US 20040201556A1

a9 United States

a2 Patent Application Publication o) Pub. No.: US 2004/0201556 A1

Oomori et al.

(43) Pub. Date: Oct. 14, 2004

(54) DISPLAY APPARATUS, SOURCE DRIVER
AND DISPLAY PANEL

(75) Inventors: Tetsurou Qomori, Osaka (JP); Yoshito
Date, Shiga (JP)

Correspondence Address:

Jack Q. Lever, Jr.

McDERMOTT, WILL & EMERY
600 Thirteenth Street, N.W.
Washington, DC 20005-3096 (US)

(73) Assignee: MATSUSHITA ELECTRIC INDUS-
TRIAL CO., LTD

Publication Classification

(51) TNt CL7 oo G09G 3/30
(52) US. Cl oo 345/76
7) ABSTRACT

An organic EL display apparatus includes: a display panel
on which a plurality of pixel sections are provided; source
drivers provided with pixel drivers, which includes current
drivers for supplying drive currents to the pixel sections,
registers for latching data signals and timing control units;
signal lines for supplying the drive currents from the current

(21) Appl. No.: 10/800,734 drivers to the pixel sectlions. Eac}h of the current drivers is
controlled by the associated timing control unit to allow a
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accordance with the data signal to flow only during a given
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DISPLAY APPARATUS, SOURCE DRIVER AND
DISPLAY PANEL

[0001] This nonprovisional application claims priority
under 35 U.S.C. §119(a) on Japanese Patent Application No.
2003-105694, the entire contents of which are hereby incor-
porated by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a display apparatus
including a light-emitting device driven by current such as
an organic electro luminescence (EL) device, to a source
driver used in the display apparatus, and to a display panel.

[0003] In an active matrix type image display apparatus, a
large number of pixels are arranged in a matrix pattern and
the intensity of light is controlled for every pixel depending
on provided luminance information, thereby displaying an
image. For this purpose, a rectangular display panel, for
example, includes thin-film-transistors (TFTs) arranged in a
matrix pattern and controlling the state of liquid crystal or an
optical material, source drivers provided along the upper and
lower sides of the panel and gate drivers provided at the
lateral sides of the panel.

[0004] Most of the conventional image display appara-
tuses such as display panels have used liquid crystal as an
optical material. In each of these image display apparatuses,
a liquid crystal driver as a source driver supplies display
information in the form of voltages to respective pixels so
that the transmissivities of pixels change depending on the
display information.

[0005] On the other hand, image display apparatuses using
organic EL devices as light-emitting devices have been
intensively developed in recent years. Unlike liquid crystal,
the organic EL devices emit light by themselves, so that
display panels using the organic EL devices have the advan-
tages of high visibility and the unnecessity of back lighting.
The organic EL devices used for the display panels function
as diodes and emit light upon the application of current.

[0006] FIG. 23 is a circuit block diagram schematically
showing a configuration of a conventional organic EL dis-
play apparatus.

[0007]  As shown in FIG. 23, the conventional organic EL
display apparatus includes: a display panel; a pixel section
1005 provided on the display panel; a transmission path
1003 connected to the pixel section 1005; and a pixel driver
1001 included in a source driver and used for supplying a
drive current to the pixel section 1005 via the transmission
path 1003. The transmission path 1003 includes a line for
connecting the source driver and the display panel to each
other and a signal line provided on the display panel. The
transmission path 1003 shown in FIG. 23 includes resis-
tances and capacitances, which respectively indicate wiring
resistances and stray capacitances.

[0008] The pixel driver 1001 includes a plurality of cur-
rent sources. The sum of the currents flowing from current
sources which are in a conductive state is supplied as an
output current to the pixel section 1005 connected to the
associated signal line.

[0009] The pixel section 1005 includes: a current genera-
tor 1011 having a pixel input capacitance 1007 and a current
source 1008; and an organic EL device 1009 connected to
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the current source 1008. The “pixel section” shown in FIG.
23 is composed of three sub-pixel sections for displaying R
(red), G (green) and B (blue), respectively, in reality.

[0010] Now, the configurations of the pixel driver and the
pixel section and a black and white display of the organic EL
display apparatus will be described.

[0011] FIG. 24A is an enlarged view showing a display
panel in the case of a black and white display in the
conventional organic EL display apparatus. FIG. 24B is a
circuit diagram showing pixel sections arranged on the
XXVb-XXVb line on the display panel shown in FIG. 24A
and pixel drivers connected to the respective pixel sections.
FIG. 24C is a graph showing an operating point of a TFT in
a black display mode. FIG. 24D is a graph showing an
operating point of the TFT in a white display mode.

[0012] As shown in FIG. 24B, a plurality of pixel drivers
shown in FIG. 23 are arranged in a source driver. Specifi-
cally, the conventional source driver includes: a first pixel
driver 10014,; a second pixel driver 1001a,; . . . ; an n-th
pixel driver 1001¢_; and a reference current generator 1101
for generating a current to be supplied to the respective pixel
drivers 1001.

[0013] The reference current generator 1101 includes: a
first pMOSFET 1108 whose source receives a power-supply
voltage; a resistance 1107 connected to the first MOSFET
1108 at one terminal and grounded at the other terminal; a
second pMOSFET 1109 forming a current mirror together
with the first MOSFET 1108; and a third nMOSFET 1110
whose drain is connected to the drain of the second MOS-
FET 1109 and whose source is grounded.

[0014] Each of the pixel drivers 1001 is composed of a
plurality of current sources forming current mirrors together
with the third MOSFET 1110 and switches connected to the
respective current sources. For example, in a display appa-
ratus producing a display of 64 levels of gray scale, the first
pixel driver 1001¢, includes: a first current source 1112 for
outputting a current I; a second current source 1113 for
outputting a current 21 third, fourth and fifth current sources
(not shown) for outputting currents 41, 81 and 18I, respec-
tively; a sixth current source 1114 for outputting a current
32I; and switches 1115, 1116 and 1117 connected to the
respective current sources. The current sources are com-
posed of nMOSFETs forming current mirrors together with
the third MOSFET 1110.

[0015] Each of the sub-pixel sections of the pixel section
1005 shown in a simplified manner includes: an organic EL
device 1009; a first TFT connected to the pixel driver 1001,
and a second TFT forming a current mirror together with the
first TFT and used for supplying a current input to the first
TFT to the organic EL device 1009. In this example, the
TFTs on the panel are pMOSFETS, so that a current is drawn
from a pixel into a pixel driver in actual operation.

[0016] 1In a case of a black and white display as shown in
FIG. 24A, all the switches in the pixel driver 1001a, are
OFF and a pixel section 10054, producing a black display is
charged by the power supply voltage. In this case, as shown
in FIG. 24C, even when the voltage at the output terminal
of the source driver is high, a current flowing is very small.
The point of intersection of the IV (current-voltage) curve of
the TFT and the I-V characteristic curve of output of the
source driver is the operating point of the TFT.
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[0017] On the other hand, with respect to a pixel section
10054, producing a white display, all the switches in the
pixel driver 10014, are ON, so that charge is drawn from the
pixel section 1005z, into the pixel driver 1001a,. In this
case, as shown in FIG. 24D, the operating point of the TFT
shifts to lower potentials than in the case of the black
display. The “black display” may be also referred to as “a
low-luminance display” and the “white display” may be also
referred to as “a high-luminance display”.

[0018] Now, specific examples of a configuration of the
current generator 1011 shown in FIG. 23 will be described.

[0019] FIGS. 25A and 25B are circuit diagrams respec-
tively showing examples of a configuration of a current
generator in a general organic EL pixel section.

[0020] A current generator 1011 shown in FIG. 25A
includes: a first switching transistor M4 connected to a pixel
driver at one terminal; a second switching transistor M3
connected to the first switching transistor M4 in series; a
capacitance C1 connected to the first and second switching
transistors M4 and M3 in series and receiving a power-
supply voltage at one terminal; a first p-channel TFT M2
whose drain is connected to a line connecting the first and
second switching transistors M4 and M3 to each other and
whose source receives a power-supply voltage; and a second
TFT M1 forming a current mirror together with the first TEFT
M2 and having its drain connected to the organic EL device
1009. The line connecting the capacitance C1 and the second
switching transistor M3 to each other is connected to the line
connecting the gate electrodes of the first and second TFTs
M2 and M1 to each other. Both the first and second
switching transistors M4 and M3 are pMOSFETs in this
example and have their operation controlled with control
signals K1.

[0021] In the current generator 1011 shown in FIG. 25A,
in a current setting mode, both the first and second switching
transistors M4 and M3 are ON with the control signals K1
so that a current flows into the pixel driver 1001 and the
capacitance C1 is charged by the gate voltage Vcl. When the
capacitance C1 is charged, a constant current flows through
each of the first and second TFTs M2 and M1. The “current
setting mode” herein refers to a period from when a hori-
zontal scanning period starts to when the current flowing in
the pixel section 1005 reaches a target value.

[0022] In adisplay mode, both the first and second switch-
ing transistors M4 and M3 are OFF with the control signals
K1. In this period, the gate voltage Vcl is held by the
capacitance C1, so that a current continuously flows from
the second TFT M1 to the organic EL device 1009 in the
same amount as that in the current setting mode.

[0023] A current generator 1011 shown in FIG. 25B
includes: a first switching transistor M4 connected to a pixel
driver 1101 at one terminal; a capacitance C1 receiving a
power-supply voltage at one terminal and connected to the
first switching transistor M4 at the other terminal; a second
switching transistor M3 interposed between the first switch-
ing transistor M4 and the capacitance C1; a TFT M1 whose
gate electrode is connected to the capacitance C1 and the
second switching transistors M3, whose source receives a
power-supply voltage and whose drain is connected to the
organic EL device 1009; and a third switching transistor M5
interposed between the TFT M1 and the organic EL device
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1009. The drain of the TFT M1 is also connected to the first
and second switching transistors M4 and M3. The first and
second switching transistors M4 and M3 are controlled with
first control signals K1. The third switching transistor M5 is
controlled with a second control signal K2, which is a signal
of opposite phase to that of the first control signals K1.

[0024] In this current generator 1011 shown in FIG. 25B,
in the current setting mode, both the first and second
switching transistors M4 and M3 are ON with the first
control signals K1 and the third switching transistor M5 is
OFF with the second control signal K2. In this period, a
current flows from the current generator 1011 to the pixel
driver and the capacitance C1 is charged by the gate voltage
Vcl. When the capacitance C1 is charged, a constant current
flows into the TFT M1.

[0025] In the display mode, both the first and second
switching transistors M4 and M3 are OFF and the third
switching transistor M5 is ON. In this period, the gate
voltage Vel is held by the capacitance C1, so that a current
continuously flows from the TFT M1 to the organic EL
device 1009 in the same amount as that in the current setting
mode.

SUMMARY OF THE INVENTION

[0026] FIG. 26 shows graphs showing respective changes
in the value of a current flowing in the pixel section 1005 and
in the value of a voltage applied to the pixel section 1005 in
a black display mode in the conventional organic EL display
apparatus. In FIG. 26, the abscissa indicates time (t) and the
ordinate indicates current (I) or voltage (V).

[0027] The organic EL display apparatus includes a stray
capacitance 1220 occurring on a line and a pixel input
capacitance 1007 as shown in FIG. 23. Accordingly, in the
conventional organic EL display apparatus, in a black dis-
play mode, charge can be disadvantageously consumed to
charge the stray capacitance 1220 and the pixel input capaci-
tance 1007, so that the charge is not transmitted to the
organic EL device 1009 as previously set in some cases. As
aresult, as shown in FIG. 26, time t1 required for the current
flowing in the organic EL device 1009 to reach a target value
is long.

[0028] The charging for a black display is usually per-
formed within the time obtained by dividing a frame period
by the number of horizontal lines. A value around 70 Hz is
often used as the frame period. To fabricate a panel having
a large number of display pixels, the number of horizontal
lines increases, to reduce the charging period for each line.
In view of this, in order to achieve a high display resolution
using the conventional organic EL display panel, the dis-
charging time is inevitably shortened, resulting in the dis-
advantage of deterioration of the image quality.

[0029] In contrast to the black display, in the case of a
white display, it is necessary to relieve the charge accumu-
lated in capacitances such as the stray capacitance 1220 and
the pixel input capacitance 1007 toward the pixel driver.
Accordingly, to enhance the resolution using the conven-
tional organic EL display apparatus, the discharging period
needs to be short, causing the possibility of deterioration of
the image quality. The “deterioration of the image quality”
herein means the deterioration of color reproducibility due
to an inappropriate luminance.
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[0030] An object of the present invention is therefore
providing a display apparatus capable of producing a high-
resolution display without loss of image quality when a
low-luminance display is changed to a high-luminance dis-
play or when a high-luminance display is changed to a
low-luminance display and a driver IC and a display panel
which are used for achieving the display apparatus.

[0031] A first inventive display apparatus includes: a dis-
play panel provided with a pixel section including a light-
emitting device driven by a current and with a signal line
connected to the pixel section; and a source driver for
supplying a drive current to the pixel section via the signal
line, wherein the source driver includes: a register for
latching display data having N bits and for outputting the
display data; a timing control unit for outputting a control
signal; and a current driver for allowing the drive current
which has been set at an arbitrary value to flow during a
given period in a current setting mode, while allowing the
drive current which has been set with the display data output
from the register to flow during the operation periods other
than the given period, in accordance with the control signal.

[0032] With this configuration, the current flowing in the
current driver is set at an optimum value within the given
period in the current setting mode, so that the time required
for the current flowing in the pixel section to reach a target
value is shortened as compared to a conventional apparatus.
In particular, when a high-luminance display is switched to
a low-luminance display rapidly, charge accumulated in the
display panel is drawn into the source driver, so that the
required time is effectively shortened. As a result, it is
possible to increase the number of horizontal lines without
loss of image quality, thus achieving a high-resolution
display.

