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DISPLAY DRIVING CIRCUIT AND DISPLAY
DEVICE USING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a display driving
circuit and a display device using the circuit, and more
particularly, to a driving circuit of a current-control light-
emitting device such as an organic EL (electroluminescence)
or LED (light emitting diode) in which an emitted-light
brightness is controlled by a current circulating through an
element, and a display device using the same.

[0003] 2. Description of the Prior Art

[0004] Display devices are developed in each of which a
matrix is formed by a scanning line and a data line and a
light emitting element (pixel) such as an organic or inorganic
EL is arranged to each intersection of the matrix to display
image information. Because a display element itself emits
light, these display devices do not require a backlight for
illumination differently from a liquid-crystal display (LCD)
and has a feature that there is no viewing angle dependency.
Particularly, an active-driving display device in which an
organic EL element and a transistor circuit are arranged has
been particularly noticed in recent years and is expected as
a display device substituted for an LCD because lower
power consumption, high resolution, and high brightness
can be obtained for a passive-driving display device consti-
tuted by only a light emitting element.

[0005] As a driving circuit of the active-driving display
device, the following types are proposed: the voltage driving
type for supplying a gradation voltage to each pixel, the
current driving type for supplying a gradation current, and
the digital driving type for controlling a light emitting period
of a light emitting element. As a current-driving circuit,
there is a circuit disclosed in “SID02 DIGEST (Euro Display
02), pp. 279~282” (Document 1). It is possible to form the
driving circuit by a low-temperature polysilicon (poly-Si)
thin-film transistor and therefore, has a feature of forming a
circuit on a glass substrate same as a display portion.

[0006] FIG. 13 is a block diagram of a display device
including the driving circuit disclosed in the Document 1, in
which a driving circuit for driving a display portion 103 is
constituted by a reference-current circuit 101 and a current
driver 102. The current driver 102 converts a digital image
signal 52 input from an external unit as a digital value into
a current. FIG. 5 shows a circuit block for constituting the
current driver 102, in which the digital image signal 52
serially input from an external unit is sequentially captured
by a logic circuit portion constituted by a shift register 3a,
data register 3b, and a latching circuit 3¢ to explode digital
image signals corresponding to the number of outputs of the
current driver and then latches them. A D/ converter 3d
converts the latched digital image signal into a current and
supplies the current to the pixel circuit of the organic EL
display portion 103 through a data line.

[0007] The D/ converter 3d has the configuration shown
in FIG. 7 and is basically constituted by the current copier
circuit 31 shown in FIG. 6. The D/ converter 3d is
constituted by a plurality of one-bit D/I converting circuits.
In the case of 6-bit gradation display, the D/I converter 3d
is constituted by six one-bit D/I converting circuits. In FIG.
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6, two current copier circuits are used every one bit because
the current copier circuits execute two operations for storing
a reference current and outputting the stored reference
current.

[0008] That is, because the D/I converter 3d has a function
for storing the reference current output from a reference
current circuit 101 and outputting the stored reference
current to a pixel circuit, it can be said that the converter 3d
bears a part in acting as intermediary from the reference
current adjusting circuit 101 to the pixel circuit. Therefore,
the reference current serving as a current to be supplied to
the pixel circuit is generated by the reference current circuit
101. The configuration in FIGS. 6 and 7 will be described
later because it is the same as the case of an embodiment of
the present invention.

[0009] FIG. 14 shows a general reference current circuit
101 for generating a 6-bit gradation current. The reference
current circuit 101 is constituted by a current-setting tran-
sistor portion 2b constituted by N-channel transistors and a
current mirror circuit portion 2¢ constituted by P-channel
transistors. To set the ratio between reference currents il to
16 to 1:2:4:8:16:32, the channel widths of the N-channel
transistors of the current setting transistors are set at the ratio
of 1:2:4:8:16:32 or the N-channel transistors are connected
in parallel at the ratio of 1:2:4:8:16:32.

[0010] However, a thin-film transistor for forming a driv-
ing circuit on a glass substrate has an astronomical variation
between transistors compared to a transistor to be formed on
a silicon substrate. Therefore, the accuracy of a reference
current value output from the reference current circuit 101 is
deteriorated due to the current variation in the current setting
transistor portion 2b and the current variation in the current
mirror circuit portion 2c and the ratio of 1:2:4:8:16:32 which
is a designed value cannot be obtained. Therefore, there is a
problem that a gradation display originally required cannot
be performed.

