respect to a constant (or same)
drive current. Therefore, in order to provide an appropriately
displayed image corresponding to an input video signal,
level adjustments must be made, for example, for each of
red, green and blue components at the stage of this input
video signal, or different voltages must be applied to the EL
elements for respective colors of emitted light, thus giving
rise to a problem of a complicated configuration.

SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide an
EL display unit which is capable of realizing an appropriate
image display corresponding to an input video signal in a
simple configuration.

[0008] According to one aspect of the present invention,
there is provided an electroluminescence display unit includ-
ing a plurality of electroluminescence elements for emitting
light in different colors respectively, and a plurality of
driving transistors associated with the electroluminescence
elements respectively for generating drive currents to cause
the electroluminescence elements to emit light respectively,
wherein the driving transistors have channel widths decided
to generate the drive currents in a certain ratio, with which
currents the electroluminescence elements emit light at
desired intensities respectively.
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[0009] When three colors of light, namely red, green and
blue, are concerned, each of the electroluminescence ele-
ments serving to emit red, green or blue light can be driven
to emit light at a desired intensity, using a single power
supply voltage. It is therefore possible to achieve an appro-
priate image display corresponding to an input video signal
in a display device having a simple structure. Such elec-
troluminescence display unit needs neither a circuit for
adjusting the level of the input video signal for each color
component, nor a power supply circuit for generating dif-
ferent power supply voltages for the respective colors.

[0010] The driving transistors may have channel lengths,
instead of the channel widths, to generate the drive currents
in the predetermined ratio, with which currents the elec-
troluminescence elements emit light at the desired intensities
respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a diagram generally illustrating the con-
figuration of a display device which is equipped with a color
display panel including a number of EL display units,
according to the present invention, arranged in matrix;

[0012] FIG. 2 is a diagram illustrating an electric circuit
for each of a red light emission cell, a green light emission
cell, and a blue light emission cell formed in one EL display
unit;

[0013] FIG. 3 is a diagram illustrating an example of the
internal configuration of the EL display unit EU; and

[0014] FIG. 4is a diagram illustrating another example of
the internal configuration of the EL display unit EU accord-
ing to an alternative embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0015] Embodiments of the present invention will be
described in detail with reference to the drawings.

[0016] Referring to FIG. 1, illustrated is a schematic
structure of a display device which is equipped with a color
display panel 100. In the color display panel 100, a number
of EL display units EU, according to the present invention,
are arranged in matrix.

[0017] The color display panel 100 is formed with scan-
ning lines S;-S, which serve as n horizontal scanning lines
on one screen, respectively; m red driving data lines Dy, -
Dg,, m green driving data lines Dg;-Dg,,, and m blue
driving data lines Dg;-Dy ,,, arranged to intersect with the
respective scanning lines. The color display panel 100 is
further provided with a power supply bus line GL which is
applied with a power supply voltage V, for light emission.
The EL display unit EU, which functions as each pixel on
the color display panel 100, includes a red light emission cell
Cg which emits light in red; a green light emission cell Cg
which emits light in green; and a blue light emission cell Cy
which emits light in blue. The red light emission cell Cy is
formed at an intersection of each scanning line S with each
red driving data line Dy. The green light emission cell C is
formed at an intersection of each scanning line S with each
green driving data line Dg. The blue light emission cell Cy
is formed at an intersection of each scanning line S and each
blue driving data line D. Each of the red light emission cell
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Cxg, green light emission cell Cg, and blue light emission cell
Cyis supplied with the power supply voltage V , through the
power supply bus line GL.

[0018] A driving unit 200 generates a scanning pulse
having a predetermined voltage in accordance with an input
video signal, and sequentially applies the scanning pulse to
the respective scanning lines S;-S, of the color display panel
100. Meanwhile, the driving unit 200 further generates a
data voltage corresponding to a luminance level represented
by the input video signal, and sequentially applies the data
voltage to the respective red driving data lines Dy -Dy, .
green driving data lines Dg,-Dg,,, and blue driving data
lines Dy,-Dy . for every horizontal scanning line. Each of
the red light emission cells Cy, green light emission cells
Cg, and blue light emission cells Cy formed within the EL
display unit EU fetches the data voltage applied to the
associated driving data line D in response to a scanning
pulse applied to the associated scanning line S to emit light
at a luminance corresponding to the data voltage.

[0019] FIG. 2 is a diagram illustrating an electric circuit
of the respective red light emission cell Cy, green light
emission cell Cg, and blue light emission cell Cy; formed
within the EL display unit EU.

