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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a method of driving an EL display device, a driving circuit for implementing
the driving method, and an EL display device comprising the driving circuit.

2. Description of the Related Art

[0002] Techniques of forming a TFT (thin film transistor) on a substrate have been widely progressing in recent years,
and development of applications thereof to an active matrix type display device are advancing. In particular, a TFT
using a polysilicon film has a higher electric field effect mobility than a TFT using a conventional amorphous silicon
film, and high speed operation is therefore possible. As a result, it becomes possible to perform pixel control, conven-
tionally performed by a driving circuit external to the substrate, by the driving circuit formed on the same substrate as
a pixel.
[0003] This type of active matrix display device has been in the spotlight because of the many advantages which
can be obtained by incorporating various circuits and elements on the same substrate, such as reduced manufacturing
cost, display device miniaturization, increased yield, and higher throughput.
[0004] Presently, active matrix EL display devices with EL elements as self-light-emitting elements are actively re-
searched. An EL display device is also referred to as an organic EL display (OELD) or an organic light emitting diode
(OLED).
[0005] Unlike a liquid crystal display device or the displays, an EL display device is of a self-light-emitting type. An
EL element is structured such that an EL layer is sandwiched between a pair of electrodes. The EL layer typically has
a laminated structure. A laminated structure of "a hole transporting layer / a light emitting layer / an electron transporting
layer" proposed by Tang, et al. of Eastman Kodak Co. is a typical laminated structure. This structure has very high light
emitting efficiency, and thus, most of EL display devices that are now under research and development adopt this
structure.
[0006] Other than this, the laminated structure may be a hole injecting layer / a hole transporting layer / a light emitting
layer / an electron transporting layer, or, a hole injecting layer / a hole transporting layer / a light emitting layer / an
electron transporting layer / an electron injecting layer laminated in this order on a pixel electrode. A fluorescent pigment
or the like may be doped in an EL layer.
[0007] When predetermined voltage is applied from a pair of electrodes to the EL layer structured as described in
the above, recombination of carriers in the light emitting layer is caused to emit light. It is to be noted that light emission
by an EL element may be herein referred to as driving of an EL element. WO 98 331 65 A discloses an organic EL
display device wherein one frame is divided into n subframes in order to display 2n gradation levels.
[0008] Color display methods of an EL display device are roughly divided into four: a method where three kinds of
EL elements emitting R (red), G (green), and B (blue) light, respectively, are formed; a method where EL elements
emitting white light are combined with a color filter of R, G, and B; a method where EL elements emitting blue or blue-
green light are combined with a fluophor (fluorescent color conversion layer: CCM); and a method where EL elements
corresponding to R, G, and B are superimposed on a transparent electrode used as a cathode (an opposing electrode).
[0009] Generally, the luminance of red light emission is lower than the luminance of blue and green light emission
in many organic EL materials. In the technical paper Organic Light Emitting Diodes" by W. Kowalsky et al, IEEE, US,
21 April 1996, a discussion of the comparable intensities of blue, green and red organic LEDs is presented whereby,
generally, the luminance of red light emission is lower than the luminance of blue and green light emission in many
organic EL materials. When an organic EL material having such light emitting characteristics is used for an EL display
device, the luminance of red in a displayed image is low.
Further, since the luminance of red light emission is lower than the luminance of blue and green light emission, a
method is conventionally adopted where orange light the wavelength of which is a little shorter than that of red light is
used as red light.
[0010] However, in this case also, the luminance of red itself of an image displayed on the EL display device is low,
and an image which is intended to be displayed in red is displayed in orange. As a result, only a display device, which
has unbalanced luminance of red, green, and blue light emission and unsatisfactory white balance, can be provided.
[0011] US-A-5 812 105 describes an LED display having a matrix of LEDs of different colours whereby the duty cycle
of the signal which selects the activation of the LEDs may be varied so as to illuminate different colour LEDs for different
times during each scan cycle. This varying duty cycle may be utilized to balance colour between the LEDs.
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SUMMARY OF THE INVENTION