[0011] To avoid the above problem, it is also considered to
form the reference current circuit 101 on the silicon sub-
strate by moving the circuit 101 to the outside of the glass
substrate. However, sufficient gradation display cannot be
obtained by this method because a reference current output
line extends, thereby a parasitic capacitance applied to the
line increases, and it is impossible to accurately supply the
current at the low current side, that is, the lowbit side to the
current driver 102. Moreover, as shown in FIG. 15, the
accuracy of a reference current can be obtained by adjusting
each gate voltage by an adjusting resistance portion 101c
from the outside. In this case, however, the productivity is
extremely deteriorated because special adjustment is
required for each display device.

[0012] Referring to Japanese Patent Application Laid-
Open No. 2001-324955, a voltage to be applied to a display
element is controlled by comparing a current circulating
through the display element with a reference current and
conforming to the comparison result in order to restrain the
variation of the brightness of the display element to a
temperature change or a change with time. Moreover, in
Japanese Patent Application Laid-Open No. 2002-229513, a
brightness change is restrained by measuring the V/I (resis-
tance) characteristic change of a display element due to a
temperature change or change with time. Therefore, a small
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current is supplied to the display element to measure a
voltage and correct and control the voltage applied to the
display element.

[0013] However, also in the techniques disclosed in the
Japanese Patent Application Laid-Open, it is clear that the
accuracy of the above reference current value cannot suffi-
ciently be obtained.

BRIEF SUMMARY OF THE INVENTION

[0014] Tt is an object of the present invention to provide a
display driving circuit for accurately generating a reference
current even if there is a variation in characteristics between
transistors and realizing a clear gradation display and a
display device using the circuit.

[0015] It is another object of the present invention to
provide a display driving circuit whose productivity is not
deteriorated by adjusting a reference current and a display
device using the circuit.

[0016] Adisplay driving circuit of the present invention is
a display driving circuit which comprises reference current
supplying means for supplying a current to be a reference
and supplys a current to a light emitting element, the display
driving circuit comprising comparing means for comparing
the current circulating through the light emitting element
with a target value, and adjusting means for adjusting the
reference current of the reference current supplying means
in accordance with the comparison result.

[0017] Moreover, another display driving circuit of the
present invention is a display driving circuit which com-
prises reference current supplying means for supplying a
current to be a reference and supplys a current to a light
emitting element, the display driving circuit comprising
storing means for previously storing an adjustment value for
adjusting the reference current of the reference current
supplying means, and means for reading the adjustment
value stored in the storing means and adjusting the current
of the reference current supplying means.

[0018] A display device of the present invention includes
either of the above display driving circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1is a general circuit block diagram showing
a configuration of an embodiment of the present invention;

[0020] FIG. 2 is a circuit diagram showing an example of
the reference current circuit 2 shown in FIG. 1;

[0021] FIG. 3 is a block diagram showing an example of
the current adjustment control circuit 1 shown in FIG. 1,

[0022] FIG. 4 is a circuit diagram showing the inside of
the DA converter 1d shown in FIG. 3;

[0023] FIG. 5 is a block diagram showing the inside of the
current driver 3 shown in FIG. 1;

[0024] FIG. 6 is a circuit diagram showing a current
copier circuit constituting the D/I converter 3d shown in
FIG. 5;

[0025] FIG. 7 is a circuit block diagram showing the
inside of the D/I converter 3d shown in FIG. 5;
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[0026] FIG. 8 is a circuit showing pixel circuits 4a
arranged to the display portion 4 shown in FIG. 1 like a
matrix;

[0027] FIG. 9 is another block diagram showing the
current adjustment control circuit 1 shown in FIG. 1;

[0028] FIG. 10 is still another block diagram showing the
current adjustment control circuit 1 shown in FIG. 1;

[0029] FIG. 11 is still another block diagram showing the
current adjustment control circuit 1 shown in FIG. 1;

[0030] FIG. 12 is a circuit diagram showing another
example of the inside of the DA converter 1d shown in FIG.
3

[0031] FIG. 13 is a general circuit block diagram showing
a configuration of a conventional display device;

[0032] FIG. 14 is a circuit diagram showing a conven-
tional reference current circuit; and

[0033] FIG. 15 is a circuit diagram showing another
conventional reference current circuit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0034] An embodiment of the present invention is
described below in detail by referring to the accompanying
drawings. FIG. 1 is a general block diagram of the embodi-
ment of the present invention. In FIG. 1, a display device of
the present invention is constituted by a current adjustment
control circuit 1, a reference current circuit 2, a current
driver 3, a current detecting circuit 5 for introducing a
current circulating through a plurality of organic EL ele-
ments from a current output line 55 to detect the current by
a resistance R1, and a display portion 4 in which pixel
circuits including the organic EL elements are arranged like
amatrix. It is assumed that this embodiment is an organic EL.
display device having 64 gradations for each color of RGB
and a performance of color-displaying 260,000 colors. It is
assumed that the switch SW1 of the current detecting circuit
5 switches the current output line 55 to the earth (GND) side
and the resistance R1 side and switching-controlled by the
current adjustment control circuit 1.