[0020] Specifically, each of the red light emission cell Cx,
green light emission cell C, and blue light emission cell Cy
includes an FET (Field Effect Transistor) 10 for scanning
line selection, and a capacitor 30. The red light emission cell
Cg is further provided with an FET 20y as a driving
transistor, and an organic EL element 40 for emitting light
in red. Likewise, the green light emission cell Cg is provided
with an FET 20 as a driving transistor, and an organic EL
element 40, for emitting light in green. The blue light
emission cell Cy is provided with an FET 20 as a driving
transistor, and an organic EL element 405 for emitting light
in blue.

[0021] The FET 10 has a gate terminal connected to a
scanning line S, and a drain terminal connected to a data line
D (Dg, Dg, or Dg). The source terminal of the FET 10, gate
terminal of the FET 20 (20, 20, or 20,), and one terminal
of the capacitor 30 are mutually connected. The power
supply voltage V , is applied to a source terminal of the FET
20 (205, 205, or 20y), and the capacitor 30 is connected
between the gate terminal and drain terminal of the FET 20
(205, 205, or 20y,). Further, the drain terminal of the FET 20
(20, 20, or 20y) is connected to an anode terminal of the
organic EL element 40 (40, 40, or 40;). The organic EL
element 40 (40, 405, or 40;) has a cathode terminal
connected to a potential 0.

[0022] The following description will focus on the opera-
tion of the red light emission cell Cy, green light emission
cell Cg, and blue light emission cell Cy, which have the
circuit configuration as described above.

[0023] The FET 10 turns on in response to a scanning
pulse supplied through the scanning line S to apply the gate
terminal of the FET 20 (20, 20, or 20;,) and the capacitor
30 with a voltage based on a data voltage supplied through
the data line D (Dg, Dg, or Dy). The FET 20 (20, 20, or
20y) turns on in response to the voltage applied thereto,
based on the data voltage, and supplies the organic EL
element 40 (40, 40, or 40;,) with a drive current based on
a voltage which is calculated by subtracting the data voltage
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from the power supply voltage V, (ic., power supply
voltage V , minus data voltage). The organic EL element 40
(40, 40, or 40;) emits light in response to the drive
current. Specifically, the organic EL element 40, emits light
in red; the organic EL element 40, emits light in green; and
the organic EL element 40 emits light in blue. Meanwhile,
the capacitor 30 is charged by the voltage applied thereto,
based on the data voltage, and a voltage in accordance with
the data voltage is held on the capacitor 30 by this charging
operation. When the supply of the scanning pulse is stopped,
the FET 10 turns off to stop supplying the data voltage to the
gate terminal of the FET 20 (205, 20, or 20;,). However, the
FET 20 (204, 20, or 20y,) is still applied at the gate terminal
with the voltage held on the capacitor 30, so that the FET 20
remains on to continuously supply the drive current to the
organic EL element 40 (40, 40, or 40;). In other words,
the organic EL element 40 (40, 405, or 40;;) continues the
light emission even after the supply of the scanning pulse is
stopped. The organic EL element 405 for emitting light in
red, the organic EL element 40 for emitting light in green,
and the organic EL element 40y, for emitting light in blue are
often different from one another in the intensity of light
emitted therefrom in response to the same drive current
supplied thereto. Further, the organic EL elements 405, 40,
and 40y are often different from one another in required
intensity of light to be emitted therefrom, so that the organic
EL elements 40, 405, 405 should often be applied with
different drive currents.

[0024] To address this situation, the present embodiment
employs the FET 205, 20, and 205 having different channel
widths (or channel lengths) from one another, as described
below. The FET 205, 20, and 205 supply the drive currents
to the organic EL elements 405, 405, 405, respectively.

[0025] FIG. 3 illustrates the structure of the EL display
unit EU viewed from the front surface of the color display
panel 100. The example illustrated in FIG. 3 shows a
structure which is utilized when the ratio of drive currents
respectively supplied to the organic EL elements 405, 40,
40, is:

Ipilgilg=3:2:1

[0026] when each of the organic EL elements 40, 40,
40_is driven to emit light at a desired intensity.

[0027] Tt should be noted that the example illustrated in
FIG. 3 only shows the placement (arrangement) of elec-
trodes formed within the EL display unit EU, and does not
show p-type (or n-type) diffusion regions, insulating films,
and the organic EL layers which form the heart of the
organic EL element 40.

