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7) ABSTRACT

The upper limit V; of the driving voltage PVdd is set in such
way that the brightness of an organic EL element is lower
than the first standard brightness [.1 when the video signal
Dm is at the black signal level (V0), in an EL display device
with the driving source for driving the organic EL element.
Also, the lower limit V; of the driving voltage PVdd is set
in such way the brightness of the organic EL element is

(22) Filed: Mar. 7, 2003 . X
higher than the second standard brightness 1.2 when the
(30) Foreign Application Priority Data video signal Dm is at the white signal level (V1). The
electroluminescent display device displays black and white
Mar. 8, 2002 (JP) cccovvve e 2002-063982  with a proper contrast.
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DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention relates to a display device, espe-
cially to an electroluminescent display device with an elec-
troluminescent element and a thin film transistor provided
for each of display pixels.

[0003] 2. Description of the Related Art

[0004] Display devices with an electroluminescent
(referred to as EL hereinafter) element have been gathering
attention as a display device substituting a CRT or an LCD.
The development efforts for the EL display device with a
thin film transistor (referred to as TFT hereinafter) as a
switching element for driving the EL element have been
made accordingly.

[0005] FIG. 3 is an equivalent circuit diagram of a display
pixel of an EL display device with an EL element and a TFT.
A plurality of the display pixels is disposed in a matrix
configuration in an actual EL display device.

[0006] FIG. 3 is an equivalent circuit diagram of the EL
display device having a first TFT 100, a second TFT 110 and
the organic EL element 120, and shows only one display
pixel of the matrix, which is located near the crossing of a
gate signal line 50 at the n-th row and a drain signal line 60
at the m-th column.

[0007] The gate signal line, which supplies a gate signal
Gn, and the drain signal line 60, which supplies a drain
signal that is a video signal Dm, intersect each other. The
organic EL element 120, the TFT 110 for driving the organic
EL element, and the TFT 110 for selecting the display pixel
are disposed near the crossing of these two signal lines.

[0008] A driving source 105, from which a positive driv-
ing voltage PVdd is supplied, is connected to a drain 1004
of the first TFT 100 for driving the organic EL element. A
source 100s is connected to an anode 121 of the organic EL
element.

[0009] A gate 110g of the second TFT 110 for selecting the
display pixel is connected to the gate signal line 50, receiv-
ing the gate signal Gn, and a drain 1104 of the second TFT
110 is connected to the drain signal line 60, receiving the
video signal Dm. A source 110s of the second TFT 110 is
connected to a gate 100g of the first TFT 100. The gate
signal Gn is outputted from a gate driver circuit not shown
in the figure. The video signal Dm is outputted from a drain
driver circuit not shown in the figure.

[0010] The organic EL element 120 includes the anode
121, a cathode 122, and a emission layer 123 disposed
between the anode 121 and the cathode 122. The cathode
122 is connected to a common source 140 that supplies a
negative common voltage.

[0011] A storage capacitance element 130 is connected to
the gate 100g of the first TFT 100. That is, one of the
electrodes of the storage capacitance element 130 is con-
nected to the gate 100g, and the other electrode is connected
to a storage capacitance electrode 131. The storage capaci-
tance element 130 is provided in order to hold the video
signal of the display pixel for one field period by keeping the
charge corresponding to the video signal Dm.
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[0012] The operation of the EL display device with the
above configuration is as follows. The second TFT 100 turns
on when the gate signal Gn becomes high-level for one
horizontal period. Then, the video signal Dm is applied to
the gate 100g of the first TFT 100 from the drain signal line
60 through the second TFT 110. The conductance of the first
TFT 110 changes in response to the video signal Dm
supplied to the gate 100g, and a driving current correspond-
ing to the changed conductance is supplied to the organic EL
element 120 from the driving source 105 through the first
TFT 100. This controls the brightness of the organic EL
element 120.

[0013] As described above, the brightness of the organic
EL element 120 is controlled based on the conductance of
the first TFT 100, which changes in response to the video
signal Dm. However, conventional EL display devices lack
an appropriate contrast in its display presentation.