[0012] The present invention has been made in view of the above problems, and an object of the present invention
is to provide a driving method and a driving circuit for realizing an EL display device with excellent white balance.
[0013] The present invention achieves its object by providing an EL display device comprising the features set out
in claim 1, and by providing a method of driving an EL display device comprising the steps set out in claim 4.
[0014] A method of driving an EL display device according to the present invention is now described. In the driving
method according to the present invention, in view of the lower luminance of red light emission of the EL light emitting
layer, by suppressing the luminance of a green image and the luminance of a blue image, the luminance of a red image,
the luminance of a green image, and the luminance of a blue image are well-balanced, which makes it possible to
improve the white balance. It is to be noted that the present invention can be applied not only to EL light emitting
elements using an EL light emitting layer which emits white light and a color filter but also to EL light emitting elements
using an EL light emitting layer which emits red light, an EL light emitting layer which emits green light, and an EL light
emitting layer which emits blue light.
[0015] It is to be noted that here, for the sake of simplicity, a case where an original image signal inputted from the
external is 6 bit digital data is described. First, reference is made to Fig. 1, which shows the luminance of red (R) light
emission, the luminance of green (G) light emission, and the luminance of blue (B) light emission of EL light emitting
elements with respect to gray-scale levels of the 6 bit digital data. It is to be noted that luminance of 64 (= 26) gray-
scale levels can be obtained from the 6 bit digital data. Further, it is to be noted that, though a case where 6 bit digital
data is inputted is described herein, the driving method according to the present invention can also be applied to a
case where n bit digital data is inputted (n is a natural number).
[0016] BRmax, BGmax, and BBmax are the maximum values of the luminance of red light emission, the luminance of
green light emission, and the luminance of blue light emission, respectively (here, in the case of 64 gray-scale levels).
It is to be noted that, for the sake of convenience, a case where BGmax = BBmax = 2BRmax is assumed.
[0017] As shown in Fig. 1, when the gray-scale level is at maximum (64), the luminance of red light emission, the
luminance of green light emission, and the luminance of blue light emission take the maximum values BRmax, BGmax,
and BBmax, respectively. However, since the maximum value BRmax of the luminance of red light emission is half of the
maximum value BGmax of the luminance of green light emission or half of the maximum value BBmax of the luminance
of blue light emission, if the display is carried out with them being as they are, the maximum luminance varies and the
white balance is unsatisfactory.
[0018] Figs. 2 and 3 are conceptual views of the method of driving an EL display device according to the present
invention. In the method of driving an EL display device according to the present invention, n bit digital data having
red, green, and blue image information (gray-scale information) are converted into (n+1) bit digital data, respectively.
Here, a case where 6 bit digital data are converted into 7 bit digital data is described as an example. First, digital data
conversion carried out in the driving method according to the present invention is described with reference to Fig. 3.
[0019] Data conversion of 6 bit digital data having red image information is shown in Fig. 3R, data conversion of 6
bit digital data having green image information is shown in Fig. 3G, and data conversion of 6 bit digital data having
blue image information is shown in Fig. 3B.
[0020] First, data conversion of 6 bit digital data having red image information (gray-scale information) (Fig. 3R) is
described. R0 (=1) is added below R1 that is the least significant bit among the 6 bit digital data (R6 (MSB), R5, R4,
R3, R2, and R1 (LSB)) having red image information. In other words, R0 (=1) to serve as the least significant bit is
added to the 6 bit digital data (R6 (MSB), R5, R4, R3, R2, and R1 (LSB)) having red image information. It is to be noted
that the 6 bit digital data before the conversion (R6 (MSB), R5, R4, R3, R2, and R1 (LSB)) is used as the upper 6 bits
of the 7 bit digital data after the conversion. In this way, the 6 bit digital data having red image information is converted
into the 7 bit digital data in which the value of the least significant bit (LSB) is "1".
[0021] Next, data conversion of 6 bit digital data having green image information (gray-scale information) (Fig. 3G)
is described. G7 (=0) is added above G6 that is the most significant bit among the 6 bit digital data (G6 (MSB), G5,
G4, G3, G2, and G1 (LSB)) having green image information. In other words, G7 (=0) to serve as the most significant
bit is added to the 6 bit digital data (G6 (MSB), G5, G4, G3, G2, and G1 (LSB)) having green image information. It is
to be noted that the 6 bit digital data before the conversion (G6 (MSB), G5, G4, G3, G2, and G1 (LSB)) is used as the
lower 6 bits of the 7 bit digital data after the conversion. In this way, the 6 bit digital data having green image information
is converted into the 7 bit digital data in which the value of the most significant bit (MSB) is "0".
[0022] Next, data conversion of 6 bit digital data having blue image information (gray-scale information) (Fig. 3B) is
described. The conversion of the 6 bit digital data having blue image information is similar to the conversion of the 6
bit digital data having green image information. B7 (=0) is added above B6 that is the most significant bit among the
6 bit digital data (B6 (MSB), B5, B4, B3, B2, and B1 (LSB)) having blue image information. In other words, B7 (=0) to
serve as the most significant bit is added to the 6 bit digital data (B6 (MSB), B5, B4, B3, B2, and B1 (LSB)) having blue
image information. It is to be noted that the 6 bit digital data before the conversion (B6 (MSB), B5, B4, B3, B2, and B1
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(LSB)) is used as the lower 6 bits of the 7 bit digital data after the conversion. In this way, the 6 bit digital data having
blue image information is converted into the 7 bit digital data in which the value of the most significant bit (MSB) is "0".
[0023] As described in the above, the respective red, green, and blue 6 bit digital data are converted into 7 bit digital
data.
[0024] By carrying out such digital data conversion, as shown in Fig. 2A, the digital data having red image information
presents the lowest luminance (here, 0) at the lowest gray-scale level (here, gray-scale level 2), and presents the
highest luminance BRmax at the highest gray-scale level (here, gray-scale level 128). Display of 64 gray-scales from
gray-scale level 2 to gray-scale level 128 can be carried out with two gray scale levels as one step and the luminance
being from the lowest luminance to the highest luminance BRmax.
[0025] As shown in Fig. 2B, the digital data having green image information presents the lowest luminance (here, 0)
at the lowest gray-scale level (here, gray-scale level 1), and presents the highest luminance BRmax at the highest gray-
scale level (here, gray-scale level 64). Here, the highest gray-scale level is 64 because the bit of the value of the most
significant bit becomes "0" through the above-described digital data conversion. In this way, display of 64 gray-scales
from gray-scale level 1 to gray-scale level 64 can be carried out with the luminance being from the lowest luminance
to the highest luminance BRmax.
[0026] As shown in Fig. 2B, the digital data having blue image information presents the lowest luminance (here, 0)
at the lowest gray-scale level (here, gray-scale level 1), and presents the highest luminance BRmax at the highest gray-
scale level (here, gray-scale level 64). Here, similarly to the case of green, the highest gray-scale level is 64 because
the value of the most significant bit becomes "0" through the above-described digital data conversion. In this way,
display of 64 gray-scales from gray-scale level 1 to gray-scale level 64 can be carried out with the luminance being
from the lowest luminance to the highest luminance BRmax.
[0027] Therefore, all of the highest luminance of red, the highest luminance of green, and the highest luminance of
blue are the highest luminance BRmax of red, and thus, display can be carried out with the luminance of red, the lumi-
nance of green, and the luminance of blue being well-balanced.
[0028] Further, a general case where n bit digital data having red image information (gray-scale information), n bit
digital data having green image information (gray-scale information), and n bit digital data having blue image information
(gray-scale information) are respectively converted into (n+1) bit digital data is now described with reference to Fig. 7.
[0029] Data conversion of n bit digital data having red image information is shown in Fig. 7R, data conversion of n
bit digital data having green image information is shown in Fig. 7G, and data conversion of n bit digital data having