[0033] In particular, the current driver preferably outputs
the drive current with a value larger than or equal to a current
value set with the display data output from the register,
during the given period in the current setting mode. Then,
the time required for the current flowing in the pixel section
to reach the target value is shortened as compared to a
conventional apparatus.

[0034] The current driver may include: a current mode
D/A converter including N current sources for outputting
currents according to the bits of the display data; an addi-
tional current source for outputting a current with an arbi-
trary value; and a first switch for receiving the control signal
and electrically connecting the additional current source and
the pixel section to each other only during the given period
in the current setting mode. Then, an optimum current is
allowed to flow appropriately from the additional current
source only during the given period in the current setting
mode. As a result, the time required for the current flowing
in the pixel section to reach the target value is shortened as
compared to a conventional apparatus.

[0035] The N current sources in the D/A converter may be
constituted by MISFETs forming current mirrors with each
other, and the additional current source may be constituted
by one or more MISFETs forming current mirrors together
with the MISFETs constituting the N current sources.

[0036] The additional current source preferably receives
the display data and is capable of outpuiting a current
according to the bits of the display data. Then, currents
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suitable for respective display data items flow from the
additional current source, so that the time required for the
current flowing in the pixel section to reach the target value
is reduced more effectively.

[0037] The current driver may be a current mode D/A
converter including: N current sources for outputting cur-
rents according to the bits of the display data; second
switches respectively provided on output paths of currents
flowing in the respective N current sources; N bypasses for
shunting and outputting the currents flowing in the N current
sources, by way of the respective second switches; and third
switches respectively provided on the N bypasses, wherein
the third switches are ON with the control signal during the
given period in the current setting mode, whereas the third
switches are OFF with the control signal during the opera-
tion periods other than the given period. Then, the time
required for the current flowing in the pixel section to reach
the target value is also reduced more effectively.

[0038] The value of the current output from the current
driver may change stepwise during the given period in the
current setting mode. Then, the amount of the overshoot of
the voltage applied to the pixel section in the current setting
mode shown is reduced. As a result, the time required for the
current flowing in the pixel section to reach the target value
is also reduced more effectively.

[0039] The current driver is preferably a current mode D/A
converter including: N current sources for outputting cur-
rents according to the bits of the display data; second
switches respectively provided on output paths of currents
flowing in the respective N current sources; N bypasses for
shunting and outputting the currents flowing in the N current
sources, by way of the respective second switches; and third
switches respectively provided on the N bypasses, wherein
during the given period in the current setting mode, the third
switches are turned ON with the control signal and then
turned OFF sequentially from the third switch connected to
the current source associated with the most significant bit.

[0040] The source driver preferably further includes: volt-
age selting means for outputting a given voltage; and a
comparator for comparing the output voltage of the voltage
setting means with an output voltage of the current driver
and outputting the comparison result to the timing control
unit, wherein while the drive current with the arbitrary value
flows from the current driver during the given period, the
value of the drive current is switched to a current value set
with the display data corresponding to a detection that the
output voltage of the current driver becomes equal to the
output voltage of the voltage setting means. Then, the
voltage setting means sets a voltage suitable for reducing the
time required for the current flowing in the pixel section to
reach the target value (hereinafter referred to as “current
setting period”). Accordingly, the current setting period is
shortened effectively.

[0041] The given voltage output from the voltage setting
means is preferably a stable output voltage which is the
output voltage of the current driver when the value of a
current flowing in the pixel section reaches a target value in
the current setting mode. Then, the current setting period is
shortened effectively.

[0042] The voltage setting means is preferably a dummy
circuit including: a dummy pixel section which is provided
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on the display panel, includes a TFT and a capacitance and
is not used for a display; a dummy signal line provided on
the display panel and supplying a current to the dummy pixel
section; and a dummy pixel driver provided in the source
driver, connected to the dummy signal line and the com-
parator and including a dummy current driver for outputting
a constant current during operation. Then, the output current
from the current driver is set at an appropriate value with
reference to the output voltage of the dummy pixel driver
which has reached a voltage value close to a stable output
voltage. Accordingly, the current setting period is shortened
effectively.

[0043] It is preferable that the current driver is plural in
number, and the dummy circuit is singular in number with
respect to the plurality of current drivers especially when
area reduction is needed because increase of the circuit area
is suppressed with this configuration.

[0044] The source drivers are preferably respectively pro-
vided on a plurality of semiconductor chips having an
identical structure, and the dummy pixel driver is preferably
provided on each of the semiconductor chips. In this case, it
is unnecessary to prepare a plurality of types of semicon-
ductor chips as source drivers. In addition, the input and
output configuration to/from the display panel is simplified.
Moreover, the dummy circuits are automatically arranged at
given intervals so that variation of the effect of shortening
the current setting period depending on the position on the
display panel is suppressed.

[0045] A second inventive display apparatus includes: a
display panel provided with a pixel section including a
light-emitting device driven by a current and with a signal
line connected to the pixel section; and a source driver for
supplying a drive current to the pixel section via the signal
line, wherein the signal line is divided into a drive-voltage
signal line for setting the drive current supplied to the pixel
section and a drive-current signal line for transmitting the
drive current supplied to the pixel section, and the source
driver includes a voltage driver for supplying a drive voltage
to the pixel section via the drive-voltage signal line and
current supplying means for allowing the drive current to
flow into the pixel section via the drive-current signal line.

[0046] With this configuration, the pixel section is driven
by the voltage driver having a lower output impedance than
the current driver used in the first inventive display appa-
ratus, so that the current setting period is shortened effec-
tively both when a low-luminance display is switched to a
high-luminance display and when a high-luminance display
is switched to a low-luminance display. The pixel section
may have any configuration as long as the pixel section is
driven by both current and voltage.

[0047] The current supplying means may be a current
value detector for detecting the value of a drive current
flowing from the pixel section and for feeding back the
detection result to the voltage driver, and the source driver
may further include a register for latching display data and
inputting the display data to the current value detector. Then,
if the value of the current flowing from the pixel section into
the current detector exceeds a predetermined value, the
output voltage from the voltage driver is controlled to reduce
the value of the current flowing from the pixel. This feed-
back control is achieved so that it is possible to shorten the
current setting period effectively without providing any
special control from the outside.
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[0048] The current value detector may be connected to the
drive-current signal line and include: a current driver
capable of changing the value of a current output from the
current driver in accordance with the display data; and a
resistance provided on a connection path between the cur-
rent driver and the drive-current signal line, and a voltage
generated between the current driver and the resistance is
input to the voltage driver as the detection result.

[0049] The second inventive display apparatus may fur-
ther include short-circuit means for making a short circuit
between the voltage driver and the current supplying means
only during a given period in a current setting mode. Then,
the current setting period is also shortened.

[0050] A third inventive display apparatus includes: a
display panel provided with a pixel section including a
light-emitting device driven by a current and with a signal
line connected to the pixel section; and a source driver for
supplying a drive current to the pixel section via the signal
line, wherein the source driver includes: a register for
latching display data having N bits and for outputting the
display data; a current driver for outputting the drive current
according to the display data input from the register; voltage
supplying means having an output impedance lower than
that of the current driver; a line for connecting the signal line
and the voltage supplying means to each other; a timing
control unit for outputting a control signal; and a short-
circuit switch provided on the line and used for electrically
connecting the signal line and the voltage supplying means
to each other only during a given period in a current setting
mode in accordance with the control signal.

[0051] With this configuration, the pixel section is driven
by the voltage from the voltage supplying means having a
lower output impedance than the current driver during the
given period in the current setting mode. Accordingly,
charge is drawn into the source driver rapidly in a high-
luminance display mode, whereas a capacitance on the
display panel is charged rapidly in a low-luminance display
mode. As a result, the current setting period is shortened
remarkably than in a conventional display apparatus.

[0052] The voltage supplying means may include: a
dummy circuit including: a dummy pixel section which is
provided on the display panel, includes a TFT and a capaci-
tance and is not used for a display; a dummy signal line
provided on the display panel and used for supplying a
current to the dummy pixel section; and a dummy pixel
driver provided in the source driver, connected to the
dummy signal line and including a dummy current driver for
outputting a constant current during operation; and a current
amplifying buffer connected to the dummy current driver
and used for outputting an output voltage of the dummy
current driver to the signal line. Then, the output voltage of
the dummy current driver which has reached in a steady state
is supplied to the pixel section, so that the current setting
period is effectively shortened.

[0053] The current driver may be plural in number, the
voltage supplying means may be singular in number with
respect to the plurality of current drivers. Then, large
increase of the circuit area is suppressed as well as the
current setting period is shortened.

[0054] The voltage supplying means is preferably a volt-
age-output D/A converter provided in a one-to-one corre-
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spondence with the current driver and capable of changing
an output voltage of the D/A converter in accordance with
the display data output from the register. Then, the output
voltage is generated within a semiconductor chip.

[0055] The wvoltage-output D/A converter preferably
changes the output voltage of the D/A converter in accor-
dance with the one or two most significant bits of the display
data. Then, increase of the circuit area is suppressed as well
as the current setting period is shortened.

[0056] The voltage supplying means may be a line con-
nected to an external power supply.

[0057] A fourth inventive display apparatus includes: a
display panel provided with a pixel section including a
light-emitting device driven by a current and with a signal
line connected to the pixel section; and a source driver for
supplying a drive current to the pixel section via the signal
line, wherein the source driver includes: a register for
latching display data having N bits and for outputting the
display data; bit-data adding means for adding M bits to the
display data input from the and for outputting a display data
having (N+M) bits register during a given period in a current
setting mode; a timing control unit for outputting a control
signal; and a current driver for allowing the drive current
which is set with the display data having (N+M) bits to flow
during the given period in the current setting mode, while
allowing the drive current which is set with the display data
having N bits during the operation periods other than the
given period, in accordance with the control signal.

[0058] With this configuration, a current larger than or
equal to a current which should be originally output from the
current driver is temporarily output during the given period
in the current setting mode, so that it is possible to shorten
the current setting period.

[0059] The M bits are preferably one or two bits. Then,
large increase of the circuit area is suppressed.

[0060] A fifth inventive display apparatus includes: a
display panel provided with a pixel section including a
light-emitting device driven by a current and with a signal
line connected to the pixel section; and a source driver
including a register for latching display data having N bits
and for outputting the display data, a current driver for
outputting a drive current according to the bits of the display
data to the signal line and a reference current generator for
supplying a reference current to the current driver, wherein
the current driver includes N current sources constituted by
MISFETs forming current mirrors with each other, the
reference current generator includes: a first MISFET whose
source receives a power-supply voltage and which allows
the reference current to flow; and a variable resistance which
is connected to a drain of the first MISFET and whose
resistance value changes depending on the display data
when the display data is input thereto; a second MISFET
forming a current mirror together with the first MISFET; and
a third MISFET connected to the second MISFET and used
for supplying the reference current to each of the N current
sources via a current mirror, and the display data output from
the register is input to the variable resistance during a given
period in a current setting mode.

[0061] With this configuration, the value of the variable
resistance changes depending on the display data in the
current setting mode, so that the value of the current flowing
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in the current driver is adjusted at an appropriate value. As
a result, the current setting period can be effectively short-
ened as compared to a conventional apparatus.

[0062] A first inventive source driver includes: a register
for latching display data having N bits and for outputting the
display data; a timing control unit for outputting a control
signal; and a current driver for allowing the drive current
which has a value larger than or equal to a current value set
with the display data to flow during a given period in a
current setting mode, while allowing the drive current which
is set with the display data output from the register during
the operation periods other than the given period, in accor-
dance with the control signal.

[0063] Then, in a display apparatus using this source
driver, it is possible to have the current flowing in the pixel
section reach a target current in a short time in the current
setting mode. That is, the use of this source driver achieves
a current-driven display apparatus having a higher resolution
than a conventional apparatus.

[0064] The source driver may further include: voltage
setting means for outputting a given voltage; and a com-
parator for comparing the output voltage of the voltage
setting means with an output voltage of the current driver
and for outputting the comparison result to the timing
control unit, wherein while the drive current with the value
larger than or equal to the current value set with the display
data flows from the current driver during the given period,
the value of the drive current is switched to the current value
set with the display data corresponding to a detection that the
output voltage of the current driver becomes equal to the
output voltage of the voltage setting means. Then, in a
display apparatus using this source driver, it is possible to
have the current flowing in the pixel section in the current
setting mode reach a target current in a shorter time than in
a conventional apparatus.

[0065] A second inventive source driver includes: a volt-
age driver for supplying a voltage; a register for latching and
outputting display data; current supplying means for receiv-
ing the display data output from the register and for allowing
a current according to the display data to flow.

[0066] With this source driver, a display apparatus having
a shorter current setting period than a conventional appara-
tus is achieved.

[0067] A third inventive source driver includes: a register
for latching display data having N bits and for outputting the
display data; a current driver having an output terminal for
outputting the drive current according to the display data
input from the register; voltage supplying means having an
output impedance lower than that of the current driver; a line
for connecting the output terminal of the current driver and
the voltage supplying means; a timing control unit for
outputting a control signal; and a short-circuit switch pro-
vided on the line and used for electrically connecting the line
and the voltage supplying means to each other only during
a given period in a current setting mode in accordance with
the control signal.

[0068] With this source driver, a display apparatus having
a shorter current setting period than a conventional appara-
tus is achieved.

[0069] A fourth inventive source driver includes: a register
for latching display data having N bits and for outputting the



US 2004/0201556 Al

display data; bit-data adding means for adding M bits to the
display data input from the register and for outputting a
display data having (N+M) bits; a timing control unit for
outputting a control signal during a given period in a current
setting mode; and a current driver for allowing a current
which is set with the display data having (N+M) bits to flow
during the given period in the current setting mode, while
allowing a current which is set with the display data having
N bits during the operation periods other than the given
period, in accordance with the control signal.