[0035] The current adjustment control circuit 1 outputs a
reference-current adjustment signal (current adjustment
voltage 51) based on the detection result by a current
circulating through an organic EL element. The reference
current circuit 2 generates a reference current constituted by
6 colors and outputs them to the current driver 3 as a
reference current signal 53. The current driver 3 converts the
digital value of the digital image signal 52 input from the
outside into a current (data signal 54) by using the reference
current signal and outputs it to the display portion 4. A pixel
circuit constituting the display portion 4 stores the data
signal 54 output from the current driver 3 and outputs a
current equal to the data signal 54 to an organic EL element.
As a result, the organic EL element emits light at a bright-
ness decided by the data signal 54.

[0036] FIG. 2 shows a circuit diagram of the reference
current circuit 2 shown in FIG. 1. Because the diagram is
shown as a circuit corresponding to one color of RGB, three
circuits are used for the whole reference current circuit 2.
Because of 64 gradation display, the circuits are constituted
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by six circuit blocks (circuit block is shown by 24a) corre-
sponding to six reference current signals of each color (il to
i6) and as a whole, constituted by 18 circuit blocks by
including 18 reference current signals. One circuit block 2a
is constituted by a current-setting transistor portion 2b
constituted by an N-channel transistor and a current mirror
circuit portion 2¢ constituted by two P-channel transistors
having the same channel length and the same channel width.

[0037] By changing the gate voltage of the current-setting
transistor, the current of the current mirror circuit is decided.
Therefore by changing the current adjustment voltage 51, it
is possible to change the current value of the reference
current signal 533. The current ratio between six signals of
cach color of RGB is set to 11:12:13:14;15:16=1:2:4:8:16:32
and current values between RGB are set to different values
in accordance with the characteristic of an organic EL
element of each color of RGB.

[0038] FIG. 3 shows an internal block diagram of the
current adjustment control circuit 1 shown in FIG. 1. The
current adjustment control circuit 1 is constituted by a
set-value storing circuit 1a, reference-value storing circuit
1b, comparing and computing circuit 1c, DA converter 1d,
AD converter le, selecting circuit if, adjusted-image gen-
erator 1g, and switch 14.

[0039] The selecting circuit 1f outputs a selection signal
61 for selecting the circuit block of the reference current
circuit 2. Moreover, the selection signal 61 is also output to
the set-value storing circuit 1a, reference-value storing cir-
cuit 1b, DA converter 1d, and adjusted-image generator 1g
and a circuit or signal corresponding to the circuit block of
the reference current circuit 2 is selected in each circuit.

[0040] The adjusted-image generator 1g outputs an image
signal to be sent to the current driver 3 when adjusting a
reference current. An image signal to be output is prepared
for each circuit block of the reference current circuit 2 and
selected by the selection signal 61. For example, when
adjusting a reference current signal 53 (il) of Red, a six-bit
image signal to be output is set to #000001 in binary notation
and other six-bit image signals of Green and Blue are set to
#000000. As a result, the value of the reference current
signal 53 is supplied to all organic EL elements and adjusted.

[0041] Then, when adjusting the reference current signal
53 (i2) of Red, six-bit image signals of Green and Blue are
not changed but they are left as #000000 and the six-bit
image signal of Red is shown as #000010 in binary notation.
That is, 18 types of data values in which only one bit for
information of the 18-bit information of RGB becomes “1”
are used, output by the selection signal 61, and adjusted.

[0042] The reference-value storing circuit 1b is a circuit
storing a target value of a current every circuit block of the
reference current circuit 2 and the target value is selected by
the selection signal 61 and output. Moreover, when a display
device is used in which there are 40,000 pixels respectively
having subpixels of RGB, a value obtained by multiplying
a reference current to be set by 40,000 is used as a target
value. Therefore, in the case of the target value, colors il to
16 respectively have a ratio of i1:12:13:14:15:16=1:2:4:8;16:32
and a value multiplied by 40,000 is stored.