blue image information is shown in Fig. 7B.
[0030] First, data conversion of n bit digital data having red image information (gray-scale information) (Fig. 7R) is
described. R0 (=1) is added below that is the least significant bit among the n bit digital data (Rn (MSB), Rn-1, ..., R3,
R2, and R1 (LSB)) having red image information. In other words, R0 (=1) to serve as the least significant bit is added
to the n bit digital data (Rn (MSB), Rn-1, ..., R3, R2, and R1 (LSB)) having red image information. It is to be noted that
the n bit digital data before the conversion (Rn(MSB), Rn-1, ..., R3, R2, and R1 (LSB)) is used as the upper n bits of
the (n+1) bit digital data after the conversion. In this way, the n bit digital data having red image information is converted
into the (n+1) bit digital data in which the value of the least significant bit (LSB) is "1".
[0031] Next, data conversion of n bit digital data having green image information (gray-scale information) (Fig. 7G)
is described. Gn+1 (=0) is added above the most significant bit amount the n bit digital data (Gn (MSB), Gn-1, ..., G3,
G2, and G1 (LSB)) having green image information. In other words, Gn+1 (=0) to serve as the most significant bit is
added to the n bit digital data (Gn (MSB), Gn-1, ..., G3, G2, and G1 (LSB)) having green image information. It is to be
noted that the n bit digital data before the conversion (Gn (MSB), Gn-1, ..., G3, G2, and G1 (LSB)) is used as the lower
n bits of the (n+1) bit digital data after the conversion. In this way, the n bit digital data having green image information
is converted into the (n+1) bit digital data in which the value of the most significant bit (MSB) is "0".
[0032] Next, data conversion of n bit digital data having blue image information (gray-scale information) (Fig. 7B) is
described. The conversion of the n bit digital data having blue image information is similar to the conversion of the n
bit digital data having green image information. Bn+1 (=0) is added above the most significant bit among the n bit digital
data (Bn (MSB), Bn-1, ..., B3, B2, and B1 (LSB)) having blue image information. In other words, Bn+1 (=0) to serve
as the most significant bit is added to the n bit digital data (Bn (MSB), Bn-1, ..., B3, B2, and B1 (LSB)) having blue
image information. It is to be noted that the n bit digital data before the conversion (Bn (MSB), Bn-1, ..., B3, B2, and
B1 (LSB)) is used as the lower n bits of the (n+1) bit digital data after the conversion. In this way, the n bit digital data
having blue image information is converted into the (n+1) bit digital data in which the value of the most significant bit
(MSB) is "0".
[0033] As described in the above, the respective red, green, and blue n bit digital data are converted into (n+1) bit
digital data.
[0034] By carrying out such digital data conversion, as shown in Fig. 2A, the digital data having red image information
presents the lowest luminance (here, 0) at the lowest gray-scale level (here, gray-scale level 21 = 2), and presents the
highest luminance BRmax at the highest gray-scale level (here, gray-scale level 2n+1). Display of 2n gray-scales from
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gray-scale level 2 to gray-scale level 2n+1 can be carried out with two gray-scales as one step and with the luminance
being from the lowest luminance to the highest luminance BRmax.
[0035] As shown in Fig. 2B, the digital data having green image information presents the lowest luminance (here, 0)
at the lowest gray-scale level (here, gray-scale level 20 = 1), and presents the highest luminance BRmax at the highest
gray-scale level (here, gray-scale level 2n). Here, the highest gray-scale level is 2n because the value of the most
significant bit becomes "0" through the above-described digital data conversion. In this way, display of 2n gray-scales
from gray-scale level 1 to gray-scale level 2n can be carried out with the luminance being from the lowest luminance
to the highest luminance BRmax.
[0036] As shown in Fig. 2B, the digital data having blue image information presents the lowest luminance (here, 0)
at the lowest gray-scale level (here, gray-scale level 20 = 1), and presents the highest luminance BRmax at the highest
gray-scale level (here, gray-scale level 2n). Here, similar to the case of green, the highest gray-scale level is 2n because
the most significant bit of the data becomes "0" through the above-described digital data conversion. In this way, display
of 2n gray-scales from gray-scale level 1 to gray-scale level 2n can be carried out with the luminance being from the
lowest luminance to the highest luminance BRmax.
[0037] Therefore, all of the highest luminance of red, the highest luminance of green, and the highest luminance of
blue are the highest luminance BRmax of red, and thus, display can be carried out with the luminance of red, the lumi-
nance of green, and the luminance of blue being well-balanced.
[0038] Now, operation from inputting the digital data to the EL display device to displaying an image display in the
driving method according to the present invention is described with reference to Fig. 4. Though a case where image
information is provided as 7 bit digital data is described here as an example, the present invention is not limited thereto.
[0039] First, one frame of an image is divided into seven subframes. It is to be noted that one cycle for inputting data
to all the pixels in a display region of an EL display device is referred to as one frame. In a typical EL display device,
the frequency is 60 Hz. In other words, 60 frames are formed in one second. If the number of frames formed in one
second is less than 60, flicker of an image is visually conspicuous. It is to be noted that a plurality of divisions of one
frame are referred to as subframes.
[0040] One subframe can be broken down into an address time period (Ta) and a sustain time period (Ts). An address
time period is the whole time period necessary for inputting data to all the pixels in one subframe. A sustain time period
(which may be called also as a lighting time period) is a time period during which the EL elements emit light.
[0041] Here, the first subframe is denoted as SF1, and the second to the seventh subframes are denoted as SF2 -
SF7, respectively. The address time period (Ta) is constant with regard to all of SF1 - SF7. On the other hand, the
sustain time period (Ts) of SF1 - SF7 are denoted as Ts1 - Ts7, respectively. It is to be noted that the display of SF1
corresponds to the most significant bit while the display of SF7 corresponds to the least significant bit.
[0042] Here, the sustain time periods are set such that Ts1:Ts2:Ts3:Ts4:Ts5:Ts6:Ts7 = 1:1/2:1/4:1/8:1/16:1/32:1/64.
It is to be noted that the order of appearance of SF1 - SF8 is arbitrary. By combining these sustain time periods, desired
gray-scale display among the 128 gray-scale levels can be carried out.
[0043] It is to be noted that, in the method of driving an EL display device according to the present invention, since
the least significant bit of digital data having red image information is always "1", the most significant bit of digital data
having green image information is always "0", and the most significant bit of digital data having blue image information
is always "0", practically display of 64 gray-scales can be carried out with regard to each of red, green, and blue.
[0044] First, with an opposing electrode (an electrode which is not connected to TFTs, typically a cathode) of EL
elements of pixels having no voltage applied thereto (being unselected), digital data is inputted to each of the pixels
with the EL elements emitting no light. The time period to do this is an address time period. When digital data is inputted
to all the pixels and the address time period ends, voltage is applied to the opposing electrode (the opposing electrode
is selected) to make the EL elements emit light simultaneously. The time period to do this is a sustain time period. The
time period to carry out the light emitting (to light the pixels) is any of the time periods Ts1-Ts7.
[0045] Then, an address time period again begins. After digital data is inputted to each of the pixels, a sustain time
period begins. The sustain time period is any of the time periods Ts1 - Ts7.
[0046] Similar operation is repeated with regard to the remaining five subframes, and predetermined pixels are lighted
in the respective subframes.
[0047] One frame ends when seven subframes appear. Here, by accumulating the sustain time periods, the gray-
scale of a pixel can be controlled and desired luminance can be realized.
[0048] In case n bit digital data is inputted from the external and is converted into (n+1) bit digital data as described
in the above, first, one frame is divided into (n+1) subframes (denoted as SF1, SF2, SF3, ... SF(n-1), SF(n), and SF
(n+1)) so as to correspond to the (n+1) bits. As the number of the gray-scales increases, the number of divisions of
one frame also increases, which makes it necessary to drive a driving circuit at a higher frequency.
[0049] Each of the (n+1) subframes can be broken down into an address time period (Ta) and a sustain time period
(Ts). More specifically, by selecting whether voltage is applied to the opposing electrode common to all the EL elements
or not, the address time period and the sustain time period are selected.



