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Description

[0001] The present invention relates to a current drive apparatus, a drive method of the current drive apparatus, and
a display apparatus using the current drive apparatus, and more particularly to a current drive apparatus including a
structure to operate a plurality of loads by applying a predetermined current thereto, a drive method thereof, and a display
apparatus which displays desired image information in a display panel by using the current drive apparatus.

[0002] Conventionally, there is known a light emitting element type display including a display panel in which a plurality
of organic electroluminescence elements (which will be referred to as "organic EL elements" hereinafter), inorganic
electroluminescence elements (which will be referred to as "inorganic EL elements" hereinafter), or self-luminous type
light emitting elements (optical elements) such as light emitting diodes are arranged in a matrix form.

[0003] As compared with a liquid crystal display (LCD) which has considerably spread in recent years, such a light
emitting element type display has a higher display response speed and no field angle dependency, an increase in
contrast, realization of high definition of a display image quality and a reduction in power consumption are possible.
Further, a reduction in thickness and weight of one layer is possible since it does not require a back light as different
from the liquid crystal display. Thus, it has a very excellent characteristic, so that the light emitting element type display
has been studied and developed vigorously as a display of the next generation.

[0004] Such a display generally includes a display panel in which display pixels including light emitting elements are
arranged in the vicinity of respective intersects of scanning lines arranged in a row direction and data lines arranged in
a column direction, a data driver which generates a predetermined drive current according to display data and supplies
it to each display element through the data lines, and a scanning driver which causes display pixels in a predetermined
row to enter a selection state by applying a scanning signal with a predetermined timing. In such an apparatus, by
causing each light emitting element to perform the light emitting operation with a predetermined brightness gradation
according to the display data by using the drive current supplied to each display pixel, desired image information is
displayed in the display panel. A concrete example of the light emitting element type display will be described in detail
in conjunction with a later-described embodiment.

[0005] Here, in the display drive operation in the display, there are known a current specification type drive mode
which sequentially repeats in accordance with each row for one screen the operation which generates drive currents
having individual current values according to the display data with respect to a plurality of display pixels, simultaneously
supplies the currents to the display pixels in a specific row and causes the light emitting element of each display pixel
to emits the light with a predetermined brightness gradation, and a pulse width modulation (PWM) type drive mode which
sequentially repeats for one screen the operation which supplies drive currents having a fixed current value with individual
time widths (signal widths) according to the display data relative to a plurality of the display pixels to the display pixels
in a specific row in the same display period and causes each light emitting element to emit the light with a predetermined
brightness gradation.

[0006] In these display drive operations, the drive currents having predetermined current values or a fixed current
value according to the display data must be supplied to a plurality of the display pixels in each row at the same time or
within the same display period. In order to cope with realization of high definition and a large screen of a thin display
device in recent years, there is known a display having applied thereto a circuit configuration which includes a plurality
of driver chips (semiconductor chips) each having a predetermined number of output terminals as the above-described
data drivers, individually generates the drive currents in the respective driver chips and supplies the drive currents to
the respective light emitting elements through a data line at the same time.

[0007] The display to which the above-described data driver including a plurality of the driver chips is applied has the
following problems.

[0008] The conventional data driver having a plurality of the driver chips includes a circuit used to individually generate
a drive current in accordance with each driver chip and has a structure to simultaneously supply the drive currents to
the respective light emitting elements from the respective driver chips through respective output terminals. Therefore,
when irregularities are generated in current values of the drive currents outputted from a plurality of the driver chips,
irregularities occur in the light emitting state in each display pixel (brightness gradation of the light emitting element),
and the display heterogeneity is produced. Thus, irregularities in the drive currents must be suppressed as much as
possible between the respective driver chips and between the respective output terminals.

[0009] However, in the field of a semiconductor manufacture technique, there is known the fact that irregularities are
necessarily generated in the element characteristic of function elements such as transistor elements, resistance elements
or capacitance elements formed on the same semiconductor chip.. Such irregularities in the element characteristic can
be suppressed to some degree by, e.g., optimizing manufacturing processes, but they cannot be completely eliminated.
Further, there has been reported the fact that irregularities in the number of impurity atoms in channels become relatively
actual with a reduction in design minimum dimension applied to the transistor elements and irregularities are thereby
generated in a threshold value or the mobility.

[0010] Therefore, there is a problem that it is very difficult to greatly improve the irregularities in the drive currents
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between the output terminals of the driver chips caused due to the above-described irregularities in the element char-
acteristic by using only a technique of optimizing the manufacturing processes.

[0011] Furthermore, since there is a limit in the number of output terminals which can be set in one semiconductor
chip due to a problem of an increase in signal delay owing to an increase in wiring length or to a reduction in production
yield with an increase in the number of elements in one chip, the data driver must be necessarily configured by using a
plurality of the driver chips. If the semiconductor chips are different from each other, irregularities in the drive currents
between the output terminals further become large, and it is very difficult to suppress irregularities in the drive currents
in the same driver chip while suppressing the same between the driver chips.