[0070] With this source driver, a display apparatus having
a shorter current setting period than a conventional appara-
tus is achieved.

[0071] A fifth inventive source driver includes: a register
for latching display data having N bits and for outputting the
display data; a current driver for outputting a drive current
according to the bits of the display data to a signal line; and
a reference current generator for supplying a reference
current to the current driver, wherein the current driver
includes N current sources constituted by MISFETs forming
current mirrors with each other, the reference current gen-
erator includes: a first MISFET whose source receives a
power-supply voltage and which allows the reference cur-
rent to flow; and a variable resistance which is connected to
a drain of the first MISFET and whose resistance value
changes depending on the display data when the display data
is input thereto; a second MISFET forming a current mirror
together with the first MISFET; and a third MISFET con-
nected to the second MISFET and used for supplying the
reference current to each of the N current sources via a
current mitror, and the display data output from the register
is input to the variable resistance during a given period in a
current setting mode.

[0072] With this source driver, a display apparatus having
a shorter current setting period than a conventional appara-
tus is achieved.

[0073] A first display panel includes: a pixel section
including a light-emitting device driven by a current; a
signal line connected to the pixel section; a dummy pixel
section which is not used for a display; and a dummy signal
line connected to the dummy pixel section.

[0074] With this display panel, a display apparatus having
a shorter current setting period than a conventional appara-
tus is achieved.

[0075] A second display panel includes: a pixel section
including a light-emitting device driven by a current, the
pixel section being driven by a voltage and a current;
drive-voltage signal line for supplying a drive voltage to the
pixel section; and drive-current signal line for outputting a
drive current in the pixel section.

[0076] With this display panel, a display apparatus having
a shorter current setting period than a conventional appara-
tus is achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0077] FIG. 1 is a block circuit diagram schematically
showing a configuration of an organic EL display apparatus
according to a first embodiment of the present invention.

[0078] FIG. 2 is a circuit diagram showing a model of a
current generator in a current setting mode in the organic EL
display apparatus of the first embodiment.
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[0079] FIG. 3 is a circuit diagram showing a first specific
example of a current driver in the organic EL display
apparatus of the first embodiment.

[0080] FIG. 4 shows graphs showing respective changes
of a current I flowing in a pixel section 5 and of a voltage
Vo applied to an input terminal of the pixel section 5 in the
current setting mode in the organic EL display apparatus of
this specific example.

[0081] FIG. 5 is a circuit diagram showing a second
specific example of the current driver in the organic EL
display apparatus of the first embodiment.

[0082] FIG. 6 shows graphs showing respective changes
of a current [ flowing from the current driver to the pixel
section and of a voltage Vo applied to the pixel section in the
current setting mode in the organic EL display apparatus of
the second specific example of the first embodiment.

[0083] FIG. 7 is a circuit diagram showing a third specific
example of the current driver in the organic EL display
apparatus of the first embodiment.

[0084] FIG. 8 shows graphs showing respective changes
of a current I flowing from the current generator to the
organic EL device and of a voltage Vo applied to the pixel
section in the current setting mode in the organic EL display
apparatus of a third specific example of the first embodi-
ment.

[0085] FIG. 9 is a block diagram showing an example of
the configuration of a timing control unit according to a
fourth specific example of the first embodiment.

[0086] FIG. 10 is a circuit block diagram schematically
showing a configuration of an organic EL display apparatus
according to a second embodiment of the present invention.

[0087] FIG. 11 is a circuit block diagram schematically
showing a configuration of an organic EL display apparatus
according to a specific example of the second embodiment.

[0088] FIG. 12 is a circuit diagram showing a configura-
tion of a current generator in an organic EL display appa-
ratus according to a third embodiment of the present inven-
tion.

[0089] FIG. 13 is a circuit block diagram schematically
showing an example of the organic EL display apparatus of
the third embodiment using the current generator shown in
FIG. 12.

[0090] FIG. 14 is a circuit block diagram showing an
example of a configuration of the current value detector in
the organic EL display apparatus of the third embodiment.

[0091] FIG. 15 is a circuit block diagram schematically
showing an example of an organic EL display apparatus
according to a fourth embodiment of the present invention.

[0092] FIG. 16 is a circuit block diagram schematically
showing a configuration of an organic EL display apparatus
according to a fifth embodiment of the present invention.

[0093] FIG. 17 is a circuit block diagram schematically
showing a configuration of an organic EL display apparatus
according to a sixth embodiment of the present invention.

[0094] FIG. 18A is a graph showing an operating point of
a TFT in a white display mode (high-luminance display
mode) in an organic EL display apparatus according to a
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seventh embodiment of the present invention. FIG. 18B is
a circuit block diagram showing a configuration of the
organic EL display apparatus of the seventh embodiment.

[0095] FIG. 19 is a circuit block diagram showing a
configuration of an organic EL display apparatus according
to an eighth embodiment of the present invention.

[0096] FIG.20A is a graph showing an operating point of
a TFT in a black display mode (low-luminance display
mode) in an organic EL display apparatus according to a
ninth embodiment of the present invention. FIG. 20B is a
circuit block diagram showing a configuration of the organic
EL display apparatus of the ninth embodiment.

[0097] FIG. 21 is a block circuit diagram showing a
configuration of an organic EL display apparatus according
to a tenth embodiment of the present invention.

[0098] FIG. 22 is a block circuit diagram showing a
configuration of an organic EL display apparatus according
1o an eleventh embodiment of the present invention.

[0099] FIG. 23 is a circuit block diagram schematically
showing a configuration of a conventional organic EL dis-
play apparatus.

[0100] FIG. 24A is an enlarged view showing a display
panel in a case of a black and white display in the conven-
tional organic EL display apparatus. FIG. 24B is a circuit
diagram showing pixel sections arranged on the XXVb-
XXVb line on the display panel shown in FIG. 24A and
pixel drivers connected to the respective pixel sections. FIG.
24C is a graph showing an operating point of a TFT in a
black display mode. FIG. 24D is a graph showing an
operating point of the TFT in a white display mode.

[0101] FIGS. 25A and 25B are circuit diagrams showing
respective examples of a configuration of a current generator
in a general organic EL pixel section.

[0102] FIG. 26 shows graphs showing respective changes
of the value of a current flowing in a pixel section and the
value of a voltage applied to the pixel section in a black
display mode in the conventional organic EL display appa-
ratus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

[0103] FIG. 1 is a circuit block diagram schematically
showing a configuration of an organic EL display apparatus
according to a first embodiment of the present invention.
The organic EL display apparatus of this embodiment is
characterized in that a predetermined amount of current
flows from a pixel driver 1 for a given period in a current
setting mode, and then the value of the current that has been
set 1s output from the pixel driver 1.

[0104] As shown in FIG. 1, the organic EL display
apparatus of this embodiment includes: a display panel; a
pixel section 5 provided on the display panel and used for
displaying an image; a transmission path 3 connected to the
pixel section 5; and a pixel driver 1 included in a source
driver and used for supplying a drive current to the pixel
section § via the transmission path 3. The transmission path
3 includes a line connecting the source driver 1 and the
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display panel to each other and a signal line provided on the
display panel. The transmission path 3 shown in FIG. 1
includes resistances and capacitances, which respectively
indicate wiring resistances and stray capacitances. The sig-
nal line is also connected to other pixel sections arranged in
the direction of the signal line.

[0105] The pixel driver 1 includes: a current driver 11 for
supplying a drive current to the pixel section 5; a register 7
for latching a data signal as display data and outputting the
data signal to the current driver 11; and a timing control unit
9 for outputting a signal A for controlling an output current
from the current control unit 11. Upon the reception of the
signal A, current driver 11 outputs a current set at an
arbitrary value only during a given period, while outputting
a current with a value set according to a data signal during
the operating period other than the given period in the
current setting mode. In this case, the value of the current
output from the current driver 11 only during the given
period is preferably larger than or equal to that of the current
set according to the data signal.

[0106] The configuration of the pixel section 5 is the same
as in the conventional apparatus. Specifically, the pixel
section 5 includes: a current generator 19 connected to the
signal line and having a pixel input capacitance 17 and a
current source 18; and an organic EL device 21 driven by the
current output from the current generator 19.

[0107] FIG. 2 is a circuit diagram showing a model of the
current generator 19 in the current setting mode. The con-
figuration of the current generator 19 may be the same as
those of the conventional generators as shown in FIGS. 25A
and 25B, or may be other general configurations using
TFTs. The model shown in FIG. 2 includes: a p-channel
TFT 20 whose source receives a power-supply voltage and
whose drain is connected to the pixel driver and to the gate
electrode of itself; and a capacitance C1 (corresponding to
the pixel input capacitance 17 shown in FIG. 1) for holding
a gate voltage connected to the gate electrode of the TFT 20
and to the pixel driver. In FIG. 2, a TFT for supplying a
current to the organic EL device 21 (e.g., the second TFT M1
shown in FIG. 25A) is omitted.

[0108] In the organic EL display apparatus of this embodi-
ment, a large current flows from the panel to the pixel driver
1 in a current setting mode in which a black display is
switched to a white display, for example, so that the charge
accumulated in a stray capacitance 15 and the image input
capacitance 17 can be released rapidly. Accordingly, the
values of the current and voltage input from the current
driver 11 to the pixel section 5 reach respective target values
in a shorter time than in a conventional apparatus, resulting
in a high display resolution of the organic EL display
apparatus of this embodiment.

[0109] An organic EL display apparatus may produce a
display after temporarily producing a black display for the
purpose of smoothing the switching in display of moving
images. In such a case, the organic EL display apparatus of
this embodiment allows the current flowing in the pixel
section 5 to reach a target value in a shorter time than in a
conventional apparatus. As a result, operations of respective
pixel sections can be unified.

[0110] Now, specific examples of the configuration of the
current driver used in the organic EL display apparatus of
this embodiment will be described.
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First Specific Example

[0111] FIG. 3 is a circuit diagram showing a first specific
example of the current driver of the organic EL display
apparatus of the first embodiment. In this example, the
organic EL display apparatus produces a display of 6 bits,
i.e., 64 levels of gray scale.

[0112] The current driver of this specific example shown
in FIG. 3 includes: an additional current source 24 for
supplying a constant current Ix; a current mode D/A con-
verter for receiving a data signal output from the register 7
and outputting a current according to the data signal; a
switch SW, for switching between ON and OFF of the
current flowing in the additional current source 24; and a
switch SWy, for switching between ON and OFF of an
output current (drawn current) of the current mode D/A
converter. The switch SW,, is controlled with the signal A,
and the switch SWy, is controlled with a signal NA, which
is a signal of opposite phase to that of the first control signal
A

[0113] The current mode D/A converter includes: a first
current source 22§, for supplying a current I, which is the
minimum current unit; a second current source 22i; for
supplying a current I, which is 2 times as large as the current
Iy; a third current source 22i, for supplying a current I,
which is 27 times as large as the current I; a fourth current
source 22i, for supplying a current L, which is 2* times as
large as the current Io; a fifth current source 22i, for
supplying a current I, which is 2* times as large as the
current I; a sixth current source 225 for supplying a current
I which is 2° times as large as the current I; a first switch
SWi,; a second switch Swi,; a third switch Swi,; a fourth
switch SWi5; a fifth switch Swi,; and a sixth switch Swis.
The first through sixth switches Swi, through SWiy control
the ON and OFF states of currents flowing in the first
through sixth current sources, respectively. The first through
sixth switches Swi, through Swis are turned ON or OFF with
data signals data 0 through data 5, respectively. The sum of
the currents flowing in the respective current sources in
conductive states is drawn into the D/A converter as a
current Lg. In this example, each of the data signals has 6
bits, but the number of bits is not limited to this. The D/A
converter may output an output current in proportion to the
display luminance. However, in another case, the D/A
converter may output an output current which is not in
proportion to the display luminance in order to correct the y
characteristic of the organic EL device. The foregoing
description is also applicable to organic EL display appara-
tuses according to other embodiments.

[0114] If the organic EL display apparatus of this specific
example uses N bits (where N is an integer of two or more),
the number of current sources is N and the current source
associated with the most significant bit (MSB) draws a
current which is 2™ times as large as the current source
associated with the least significant bit (LSB). The configu-
ration of the D/A converter is the same as that of the
conventional current driver shown in FIG. 24. For example,
the current sources are composed of MOSFETs forming
current mirrors with each other.

[0115] The current Ix flowing in the additional current
source 24 has a value larger than that of the current I, which
is the minimum current unit.

[0116] Inthe current driver of this specific example having
the configuration described above, the switch SW, is ON
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and the switch SW, is OFF during a given period in the
current setting mode. During the operation periods other
than the given period, e.g., in a display mode, the switch
SW _is OFF and the switch SWy, is ON. Such a control
allows a current to be drawn into the additional current
source 24 during the given period when a high-luminance
display is switched to a low-luminance display. Accordingly,
the value of the current flowing in the pixel section 5 reaches
a target value in a short time. As a result, it is possible to
have the value of the current flowing from the current
generator (see FIG. 1) to the organic EL device 21 reach a
target value in a short time.

[0117] FIG. 4 shows graphs showing respective changes
of a current I flowing in the pixel section 5 and of a voltage
Vo applied to an input terminal of the pixel section 5 in the
current setting mode in the organic EL display apparatus of
this specific example. FIG. 4 shows the changes when a
black display is switched to a white display.