[0043] The comparing and computing circuit 1¢ compares

a target value for reference current adjustment output from
the reference value storing circuit 15 with a current value
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actually circulating though an organic EL element. When the
target value is larger the current value, the circuit 1¢ outputs
a digital adjustment signal 62 by changing it to a large value
but when the current value circulating through the organic
EL element is larger than the target value, the circuit lc
outputs the digital adjustment signal 62 by changing it to a
small value. The current value actually circulating through
the organic EL element is converted into a digital current
detection signal 56 by the AD converter 1e and input to the
comparing and computing circuit 1c.

[0044] The set-value storing circuit la is a circuit for
storing a digital value shown by the digital adjustment signal
62 when a target value for reference current adjustment
becomes equal to a current actually circulating through the
organic EL element. Moreover, when adjustment is not
performed yet, a predetermined initial value is stored and
when the adjustment is completed, updated to an adjusted
value. The stored data is present every circuit block of the
reference current circuit 2 and a storing destination is
decided in accordance with the selection signal 61.

[0045] The DA converter 1d is a circuit for converting the
digital adjustment signal 62 output from the comparing and
computing circuit 1¢ into an analog signal and outputting the
current adjustment voltage 51 for current adjustment to the
reference current circuit 2 shown in FIG. 2. The DA
converter 1d comprises a plurality of DA converters and
FIG. 4 shows the internal circuit of the DA converter 1d.
The DA converter 14 is constituted by 18 DA converters (R1
to R6, G1 to G6, and Bl to B6) prepared for each circuit
block of the reference current circuit 2. Moreover, the
converter 1d has a switch portion 114 for sending the digital
adjustment signal 62 to the DA converters (R1 to R6, G1 to
G6, and Bl to B6) sclected by the selection signal 61.

[0046] FIG. 5 is an internal block diagram of the current
driver 3 shown in FIG. 1. The current driver 3 is constituted
by a shift register 3a, data register 3b, latching circuit 3¢, and
D/ converter 3d. The shift register 3a generates a signal for
sequentially capturing 18 image signals 52 into the data
register 3b. The data register 3D sequentially latches the
image signals 52 in accordance with outputs of the sift
register 3a.

[0047] When capturing the image signals 52 correspond-
ing to the number of outputs of the current driver 3 is
completed in the data register 3b, the latching circuit 3¢
latches the outputs of the data register 3b and outputs them
to the D/T converter 3d. For example, when a display device
having 200 pixels per line is used and the number of current
driver outputs is 200x3 (RGB)=600, the shift register 3a
becomes a circuit having 200 outputs and the data register 3b
and latching circuit 3¢ respectively serve as a circuit for
capturing 200 pixelsx6 bitsx3 (RGB)=3,600 bits.

[0048] Moreover, the D/ converter 3d is constituted by
circuit blocks of 200 pixelsx3 (RGB)=600, converts a 6-bit
digital signal output every circuit block of the D/I converter
3d from the latching circuit 3¢ into a current, and outputs the
current to a pixel circuit through a data line.

[0049] FIG. 6 shows a current copier circuit constituting
the D/I converter 3d. The circuit shown in FIG. 6 is a circuit
corresponding to one (1-bit) pixel signal and the D/ con-
verter 3d is constituted by six circuits in order to corre-
sponding to image signals 52 of 6 bits for each color. As
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shown in FIG. 6, the current copier circuit is constituted by
a pair circuit of current copier cells a and b. The current
copier cell a is constituted by a transistor Tr101 for per-
forming current storage and output, electrostatic capacitor
C101 for holding a gate voltage, and three transistor
switches SW101 to SW103 and the current copier cell b is
constituted by a transistor Tr102, a capacitor C102, and
transistor switches SW104 to SW106.

[0050] A pair of circuit configurations is used because
current copier circuits perform two types of operations such
as the current storage operation and current output operation.
That is, when one current copier cell a stores the reference
current signal il, the other current copier cell b outputs a
current equal to the reference current signal 53 (il). When
storing a current, voltages at the both ends of the electro-
static capacitor C101 (or C102) are charged up to a voltage
necessary for the transistor Tr101 (or Tr102) to supply the
reference current signal 53 (il) and when outputting a
current, the voltage is held. The switches SW101, SW102,
SW104, and SW105 are transistor switches used for the
storage operation, which are closed for the storage operation
and opened for the current output operation by the current
storage signals a and b.