[0028] Inside a region of each of the red light emission cell
Cy, green light emission cell C, and blue light emission cell
Cg in the EL display unit EU, a power supply bus line GL
and the data line D (D, Dg, or Dg) extend in parallel to each
other and intersect with the scanning line S over an insu-
lating film. In each cell region, the power supply bus line GL
has a branch GLB extending in a direction along the
scanning line S, and a protrusion GLT having a height d.
Also, in each cell region, the data line D (Dy, D, or D) has
a protrusion DT formed at a position corresponding
(opposed) to the branch GLB of the power supply bus line
GL. In each cell region, the organic EL element 40 (40,
40, or 40;) is formed. On one side of a transparent
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electrode ITO, which is an electrode at one end of the
organic EL element 40, a p-type (or n-type) diffusion region
is formed extending in a direction along this side. In the
protrusion GLT of the power supply bus line GL, a p-type (or
n-type) diffusion region is formed extending in a direction
along the protrusion GLT. An n-type (or p-type) diffusion
region is formed between the p-type (or n-type) diffusion
region formed on the one side of the transparent electrode
ITO and the p-type (or n-type) diffusion region formed in the
protrusion GLT. An insulating film is formed on the top
surfaces of these diffusion regions, and a strip polysilicon
gate PG, extending in a direction along the one side of the
transparent electrode 1TO, is formed within the insulating
film at a position over the n-type (or p-type) ditfusion region.
Further, an electrode LC in L-shape as shown in FIG. 3 is
formed above the polysilicon gate PG, and the branch GLB
of the power supply bus line GL. The electrode LC is
electrically connected to the polysilicon gate PG;. An insu-
lating film is also formed between the electrode L.C and
branch GLB. A region in which the electrode L.C overlaps
with the branch GLB constitutes the capacitor 30. P-type (or
n-type) diffusion regions are formed in the protrusion DT of
the data line D (D, Dg, or D) and at one end of the
electrode LC existing at a position opposite to the protrusion
DT, respectively. An n-type (or p-type) diffusion region is
formed between these p-type (or n-type) diffusion regions.
An insulating film is formed on the top surfaces of these
diffusion regions, and a polysilicon gate PG, is buried in the
insulating film. The polysilicon gate PG, is electrically
connected to the scanning line S. As illustrated in FIG. 3, a
region including the protrusion DT of the data line D (Dg,
Dy, or D) and the one end of the electrode LC constitutes
the FET 10 for scanning line selection.

[0029] Also, as illustrated in FIG. 3, a region including
the protrusion GLT of the power supply bus line GL and one
side of the transparent electrode ITO constitutes the FET 20
as a driving transistor. Therefore, the channel of the FET 20
is formed between the protrusion GLT and the one side of
the transparent electrode ITO, as illustrated in FIG. 3. The
spacing L between the protrusion GLT and the one side of
the transparent electrode ITO defines the channel length of
the FET 20, and the width (W, 2W, or 3W) of the protrusion
GLT defines the channel width of the FET 20.

[0030] Specifically, the FET 20, for supplying a drive
current to the organic EL element 40, Of the green light
emission cell C, has the channel width (2W) twice the
channel width (W) of the FET 20 for supplying a drive
current to the organic EL element 405 of the blue light
emission cell Cy. Further, the FET 205, for supplying a drive
current to the organic EL element 40; of the red light
emission cell Cy, has the channel width (3W) three times the
channel width (W) of the FET 20, With the different
channel widths, when the same voltage is supplied as a
gate-source voltage supplied to the respective FETs, a drive
current I; supplied to the organic EL element 40, for
emitting green light is “2,” and a drive current I supplied to
the organic EL element 40y for emitting red light is “3”
when a drive current I; supplied to the organic EL element
40 for emitting blue light is “1.” As described above, the
respective organic EL elements 40, 40 and 40y should be
supplied with the drive currents in the following ratio for
driving each of the organic EL elements 40, 40, and 40,
to emit light at a desired intensity:
[qilgilp=3:2:1
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[0031] By employing this ratio, the organic EL element
40 serving to emit red light, the organic EL element 40,
serving to emit green light, and the organic EL element 40,
serving to emit blue light within the EL display unit EU
having the structure as illustrated in FIG. 3, each emit light
at a desired intensity.

[0032] As understood from the above, in the embodiment
illustrated in FIG. 3, the driving transistors (FETs 20, 20,
20,,) for the respective colors are provided with different
channel widths from one another in order to output (pro-
duce) the different drive currents for driving the organic EL
elements (40, 40, 40;,) at desired intensities respectively.