[0118] As shown in FIG. 4, in the organic EL display
apparatus of this specific example, a current Ix larger than
that in the conventional example shown in FIG. 26 flows
from the current generator 19 from time 0 to time T in the
current setting mode. Accordingly, the voltage Vo applied to
the input terminal of the pixel section § decreases sharply to
approach a stable voltage Vta at time T. Therefore, a current
flowing in the current driver 11 is switched to an original set
current (a current Is shown in FIG. 3) at time T, and then
reaches a target current Ita at time t2, which is earlier than
time t1 in the conventional example. That is, the organic EL.
display apparatus of this specific example, provision of the
additional current source 24 for allowing a predetermined
current to flow for a given period reduces the time required
for the value of the current flowing from the current driver
11 into the pixel section 5 to reach the target value in a
shorter time than in the conventional organic EL display
apparatus, when the low-luminance display (black display)
is switched to the high-luminance display (white display).
As aresult, the organic EL display apparatus of this specific
example achieves a high resolution without loss of display
quality.

[0119] The target current value shown in FIG. 4 varies
depending on the luminance of a pixel in a display mode.
Accordingly, it is preferable to change the period T during
which the current driver 11 outputs the current Ix depending
on the luminance of the pixel. In this case, the time or timing
when the timing control unit 9 shown in FIG. 1 turns ON the
switch SW, shown in FIG. 3 with signal A may be appro-
priately controlled.

[0120] In this specific example, the organic EL device is
used as a light-emitting device in the pixel section. Instead,
a device driven by current such as a light-emitting diode may
be used. This is also applicable to the embodiments
described below. The configuration of the pixel driver used
in the organic EL display apparatus of this embodiment is
applicable to printer heads.

[0121] In the organic EL display apparatus of this specific
example, the timing control unit 9 for outputting the signal
Amay be provided to each current driver or may be provided
in singular to a plurality of current drivers. If the timing
control unit 9 is shared by a plurality of current drivers, the
circuit area is reduced.
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Second Specific Example

[0122] FIG. 5 is a circuit diagram showing a second
specific example of the current driver in the organic EL
display apparatus of the first embodiment. In this specific
example, no additional current source is provided, and the
current driver allows the maximum output current to flow
using the first through sixth current sources of the current
mode D/A converter only during a given period in the
current setting mode.

[0123] As shown in FIG. 5, the current driver of this
specific example includes: a D/A converter having the same
configuration as in the first specific example: bypasses
respectively connecting the first through sixth current
sources to an output terminal of the D/A converter; a switch
SW ,, provided between the first current source 22, and the
output terminal of the D/A converter; a switch SW,; pro-
vided between the second current source 227, and the output
terminal of the D/A converter; a switch SW,, provided
between the third current source 22i, and the output terminal
of the D/A converter; a switch SW , 5 provided between the
fourth current source 22i, and the output terminal of the D/A
converter; a switch SW, , provided between the fifth current
source 221, and the output terminal of the D/A converter; and
a switch SW 5 provided between the sixth current source
22i and the output terminal of the D/A converter. The
switches SW , , through SW 4 ; are provided on the bypasses.
Each of the switches SW ,, through SW,. is ON with a
signal A output from the timing control unit 9 shown in FIG.
1 only during a given period in the current setting mode,
while being OFF in the other periods.

[0124] The first through sixth switches SWi, through
SWi_are OFF when the respective switches SW ,, through
SW__ are ON.

[0125] 1In the current driver of this specific example with
the configuration described above, a current which is the
sum of the currents generated by all the first through sixth
current sources flows during the given period in the current
setting mode. This sum current is a current Ly for data 3F,
i.e., 63 times as large as the minimum current unit in the case
of a display of 64 levels of gray scale.

[0126] FIG. 6 shows graphs showing respective changes
of a current I flowing from the current driver 11 to the pixel
section 5 and of a voltage Vo applied to the pixel section 5
in the current setting mode in the organic EL display
apparatus of this specific example. FIG. 6 shows the
changes of the current I and the voltage Vo after a black
display mode.

[0127] As shown in FIG. 6, in the organic EL display
apparatus of this specific example, the current [5p that is the
maximum current in the case of the display of 64 levels of
gray scale is output from the current driver 11 from time 0
to time T in the current setting mode. Accordingly, the
voltage Vo applied to the pixel section 5 decreases sharply
to approach a stable voltage Vta at time T. Therefore, as in
the first specific example, a current drawn into the current
driver 11 is switched to an original set current (the current
Is shown in FIG. 3) at time T, and then reaches a target
current Ita at time t2, which is earlier than time t1 in a
conventional apparatus. That is, in the organic EL display
apparatus of this specific example, the maximum set current
of the D/A converter is allowed to flow for a given period,
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so that the time required for the value of the current flowing
into an input terminal of the pixel section 5 to reach the
target value is reduced as compared to a conventional
organic EL display apparatus, when a low-luminance dis-
play (black display) is switched to a high-luminance display
(white display).

[0128] In particular, the current driver of this specific
example includes no additional current source, so that the
area of the current driver is reduced as compared to the first
specific example.

[0129] In the current driver of this specific example, the
bypasses are provided to all the first and sixth current
sources so as to connect these current sources to the output
terminal. Alternatively, the bypasses may be provided only
to some of the current sources, ¢.g., to the fifth and sixth
current sources 221, and 22i., depending on the design of the
display apparatus. In other words, the current temporarily
output from the D/A converter is not necessarily the maxi-
mum set current.

[0130] In this specific example, the switches SW,,
through SW , < for allowing currents to flow in the respective
current sources associated with the number of bits are
controlled with the common signal A. Alternatively, the
switches SW ,, through SW ,; may be designed to be con-
trolled with respective signals A0 through A5 which are
independent of each other. In addition to this configuration,
the timing control unit 9 can be designed to output the
signals AQ through A5 to each of a plurality of current
drivers connected to other signal lines. In this case, it is
possible to program the operation of the timing control unit
9 s0 as to optimize the combination of current sources which
are ON in the current setting mode. Then, the amount of the
overshoot (temporary decrease below the set voltage) of the
voltage shown in FIG. 6 is reduced. As a result, it is possible
to have the value of the current flowing in the current driver
and the current generator reach a target value in a shorter
time.

Third Specific Example

[0131] FIG. 7 is a circuit diagram showing a third specific
example of the current driver in the organic EL display
apparatus of the first embodiment. This specific example is
the same as the second specific example in that a current
lager than a set current is allowed to flow using the first
through sixth current sources of the current mode D/

converter during a given period in the current setting mode,
but is different in that the current larger than or equal to the
set current is allowed to flow, and then the value of the
current flowing in the D/A converter is reduced stepwise.

[0132] As shown in FIG. 7, the current driver of this
specific example includes: a D/A converter having the same
configuration as in the first specific example: bypasses
respectively connecting the first current source 22i,, the
second current source 224, the third current source 22i,, the
fourth current source 22i5, the fifth current source 22i, and
the sixth current source 22i; to an output terminal of the D/A
converter; the switch SW,, provided between the first
current source 22i, and the output terminal of the D/A
converter; the switch SW,; provided between the second
current source 22, and the output terminal of the D/A
converter; the switch SW,, provided between the third
current source 22i, and the output terminal of the D/A
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converter; the switch SW,; provided between the fourth
current source 22i; and the output terminal of the D/A
converter; the switch SW,, provided between the fifth
current source 22i, and the output terminal of the D/A
converter; and the switch SW , 5 provided between the sixth
current source 22is and the output terminal of the D/A
converter.

[0133] This specific example is different from the second
specific example in that the switches SW ,, through SW 5
are sequentially switched from ON to OFF with signals A0
through A3, respectively, which are independent of each
other in the current setting mode. The signals A0 through AS
are output from the timing control unit 9 shown in FIG. 1
at given timings.

[0134] Now, operation of the current driver according to
this specific example will be described with reference to the
drawing.

[0135] FIG. 8 shows graphs showing respective changes
of a current I flowing from the current generator to the
organic EL device and of a voltage Vo applied to the pixel
section § in the current setting mode in the organic EL
display apparatus of this specific example.

[0136] As shown in FIG. 8, in the organic EL display
apparatus of this specific example, a maximum current I, in
a case of a display of 64 levels of gray scale associated with
data 3F (“3F” is in hexadecimal notation) flows from the
current driver 11 from time 0 to time T in the current setting
mode. In this period, the voltage Vo applied to an input
terminal of the pixel section 5 decreases sharply to approach
a target voltage Vta.

[0137] Next, at time T, the switches SW , , through SW , 5,
for example, are turned OFF so that the two most significant
bits are replaced with correct data to be displayed. This state
continues from time T to time 3T. The current flowing in the
pixel section 5 in this period further approaches the target
value. During this period, the voltage applied to the input
terminal of the pixel section 5 decreases gradually and is
slightly below a stable voltage Vta at time 3T.

[0138] Then, at time 3T, the switches SW,, through
SW 5, for example, are also turned OFF so that the next two
most significant bits are replaced with correct data to be
displayed. This state continues from time 3T to time 5T.
Accordingly, the voltage applied to the pixel section 35
further approaches the stable voltage during the period from
time 3T to time 3T.

[0139] Thereafter, at time TS, the switches SW,, and
SW,,, for example, are further turned OFF so that the output
current from the current driver is a set current according to
all the 6 bits of data set in the register.

[0140] In this manner, the value of the output current from
the current driver of this specific example is changed step-
wise, so that the amount of the overshoot of the voltage
applied to the pixel section 5 can be reduced. In addition, the
current flowing in the pixel section 5 reaches the target
current value in a shorter time than in the second specific
example.

[0141] In this example, the amount of the current flowing
in the current driver is changed at regular intervals (2T
intervals) after time T, but may be changed at an arbitrary
timing or in an arbitrary period. For example, after the
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current in the maximum set amount has been allowed to flow
in the current driver so that the value of the current flowing
in the pixel section § approaches the target value in a given
period, the value of the current flowing in the current driver
may be changed stepwise at short intervals to finally reach
the value according to a data signal that has been set in the
register. In such a case, the time required to reach the target
current value can be reduced as compared to a conventional
current driver. Alternatively, the amount of the current
flowing in the current driver including the current in the
maximum set amount may be changed at every given time
T.

[0142] Such controls are performed with signals A0
through AS output from the timing control unit 9 shown in
FIG. 1.

[0143] In the current driver of this specific example, after
the maximum current or an approximately maximum current
has been allowed to flow, the current is switched stepwise to
the set current two bits at a time in decreasing order from the
most significant bit. Alternatively, the number of bits
switched to the set current at a time may be one or three or
more. The switching to the set current is preferably per-
formed in decreasing order from a higher-order bit to a
lower-order bit as in this specific example, but may be
performed in any order.

Fourth Specific Example

[0144] In a fourth specific example of the first embodi-
ment, a configuration of the timing control unit for imple-
menting the organic EL display apparatus of the third
specific example will be described. Specifically, the timing
control unit of this specific example outputs signals A0
through AS for changing the value of the current flowing in
the current driver stepwise.

[0145] FIG. 9 is a block diagram showing an example of
the configuration of the timing control unit according to the
fourth specific example of the first embodiment.

[0146] As shown in FIG. 9, the timing control unit of this
specific example includes: timing setting registers 31a, 31b,
31c, 31d, 31e and 31f for outputting respective register
signals Sr0, Srl, Sr2, Sr3, Sr4 and Sr5; a counter 37 for
performing counting operation upon reception of a start
signal and a clock signal and outputting the value obtained
by the counting operation as a count data signal Scd;
comparators 33a, 33b, 33c, 33d, 33¢ and 33f for comparing
the counter data signal Scd with the respective register data
signals Sr0 through Sr5 and, when these signals have the
same value, outputting identification signals Sc0 through
Sc5, respectively; and control signal generators 35q, 35b,
35¢, 35d, 35¢ and 35f for receiving the identification signals
Sc0 through Sc5 and outputting signals A0 through AS,
respectively.

[0147] For example, in the current setting mode, if the data
is replaced with correct data one bit at a time in decreasing
order from the most significant bit, data items “1”, “2”, “3”,
“47. “5” and “6” are set in the respective timing setting
registers 31f, 31e,31d, 31c, 31b and 314 beforehand, and the
register data signals from these registers are output to the
comparators 33f, 33e, 334, 33c, 33b and 334, respectively.

[0148] The counter 37 initiates its counting operation in
synchronization with the clock signal upon the reception of
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the start signal. In accordance with the sequential regular-
interval changes of the counter signals “17, “2”, . . . which
are output to the respective comparators, the comparators
33f, 33¢, . . . output the identification signals Sc5, Sc4, . . .
to the control signal generators 35f, 35e, . . . in this order. In
this case, when the identification signal Sc0 that is finally
output is fed back to the counter 37, the operation of the
counter 37 is reset.

[0149] The control signal generators 35f, 35¢, 354, . . . and
35a output the signals A5, A4, A3, . . . and A0 to the current
driver at regular intervals. The signals A5, A4, A3, . . . and
A0 that have been once output are continuously output until
the current setting mode terminates.

[0150] With the circuit operation described above, the
current to flow into the current driver in the current setting
mode is changed stepwise.

[0151] In this specific example, the signals AS through A0
are output at regular intervals. However, if the data items
previously set in the timing setting registers are set different
from each other, the respective signals A5 through A0 are
also output at different timings.

[0152] In this specific example, an example of the timing
control unit for implementing the organic EL display appa-
ratus of the third specific example is described. However, the
circuit configuration for the above control is not limited to
the configuration shown in FIG. 9.

[0153] The timing control unit of this specific example
may be provided to every current driver or may be shared by
a plurality of current drivers so that one timing control unit
is provided in each LSL In particular, if the signals A0
through AS are used in common on a display panel, one
timing control unit may be provided to each panel. In such
a case where the timing control unit is shared by a plurality
of current drivers, the increase in the circuit area can be
suppressed.