EP 1 087 365 B1

5

10

15

20

25

30

35

40

45

50

55

6

[0050] Then, processing is carried out to set the sustain time periods (Ts1, Ts2, Ts3, ... Ts(n-1), Ts(n), and Ts(n+1)
for SF1, SF2, SF3, ... SF (n-1), SF(n), and SF (n+1), respectively) for the (n+1) subframes so that Ts1:Ts2:Ts3: ...:Ts
(n-1):Ts(n):Ts(n+1) = 20:2-1:2-2: ... 2-(n-2):2-(n-1):2-n.
[0051] With this state, in one arbitrary subframe, pixels are sequentially selected (strictly speaking, TFTs for switching
of the respective pixels are selected) to apply predetermined gate voltage (corresponding to a data signal) to gate
electrodes of TFTs for current controlling). Here, an EL element of a pixel to which digital data to make conducting its
TFT for current controlling is inputted emits light after an address time period ends for a sustain time period allotted to
the subframe. In other words, predetermined pixels are lighted.
[0052] This operation is repeated with regard to each of the (n+1) subframes. By accumulating the sustain time
periods, the gray-scales of the respective pixels can be controlled. When attention is focused on one arbitrary pixel,
the gray-scale of the pixel is controlled depending on how long the pixel is lighted in the subframes (the number of
sustain time periods the pixel goes through).
[0053] Hereinbelow, the structure of the present invention will be described in accordance with descriptions of claims.
[0054] An EL display device according to that claimed in independent claim 1.
[0055] Further, a method of driving an EL display device according to that claimed in independent claim 4.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] In the accompanying drawings:

Fig. 1 is a graph showing the luminance of light emission with respect to gray-scale levels of an EL display device;
Fig. 2 is a graph showing the luminance of light emission with respect to gray-scale levels of an EL display device
in accordance with the present invention;
Fig. 3 illustrates a method of converting digital a method of driving the EL display device in accordance with the
present invention;
Fig. 4 is a timing chart of the method of driving the EL display device in accordance with the present invention;
Fig. 5 is a schematic block diagram of the EL display device in accordance with the present invention;
Fig. 6 is a circuit diagram of a pixel of the EL display device in accordance with the present invention;
Fig. 7 illustrates a method of converting digital data in the method of driving the EL display device in accordance
with the present invention;
Fig. 8 is a graph showing the luminance of light emission with respect to gray-scale levels of the EL display device
in accordance with the present invention; and
Fig. 9 shows examples of electronic equipment using the EL display device in accordance with the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0057] An embodiment mode of the present invention will be described in the following.
[0058] Reference is made to Fig. 5, which is a schematic block diagram of an EL display device having a driving
circuit, which employs a driving method in accordance with the present invention.
[0059] In the present embodiment mode, 6 bit digital data having red, green, and blue image information (gray-scale
information), respectively, are inputted from the external. Note that, as described in the above, n bit digital data having
red, green, and blue image information (gray-scale information), respectively, may also be inputted from the external.
[0060] First, in the EL display device according to the present invention shown in Fig. 5, a pixel portion 101, and, a
driving circuit 102 on the side of data signals and a driving circuit 103 on the side of gate signals both of which are
disposed on the periphery of the pixel portion 101, are formed with TFTs formed on a substrate. Note that a pair of
such driving circuits 102 on the side of data signals may be provided so as to sandwich the pixel portion 101, and a
pair of such driving circuits 103 on the side of gate signals may be provided so as to sandwich the pixel portion 101.
[0061] The driving circuit 102 on the side of data signals basically includes a shift register 102a, a latch (A) 102b,
and a latch (B) 102c. A clock signal (CK) and a start pulse (SP) are inputted to the shift register 102a. Digital data
(digital data (R), digital data (G), and digital data (B)) are inputted to the latch (A) 102b, and a latch signal is inputted
to the latch (B) 102c.
[0062] In the present invention, data inputted to the pixel portion 101 is digital data. More specifically, digital data
having information of either "0" or "1" is inputted as it is to the pixel portion 101.
[0063] A plurality of pixels 104 are arranged in matrix in the pixel portion 101. Fig. 6 is an enlarged view of a pixel
104. In Fig. 6, a TFT 105 for switching is connected to a gate wiring 106 for inputting a gate signal and to a data wiring
(also referred to as a source wiring) 107 for inputting a data signal.
[0064] A gate of a TFT 108 for current controlling is connected to a drain of the TFT 105 for switching. A drain of the
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TFT 108 for current controlling is connected to an EL element 109 while a source of the TFT 108 for current controlling
is connected to a power source supply line 110. The EL element 109 is formed of an anode (a pixel electrode) connected
to the TFT 108 for current controlling and a cathode (an opposing electrode) provided so as to oppose the anode with
an EL layer sandwiched therebetween. The cathode is connected to a predetermined power source 111.
[0065] A capacitor 112 is provided to maintain the gate voltage of the TFT 108 for current controlling when the TFT
105 for switching is in an unselected state (OFF state). The capacitor 112 is connected to the drain of the TFT 105 for
switching and to the power source supply line 110.
[0066] Digital data inputted to the pixel portion 101 structured as described in the above is produced by a time-
division gray-scale data signal generating circuit 113 and a digital data converting circuit 114. 6 bit digital data (6 bit
digital data (R), 6 bit digital data (G), and 6 bit digital data (B)) inputted from the external are converted into 7 bit digital
data (7 bit digital data (R), 7 bit digital data (G), and 7 bit digital data (B)), respectively, by the digital data converting
circuit 114. It is to be noted that the method of converting the digital data is as described in the above.
[0067] The 7 bit digital data (7 bit digital data (R), 7 bit digital data (G), and 7 bit digital data (B)) produced by the
digital data converting circuit 114 are inputted to the time-division gray-scale data signal generating circuit 113. The
time-division gray-scale data signal generating circuit 113 is a circuit for converting 7 bit digital data into digital data
for carrying out time-division gray-scale and for generating a timing pulse and the like necessary for carrying out time-
division gray-scale display. Here, the time-division gray-scale data signal generating circuit 113 comprises means for
dividing one frame into seven subframes corresponding to the 7 bit gray-scales, means for selecting an address time
period and a sustain time period for each of the seven subframes, and means for setting the sustain time periods such
that Ts1:Ts2:Ts3:Ts4:Ts5:Ts6:Ts7 = 1:1/2:1/4:1/8:1/16:1/32:1/64.
[0068] It is to be noted that, in case (n+1) bit digital data is inputted to the time-division gray-scale data signal gen-
erating circuit 113, the time-division gray-scale data signal generating circuit 113 comprises means for dividing one
frame into (n+1) subframes corresponding to the (n+1) bit gray-scales, means for selecting an address time period
and a sustain time period for each of the (n+1) subframes, and means for setting the sustain time periods so that Ts1:
Ts2:Ts3: ... :Ts(n-1):Ts(n):Ts(n+1) = 20:2-1:2-2: ... :2-(n-2) :2-(n-1):2-n.
[0069] The time-division gray-scale data signal generating circuit 113 may be provided outside the EL display device
according to the present invention. In this case, digital data formed there is structured to be inputted to the EL display
device according to the present invention. In this case, an electronic apparatus having as its display the EL display
device according to the present invention includes the EL display device according to the present invention and the
time-division gray-scale data signal generating circuit as different parts.
[0070] Further, the time-division gray-scale data signal generating circuit 113 may be mounted in the form of an IC
chip or the like on the EL display device according to the present invention. In that case, digital data formed by the IC
chip is structured to be inputted to the EL display device according to the present invention. In this case, an electronic
apparatus having as its display the EL display device according to the present invention includes as its part the EL
display device according to the present invention having the IC chip including the time-division gray-scale data signal
generating circuit 113 mounted thereon.
[0071] Still further, ultimately, the time-division gray-scale data signal generating circuit 113 can be formed with a
TFT on the substrate having the pixel portion 104, the driving circuit 102 on the side of data signals, and the driving
circuit 103 on the side of gate signals formed thereon. In this case, by inputting to the EL display device digital video
data including image information, all the processing can be carried out on the substrate.