[0051] The switches SW103 and SW106 are transistor
switches used for the current output operation, which output
the stored current when the image signal 52 is kept at high
(High) level but they do not output the stored current when
the signal 52 is kept at low (Low) level. The image signal 52
is by a signal to be switched every frame period divided into
an image signal 52-a and an image signal 52-b and input to
the current copier cells in order to input the image signal 52
only to a current copier cell which presently performs the
output operation so that low level is input to a current copier
cell which presently performs the storage operation.

[0052] FIG. 7 is an internal block diagram of the D/I
converter 3d shown in FIG. 5. A storing shift register 31d
generates a current storage signal and the generated signal is
input to 18 (6 for each color) current copier circuits through
switches. Eighteen (6 for each color) current copier circuits
sequentially store a reference current within the period of
one frame in accordance with outputs of the storing shift
register 31d and a current is stored in all circuit blocks
within the period of one frame.

[0053] Moreover, the current copier circuit in FIG. 7 is the
circuit shown in FIG. 6. In FIG. 7, switches are operated in
accordance with a frame cycle signal to be switched every
frame input from the outside. An output of the storing shift
register 31d is switched as the current storage signal a or b
by the switch and the current storage signal is sent only to
the current copier cell at the storage side. The current copier
circuits respectively correspond to reference current signals
53 constituted by 6 colors of RGB (total of 18 colors) and
18 reference current signals 53 are stored in each circuit.

[0054] Moreover, the current copier circuits correspond to
image signals 52 of 6 bits for each color of RGB and output
64 types of currents in accordance with combinations of il
to 16 having a ratio of 11:12:13:14:15:16=1:2:4:8:16:32 for each
color in accordance with digital values shown by the image
signals 52.

[0055] Currents corresponding to display of 64 gradations
shown by the digital image signals 53 are generated by the
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D/ converter 3d having the configuration in FIGS. 7 and 6
and output to a pixel circuit as data signals 54.

[0056] FIG. 8 is a circuit diagram of pixel circuits con-
stituting the display portion 4. The pixel circuit is also
constituted by a current copier circuit including a transistor
Tr201 for storing and outputting a current, an electrostatic
capacitor C201 for holing a gate voltage, storing switches
SW201 and SW202, a current output switch SW203, and an
organic EL element D1.

[0057] The cathode of the organic EL element D1 is
connected to all pixels in common to serve as a current
output line 55. The current output line 55 is connected to
earth (GND) by the switch SW1 (refer to FIG. 1) under the
normal operation and connected to a current detection
resistance R1 by the switch SW1 under the current adjust-
ment operation. A control signal for switching the switch
SW1 is output by the current adjustment control circuit 1. A
voltage generated by the resistance R1 serves as a current
detection signal 56. It is preferable to form the resistance R1
as a resistance of a minimum value in a range in which it can
be detected. Therefore, it is preferable to properly select a
resistance used by a current value to be detected by using a
plurality of resistances.

[0058] Scanning signals for controlling the switches
SW201 to SW203 are output from a not-illustrated gate
driver circuit set to the outside. Moreover, to distinguish
between the storage operation and the current output opera-
tion, the switch SW203 is opened at the time of the storage
operation, that is, when the switches SW201 and SW202 are
closed and the switches SW201 and SW202 are opened at
the time of the current output operation, that is, when the
switch SW203 is closed. As a result, currents corresponding
to 64 gradations output from the D/I converter 3d are stored
in the transistor Tr201 at the time of the storage operation
and the stored current is supplied to the organic EL element
D1 at the time of the current output and the organic EL
element D1 emits light at 64 gradations, that is, at the
brightness of 64 gradations.

[0059] Operations of this embodiment are described
below. Before displaying an image in the present display
device, a gradation current is adjusted. It is preferable to
previously perform the adjustment before shipping the dis-
play device. The method for adjusting the gradation current
is described below.

[0060] Adjustment of the gradation current is performed in
order of R (red), G (green), and B (blue) which are primary
colors. It is assumed that the adjustment is performed in
order of il, 12, i3, i4, i5, and 16 starting with the smallest
current for each color. First, the present state is switched to
the output side of the adjusting image signal generator 1g by
a switch 17 of the current adjustment control circuit 1. Then,
the selecting circuit if outputs the selection signal 61 for
adjusting the reference current il of R. In response to the
selection signal 61, the adjusting image signal generator 1g
outputs a 6-bit image signal of R of #000001 in binary
notation and 6-bit image signals of C and B of #000000 to
the current driver 3 as the image signals 52.