Embodiment 2

[0154] FIG. 10 is a circuit block diagram schematically
showing a configuration of an organic EL display apparatus
according to a second embodiment of the present invention.
In FIG. 10, cach component also shown in FIG. 1 is
identified by the same reference numeral and the description
thereof will be omitted herein.

[0155] As shown in FIG. 10, the organic EL display
apparatus of this embodiment is characterized in that the
organic EL display apparatus of the first embodiment further
includes: a voltage setting means 50 for setting a stable
output voltage of a current driver 11 in a current setting
mode; and a comparator 67 for comparing the output voltage
of the current driver 11 with the output voltage of the voltage
setting means 50 and outputting the comparison result to a
timing control unit 9. The “stable output voltage of the
current driver” herein refers to the output voltage of the
current driver when the voltage applied to an input terminal
of a pixel section 5 is a stable voltage (Vta shown in FIG.

4).

[0156] The voltage setting means 50 may be provided on
a chip on which a source driver is provided, or otherwise,
may be provided to extend from the source driver to a
display panel. The latter case will be described in a later
specific example.
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[0157] In a case where the voltage setting means 50 is
provided within the source driver, the voltage setting means
50 includes a register in which a stable output voltage with
respect to the current driver 11 according to a data signal has
been set beforehand. The stable output voltage is obtained
by, for example, measuring the output voltages of the current
driver 11 in display modes with different luminances. In a
current setting mode, the stable output voltage set in a
register is output to the comparator.

[0158] The comparator 67 compares the stable output
voltage of the voltage setting means 50 with the output
voltage of the current driver 11. In a current setting mode in
which a low-luminance display is switched to a high-
luminance display, if the output voltage of the current driver
11 is equal to or lower than the output voltage of the voltage
setting means 50, the comparator 67 outputs a switching
signal Sch to the timing control unit 9. On the other hand, in
a current setting mode in which a high-luminance display is
switched to a low-luminance display, if the output voltage of
the current driver 11 is equal to or higher than the output
voltage of the voltage setting means 50, the comparator 67
outputs the switching signal Sch to the timing control unit 9.
However, since control for displaying with a low luminance
first and then displaying an image is often performed in
display operation, it is not always necessary to change the
setting of the comparator 67 between the switching from a
low-luminance display to a high-luminance display and the
switching from a high-luminance display to a low-lumi-
nance display.

[0159] In the current setting mode, when the switching
signal Sch is input to the timing control unit 9, the operation
of the timing control unit 9 is reset, and the output current
from the current driver 11 is switched to a set current
according to the data signal. At this time, according to this
embodiment, the output current from the current driver 11 is
changed to the set current according to the data signal with
a signal A output from the timing control unit 9.

[0160] Provision of the voltage setting means 50 and the
comparator 67 described above allows the output current
from the current driver 11 to be switched at an appropriate
timing, so that it is possible to have the output current from
a current generator 19 reach a target value in a shorter time
than in a conventional apparatus. Accordingly, the organic
EL display apparatus of this embodiment achieves an image
display with high definition and high resolution, which has
been difficult to achieve with the conventional apparatus,
without loss of image quality.

[0161] The voltage setting means 50 and the comparator
67 of this embodiment are applicable to all the specific
examples of the first embodiment.

[0162] As described above, if the voltage setting means 50
and the source driver are provided on a chip in the organic
EL display apparatus of this embodiment, an existing dis-
play panel can be used, which is an advantage over the case
where the voltage setting means 50 extends to the panel.

[0163] The comparator 67 may be provided on the panel,
but is preferably provided within the source driver. An
example of the comparator 67 in this case is a comparator
using a differential amplifier.

[0164] The voltage setting means 50 may be provided to
every current driver 11, or may be shared by a plurality of
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current drivers 11. To reduce the areas of the source driver
and the display panel, it is preferable that the voltage setting
means 50 is shared by a plurality of current drivers 11. In
such a case, one or more voltage setting means 50 are more
preferably provided on every semiconductor chip on which
the source driver is provided. Then, to drive the display
panel by source drivers provided on the chips, chips based
on the same standard can be used, thus simplifying the input
and output configuration of the source drivers. In addition,
as compared to a case where the voltage setting means 50 is
provided on a part of the source driver, the influences of
variation among the chips and variation of positions on the
panel are reduced.

[0165] The foregoing description is based on the assump-
tion that the source driver is provided outside the display
panel. However, the source driver may be incorporated in
the display panel. This is also applicable to the other specific
examples and the other embodiments.

Specific Example of Embodiment 2

[0166] In a specific example of the second embodiment,
an organic EL display apparatus in which the voltage setting
means 30 is provided to extend from the chip on which the
source driver is provided to the display panel will be
described.

[0167] FIG. 11 is a circuit block diagram schematically
showing a configuration of the organic EL display apparatus
according to the specific example of the second embodi-
ment. [n FIG. 11, each component also shown in FIG. 10 is
identified by the same reference numeral.

[0168] As shown in FIG. 11, in the organic EL display
apparatus of this specific example, the voltage setting means
50 shown in FIG. 10 further includes: a dummy pixel driver
51 having a dummy current driver 61; a dummy pixel
section 55 provided on the display panel; and a dummy
transmission path 33 through which an output current from
the dummy current driver 61 is transmitted to the dummy
pixel section 55. The “dummy” herein means being not
directly related to an image display.

[0169] The dummy current driver 61 have the same con-
figuration as that of the current driver 11 and includes a
current mode D/A converter associated with 6 bits, in the
case of a display apparatus producing a display of 64 levels
of gray scale.

[0170] The dummy transmission path 53 have the same
configuration as that of the transmission path 3 and includes
a line connecting the source driver and the display panel to
each other and signal lines provided on the panel. FIG. 11
also shows a wiring resistance 63 and a stray capacitance 63
on the dummy transmission path.

[0171] The dummy pixel section 55 includes a dummy
current generator 39 including a dummy pixel input capaci-
tance 57 and a power source and having the same configu-
ration as that of the current generator 19. The organic EL
device 21 is not necessarily provided.

[0172] In the organic EL display apparatus of this specific
example, the output voltage of the dummy current driver 61
is input to a (+)-side input terminal of a comparator 67a. On
the other hand, an output voltage of the current driver 11 is
input to a (=)-side input terminal of the comparator 67a. The
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comparator 67a compares the output voltage of the current
driver 11 with the output of the dummy current driver 61 and
outputs the comparison result to the timing control unit 9.
FIG. 11 shows the comparator including a differential
amplifier as an example of the comparator, but another
comparator having a different configuration may be used.

[0173] In this specific example, a constant current having
an arbitrary value flows from the dummy pixel driver 51
during the periods other than a non-display mode.

[0174] For example, if the dummy pixel driver 51, the
dummy transmission path 53 and the dummy pixel section
55 of this specific example are added to the organic EL
display apparatus of the first specific example of the first
embodiment shown in FIG. 3, a current equal to the current
Ix flowing in the additional current source 24 is drawn into
the dummy current driver 61. In this manner, the output
voltage of the dummy current driver 61 changes to a stable
output voltage at the output current Ix.

[0175] In the organic EL display apparatus of this specific
example, the comparator 67a compares this stable output
voltage with the output voltage of the current driver 11. In
this case, in a current setting mode in which a low-lumi-
nance display is switched to a high-luminance display, if the
output voltage of the current driver 11 is equal to or lower
than the output voltage of the dummy current driver 61, the
comparator 67 outputs the switching signal Sch to the
timing control unit 9. On the other hand, in a current setting
mode in which a high-luminance display is switched to a
low-luminance display, if the output voltage of the current
driver 11 is equal to or higher than the output voltage of the
dummy current driver 61, the comparator 67a outputs the
switching signal Sch to the timing control unit 9.

[0176] Since the comparator 67a operates in a transition
period in which the voltage varies, the comparator 67a may
compare V1 and kV2 (k is an arbitrary positive value) where
V1 is the output voltage of the current driver 11 and V2 is
the output voltage of the dummy current driver 61.

[0177] Upon the reception of the switching signal Sch, the
timing control unit 9 has its operation reset so that the output
current of the current driver 11 is switched to a set current
according to a data signal.

[0178] In this manner, the output current from the current
driver 11 is switched at an appropriate timing, so that it is
possible to have the value of a current flowing in the pixel
section 5 reach a target value in a shorter time than in a
conventional apparatus.

[0179] In this specific example, the current flowing in the
dummy current driver 61 is set at Ix, but may be set such that
the stable output voltage of the dummy current driver 61
may be set lower or higher than the original stable output
voltage of the current driver 11. Specifically, in the dummy
pixel driver 51 of this specific example, the value of the
current flowing in the dummy current driver 61 is arbitrarily
set so that a charging period in which a high-luminance
display is switched to a low-luminance display or a dis-
charging period in which a low-luminance display is
switched to a high-luminance display is minimized.

[0180] In an actual display apparatus, the optimum value
of the output current from the dummy current driver 61 is
obtained by, for example, actually measuring characteristics
of a display panel.
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[0181] In the organic EL display apparatus of this specific
example, a set of the dummy pixel driver 51, dummy
transmission path 53 and dummy pixel section 55 is pref-
erably used in common to control a plurality of current
drivers 11 in order to suppress the increase of the area.

[0182] In a case where the organic EL display apparatus
has a relatively large display panel, the panel is often driven
by a plurality of semiconductor chips in which source
drivers are provided. In such a case, a plurality of semicon-
ductor chips in which the dummy pixel drivers 51 are
incorporated together with the source drivers are preferably
arranged on the picture frame of the display panel. Then, the
interval between the dummy transmission paths 53 and the
interval between the dummy pixel sections 55 on the display
panel are respectively set at given values (e.g., regular
intervals), so that the influences of the characteristic varia-
tions of organic EL display pixel sections and transmission
paths can be reduced. In addition, it is sufficient to use one
type of chips on which the source drivers to be provided,
thus simplifying the input and output configuration of the
source drivers.

[0183] Not only this specific example, but also a case
where a plurality of dummy transmission paths 53 and a
plurality of dummy pixel sections 55 are provided on the
display panel, it is preferable to arrange the dummy trans-
mission paths 53 and the dummy pixel sections 55 at regular
spacings.

[0184] If the dummy transmission paths 53 and the
dummy pixel sections 35 are provided on a plurality of
portions of the display panel as described above, the output
voltages from output terminals of the dummy pixel drivers
51 (or output terminals of the dummy current drivers 61)
connected to the respective dummy transmission paths 53
may be averaged so that the obtained average voltage be
input to the comparator 67a. Then, the variations of organic
EL display pixel sections and transmission paths 53 on the
display panel are made even.

Embodiment 3

[0185] FIG. 12 is a circuit diagram showing a configura-
tion of a current generator according to a third embodiment
of the present invention. FIG. 13 is a circuit block diagram
schematically showing an example of an organic EL display
apparatus according to the third embodiment using the
current generator shown in FIG. 12.

[0186] As shown in FIG. 13, the organic EL display
apparatus of this embodiment is characterized by including
a voltage supplying means for supplying a drive voltage to
a pixel section 5; and a current supplying means for sup-
plying a drive current the pixel section 5. This current
supplying means includes a current detecting means for
feeding back the output voltage of the voltage supplying
means.

[0187] Hereinafter, a specific configuration of the organic
EL display apparatus of this embodiment will be described.

[0188] As shown in FIG. 13, the organic EL display
apparatus of this embodiment includes: a display panel (not
shown); a pixel section 5 provided on the display panel; a
transmission path 3 connected to the pixel section §; and a
pixel driver 1a included in a source driver and used for
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supplying a drive voltage and a drive current to the pixel
section 5 via the transmission path 3.

[0189] The pixel driver la includes: a voltage driver 73 for
supplying a drive voltage to the pixel section 5; and a current
value detector 71 for setting a drive current flowing in the
pixel section 5 and for detecting the value of the drive
current and outputting the detection result to the voltage
driver 73; and a register 7 for latching a data signal as image
data and outputting the data signal to the current value
detector 71.

[0190] The transmission path 3 includes: a line and a
drive-voltage signal line 14 which are used for transmitting
the drive voltage to the pixel section 5; and a line and a
drive-current signal line 64 which are used for transmitting
the drive current to the pixel section 5.

[0191] The pixel section 5 includes: an organic EL device
21 for emitting light in accordance with an input current; and
a current generator 19 connected to the voltage driver 73 and
the current value detector 71 via the transmission path 3 and
used for supplying a drive current to the organic EL device
21.

[0192] As shown in FIG. 12, the current generator 19
includes: a p-channel TFT 72 whose gate electrode is
connected to the drive-voltage signal line 14, whose source
receives a power-supply voltage and which is used for
supplying the drive current to the organic EL device 21; a
capacitance C1 connected to the gate electrode of the TFT
72 at one terminal and used for holding a gate voltage Vcl;
and a first switching transistor 74 (switch for voltage)
provided on a connection path connecting the capacitance
C1 and the gate electrode of the TFT 72 to the drive-voltage
signal line 14 and controlled with a first control signal K1,
and a second switching transistor 78 interposed between the
TFT 72 and the organic EL device 21 and controlled with a
second control signal K2, which is a signal of opposite phase
to that of the first control signal K1. In the current generator
19, the connection point between the TFT 72 and the second
switching transistor 78 is connected to the drive-current
signal line 64, and a third switching transistor 76 (switch for
current) controlled with the control signal K1 is interposed
between the TFT 72 or the second switching transistor 78
and the drive-current signal line 64. These switching MOS
transistors are all p-channel TFTs, but may be any devices as
long as they are capable of switching operation. The capaci-
tance C1 and the TFT 72 shown in FIG. 12 correspond to the
pixel input capacitance 17 and the current source 18 shown
in FIG. 13, respectively.