SUMMARY OF THE INVENTION

[0014] The invention provides a display device having a
plurality of display pixels. Each of the display pixels
includes an electroluminescent element and a first thin film
transistor. The source of the first thin film transistor is
connected to the electroluminescent element. The display
pixel also includes a driving source supplying a driving
voltage to the drain of the first thin film transistor, and a
second thin film transistor receiving a video signal at its
drain and supplying the video signal to the gate of the first
thin film transistor in response to a gate signal. In this
configuration, the upper limit of the driving voltage is
determined so that a brightness of the electroluminescent
element is lower than a first standard brightness when the
video signal is at a black signal level, and the lower limit of
the driving voltage is determined so that the brightness of the
electroluminescent element is higher than a second standard
brightness when the video signal is at a white signal level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is to explain the setting of the driving
voltage PVdd in the EL display device of an embodiment of
this invention.

[0016] FIG. 2 shows the relationship between the driving
voltage PVdd and the brightness of the organic EL element
of an embodiment of this invention.

[0017] FIG. 3 is an equivalent circuit diagram showing
one display pixel of the EL display device with the EL
¢lement and the TFT.

DETAILED DESCRIPTION OF THE
INVENTION

[0018] Anembodiment of this invention will be described
in detail by referring to FIGS. 1-3. The configuration of an
EL display device of this embodiment is the same as that
shown in FIG. 3 in terms of the equivalent circuit. The first
TFT 100 is a P-channel type and the second TFT 110 is an
N-channel type in the description below.

[0019] FIG. 1 shows a setting of a driving voltage PVdd
in the EL display device of this embodiment. A video signal
Dm, which is supplied from a drain signal line 60 through
the second TFT 110, changes between a white signal level
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(V1) and a black signal level (V0). The black signal level
(VO0) is greater than the white signal level (V1).

[0020] When a high level Gn (H) of a gate signal Gn
supplied from a gate signal line 50 is higher by a certain
amount than the black signal level (VO0) of the video signal
Dm, the video signal Dm will be supplied to a gate 100g of
the first TFT 100 with its level kept unchanged. This
condition is expressed as follows:

Gn(H)Z V0+Vih,

[0021] Here, Vth is a threshold voltage of the second TFT
110. However, this condition is not the only condition used
in this embodiment. For example, the following condition is
also applicable to this embodiment:

Gn(H)<VO+Vth and Gn(H)Z Vih.

[0022] Suppose the video signal Dm is at the black signal
level (V0). The black signal level (VO0) is supplied
unchanged to the gate 100g of the first TFT 100 when
Gn(H)2V0+Vih. A small amount of current corresponding
to the signal level goes through the first TFT 100, and is
supplied to an organic EL element 120. Here, the brightness
of the organic EL element 120 should be dark enough to be
recognized as the black display. Ideally, the first TFT 100
should be completely off and the brightness should be 0
cd/m?,

[0023] However, the first TFT 100 turns on and the current
starts going through when the driving voltage PVdd is above
a certain level. Then, the brightness of the organic EL
element 120 increases, decreasing the contrast of the EL
display. A first standard brightness L1 of the organic EL
element 120 is an upper limit of the brightness for black
representation to sustain a proper contrast. The driving
voltage PVdd when the brightness of the organic EL element
is at the first standard brightness L1 is set as the upper limit
voltage Vy; of the driving voltage PVdd.

[0024] The voltage of the black signal level supplied to the
gate 100g of the first TFT 100 decreases to Gn(H)-Vth,
when Gn(H)<V0+Vth. The upper limit voltage V; of the
driving voltage PVdd is set according to this decreased
voltage.

[0025] Suppose the video signal Dm is at the white signal
level (V1) and Gn(H)Z V1+Vth. The white signal level (V1)
is supplied to the gate 100g of the first TFT 100, turning the
first TFT 100 on. The large amount of current in response to
the signal level goes through the first TFT 100, and is
supplied to the organic EL element 120. Here, the brightness
of the organic EL element 120 should be bright enough to be
recognized as white representation.