[0012] As a technique to correct irregularities in the drive currents in the driver chip, there is known a technique which
additionally provides a current setting resistance in accordance with an output terminal of each driver chip and individually
adjusts a resistance value of the current setting resistance. In this technique, when the number of the output terminals
provided to the same driver chip is increased, adjustment of each current setting resistance becomes complicated,
adjustment requires a long time and cost and a resistance setting area in the circuit configuration becomes large.
Therefore, it is not suitable as a technique to suppress irregularities in the drive currents between the respective output
terminals.

[0013] Therefore, in order to suppress irregularities in the drive currents between the output terminals in the same
driver chip while also suppressing irregularities between the driver chips, a complicated and large-scale circuit config-
uration must be added between the respective output terminals and between the respective driver chips. Therefore, the
data driver including the driver chips and thus the apparatus scale of the display are increased, and there is a problem
that a product cost is increased.

[0014] US-A-5 754 155 describes a power supply circuit for a display unit comprising a plurality of picture elements.
A reference voltage is generated by means of a reference transistor formed on approximately the same structure as the
picture element transistors. Thus, a drive voltage of a data signal line and a scanning signal line driver circuit can be set
to an optimised voltage value according to the properties of the transistor used for determining reference voltage.
[0015] Moreover, as described above, in the display in recent years, although realization of further clearness of gra-
dation display is demanded with realization of high definition in the display image quality, the light emitting element type
display which has been currently developed has a problem that it has not reached establishment of a technique to
generate an analog output signal which can realize the sufficient gradation display when generating a drive current
having an analog signal component from a digital input signal which becomes display data by digital-to-analog conversion.
[0016] WO-A-205 254 describes a driving of pixels on the basis of current supplied thereon. A circuit for receiving a
current, storing a voltage component corresponding to the received current and outputting a current to light emitting
element based on a stored voltage component is connected to each light emitting element.

[0017] The present aims at improving the image quality of the image displayed on a display panel.

[0018] This is achieved by the features of the independent claims.

[0019] A current drive apparatus according to the present invention has an advantage to suppress irregularities in
currents between output terminals of a current drive apparatus which operates by applying currents to a plurality of
loads, and also suppress irregularities between chips when the current drive apparatus constructed by a plurality of
driver chips. Further, it has an advantage to obtain the excellent display characteristic with display irregularities being
suppressed in a display apparatus including the current drive apparatus.

[0020] To achieve this aim, according to a first current drive apparatus of the present invention, there is provided a
current drive apparatus which operates a plurality of loads by applying currents thereto, comprising: a plurality of output
terminals to which the loads are connected, respectively; a single current generation circuit which outputs an operating
current having a predetermined current value; and a plurality of current storage circuits which are provided in accordance
with each of the output terminals, sequentially fetch and hold the operating current and simultaneously output drive
currents based on the operating current to the respective output terminals. The operating current has a current value
according to an input signal, the current storage circuit includes a voltage component holding portion which fetches the
operating current outputted from the current generation circuit and holds a voltage component corresponding to a current
value of the operating current, and the voltage component holding portion has a capacitance element in which an electric
charge corresponding to the operating current is written. Each of the current storage circuits preferably includes a pair
of current storage sections which are arranged in parallel and in which an operation to fetch and hold the operating
current and an operation to output the drive current based on the held operating current are alternately carried out in
parallel, or includes current storage sections on front and rear stages which are arranged in series and in which an
operation to fetch and hold the operating current and supply the held current to the current storage section on the rear
stage and an operation to fetch and hold the supplied current and output the drive current based on the held current are
carried out in parallel.

[0021] The current drive apparatus may include a signal input current storage circuit between the current generation
circuit and a plurality of the current storage circuits, which fetches and holds the operating current and supplies a current
based on the held operating current to a plurality of the current storage circuits so that the drive currents have the same
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current value at the respective output terminals, and include a pulse width control circuit which controls a pulse width of
each of the drive current in accordance with an input signal.

[0022] Preferably, at least a plurality of the current storage circuits and the output terminals in the current drive
apparatus are formed on at least one semiconductor chip, and the current generation circuit is formed on a semiconductor
chip different from the former semiconductor chip or formed in the former semiconductor chip.