Embodiment 1

[0072] The EL display device using the driving method according to the present invention (hereinafter referred to as
"the EL display device according to the present invention") can be incorporated into various electronic equipment to
be used.
[0073] Such electronic equipment include a video camera, a digital camera, a head-mounted display (a goggle-type
display), a game machine, a car navigation system, a personal computer, a personal digital assistant (such as a mobile
computer, a portable telephone, or an electronic book). Fig. 9 shows examples of such electronic equipment.
[0074] Fig. 9A shows a personal computer formed of a main body 7001, an image input portion 7002, an EL display
device 7003 according to the present invention, and a keyboard 7004.
[0075] Fig. 9B shows a video camera formed of a main body 7101, an EL display device 7102 according to the
present invention, a voice input portion 7103, a control switch 7104, a battery 7105, and an image receiving portion
7106.
[0076] Fig. 9C shows a mobile computer formed of a main body 7201, a camera portion 7202, an image receiving
portion 7203, a control switch 7204, and an EL display device 7205 according to the present invention.
[0077] Fig. 9D shows a goggle-type display formed of a main body 7301, an EL display device 7302 according to
the present invention, and an arm portion 7303.
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[0078] Fig. 9E shows a player using a recording medium with a program recorded thereon (hereinafter referred to
as a recording medium) formed of a main body 7401, an EL display device 7402 according to the present invention,
a speaker portion 7403, a recording medium 7404, and a control switch 7405. It is to be noted that the apparatus uses
a DVD (digital versatile disc), a CD, or the like as the recording medium. With the apparatus, one can enjoy music, a
movie, a game, or the Internet.
[0079] Fig. 9F shows a game machine formed of a main body 7501, an EL display device 7502 according to the
present invention, another EL display device 7503 according to the present invention, a recording medium 7504, a
controller 7505, a sensor portion 7506 for the main body, a sensor portion 7507, and a CPU portion 7508. The sensor
portion 7506 for the main body and the sensor portion 7507 can sense infrared radiation emitted from the controller
7505 and the main body 7501, respectively.
[0080] As described in the above, the application of the EL display device according to the present invention is very
wide, and the EL display device can be applied to electronic apparatus of all fields.
[0081] According to the present invention, the white balance can be improved to carry out satisfactory display even
with regard to an EL display device using an EL light emitting layer with low luminance of red light emission.

Claims

1. An EL display device comprising:

a pixel portion (101) having red, green and blue pixels (104); and a data signal side driving circuit (102) for
receiving digital data signals from an external source having red image information, green image information
and blue image information and for driving respective red, green and blue pixels based on said received digital
data signals,

characterized by comprising:

a digital data converting circuit (114) for converting n bit digital data having red image information, n bit digital
data having green image information and n bit digital data having blue image information, n being a natural
number, inputted from the external source into n+1 bit digital data having red image information, n+1 bit digital
data having green image information and n+1 bit digital data having blue image information, respectively,

wherein said circuit produces said n+1 bit digital data having red image information, said n+1 bit digital data having
green image information and said n+1 bit digital data having blue image information by adding a bit having the
value of one below the least significant bit of said n bit digital data having red image information, a bit having the
value of zero above the most significant bit of said n bit digital data having green image information and a bit having
the value of zero above the most significant bit of said n bit digital data having blue image information, respectively.

2. An EL display device according to claim 1 further comprising:

a time-division gray-scale data signal generating circuit (113) for dividing one frame into n+1 subframes SF1,
SF2, SF3, ... SF(n-1), SF(n) and SF(n+1) and selecting an address time period (Ta) and a sustain time period
Ts1, Ts2, Ts3, ...TS(n-1). TS(n) and Ts(n+1) for SF1, SF2, SF3, ... SF(n-1), SF(n) and SF(n+1), respectively
for each of said n+1 subframes, said sustain time periods for said n+1 subframes being set so that Ts1:Ts2:
Ts3: ... Ts(n-1):Ts(n):Ts(n+1) = 20:2-1:2-2 ... 2-(n-2):2-(n-1):2-n.

3. An electronic equipment selected from the group consisting of a video camera, a digital camera, a head-mounted
display, a game machine, a car navigation system, a personal computer, a mobile computer, a portable telephone
and an electric book having incorporated therein an EL display device according to claims 1 or 2.

4. A method of driving an EL display device comprising steps of:

receiving digital data signals from an extemal source having red image information, green image information
and blue image information; and driving respective red, green and blue pixels based on said received digital
data signals

characterized by comprising the steps of, prior to said step of driving, adding a bit having the value of one below
the least significant bit of n bit digital data having red image information inputted from the external source;
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adding a bit having the value of zero above the most significant bit of n bit digital data having green image infor-
mation inputted from the external source; and
adding a bit having the value of zero above the most significant bit of n bit digital data having blue image information
inputted from the external source, thereby producing n+1 bit digital data having red image information, n+1 bit
digital data having green image information and n+1 bit digital data having blue image information, respectively.

5. A method of driving an EL display device according to claim 4 further comprising the steps of:

inputting said n+1 bit digital data having red image information, said n+1 bit digital data having green image
information and said n+1 bit digital data having blue image information to a time-division gray-scale data signal
generating circuit (113),

said time-division gray-scale data signal generating circuit (113) dividing one frame into n+1 subframes SF1,
SF2, SF3, ... SF(n-1), SF(n) and SF(n+1) and selecting an address time period (Ta) and a sustain time period
Ts1, Ts2, Ts3, ... TS(n-1), Ts(n) and Ts(n+1) for SF1, SF2, SF3, ... SF(n-1), SF(n) and SF(n+1), respectively
for each of said n+1 subframes, said sustain time periods for said n+1 subframes being set so that Ts1:Ts2:
Ts3: ... Ts(n-1):Ts(n):Ts(n+1) = 20:2-1:2-2: ... 2-(n-2):2-(n-1):2-n.

6. An EL display device, which employs a driving circuit having a driving method according to claims 4 or 5.

7. An electronic equipment selected from the group consisting of a video camera, a digital camera, a head-mounted
display, a game machine, a car navigation system, a personal computer, a mobile computer, a portable telephone
and an electric book comprising an EL display device being driven by a method according to claims 4 or 5.