[0061] At the same time, the sct-value storing circuit 1a
outputs the predetermined initial digital adjustment signal 62
to the comparing and computing circuit 1¢ in order to adjust
the reference current il of R, and the comparing and
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computing circuit lc directly outputs the initial digital
adjustment signal 62 to the DA converter 1d through the
switch 11d. The initial digital adjustment signal 62 is input
to a DA converter R1, converted into an analog signal by the
DA converter R1, and then output to a circuit block corre-
sponding to il of R of the reference current circuit 2 as the
current adjustment voltage 51.

[0062] The reference current circuit 2 generates the cur-
rent of the reference current signal 53 (il-R) corresponding
to the current adjustment voltage 51 and outputs it to the
current driver 3. The current driver 3 stores the current of the
reference current signal 53 (il-R) by the current copier
circuit il-R and outputs and sends the current to a pixel
circuit. In this case, the digital image signal 53 (il-R) input
to the current copier circuit i1-R is kept at high level in all
current copier circuits il-R by the adjusting image signal 52.
Therefore, a current equal to the reference current signal 53
(i1-R) is written in all pixel circuits of the display portion,
and a current equal to the reference current signal 53 (i1-R)
circulates in all organic EL element of R. The current at this
time is measured by the current detecting circuit 5 and the
measurement result is output to the current adjustment
control circuit 1 as the current detection signal 56.

[0063] The current adjustment control circuit 1 converts
the current detection signal 56 into a digital value by the AD
converter le and compares the digital value with a target
value output from the reference value storing circuit 15 in
the comparing and computing circuit 1c. As a result of the
comparison, when the target value is larger, the digital
adjustment signal 62 is changed to a large value but when
the target value is smaller, the digital adjustment signal 62
is changed to a smaller value and output to the DA converter
1d again. The above operation is repeated until the digital
current detection signal 63 becomes equal to the target value
output from the reference value storing circuit 1b.

[0064] When the digital current detection signal 63
becomes equal to the target value, the comparing and
computing circuit 1c outputs the digital value of the digital
adjustment signal 62 output at that time to the set value
storing circuit 1a and the set value storing circuit 1a stores
the digital value as the il adjustment value of R. Then, the
selecting circuit if changes an output to the selection signal
61 for the reference current i2 of R and the reference current
i2 of R is adjusted in accordance with the same procedure.

[0065] The above adjustment is performed for reference
current circuit blocks of six for each of RGB, that is, the total
of 18. When all adjustments are completed, the current ratio
of the reference current signal 53 is set to il:i2:13:i4:15:16=
1:2:4:8:16:32 in each of RGB and 18 adjustment values are
stored in the set value storing circuit 1. By changing a
target value to be stored in the reference value storing circuit
15 every RGB, adjustment corresponding to the device
characteristic of each of RGB can be made.

[0066] When actually using an adjusted display device of
the present invention before shipping it, the display device
is turned on and then the comparing and computing circuit
1c sequentially reads 18 adjustment values stored in the set
value storing circuit 1 and outputs the values to the DA
converter 1d as digital adjustment signals 62. The DA
converter 1d converts the digital adjustment signals 62 into
analog signals (current adjustment voltages 51) and outputs
them to the reference current circuit 2. As a result, the
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reference current circuit 2 outputs the reference current
signal 53 same as the time of adjustment to the current driver
3 and accurate 64-gradation display is executed in the
display portion 4.

[0067] The above described is the operation when per-
forming adjustment before shipment. Then, a method for
executing adjustment whenever power is turned on not
before shipment is described below. FIG. 9 is an internal
block diagram of the current adjustment control circuit 1
when executing adjustment after power is turned on. When
executing adjustment before shipment, it is necessary to
store an adjustment value in the set value storing circuit 1a
(refer to FIG. 3). However, when executing adjustment after
power is turned on, it is not necessary to store an adjustment
value in the set value storing circuit 1a. Therefore, the set
value storing circuit 1a is deleted. Other circuits are the
same as the case of executing adjustment before shipment.

[0068] When power is turned on, currents are first
adjusted. The adjustment sequence is the same as the case of
executing adjustment before shipment. Firstly, the present
state is switched to the output side of the adjusting image
signal generator 1g by the switch 1/ of the current adjust-
ment control circuit 1. Moreover, all the DA converters in
the DA converter 14 are initialized at the same time as
power-on and a voltage output is set to 0 V.