[0193] Now, it will be described how the current generator
19 operates.
[0194] First, in a current setting mode, with the control

signals K1 and K2, the first and third switching transistors
74 and 76 are turned ON and the second switching transistor
78 is turned OFF. This causes a pixel drive voltage to be
supplied from the voltage driver 73 to the capacitance C1
and the gate electrode of the TFT 72 via the first switching
transistor 74, and a pixel drive current flows into the TFT 72
via the third switching transistor 76. When the capacitance
C1 is charged in an amount corresponding to the gate
voltage Vel in this current setting mode, a constant current
(a target current Ita) begins to flow into the TFT 72.

[0195] Then, in a display mode, with the control signals
K1 and K2, the first and third switching transistors 74 and
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76 are OFF and the second switching transistor 78 is ON. In
this period, the charged capacitance C1 holds the gate
voltage Vcl, so that the target current Ita continuously flows
from the TFT 72 into the organic EL device 21.

[0196] Now, operation and characteristics of the current
driver 1a of this embodiment will be described briefly.

[0197] In the conventional organic EL display apparatus,
a capacitance is charged by a power-supply voltage via a
TFT in the pixel section § when a low-luminance display is
switched to a high-luminance display. However, since the
TFT has a high output impedance, the pixel input capaci-
tance 17 cannot be charged at high speed in the conventional
apparatus.

[0198] In contrast, in the organic EL display apparatus of
this embodiment, the pixel drive voltage is supplied from the
voltage driver 73 to the pixel section 5 via the drive-voltage
signal line 14 in a current setting mode. In this period, the
output impedance of the voltage driver 73 is lower than that
of the current driver in the conventional organic EL display
apparatus. Accordingly, in the organic EL display apparatus
of this embodiment, the pixel input capacitance 17 (capaci-
tance C1) is charged at higher speed than in the conventional
organic EL display apparatus.

[0199] In the current setting mode, the current value
detector 71 detects the value of the current flowing from the
pixel section 5 via the drive-current signal line 64 and feeds
back the detection result to the voltage driver 73.

[0200] FIG. 14 is a circuit block diagram showing an
example of a configuration of the current value detector 71
used in the organic EL display apparatus of this embodi-
ment.

[0201] The current value detector 71 shown in FIG. 14
includes: a current driver 80 for receiving a data signal
output from the register 7 and allowing a drive current from
the pixel section 5 to flow; and a resistance 82 provided
between the pixel section § and the current driver 80. The
line connecting the current driver 80 and the resistance 82 to
each other is connected to the voltage driver 73.

[0202] In the current value detector 71, suppose I, is a
drive current set according to a data signal from the register
7 and 1, is a pixel drive current flowing from the pixel
section 5, a voltage Vel output from the current value
detector 71 to the voltage driver 73 is stabilized when the
drive current I; and the pixel drive current I, are equal to
each other. If the pixel drive current 1, is larger than the drive
current [, the voltage Vel rises and the pixel drive current
I, decreases. If the drive current I, is larger than the pixel
drive current I, feedback is produced such that the voltage
Vel drops and the pixel drive current I, increases. As a
result, the pixel drive voltage output from the voltage driver
73 is stabilized at an appropriate value. In this case, since the
pixel input capacitance 17 is not present on a transmission
path of the pixel drive current I,, the stray capacitance of the
entire transmission path is small, so that the current value
can be detected at high speed. Accordingly, in the organic EL
display apparatus of this embodiment, the values of the
current and voltage supplied to the pixel section 5 reach
respective target values in a shorter time than in a conven-
tional apparatus, thus allowing a display with higher accu-
racy.
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[0203] The current value detector 71 is not limited to the
configuration shown in FIG. 14 as long as the pixel drive
current from the pixel section § is detected and fed back to
the voltage driver 73.

[0204] The current value detector 71 of this embodiment
is adopted in a case where the current source 18 on the
display panel is composed of p-channel TFTs. In a case
where the current source 18 is composed of n-channel TFTs,
it is sufficient that the current value detector 71 is configured
such that the output voltage to the voltage driver 73
decreases as the pixel drive current increases.

[0205] In this embodiment, the current generator 19 has a
configuration as shown in FIG. 12. Alternatively, the con-
figuration thereof is not limited to that shown in FIG. 12 as
long as the drive current is output to the organic EL device
21 by the inputs of the pixel drive voltage and the pixel drive
current.

Embodiment 4

[0206] FIG. 15 is a circuit block diagram schematically
showing an example of an organic EL display apparatus
according to a fourth embodiment of the present invention.

[0207] As shown in FIG. 15, as the organic EL display
apparatus of the fourth embodiment, the organic EL display
apparatus of the third embodiment further includes a short-
circuit means for making a short circuit between an output
terminal of a voltage driver 73 and an output terminal of a
current value detector 71 only during a given period. The
other elements are the same as those of the organic EL
display apparatus of the third embodiment, and thus the
descriptions thereof will be herein omitted.

[0208] In the example shown in FIG. 15, a switch 75
electrically connects the output terminal of the voltage
driver 73 and the output terminal of the current value
detector 71 to each other only during a given period when
the outputs of an image drive voltage and a pixel drive
current start (at the beginning of a current setting mode). As
the switch 75, a transfer gate composed of an nMOSFET and
a pMOSFET, for example, is used. However, other configu-
rations may be adopted. The switch 75 may be provided
between signal lines on a display panel, but is preferably
provided on a chip on which a source driver is provided.

[0209] In the organic EL display apparatus of this embodi-
ment, the voltage driver 73 has a low output impedance as
in the organic EL display apparatus of the third embodiment.
Accordingly, a pixel input capacitance 17 can be charged at
high speed. In addition, since the pixel input capacitance 17
is not provided on a transmission path of the pixel drive
current, the current value detector 71 detects a current value
at high speed.

[0210] In particular, in the organic EL display apparatus of
this embodiment, the output terminal of the current value
detector 71 and the output terminal of the voltage driver 73
having a low output impedance are short-circuited during
the given period, so that the current value can be detected at
higher speed. Accordingly, the organic EL display apparatus
of this embodiment allows the values of the pixel drive
current and the pixel drive voltage to reach respective target
values more rapidly than in the organic EL display apparatus
of the third embodiment.
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Embodiment 5

[0211] FIG. 16 is a circuit block diagram schematically
showing a configuration of an organic EL display apparatus
according to a fifth embodiment of the present invention.

[0212] As the organic EL display apparatus of this
embodiment, the organic EL display apparatus of the first
embodiment shown in FIG. 1 further includes a low-
impedance means having a low output impedance, e.g., a
voltage supplying means such as a voltage driver 79. The
voltage driver 79 may be a buffer for amplifying current
connected to another voltage source. The descriptions of the
same components as those in the organic EL display appa-
ratus of the first embodiment will be herein omitted.

[0213] As shown in FIG. 16, the organic EL display
apparatus of this embodiment is different from the organic
EL display apparatus of the first embodiment in that the
voltage driver 79 for outputting a constant voltage with an
arbitrary value and a switch 77 provided on a line connecting
an output terminal of the voltage driver 79 and an output
terminal of a current driver 11 to each other are provided and
that the switch 77 is controlled with a signal A output from
a timing control unit 9.

[0214] The switch 77 is ON with the signal A only during
a given period in a current setting mode. When the switch 77
turns OFF, the current driver 11 outputs a current which has
been set according to a data signal.

[0215] Accordingly, in the organic EL display apparatus of
this embodiment, after the current setting mode in which a
high-luminance (white) display is switched to a low-lumi-
nance (black) display has started, a stray capacitance 15 and
a pixel input capacitance 17 are charged rapidly using the
voltage driver 79 having a low output impedance. As a
result, the current flowing in the pixel section 5 reaches a
target value in a shorter time than in a conventional appa-
ratus.

[0216] In addition, in a current setting mode in which a
low-luminance display is switched to a high-luminance
display, the charge held in the stray capacitance 15 or the
pixel input capacitance 17 is released rapidly, so that the
current flowing in the pixel section 3 also reaches the target
value in a shorter time than in the conventional apparatus.

[0217] Accordingly, in both cases where a high-luminance
display is switched to a low-luminance display and where
low-luminance display is switched to a high-luminance
display, the value of the current flowing in a pixel section
reaches a target value in a short time, thus implementing a
display with higher resolution than in the conventional
apparatus.

[0218] The voltage driver 79 described above may be
provided to every pixel driver 1, or may be connected to a
plurality of pixel drivers 1. When area reduction is para-
mount, one voltage driver 79 is preferably provided to a
plurality of pixel drivers 1.

Embodiment 6

[0219] FIG. 17 is a circuit block diagram schematically
showing a configuration of an organic EL display apparatus
according to a sixth embodiment of the present invention.

[0220] As shown in FIG. 17, as the organic EL display
apparatus of this embodiment, the organic EL display appa-
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ratus of the fifth embodiment further includes the dummy
pixel driver 51, the dummy transmission path 53 and the
dummy pixel section 55 shown in FIG. 11. An output
terminal of the dummy pixel driver 51 is connected to an
input terminal of the voltage driver 79. The voltage driver 79
is, for example, a buffer for amplifying current and supplies
the output voltage of the dummy pixel driver 51 when the
switch 77 is ON. The switch 77 is ON only during a given
period in a current setting mode.

[0221] In this manner, the output voltage of the dummy
pixel driver 51 is supplied to the pixel section 5 via the
transmission path 3 during the given period in the current
setting mode. During this period, the output impedance of
the voltage driver 79 is low, so that charging of a stray
capacitance 15 and a pixel input capacitance 17 and dis-
charging of the stray capacitance 15 and the pixel input
capacitance 17 are completed rapidly. Thereafter, the switch
77 turns OFF, so that a current which has been set according
to a data signal flows from the current driver 11.

[0222] Since the organic EL display apparatus of this
embodiment is provided with the dummy pixel driver 31, the
dummy transmission path 53 and the dummy pixel section
55 which are not directly related to an image display, the
output voltage close to an actual stable output voltage is
supplied independently of the characteristics of the display
panel which is used. In other words, it is unnecessary to set
the output voltage of the voltage driver 79 for every display
panel.

[0223] In addition, the dummy pixel driver 51 is capable
of supplying a voltage to pixel sections connected to a
plurality of signal lines, so that increase of the circuit area
can be suppressed, as compared to a case where the dummy
pixel driver 51 is provided to every pixel driver 1.

Embodiment 7

[0224] As an organic EL display apparatus according to a
seventh embodiment of the present invention, the organic
EL display apparatus of the fifth embodiment shown in FIG.
16 uses a DAC means 123 as the voltage driver 79, and the
DAC means 123 is provided to every pixel driver 1.

[0225] FIG. 18A is a graph showing an operating point of
a TFT in a white display mode (high-luminance display
mode) in the organic EL display apparatus of the seventh
embodiment. FIG. 18B is a circuit block diagram showing
a configuration of the organic EL display apparatus of the
seventh embodiment.

[0226] As shown in FIG. 18B, the organic EL display
apparatus of the seventh embodiment includes: a display
panel provided with a pixel section § including TFTs and an
organic EL device and with a signal line 102 connected to
the pixel section 5; and a source driver (not shown) for
supplying a drive current to the pixel section 5.

[0227] The source driver includes: a current driver 11 for
causing a drive current to flow into the pixel section 5; a
switch 127 for turning ON or OFF the drive current from the
current driver 11; the voltage-output DAC means 123 whose
output terminal is connected to a connection path between
the current driver 11 and the pixel section 5; a binary-
display-data holding means 121 for latching a data signal
which is an image signal; a switch 125 for turning ON or
OFF the output voltage of the DAC means 123; and a
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reference current generator 101. The binary-display-data
holding means 121 corresponds to the register 7 shown in
FIG. 16.

[0228] Inthe case of a gray scale display corresponding to
N bits, the current driver 11 has N current sources. Since a
6-bit gray scale display is produced in this embodiment, the
current driver 11 includes: a first current source 212; a
second current source 213; . . . ; a sixth current source 214,
and a first switch 215; a second switch 216; . . . ; and a sixth
switch 217. The first switch 2185, the second switch 216, . .
. and the sixth switch 217 are used for turning ON or OFF
the outputs of the first current source 212, the second current
source 213, . . ., and the sixth current source 214, respec-
tively.

[0229] The binary-display-data holding means 121 out-
puts a 6-bit data signal to each of the DAC means 123, the
first switch 215, the second switch 216, . . ., and the sixth
switch 217.

[0230] The reference current generator 101 includes: a
first pMOSFET 108; a resistance 107 connected to the first
MOSEFET 108 and used for generating a reference current;
a second MOSFET 109 forming a current mirror together
with the first MOSFET 108; and a third nsMOSFET 110 for
transmitting a current flowing in the second MOSFET 109
to the first current source 212, the second current source 213,
..., and sixth current source 214. Each of the nMOSFETs
constituting the respective first current source 212, second
current source 213, . . ., and sixth current source 214 forms
a current mirror circuit together with the third MOSFET 110.

[0231] The organic EL display apparatus of this embodi-
ment is characterized by including the DAC means 123
disposed near the final operating point of the source driver
and outputting a voltage according to a 6-bit data signal. The
switch 125 is ON only during a given period in a current
setting mode. During the given period, the output voltage of
the DAC means 123 is supplied to the pixel section 3. This
given period is set such that the current flowing in the pixel
section § is approximately a target current.

[0232] The output of the DAC means 123 has an imped-
ance much lower than that of the current driver 11, so that
a stray capacitance 221 (the stray capacitance 15 shown in
FIG. 16) and a pixel input capacitance on a transmission
path are charged in a shorter time than in a conventional
apparatus, when a high-luminance display is switched to a
low-luminance display. In this period, the current-voltage
capacitance of the source driver output shifts from the dotted
curve to the solid curve shown in FIG. 18A and the
operating point of the TFT in the pixel section 3 shifts to
higher voltages. Accordingly, the switching to the high-
luminance display can be achieved in a short time. As a
result, even if a high-resolution panel is used, the organic EL
display apparatus of this embodiment can display an image
excellently.