[0026] However, when the driving voltage PVdd is too
low, the brightness of the organic EL element decreases due
to the decrease in the current going through the first TFT
100, deteriorating the contrast of the EL display. A second
standard brightness .2 of the organic EL element 120 is an
lower limit of the brightness for white representation to
sustain a proper contrast. The driving voltage PVdd when
the brightness of the organic EL element is at the second
standard brightness L2 is set as the lower limit voltage V;
of the driving voltage PVdd.

[0027] Therefore, an adequate limits of the driving voltage
PVdd for an appropriate contrast between the white and
black representations of the EL display is as follows:

V, <PVAI<Vy.
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[0028] Next, the limits of the driving voltage PVdd will be
described based on the results of experiment conducted by
the inventors. FIG. 2 shows the relationship between the
driving voltage PVdd and the brightness of the organic EL
element. A negative common voltage CV supplied from a
common source 140 to the organic EL element 120 is -7V.
Also, the white signal level (V1) is 1V and the black signal
level (VO) is 5V.

[0029] Although the organic EL element provides a low
brightness when receiving the black signal, the brightness
gradually increases when the driving voltage PVdd is above
7V, as shown in FIG. 2. In this embodiment, the first
standard brightness L1 is 20 d/cm?, as shown in FIG. 2. On
the other hand, although the organic EL element provides a
high brightness when receiving the white signal, the bright-
ness gradually decreases as the driving voltage PVdd
decreases. In this embodiment, the second standard bright-
ness 1.2 is 50 cd/m?, as shown in FIG. 2.

[0030] Thus, the proper driving voltage PVdd is between
4.5V and 7.7V according to the first and second standard
brightness L1, L.2. Although the values of the first and
second standard brightness L1, .2 described above are
preferable, this invention is not limited to these values, and
other values may be applicable according to the configura-
tion of the EL display device. Likewise, the white signal
level and the black signal level may be altered accordingly.

[0031] The range of the driving voltage PVdd is deter-
mined based on the relationship between the driving voltage
PVdd and the brightness of the organic EL element at room
temperature in this embodiment. However, since the bright-
ness of the organic EL element may depend on the tempera-
ture, it may be necessary to determine the range of the
driving voltage PVdd by taking the temperature change into
consideration.

[0032] The first TFT 100 is a P-channel type and the
second TFT 110 is an N-channel type in this embodiment.
However, this invention is not limited to that configuration,
and the first TFT 100 may be an N-channel type and the
second TFT 110 may be a P-channel type.

[0033] The white signal level and the black signal level of
the video signal Dm should be reversed when the first TFT
100 for driving is an N-channel type. That is, the black
signal level (V0) is lower than the white signal level (V1).
This invention can also be applied to the EL display device
with such a configuration.

[0034] The upper limit Viz and the lower limit V; of the
driving voltage PVdd are determined, in this embodiment,
based on the fact that the driving voltage and the white and
black signal levels of the video signal affect the brightness
of the electroluminescent element. The adequate contrast
between the white and black representation of the EL display
device is achieved by setting the upper limit and the lower
limit of the driving voltage PVdd within a pre-determined
range.

What is claimed is:
1. A display device having a plurality of display pixels,
each of the display pixels comprising:

an electroluminescent element;
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a first thin film transistor, a source of the first thin film
transistor being connected to the electroluminescent
clement;

a driving source supplying a driving voltage to a drain of
the first thin film transistor; and

a second thin film transistor receiving a video signal at a
drain thereof and supplying the video signal to a gate of
the first thin film transistor in response to a gate signal,

wherein an upper limit of the driving voltage is deter-
mined so that a brightness of the electroluminescent
element is lower than a first standard brightness when
the video signal is at a black signal level, and a lower
limit of the driving voltage is determined so that the
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brightness of the electroluminescent element is higher
than a second standard brightness when the video
signal is at a white signal level.

2. The display device of claim 1, wherein the first standard
brightness is equal to or lower than 20 cd/m”.

3. The display device of claim 1, wherein the second
standard brightness is equal to or higher than 50 cd/m?.

4. The display device of claim 1, wherein the first thin film
transistor is a P-channel type thin film transistor, and the
black signal level of the video signal is higher than the white
signal level of the video signal.
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