Patentansprüche

1. EL-Anzeigevorrichtung, umfassend:

einen Pixelabschnitt (101) mit roten, grünen und blauen Pixeln (104); und eine Datensignalseitenbetreiber-
schaltung (102), die von einer externen Quelle stammende Digitaldatensignale mit roter Bildinformation, grü-
ner Bildinformation und blauer Bildinformation empfängt und jeweils rote, grüne und blaue Pixel in Abhängig-
keit von den empfangenen Digitaldatensignalen betreibt,

dadurch gekennzeichnet, dass sie umfasst:

eine Digitaldatenumwandlungsschaltung (114), die von der externen Quelle zugeleitete n Bit Digitaldaten mit
roter Bildinformation, n Bit Digitaldaten mit grüner Bildinformation und n Bit Digitaldaten mit blauer Bildinfor-
mationen mit einer natürlichen Zahl n jeweils in n + 1 Bit Digitaldaten mit roter Bildinformation, n + 1 Bit Digi-
taldaten mit grüner Bildinformation und n + 1 Bit Digitaldaten mit blauer Bildinformation umwandelt,

wobei die Schaltung die n + 1 Bit Digitaldaten mit roter Bildinformation, die n + 1 Bit Digitaldaten mit grüner Bild-
information und die n + 1 Bit Digitaldaten mit blauer Bildinformation erzeugt, indem jeweils ein Bit mit dem Wert 1
unter dem niedrigstwertigen Bit der n Bit Digitaldaten mit roter Bildinformation, ein Bit mit dem Wert 0 über dem
höchstwertigen Bit der n Bit Digitaldaten mit grüner Bildinformation und ein Bit mit dem Wert 0 über dem höchst-
wertigen Bit der n Bit Digitaldaten mit blauer Bildinformation addiert werden.

2. EL-Anzeigevorrichtung nach Anspruch 1, des Weiteren umfassend:

eine zeitteilungsbasierte Grauskalendatensignalerzeugungsschaltung (113), die einen Rahmen in n + 1 Un-
terrahmen SF1, SF2, SF3, ... SF(n-1), SF(n) und SF(n + 1) teilt und eine Adresszeitperiode (Ta) und eine
Haltezeitperiode Ts1, Ts2, Ts3, ... TS(n - 1), TS(n) und Ts(n + 1) für SF1, SF2, SF3, ... SF(n - 1), SF(n) und
SF(n + 1) jeweils für jeden der n + 1 Unterrahmen auswählt, wobei die Haltezeitperioden für die n + 1 Unter-
rahmen derart gesetzt werden, dass gilt:

Ts1 : Ts2 : Ts3 : ... Ts(n - 1) : Ts(n) : Ts(n + 1) = 20 : 2-1 : 2-2 : ... 2-(n-2): 2-(n-1) : 2-n
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3. Elektronisches Gerät, ausgewählt aus einer eine Videokamera, eine Digitalkamera, einen Datenhelm, einen Spiel-
automat, ein Fahrzeugnavigationssystem, einen Personalcomputer, einen Mobilcomputer, ein tragbares Telefon
und ein elektronisches Buch umfassenden Gruppe, mit einer darin integrierten EL-Anzeigevorrichtung nach An-
sprüchen 1 oder 2.

4. Verfahren zum Betreiben einer EL-Anzeigevorrichtung, umfassend:

einen Schritt des von einer externen Quelle erfolgenden Empfangens von Digitaldatensignalen mit roter Bild-
information, grüner Bildinformation und blauer Bildinformation; und einen Schritt des Betreibens jeweils roter,
grüner und blauer Pixel in Abhängigkeit von den empfangenen Digitaldatensignalen;

gekennzeichnet durch vor dem Schritt des Betreibens vorgenommene Schritte:

des Addierens eines Bits mit dem Wert 1 unter dem niedrigstwertigen Bit der von der externen Quelle zuge-
leiteten n Bit Digitaldaten mit roter Bildinformation;
des Addierens eines Bits mit dem Wert 0 über dem höchstwertigen Bit der von der externen Quelle zugeleiteten
n Bit Digitaldaten mit grüner Bildinformation; und
des Addierens eines Bits mit dem Wert 0 über dem höchstwertigen Bit der von der externen Quelle zugeleiteten
n Bit Digitaldaten mit blauer Bildinformation;

wodurch jeweils n + 1 Bit Digitaldaten mit roter Bildinformation, n + 1 Bit Digitaldaten mit grüner Bildinformation
und n + 1 Bit Digitaldaten mit blauer Bildinformation erzeugt werden.

5. Verfahren zum Betreiben einer EL-Anzeigevorrichtung nach Anspruch 4, des Weiteren umfassend einen Schritt:

des Zuleitens der n + 1 Bit Digitaldaten mit roter Bildinformation, der n + 1 Bit Digitaldaten mit grüner Bildin-
formation und der n + 1 Bit Digitaldaten mit blauer Bildinformation zu einer zeitteilungsbasierten Grauskalen-
datensignalerzeugungsschaltung (113),

wobei die zeitteilungsbasierte Grauskalendatensignalerzeugungsschaltung (113) einen Rahmen in n + Unterrah-
men SP1; SF2, SF3, ... SF(n - 1), SF(n) und SF(n + 1) teilt und eine Adresszeitperiode (Ta) und eine Haltezeitpe-
riode Ts1, Ts2, Ts3, ... TS(n - 1), TS(n) und Ts(n + 1) für SF1, SF2, SF3, ... SF(n - 1), SF(n) und SF(n + 1) jeweils
für jeden der n + 1 Unterrahmen auswählt, wobei die Haltezeitperioden für die n + 1 Unterrahmen derart gesetzt
werden, dass gilt:

6. EL-Anzeigevorrichtung, bei der eine Betreiberschaltung auf Basis eines Betreiberverfahrens nach Ansprüchen 4
oder 5 Verwendung findet.

7. Elektronisches Gerät, ausgewählt aus einer eine Videokamera, eine Digitalkamera, einen Datenhelm, einen Spiel-
automat, ein Fahrzeugnavigationssystem, einen Personalcomputer, einen Mobilcomputer, ein tragbares Telefon
und ein elektronisches Buch umfassenden Gruppe, mit einer EL-Anzeigevorrichtung, die auf Basis eines Verfah-
rens nach Ansprüchen 4 oder 5 betrieben wird.