[0233] The DAC means 123 of this embodiment is capable
of outputting a voltage according to respective data items for
a display of 64 levels of gray scale, so that the value of the
current flowing in the pixel section 5 reaches a target value
in a shorter time. Examples of the voltage according to the
data items for the display of 64 levels of gray scale include
a stable output voltage on the display data items with respect
1o the display data.
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[0234] Inthe organic EL display apparatus of this embodi-
ment, the DAC means 123 provided on the chip on which the
source driver is provided is used as a low impedance means.
Alternatively, the organic EL display apparatus of this
embodiment may have a configuration in which a power-
supply voltage from the outside is supplied to the pixel
section 5 only during a given period in the current setting
mode.

Embodiment 8

[0235] FIG. 19 is a circuit block diagram showing a
configuration of an organic EL display apparatus according
to an eighth embodiment of the present invention.

[0236] As shown in FIG. 19, the organic EL display
apparatus of this embodiment is different from the organic
EL display apparatus of the seventh embodiment in that a
data signal having only some of the bits of the 6-bit data
signal is output from a binary-display-data holding means
121 to a DAC means 123. The other part of the circuit
configuration is the same as in the seventh embodiment, and
the description thereof will be omitted herein.

[0237] Since a voltage corresponding to, for example, the
two most significant bits is output from the DAC means 123
of this embodiment, a current setting mode in which a
high-luminance display is switched to a low-luminance
display is shorter than in a conventional apparatus. In
particular, the DAC means 123 of this embodiment has a
smaller circuit area than that of the DAC means of the
seventh embodiment, so that the DAC means 123 of this
embodiment is preferable when area reduction of the display
apparatus is required. Note that the DAC means of the
seventh embodiment is capable of outputting optimum volt-
ages with respect to the data signals corresponding to all the
levels of gray scale, so that the DAC means of the seventh
embodiment is preferable when the improvement of resolu-
tion 1s important more than the area reduction.

[0238] The data signal to be input to the DAC means 123
of this embodiment preferably is a higher-order bit signal
rather than a lower-order bit signal because the higher-order
bit signal allows a more appropriate voltage to be output
than in the case of the lower-order bit signal.

Embodiment 9

[0239] FIG. 20A is a graph showing an operating point of
a TFT in a black display mode (low-luminance display
mode) in an organic EL display apparatus according to a
ninth embodiment of the present invention. FIG. 20B is a
circuit block diagram showing a configuration of the organic
EL display apparatus of the ninth embodiment.

[0240] The organic EL display apparatus of this embodi-
ment is characterized in that a redundancy bit section 131 for
outputting a current Ix to a current driver 11 is added. The
redundancy bit section 131 includes: an additional current
source 231 forming current mirrors together with a first
current source 212, a second current source 213, . . ., a sixth
current source 214 and a third MOSFET 110; and a switch
233 for allowing a current output from the additional current
source 231 to flow during a given period in a current setting
mode.

[0241] The organic EL display apparatus of this embodi-
ment is a modified example of the first specific example of
organic EL display apparatus of the first embodiment shown
in FIGS. 1 and 3.
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[0242] Specifically, in the redundancy bit section 131
shown in FIG. 20B, the additional current source 231
corresponds to the additional current source 24 shown in
FIG. 3 and the switch 233 corresponds to the switch SW
also shown in FIG. 3. The switch SW, is controlled by a
timing control unit 9 not shown in FIG. 20B such that the
switch SW, is ON only during a given period in a current
setting mode. The value of a current flowing in the additional
current source 231 while the switch SW , is ON is larger than
at least the minimum current unit, and more particularly,
than a current value originally set with a data signal.

[0243] In this manner, the output impedance with respect
to the panel is reduced in the current setting mode in which
a low-luminance display is switched to a high-luminance
display, thus allowing the value of the current flowing in the
pixel section 5 to reach a target value in a shorter time than
in a conventional apparatus. In a low-luminance display
mode, the operating point of the TFT in the pixel section 5
shifts to lower potentials as shown in FIG. 20A.

[0244] The redundancy bit section 131 of this embodiment
is capable of changing the amount of a current drawn
depending on a 6-bit data signal output from the binary-
display-data holding means 121. The amount of the drawn
current may be independent of the data signal.

[0245] In this manner, the organic EL display apparatus of
this embodiment allows the value of the current flowing in
the pixel section 5 to reach a target value in a shorter time
than in the first specific example of the first embodiment.
Accordingly, the organic EL display apparatus of this
embodiment achieves a high-resolution image display.

Embodiment 10

[0246] FIG. 21 is a block circuit diagram showing a
configuration of an organic EL display apparatus according
to a tenth embodiment of the present invention.

[0247] As the organic EL display apparatus of this
embodiment, the conventional organic EL display apparatus
shown in FIG. 24 further includes a binary-display-data
holding means 121 for latching and outputting a data signal
which is image data; a bit-data adding means 133 for adding
a bit/bits to the data signal and outputting the result. In the
example shown in FIG. 21, the data signal output from the
binary-display-data holding means 121 has 6 bits.

[0248] The number of bits added to the data signal by the
bit-data adding means 133 according to this embodiment
may be arbitrarily set, but is preferably one or two in order
1o suppress the increases of power consumption and the
increase of the circuit area.

[0249] The current driver 11 is capable of outputting a
current to which bits have been added. For example, if the
bit-data adding means 133 adds two bits to the data signal,
current sources and switches associated with the two least
significant bits are further added to the current driver 11.

[0250] In the organic EL display apparatus of this embodi-
ment, if the binary-display-data holding means 121 adds two
bits to the 6-bit data signal and outputs the resultant data
signal to the current driver 11 in a current setting mode, a
current to which the two bits have been temporarily added
is drawn into the current driver 11. In this manner, a stray
capacitance and a pixel input capacitance on a panel are
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discharged rapidly. As a result, it is possible to have the
value of the current flowing in the pixel section 5 reach a
target value in a shorter time than in a conventional appa-
ratus.

[0251] Although not shown in FIG. 21, the bit-data adding
means 133 of this embodiment is driven by, for example, a
timing control unit as shown in FIG. 9 only during a given
period in the current setting mode.

Embodiment 11

[0252] FIG. 22 is a block circuit diagram showing a
configuration of an organic EL display apparatus according
to an eleventh embodiment of the present invention.

[0253] As shown in FIG. 22, in the organic EL display
apparatus of this embodiment, the resistance 107 for gen-
erating a reference current provided in the reference current
generator 101 (see FIGS. 18 through 21) is replaced with
a variable resistance 1074. During a given period in a current
setting mode, a data signal from the binary-display-data
holding means 121 is transmitted to the variable resistance
107a as well as the current driver 11. During the other
periods, the data signal from the binary-display-data holding
means 121 is not transmitted to the variable resistance 107a.

[0254] The variable resistance 107a increases the refer-
ence current by reducing its resistance when receiving a data
signal for a high-luminance display, while reducing the
reference current by increasing its resistance when receiving
a data signal for a low-luminance display. Accordingly, in
the organic EL display apparatus of this embodiment, a
current drawn into the current driver 11 temporarily
increases in a high-luminance display mode, thus allowing
the value of a current flowing in a pixel section 5 to reach
a target value rapidly. On the other hand, in a low-luminance
display mode, control for reducing the current drawn into the
current driver 11 is performed.

[0255] Accordingly, in the organic EL display apparatus of
this embodiment, it is possible to have the value of the
current flowing in the pixel section 5 reach a target value in
a short time when a low-luminance display is switched to a
high-luminance display, thus achieving a high-resolution
display without loss of image quality.

[0256] In the organic EL display apparatus of this embodi-
ment, the data signal transmitted from the binary-display-
data holding means 121 to the variable resistance 1072 may
have only part of 6 bits, ¢.g., the one or two most significant
bits. In such a case, the increase of the circuit area is
suppressed.

[0257] In the example shown in FIG. 22, TFTs provided
in the pixel section 5 are of a p-channel type and MOSFETs
constituting power sources in the current driver 11 are of an
n-channel type. Alternatively, the TFTs may be of an n-chan-
nel type and the MOSFETs constituting the power sources
may be of a p-channel type. In such a case, the conductivity
type of MOSFETs constituting the reference current gen-
erator 101 is also switched. This is also applicable to the
organic EL display apparatuses of not only this embodiment
but also the other foregoing embodiments.

[0258] The organic EL display apparatus of the present
invention includes a means for reducing the output imped-
ance with respect to the panel only during a given period in
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a current setting mode, so that the value of a current flowing
in a pixel section reaches a target value in a short time when
a black display is switched to a white display. Accordingly,
a high-resolution display is achieved without loss of image
quality.

[0259] In addition, the source driver includes a voltage
driver for applying a voltage to a pixel section only during
a given period in the current setting mode, so that a parasitic
capacitance in the panel is charged/discharged rapidly.
Accordingly, it is possible to have the value of the current
flowing in the pixel section reach a target value in a short
time. As a result, a high-resolution display is achieved
without loss of image quality.

[0260] Since the organic EL display apparatus according
to the present invention includes: the voltage driver for
supplying a voltage for allowing a source driver to drive a
pixel section; and a voltage value detector for detecting the
value of a drive current flowing from the pixel section and
feeding back the detection result to the voltage driver, so that
it is possible to have the value of the current flowing in the
pixel section reach a target value in a shorter time than in a
conventional apparatus.

What is claimed is:
1. A display apparatus, comprising:

a display panel provided with a pixel section including a
light-emitting device driven by a current and with a
signal line connected to the pixel section; and

a source driver for supplying a drive current to the pixel
section via the signal line,

wherein the source driver includes:

a register for latching display data having N bits and for
outputting the display data,

a timing control unit for outputting a control signal; and

a current driver for allowing the drive current which has
been set at an arbitrary value to flow during a given
period in a current setting mode, while allowing the
drive current which has been set with the display data
output from the register to flow during the operation
periods other than the given period, in accordance with
the control signal.

2. The display apparatus of claim 1, wherein the current
driver outputs the drive current with a value larger than or
equal to a current value set with the display data output from
the register, during the given period in the current setting
mode.

3. The display apparatus of claim 1, wherein the current
driver includes:

a current mode D/A converter including N current sources
for outputting currents according to the bits of the
display data;

an additional current source for outputting a current with
an arbitrary value; and

a first switch for receiving the control signal and electri-
cally connecting the additional current source and the
pixel section to each other only during the given period
in the current setting mode.
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4. The display apparatus of claim 3, wherein the N current
sources in the D/A converter are constituted by MISFETs
forming current mirrors with each other, and

the additional current source is constituted by one or more
MISFETs forming current mirrors together with the
MISFETs constituting the N current sources.

5. The display apparatus of claim 3, wherein the addi-
tional current source receives the display data and is capable
of outputting a current according to the bits of the display
data.

6. The display apparatus of claim 1, wherein the current
driver is a current mode D/A converter including:

N current sources for outputting currents according to the
bits of the display data,

second switches respectively provided on output paths of
currents flowing in the respective N current sources;

N bypasses for shunting and outputting the currents
flowing in the N current sources, by way of the respec-
tive second switches; and

third switches respectively provided on the N bypasses,

wherein the third switches are ON with the control signal
during the given period in the current setting mode,
whereas the third switches are OFF with the control
signal during the operation periods other than the given
period.

7. The display apparatus of claim 1, wherein the value of
the current output from the current driver changes stepwise
during the given period in the current setting mode.

8. The display apparatus of claim 7, wherein the current
driver is a current mode D/A converter including:

N current sources for outputting currents according to the
bits of the display data;

second switches respectively provided on output paths of
currents flowing in the respective N current sources;

N bypasses for shunting and outputting the currents
flowing in the N current sources, by way of the respec-
tive second switches; and

third switches respectively provided on the N bypasses,

wherein during the given period in the current setting
mode, the third switches are turned ON with the control
signal and then turned OFF sequentially from the third
switch connected to the current source associated with
the most significant bit.

9. The display apparatus of claim 7, wherein the control
signal output from the timing control unit to the third
switches in the current setting mode is a plurality of control
signals output at different timings.

10. The display apparatus of claim 1, wherein the source
driver further includes:

voltage setting means for outputting a given voltage; and

a comparator for comparing the output voltage of the
voltage setting means with an output voltage of the
current driver and outputting the comparison result to
the timing control unit,

wherein while the drive current with the arbitrary value
flows from the current driver during the given period,
the value of the drive current is switched to a current
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value set with the display data corresponding to a
detection that the output voltage of the current driver
becomes equal to the output voltage of the voltage
setting means.

11. The display apparatus of claim 10, wherein the given
voltage output from the voltage setting means is a stable
output voltage which is the output voltage of the current
driver when the value of a current flowing in the pixel
section reaches a target value in the current setting mode.

12. The display apparatus of claim 11, wherein the voltage
setting means has a register for latching setting data so as to
set the stable output voltage at an arbitrary value.

13. The display apparatus of claim 10, wherein the voltage
setting means is a dummy circuit including:

a dummy pixel section which is provided on the display
panel, includes a TFT and a capacitance and is not used
for a display;

a dummy signal line provided on the display panel and
supplying a current to the dummy pixel section; and

a dummy pixel driver provided in the source driver,
connected to the dummy signal line and the comparator
and including a dummy current driver for outputting a
constant current during operation.
14. The display apparatus of claim 13, wherein the current
driver is plural in number, and

the dummy circuit is singular in number with respect to

the plurality of current drivers.

15. The display apparatus of claim 14, wherein the source
drivers are respectively provided on a plurality of semicon-
ductor chips having an identical structure, and the dummy
pixel driver is provided on each of the semiconductor chips.