[0033] A current I, flowing between the drain and source
of an FET is expressed by:

Ids=(:“' COX/Z) ' (W/L) ' (Vgs_ Vlh)

[0034] where u: Carrier Mobility;
[0035] C,y: Gate Capacitance per Unit Area;
[0036] W: Channel Width;
[0037] L: Channel Length;
[0038] V_.: Gate-Source Voltage; and
[0039] V,,: Threshold
[0040] Therefore, it is also possible to generate the drive

currents for driving each of the organic EL elements 40y,
405, and 40 at a desired intensity when the respective
driving transistors (FETs 20, 205, 20;;) are formed with
different channel lengths L instead of the channel widths W.

[0041] FIG. 4 is a diagram illustrating another example of
the structure of the EL display unit EU which is made in
view of the just mentioned aspect.

[0042] Similar to FIG. 3, the example illustrated in FIG.
4 has a structure which is used when the ratio of drive
currents respectively supplied to the organic EL elements
40, 40, 40 is:

[qilgilp=3:2:1

[0043] in order to cause cach of the organic EL elements
40, 40, 40, to emit light at a desired intensity.

[0044] 1In the EL display unit EU illustrated in FIG. 4, the
FET 20, for supplying a drive current to the organic EL
element 405 of the green light emission cell Cq has the
channel length (1.5L) 1.5 times the channel length (L) of the
FET 20y for supplying a drive current to the organic EL
element 40; of the red light emission cell Cy. Further, the
FET 205 for supplying a drive current to the organic EL
¢lement 405 of the blue light emission cell Cy has the
channel length (3L) three times the channel length (L) of the
FET 20;. With the different channel lengths, the organic EL
element 40, for emitting green light is supplied with the
drive current I; twice the drive current I supplied to the
organic EL element 40 for emitting blue light, and the
organic EL element 40, is supplied with the drive current Iy
three times the drive current I;. Thus, as is the case with the
EL display unit EU which employs the structure illustrated
in FIG. 3, the red light emission cell Cg, green light
emission cell Cg, and blue light emission cell Cy each emit
light at a desired intensity.

[0045] 1In the foregoing embodiments, the driving transis-
tors (FETs 20y, 204, 20;) are all formed with different
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channel widths (or channel lengths) from one another for the
respective red, green and blue colors. However, all the
transistors need not have different channel widths (or chan-
nel lengths). Also, in the foregoing embodiments, each of the
driving transistors (FETs 20y, 205, 20;) has one of the
channel width and channel length different from those of the
remaining transistors: However, each transistor may have
both a different channel width and a different channel length.

[0046] Inessence,the channel width and/or channel length
are individually set for each of the driving transistors for the
respective colors such that the drive currents for emission of
red, green and blue light are generated in a particular ratio
with which the EL elements can emit red, green and blue
light at desired intensities respectively.

[0047] This application is based on a Japanese patent
application No. 2001-281714 and the entire disclosure
thereof is incorporated herein by reference.

What is claimed is:
1. An electroluminescence display unit comprising:

a plurality of electroluminescence elements for emitting
light in different colors; and

a plurality of driving transistors associated with said
plurality of electroluminescence elements respectively
for generating a plurality of drive currents to cause said
electroluminescence elements to emit light respec-
tively, wherein said plurality of driving transistors have
channel widths to generate said plurality of drive
currents in a predetermined ratio, such that said plu-
rality of drive currents drive said plurality of electrolu-
minescence elements to emit light at desired intensities.

2. The electroluminescence display unit according to
claim 1, wherein each of said plurality of driving transistors
is supplied with equal voltage.

3. The electroluminescence display unit according to
claim 1, wherein said plurality of driving transistors are
supplied with a voltage from a single power source.

4. The electroluminescence display unit according to
claim 1, wherein said plurality of electroluminescence ele-
ments are a red electroluminescence element for emitting
red light, a green electroluminescence element for emitting
green light and a blue electroluminescence element for
emitting blue light;

said plurality of driving transistors are a red driving
transistor for generating a red drive current for driving
said red electroluminescence element to emit light, a
green driving transistor for generating a green drive
current for driving said green electroluminescence ele-
ment to emit light, and a blue driving transistor for
generating a blue drive current for driving said blue
e¢lectroluminescence element to emit light; and

said red driving transistor, said green driving transistor,
and said blue driving transistor have the channel widths
to generate said red drive current, said green drive
current, and said blue drive current in the predeter-
mined ratio such that said red electroluminescence
element, said green electroluminescence element, and
said blue electroluminescence element emit light at the
desired intensities respectively.
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5. The electroluminescence display unit according to
claim 4, wherein said red driving transistor, said green
driving transistor, and said blue driving transistor are sup-
plied with equal voltage.

6. The electroluminescence display unit according to
claim 4, wherein the channel width of said red driving
transistor, the channel width of said green driving transistor,
and the channel width of said blue driving transistor are
different from one another.