[0069] Then, the selecting circuit if outputs the selection
signal 61 for adjusting the reference current il of R. The
adjusting image signal generator 1g outputs a 6-bit image
signal of R of #000001 and 6-bit image signals of G and B
of #000000 in binary notation to the current driver 3 as
image signals 52 in accordance with the selection signal 61.

[0070] The reference current circuit 2 does not output a
current yet because a current adjustment voltage output by
the DA converter 14 is 0 V and a current setting transistor
is turned off. Therefore, because no current is supplied to the
current driver 3 or a pixel circuit, no current circulates
through the organic EL element and thereby, a current
detection result becomes zero.

[0071] The comparing and computing circuit 1¢ compares
a current with the target value of the reference current il of
R output from the reference value storing circuit 15. As a
result of the comparison, because the target value is larger,
the comparing and computing circuit 1¢ changes the digital
adjustment signal 62 to a large value and outputs it to the DA
converter 1d. By repeating this operation, the digital current
detection signal 63 output from the AD converter 1e con-
tinuously increases. When the digital current detection sig-
nal 63 becomes equal to the target value output from the
reference value storing circuit 1b, adjustment of the refer-
ence current il of R is completed. The DA converter R1
keeps the above state until the power supply is turned off.
Then, the selecting circuit 1f changes the output to the
selection signal 61 for the reference current 12 of R and the
reference current i2 of R is adjusted in accordance with the
same procedure.

[0072] The above adjustment is executed for the total of
18 reference current blocks of six colors of each of RGB.
When all adjustments are completed, 18 outputs of the DA
converter 14 are adjusted and standby for outputting, and the
current ratio of the reference current signal 53 is set to
11:12:13:14:15:16=1:2:4:8:16:32 in cach of RGB. When the
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adjustment is completed, the present state is by the switch 17
of the current adjustment control circuit 1 switched to the
digital image signal 50 input from the outside and accurate
display of 64 gradations is executed in the display portion 4.

[0073] First, FIG. 10 shows another example of the cur-
rent adjustment control circuit 1 shown in FIG. 1. The
current adjustment control circuit 1 shown in FIG. 3 digi-
tally compares a reference value with a current detection
result by the AD converter 1e, reference value storing circuit
1b, and comparing and computing circuit 1¢. However, the
current adjustment control circuit 1 shown in FIG. 10 is
changed so as to analogously perform comparison by using
a reference voltage generator 1j and comparator 1k. How-
ever, the adjusting method is the same. A computing circuit
1i adjusts the digital adjustment signal 62 in accordance with
the output state of the comparator 1% and stores the digital
value of the digital adjustment signal 62 in the set value
storing circuit la when it becomes equal to the reference
value. This method has an advantage for reducing the cost of
a display device because no AD converter is used.

[0074] The configuration of FIG. 10 corresponds to a case
of performing adjustment before shipment. FIG. 11 shows a
circuit block diagram of the current adjustment control
circuit 1 when performing adjustment after power is turned
on. When executing adjustment after power is turned on
similarly to the case of the configuration in FIGS. 3 and 9,
the set value storing circuit 1a is deleted because it is not
necessary to store an adjustment value in the set value
storing circuit 1a. Operations of circuits other than the set
value storing circuit 1a are the same as those in FIG. 10.

[0075] FIG. 12 shows an internal circuit of the DA con-
verter 1d shown in FIG. 3. The DA converter 1d shown in
FIG. 4 is constituted by the total of 18 DA converter circuits
of six converters for each of RGB. However, the DA
converter 1d shown in FIG. 12 is constituted only by the DA
converter circuit 134. In this case, to hold the current
adjustment voltage 51, a voltage holding capacitor portion
15d is connected to the signal line of each current adjustment
voltage 51. The DA converter 1d shown in FIG. 4 outputs
the digital adjustment signal 62 only once after power is
turned on. In this case, however, it is preferable to perform
rewriting at an interval in which the voltage of each signal
line of the current adjustment voltages 51 is not changed due
to a leak current. Because this method can decrease the
number of DA converters to Yis, it is possible to reduce the
cost of a display device.

[0076] As described above, even if there is a variation in
current setting transistors of a reference current circuit, a
reference current can be accurately generated. Therefore, it
is possible to form the reference current circuit on the same
substrate as a glass substrate on which a display portion is
formed and arranged the reference current circuit nearby a
current driver, and thus an object of the present invention
can be achieved.