16. The display apparatus of claim 10, wherein the
comparator is a comparator having a differential amplifier.

17. A display apparatus, comprising:

a display panel provided with a pixel section including a
light-emitting device driven by a current and with a
signal line connected to the pixel section; and

a source driver for supplying a drive current to the pixel
section via the signal line,

wherein the signal line is divided into a drive-voltage
signal line for setting the drive current supplied to the
pixel section and a drive-current signal line for trans-
mitting the drive current supplied to the pixel section,
and

the source driver includes a voltage driver for supplying
a drive voltage to the pixel section via the drive-voltage
signal line and current supplying means for allowing
the drive current to flow into the pixel section via the
drive-current signal line.

18. The display apparatus of claim 17, wherein the current
supplying means is a current value detector for detecting the
value of a drive current flowing from the pixel section and
for feeding back the detection result to the voltage driver,
and

the source driver further includes a register for latching

display data and inputting the display data to the
current value detector.

19. The display apparatus of claim 18, wherein the current

value detector is connected to the drive-current signal line

and includes: a current driver capable of changing the value
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of a current output from the current driver in accordance
with the display data; and a resistance provided on a
connection path between the current driver and the drive-
current signal line, and

a voltage generated between the current driver and the
resistance is input to the voltage driver as the detection
result.

20. The display apparatus of claim 17, further comprising
short-circuit means for making a short circuit between the
voltage driver and the current supplying means only during
a given period in a current setting mode.

21. The display apparatus of claim 17, wherein the pixel
section further includes:

a MISFET whose gate clectrode is temporarily connected
to the drive-voltage signal line, whose drain is tempo-
rarily connected to the drive-current signal line and
which functions as a current source for supplying a
current to the light-emitting device;

a pixel input capacitance temporarily connected to the
drive-voltage signal line and connected to the gate
electrode of the MISFET;

a voltage switch provided on a connection path for
connecting the drive-voltage signal line and a connec-
tion point between the pixel input capacitance and the
gate electrode of the MISFET to each other;

a switch interposed between the MISFET and the light-
emitting device and temporarily connected to the drive-
current signal line; and

a current switch provided between the drive-current signal
line and a connection point at which the switch and the
MISFET are connected to each other,

wherein the voltage switch and the current switch are
turned ON during a current setting mode, while being
turned OFF during a display mode, and

the switch is turned OFF during the current setting mode,
while being turned ON during the display mode.

22. A display apparatus, comprising:

a display panel provided with a pixel section including a
light-emitting device driven by a current and with a
signal line connected to the pixel section; and

a source driver for supplying a drive current to the pixel
section via the signal line,

wherein the pixel section further includes:

a MISFET whose gate clectrode is temporarily connected
to a drive-voltage signal line, whose drain is tempo-
rarily connected to a drive-current signal line and
which functions as a current source for supplying a
current to the light-emitting device;

a pixel input capacitance temporarily connected to the
drive-voltage signal line and connected to the gate
electrode of the MISFET;

a voltage switch provided on a connection path for
connecting the drive-voltage signal line and a connec-
tion point between the pixel input capacitance and the
gate electrode of the MISFET to each other;
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a switch interposed between the MISFET and the light-
emitting device and temporarily connected to the drive-
current signal line; and

a current switch provided between the drive-current signal
line and a connection point at which the switch and the
MISFET are connected to each other,

wherein the voltage switch and the current switch are
turned ON during a current setting mode, while being
turned OFF during a display mode, and

the switch is turned OFF during the current setting mode,
while being turned ON during the display mode.
23. A display apparatus, comprising:

a display panel provided with a pixel section including a
light-emitting device driven by a current and with a
signal line connected to the pixel section; and

a source driver for supplying a drive current to the pixel
section via the signal line,

wherein the source driver includes:

a register for latching display data having N bits and for
outputting the display data;

a current driver for outputting the drive current according
to the display data input from the register;

voltage supplying means having an output impedance
lower than that of the current driver;

a line for connecting the signal line and the voltage
supplying means to each other;

a timing control unit for outputting a control signal; and

a short-circuit switch provided on the line and used for
electrically connecting the signal line and the voltage
supplying means to each other only during a given
period in a current setting mode in accordance with the
control signal.

24. The display apparatus of claim 23, wherein the voltage

supplying means includes:

a dummy circuit including: a dummy pixel section which
is provided on the display panel, includes a TFT and a
capacitance and is not used for a display; a dummy
signal line provided on the display panel and used for
supplying a current to the dummy pixel section; and a
dummy pixel driver provided in the source driver,
connected to the dummy signal line and including a
dummy current driver for outputting a constant current
during operation; and

current amplifying buffer connected to the dummy
current driver and used for outputting an output voltage
of the dummy current driver to the signal line.

25. The display apparatus of claim 23, wherein the current
driver is plural in number, and

the voltage supplying means is singular in number with

respect to the plurality of current drivers.

26. The display apparatus of claim 23, wherein the voltage
supplying means is a voltage-output D/A converter provided
in a one-to-one correspondence with the current driver and
capable of changing an output voltage of the D/A converter
in accordance with the display data output from the register.

27. The display apparatus of claim 26, wherein the
voltage-output D/A converter changes the output voltage of
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the D/A converter in accordance with the one or two most
significant bits of the display data.

28. The display apparatus of claim 23, wherein the voltage
supplying means is a line connected to an external power
supply.

29. A display apparatus, comprising:

a display panel provided with a pixel section including a
light-emitting device driven by a current and with a
signal line connected to the pixel section; and

a source driver for supplying a drive current to the pixel
section via the signal line,

wherein the source driver includes:

a register for latching display data having N bits and for
outputting the display data;

bit-data adding means for adding M bits to the display
data input from the register and for outputting a display
data having (N+M) bits during a given period in a
current setting mode;

a timing control unit for outputting a control signal; and

a current driver for allowing the drive current which is set
with the display data having (N+M) bits to flow during
the given period in the current setting mode, while
allowing the drive current which is set with the display
data having N bits during the operation periods other
than the given period, in accordance with the control
signal.

30. The display apparatus of claim 29, wherein the M bits

are one or two bits.

31. A display apparatus, comprising:

a display panel provided with a pixel section including a
light-emitting device driven by a current and with a
signal line connected to the pixel section; and

a source driver including a register for latching display
data having N bits and for outputting the display data,
a current driver for outputting a drive current according
to the bits of the display data to the signal line and a
reference current generator for supplying a reference
current to the current driver,

wherein the current driver includes N current sources
constituted by MISFETs forming current mirrors with
each other,

the reference current generator includes: a first MISFET
whose source receives a power-supply voltage and
which allows the reference current to flow; and a
variable resistance which is connected to a drain of the
first MISFET and whose resistance value changes
depending on the display data when the display data is
input thereto, a second MISFET forming a current
mirror together with the first MISFET; and a third
MISFET connected to the second MISFET and used for
supplying the reference current to each of the N current
sources via a current mirror, and

the display data output from the register is input to the
variable resistance during a given period in a current
setting mode.

32. A source driver, comprising;

a register for latching display data having N bits and for
outputting the display data;
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a timing control unit for outputting a control signal; and

a current driver for allowing the drive current which has
a value larger than or equal to a current value set with
the display data to flow during a given period in a
current setting mode, while allowing the drive current
which is set with the display data output from the
register during the operation periods other than the
given period, in accordance with the control signal.

33. The source driver of claim 32, further comprising:

voltage setting means for outputting a given voltage; and

a comparator for comparing the output voltage of the
voltage setting means with an output voltage of the
current driver and for outputting the comparison result
to the timing control unit,

wherein while the drive current with the value larger than
or equal to the current value set with the display data
flows from the current driver during the given period,
the value of the drive current is switched to the current
value set with the display data corresponding to a
detection that the output voltage of the current driver
becomes equal to the output voltage of the voltage
setting means.

34. A source driver, comprising:

a voltage driver for supplying a voltage;
a register for latching and outputting display data;

current supplying means for receiving the display data
output from the register and for allowing a current
according to the display data to flow.

35. The source driver of claim 34, wherein the current
supplying means is a current value detector for detecting the
value of an output current from the source driver and for
feeding back the detection result to the voltage driver.

36. The source driver of claim 34, further comprising
short-circuit means for making a short circuit between the
voltage driver and the current supplying means only during
a given period in a current setting mode.

37. A source driver, comprising:

a register for latching display data having N bits and for
outputting the display data,

a current driver having an output terminal for outputting
the drive current according to the display data input
from the register;

voltage supplying means having an output impedance
lower than that of the current driver;

a line for connecting the output terminal of the current
driver and the voltage supplying means;

a timing control unit for outputting a control signal; and

a short-circuit switch provided on the line and used for
electrically connecting the line and the voltage supply-
ing means to each other only during a given period in
a current setting mode in accordance with the control
signal.

38. A source driver comprising:

a register for latching display data having N bits and for
outputting the display data;
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bit-data adding means for adding M bits to the display
data input from the register and for outputting a display
data having (N+M) bits during a given period in a
current setting mode;

a timing control unit for outputting a control signal; and

a current driver for allowing a current which is set with
the display data having (N+M) bits to flow during the
given period in the current setting mode, while allow-
ing a current which is set with the display data having
N bits during the operation periods other than the given
period, in accordance with the control signal.

39. A source driver comprising:

a register for latching display data having N bits and for
outputting the display data;

a current driver for outputting a drive current according to
the bits of the display data to a signal line; and

a reference current generator for supplying a reference
current to the current driver,

wherein the current driver includes N current sources
constituted by MISFETs forming current mirrors with
each other,

the reference current generator includes: a first MISFET
whose source receives a power-supply voltage and
which allows the reference current to flow; and a
variable resistance which is connected to a drain of the
first MISFET and whose resistance value changes
depending on the display data when the display data is
input thereto; a second MISFET forming a current
mirror together with the first MISFET; and a third
MISFET connected to the second MISFET and used for
supplying the reference current to each of the N current
sources via a current mirror, and

the display data output from the register is input to the
variable resistance during a given period in a current
setting mode.

40. A display panel comprising;

a pixel section including a light-emitting device driven by
a current;

a signal line connected to the pixel section;
a dummy pixel section which is not used for a display; and

a dummy signal line connected to the dummy pixel
section.

41. A display panel comprising;

a pixel section including a light-emitting device driven by
a current, the pixel section being driven by a voltage
and a current;

drive-voltage signal line for supplying a drive voltage to
the pixel section; and

drive-current signal line for outputting a drive current in
the pixel section.

42. The display panel of claim 41, further comprising:

a MISFET whose gate electrode is temporarily connected
to the drive-voltage signal line, whose drain is tempo-
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rarily connected to the drive-current signal line and
which functions as a current source for supplying a
current to the light-emitting device;

a pixel input capacitance temporarily connected to the
drive-voltage signal line and connected to the gate
clectrode of the MISFET;

a voltage switch provided on a connection path for
connecting the drive-voltage signal line and a connec-
tion point between the pixel input capacitance and the
gate electrode of the MISFET to each other;
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a switch interposed between the MISFET and the light-
emitting device and temporarily connected to the drive-
current signal line; and

a current switch provided between the drive-current signal
line and a connection point at which the switch and the
MISFET are connected to each other,

wherein the switch is turned OFF in a current setting
mode, while being turned ON in a display mode.

[ I T



patsnap

TREMOF) EREE , FREHJ[MNE RER
[F(RE)E US20040201556A1 K (aH)A 2004-10-14
BRiES US10/800734 % A 2004-03-16

RE(EFR)AGE) MR LERANT
HAHRBEEANRAGE) RTaEES LKt

FRIRBAA OOMORI TETSUROU
DATE YOSHITO

REAA OOMORI, TETSUROU
DATE, YOSHITO

IPCH %S HO1L51/50 G09G3/20 G09G3/30 G09G3/32

CPCH%S G09G3/3241 G09G3/325 G09G3/3283 G09G3/3291 G09G2300/0842 G09G2310/0248 G09G2310
/0251 G09G2310/027 G09G2320/0223 G09G2320/0252

5% 2003105694 2003-04-09 JP
H AT SR US7304621
SNEBEEE Espacenet USPTO
EI(ED) datas——— SIGNAL A5—y

o _ o = \ = s
—MEVELETREE , 28F EFER , FAREREARLEEE S 2215@—«[5%50 AS
BRI EEGERDB[HRNEZZE , HSEATREE D RMER datad————— SIGNAL A4
HERNERBHE | AFHFUBRESNT RN FRH ST ES 2214 D5 © —Rnd ]
ZRATFREHEMNEREHBIGEDSNERI BR. SNPLERESNEHM datas SWis 5TaNAL A3

[—] el ~ Y = 0 2, N ata -

%E’JEEVTE“:%U%JEEE%IJ , Lx;‘cfk%ﬁ\%%f&ﬁ?&ﬁhz?ﬁﬁﬂ’ﬂ R DATA 2213@_[_0)/0 {gw;é)—
BERNERRRERAPOAENBEMERG , MIIESZEERRD  sioNaL ¢ SWis gronaL Ao
43 ST B 9 B AE S N ] PR B B AR REoaoM o | dataZ ——————— s

o—
2212«@—1—0)/(} Staz

: SWiz gyonaL AL

datal —————————
are —+= S O—
2211@—‘;%_ o— L
11
data0 SIGNAL AO———:L,
I Ry, S
22i0 SWao

\ Ao
SWio


https://share-analytics.zhihuiya.com/view/6b09e497-b02f-4145-b059-a95df6b5df7f
https://worldwide.espacenet.com/patent/search/family/033127868/publication/US2004201556A1?q=US2004201556A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220040201556%22.PGNR.&OS=DN/20040201556&RS=DN/20040201556