7. The electroluminescence display unit according to
claim 4, wherein one of the channel width of said red driving
transistor, the channel width of said green driving transistor,
and the channel width of said blue driving transistor is
different from the channel width of the other driving tran-
sistors.

8. An electroluminescence display unit comprising:

a plurality of electroluminescence elements for emitting
light in different colors; and

a plurality of driving transistors associated with said
plurality of electroluminescence elements respectively
for generating a plurality of drive currents to cause said
electroluminescence elements to emit light respec-
tively, wherein said plurality of driving transistors have
channel lengths to generate said plurality of drive
currents in a predetermined ratio, such that said plu-
rality of drive currents drive said plurality of electrolu-
minescence elements to emit light at desired intensities.

9. The electroluminescence display unit according to
claim 8, wherein each of said plurality of driving transistors
is supplied with equal voltage.

10. The electroluminescence display unit according to
claim 8, wherein said plurality of driving transistors are
supplied with a voltage from a single power source.

11. The electroluminescence display unit according to
claim 8, wherein said plurality of electroluminescence ele-
ments are a red electroluminescence element for emitting
red light, a green electroluminescence element for emitting
green light and a blue electroluminescence element for
emitting blue light;

said plurality of driving transistors are a red driving
transistor for generating a red drive current for driving
said red electroluminescence element to emit light, a
green driving transistor for generating a green drive
current for driving said green electroluminescence ele-
ment to emit light, and a blue driving transistor for
generating a blue drive current for driving said blue
electroluminescence element to emit light; and

said red driving transistor, said green driving transistor,
and said blue driving transistor have the channel
lengths to generate said red drive current, said green
drive current, and said blue drive current in the prede-
termined ratio such that said red electroluminescence
element, said green electroluminescence element, and
said blue electroluminescence element emit light at the
desired intensities respectively.

12. The electroluminescence display unit according to
claim 11, wherein said red driving transistor, said green
driving transistor, and said blue driving transistor are sup-
plied with equal voltage.

13. The electroluminescence display unit according to
claim 11, wherein the channel length of said red driving
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transistor, the channel length of said green driving transistor,
and the channel length of said blue driving transistor are
different from one another.

14. The electroluminescence display unit according to
claim 11, wherein one of the channel length of said red
driving transistor, the channel length of said green driving
transistor, and the channel length of said blue driving
transistor is different from the channel length of the other
driving transistors.

15. An electroluminescence display unit comprising:

a plurality of electroluminescence elements for emitting
light in different colors; and

a plurality of driving transistors associated with said
plurality of electroluminescence elements respectively
for generating a plurality of drive currents to cause said
electroluminescence elements to emit light respec-
tively, wherein said plurality of driving transistors have
channel widths and channel lengths to generate said
plurality of drive currents in a predetermined ratio,
such that said plurality of drive currents drive said
plurality of electroluminescence elements to emit light
at desired intensities.

16. The electroluminescence display unit according to
claim 15, wherein each of said plurality of driving transistors
is supplied with equal voltage.

17. The electroluminescence display unit according to
claim 15, wherein said plurality of driving transistors are
supplied with a voltage from a single power source.

18. The electroluminescence display unit according to
claim 15, wherein said plurality of electroluminescence
elements are a red electroluminescence element for emitting
red light, a green electroluminescence element for emitting
green light and a blue electroluminescence element for
emitting blue light;
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said plurality of driving transistors are a red driving
transistor for generating a red drive current for driving
said red electroluminescence element to emit light, a
green driving transistor for generating a green drive
current for driving said green electroluminescence ele-
ment to emit light, and a blue driving transistor for
generating a blue drive current for driving said blue
electroluminescence element to emit light; and

said red driving transistor, said green driving transistor,
and said blue driving transistor have the channel widths
and channel lengths to generate said red drive current,
said green drive current, and said blue drive current in
the predetermined ratio such that said red electrolumi-
nescence element, said green electroluminescence ele-
ment, and said blue electroluminescence element emit
light at the desired intensities respectively.

19. The electroluminescence display unit according to
claim 18, wherein said red driving transistor, said green
driving transistor, and said blue driving transistor are sup-
plied with equal voltage.

20. The electroluminescence display unit according to
claim 18, wherein the channel width and channel length of
said red driving transistor, the channel width and channel
length of said green driving transistor, and the channel width
and channel length of said blue driving transistor are dif-
ferent from one another.

21. The electroluminescence display unit according to
claim 18, wherein two of the channel width and channel
length of said red driving transistor, the channel width and
channel length of said green driving transistor, and the
channel width and channel length of said blue driving
transistor are equal to each other.
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