[0077] When performing adjustment before shipment, it is
possible to delete the selecting circuit 1f, reference value
storing circuit 15, comparing and computing circuit 1c, AD
converter le, and switch 14 which are necessary only for the
adjustment among the circuits shown in FIG. 3 constituting
the current adjustment and control circuit 1 because they are
not necessary to ship a product. A set value obtained through
the adjustment after the product is shipped and power is
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turned on is output from the set value storing circuit 1a to the
DA converter 14 and thereby, a reference current is set. The
same is applied to the case of the configuration of FIG. 10.

[0078] Moreover, when considering a change of tempera-
tures, it is considered that an error occurs in the reference
current signal 53 due to the temperature characteristic of the
current setting transistor (refer to 2b in FIG. 2) constituting
the reference current circuit 2. To restrain the influence, it is
possible to correct the error by setting a temperature sensor,
storing a plurality of set values corresponding to tempera-
tures at the time of adjustment before shipment in the set
value storing circuit 1e, and changing outputs to the DA
converter 14 in accordance with an output of the temperature
sensor. However, when performing adjustment whenever
power is turned on, correction can be made by performing
readjustment in accordance with an output of the tempera-
ture sensor.

[0079] Moreover, according to the present invention, even
if not only an error occurs in the reference current circuit 2
but also an error occurs in a current driver or pixel circuit,
it is possible to perform correction by including the error.
Furthermore, as an embodiment of the present invention, a
display device using organic EL elements different for RGB
is described as an example. However, the present invention
can be applied to a display device using one or more organic
EL elements such as a color filter system or color conversion
system. Furthermore, though an organic EL element consti-
tuting a display portion is used for current adjustment, it is
also allowed to perform adjustment by using an organic EL
element formed on a position other than a display region.

[0080] According to the present invention, a reference
current for generating a driving current to be supplied to a
current-driving-type display device is adjusted by using a
closed-loop configuration. Therefore, advantages are
obtained that the reference current can be accurately
adjusted even if transistors constituting a reference current
circuit are fluctuated and thereby, a display device capable
of clearly displaying a gradation can be obtained. Moreover,
because an accurate reference current circuit can be formed
on a glass substrate, advantages are obtained that it is
possible to arrange the reference current circuit nearby a
current driver, decrease the parasitic capacitance parasitized
on an output line of the reference current circuit, and
accurately supply even a small current to the current driver.

[0081] Furthermore, according to the present invention, it
is possible to accurately adjust a reference current without
using a variable resistance for adjusting a reference current
at the outside. Therefore, advantages can be obtained that it
is possible to improve the productivity and obtain a low-
price display device.

What is claimed is:

1. A display driving circuit which comprises reference-
current supplying means for supplying a current to be a
reference and supplys a current to a light emitting element,
said display driving circuit comprising comparing means for
comparing the current supplied to the light emitting element
with a target value, and adjusting means for adjusting the
current of the reference-current supplying means in accor-
dance with the comparison result.

2. The display driving circuit according to claim 1, further
comprising storing means for storing an adjustment value
adjusted by the adjusting means.
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3. The display driving circuit according to claim 2,
wherein the adjustment value stored in the storing means is
read to adjust the current of the reference-current supplying
means in response to power-on.

4. The display driving circuit according to claim 1,
wherein adjustment by the adjusting means is executed by
using an adjusting image signal.

5. A display driving circuit which comprises reference-
current supplying means for supplying a current to be a
reference and supplys a current to a light emitting element,
said display driving circuit comprising storing means for
previously storing an adjustment value for adjusting the
reference current of the reference-current supplying means,
and adjustment means for reading the adjustment value
stored in the storing means and adjusting the current of the
reference-current supplying means in response to power-on.

6. The display driving circuit according to claim 5,
wherein the adjustment value is obtained by using an
adjusting image signal.
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7. The display driving circuit according to claim 3,
wherein the storing means previously stores a plurality of
adjustment values corresponding to temperature.

8. The display driving circuit according to claim 7,
wherein the adjusting means for reading an adjustment value
corresponding to an ambient temperature from the storing
means and performing adjustment.

9. The display driving circuit according to claim 1,
wherein the circuit is formed on the same substrate on which
the light emitting element is formed.

10. The display driving circuit according to claim 1,
wherein the reference-current supplying means is consti-
tuted so as to generate n reference currents for 2" gradations
every light color emitted from the light emitting element.

11. Adisplay device comprising the display driving circuit
of claim 1.
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