Revendications

1. Dispositif d'affichage électroluminescent comprenant :

une partie de pixel (101) ayant des pixels rouge, vert et bleu (104) ; et un circuit de commande combinant de
signal de données (102) destiné à recevoir des signaux de données numériques en provenance d'une source
externe ayant une information d'image rouge, une information d'image verte et une information d'image bleue
et destiné à commander les pixels respectifs rouge, vert et bleu sur la base desdits signaux de données
numériques reçus,

caractérisé en ce qu'il comprend :

Ts1 : Ts2 : Ts3 : ... Ts(n - 1) : Ts(n) : Ts(n + 1) = 20 : 2-1 : 2-2 : 2-(n - 2) : 2-(n - 1) 2-n
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un circuit de conversion de données numériques (114) destiné à convertir des données numériques de n bits
ayant une information d'image rouge, des données numériques de n bits ayant une information d'image verte
et des données numériques de n bits ayant une information d'image bleue, n étant un nombre naturel, entrées
à partir de la source externe, en des données numériques de n+1 bits ayant une information d'image rouge,
des données numériques de n+1 bits ayant une information d'image verte et des données numériques de n+1
bits ayant une information d'image bleue, respectivement,

dans lequel ledit circuit produit lesdites données numériques de n+1 bits ayant une information d'image
rouge, lesdites données numériques de n+1 bits ayant une information d'image verte et lesdites données numé-
riques de n+1 bits ayant une information d'image bleue en ajoutant un bit ayant la valeur de un en dessous du bit
de plus faible poids desdites données numériques de n bits ayant une information d'image rouge, un bit ayant la
valeur de zéro au-dessus du bit de poids le plus fort desdites données numériques de n bits ayant une information
d'image verte et un bit ayant la valeur de zéro au-dessus du bit de poids le plus fort desdites données numériques
de n bits ayant une information d'image bleue, respectivement.

2. Dispositif d'affichage électroluminescent selon la revendication 1, comprenant en outre : un circuit de génération
de signal de données à échelle de gris à répartition dans le temps (113) destiné à diviser une trame en n+1 sous-
trames SF1, SF2, SF3, ... SF (n-1), SF(n) et SF(n+1) et à sélectionner une période temporelle d'adresse (Ta) et
une période temporelle d'entretien Ts1, Ts2, Ts3, ... , Ts (n-1), Ts(n) et Ts(n+1) pour SF1, SF2, SF3, ... SF(n-1),
SF(n) et SF(n+1), respectivement pour chacune desdites n+1 sous-trames, lesdites périodes temporelles d'entre-
tien pour lesdites n+1 sous-trames étant établies de façon que Ts1:Ts2:Ts3, ... , Ts(n-1):Ts(n):Ts(n+1) = 20: 2-1:
2-2 ... 2-(n-2):2-(n-1):2-n.

3. Equipement électronique sélectionné parmi le groupe constitué d'une caméra vidéo, une caméra numérique, un
visiocasque, une machine de jeu, un système de navigation pour véhicule, un ordinateur personnel, un ordinateur
portable, un téléphone mobile et un livre électrique, dans lequel est incorporé un dispositif d'affichage électrolu-
minescent selon les revendications ou 2.

4. Procédé de commande d'un dispositif d'affichage électroluminescent, comprenant les étapes consistant à :

recevoir des signaux de données numériques en provenance d'une source externe ayant une information
d'image rouge, une information d'image verte et une information d'image bleue et commander les pixels res-
pectifs rouge, vert et bleu sur la base desdits signaux de données numériques reçus,

caractérisé en ce qu'il comprend les étapes consistant à, avant ladite étape de commande, ajouter un bit
ayant la valeur de un en dessous du bit de poids le plus faible des données numériques de n bits ayant une
information d'image rouge entrée depuis la source externe,

ajouter un bit ayant la valeur de zéro au-dessus du bit de poids le plus fort desdites données numériques
de n bits ayant une information d'image verte entrée depuis la source externe, et

ajouter un bit ayant la valeur de zéro au-dessus du bit de poids le plus fort desdites données numériques
de n bits ayant une information d'image bleue entrée depuis la source externe, produisant de cette manière des
données numériques de n+1 bits ayant une information d'image rouge, des données numériques de n+1 bits ayant
une information d'image verte et des données numériques de n+1 bits ayant une information d'image bleue, res-
pectivement.

5. Procédé de commande d'un dispositif d'affichage électroluminescent selon la revendication 4, comprenant en
autre les étapes consistant à :

entrer lesdites données numériques de n+1 bits ayant une information d'image rouge, lesdites données nu-
mériques de n+1 bits ayant une information d'image verte et lesdites données numériques de n+1 bits ayant
une information d'image bleue dans un circuit de génération de signal de données à échelle de gris à répartition
dans le temps (113),
ledit circuit de génération de signal de données à échelle de gris à répartition dans le temps (113) divisant
une trame en n+1 sous-trames SF1, SF2, SF3, SF(n-1), SF(n) et SF(n+1) et sélectionnant une période tem-
porelle d'adresse (Ta) et une période temporelle d'entretien Ts1, Ts2, Ts3, ... , Ts(n-1), Ts(n) et Ts(n+1) pour
SF1, SF2, SF3, ... SF (n-1), SF (n) et SF(n+1), respectivement pour chacune desdites n+1 sous-trames, les-
dites périodes temporelles d'entretien pour lesdites n+1 sous-trames étant établies de façon que Ts1:Ts2:
Ts3, ... , Ts (n-1) : Ts (n) : Ts (n+1) = 20: 2-1: 2-2 ... 2-(n-2 : 2-(n-1) : 2-n.
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6. Dispositif d'affichage électroluminescent qui emploie un circuit de commande ayant un procédé de commande
selon les revendications 4 ou 5.

7. Equipement électronique sélectionné parmi le groupe constitué d'une caméra vidéo, une caméra numérique, un
visiocasque, une machine de jeu, un système de navigation pour véhicule, un ordinateur personnel, un ordinateur
portable, un téléphone mobile et un livre électrique, comprenant un dispositif d'affichage électroluminescent com-
mandé au moyen d'un procédé selon les revendications 4 ou 5.
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