[0023] To achieve the above-described aim, according to a second current drive apparatus of the present invention,
there is provided a current drive apparatus which operates a plurality of loads by applying currents thereto, comprising:
a plurality of output terminals to which the load are connected, respectively; a single reference current generation circuit
which generates and outputs a plurality of reference currents having current values different from each other; at least
one reference current storage circuit which fetches and holds each of the plurality of reference currents and outputs a
plurality of gradation reference currents based on the respective reference currents; a plurality of current generation
circuits which select any of the respective gradation reference currents and generate a gradation current in accordance
with an input signal; and a plurality of current storage circuits which sequentially fetch and hold the respective gradation
currents and simultaneously output drive currents based on the gradation currents to the respective output terminals.
The reference current generation circuit can include a plurality of reference current generation sections which generate
and output the respective reference currents and are arranged in parallel, the input signal is a digital signal having a
plurality of bits, and a current value of the reference current outputted from each of the reference current generation
sections can have a weight corresponding to each bit of the digital signal. The reference current storage circuit preferably
includes a plurality of reference current storage sections which individually fetch the respective reference currents
outputted from the reference current generation circuit, hold voltage components corresponding to the respective refer-
ence currents and output the gradation reference currents based on the respective voltage components, and each of
the current generation circuits selects any of the gradation reference currents outputted from the respective reference
current storage sections based on a bit value of the input signal, adds the selected gradation reference current and
generates the gradation current. The current storage circuit can include a voltage component holding portion which
fetches the gradation current outputted from the current generation circuit and holds a voltage component corresponding
to a current value of the gradation current, and the voltage component holding portion has a capacitance element in
which the an electric charge corresponding to the gradation current is written as the voltage component.

[0024] According to a display apparatus of the present invention, there is provided a display apparatus which supplies
a drive current corresponding to a display signal to each display pixel of a display panel including a plurality of display
pixels, comprising: a display panel which includes a plurality of display pixels having optical elements which are arranged
in the vicinity of intersections of a plurality of scanning lines arranged in a line direction and a plurality of signal lines
arranged in a row direction; a signal drive circuit including any of a structure of the first current drive apparatus which
includes a single current generation circuit which generates and outputs an operating current having a current value
based on the display signal, and a plurality of current storage circuits which are provided in accordance with the respective
signal lines, sequentially fetch the operating current outputted from the current generation circuit and simultaneously
output a drive current based on the operating current to a plurality of the signal lines, or a structure of the second current
drive apparatus which includes a single reference current generation circuit which generates and outputs a plurality of
reference currents having current values different from each other, at least one reference current storage circuit which
fetches and holds the respective reference currents and outputs a plurality of gradation reference currents based on the
respective reference currents, at least one current generation circuit which selects any of the respective reference
currents and generates and outputs a gradation current, and a plurality of current storage circuits which are provided in
accordance with the respective signal lines, sequentially fetch and hold the gradation current outputted from the current
generation circuit, and simultaneously output a drive current based on the gradation current to a plurality of the signal
lines; and a scanning drive circuit which outputs a scanning signal used to sequentially select the display pixels connected
to the scanning lines, the optical element in the display pixel having a light emitting element, and the optical element
having an organic electro luminescent element.

[0025] Additional objects and advantages of the invention will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the instrumentalities and combinations particularly pointed out
hereinafter.

[0026] The accompanying drawings, which are incorporated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general description given above and the detailed description of the
embodiments given below, serve to explain the principles of the invention.

FIG. 1 is a primary structural view showing a first embodiment of a current drive apparatus according to the present
invention;

FIG. 2 is a circuit structural view showing a concrete example of a current generation circuit applicable to the
embodiment;
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FIG. 3 is a circuit structural view showing a concrete example of a structure consisting of a current storage circuit
and a switch circuit applicable to the embodiment;

FIGS. 4A and 4B are conceptual views showing a basic operation in the current storage circuit applicable to the
embodiment;

FIG. 5Ais a view of an equivalent circuit showing a structure when an electric charge is accumulated in a capacitance
between a gate and a source of a transistor;

FIG. 5B is a graph showing an aged change in voltage of the capacitance when the electric charge is accumulated
in the capacitance between the gate and the source of the transistor;

FIG. 6 is a primary structural view showing a second embodiment of a current drive apparatus according to the
present invention;

FIG. 7 is a primary structural view showing a third embodiment of a current drive apparatus according to the present
invention;

FIG. 8 is a primary structural view showing a fourth embodiment of a current drive apparatus according to the present
invention;

FIG. 9 is a primary structural view showing a fifth embodiment of a current drive apparatus according to the present
invention;

FIG. 10is a primary structural view showing a sixth embodiment of a current drive apparatus according to the present
invention;

FIG. 11 is a primary structural view showing a seventh embodiment of a current drive apparatus according to the
present invention;

FIG. 12 is a primary structural view showing an eighth embodiment of a current drive apparatus according to the
present invention;

FIG. 13 is a primary structural view showing a ninth embodiment of a current drive apparatus according to the
present invention;

FIG. 14 is a schematic structural view showing an example of an entire structure of a display apparatus according
to the present invention;

FIG. 15is a block diagram showing a primary structure of a data driver, a scanning driver and a display panel applied
to the display apparatus according to the embodiment;

FIG. 16 is a schematic structural view showing another example of a scanning driver applied to the display apparatus
according to the present invention;

FIG. 17 is a circuit configuration view showing an example of a basic structure of a pixel drive circuit applicable to
the display apparatus according to the present invention;

FIGS. 18A and 18B are conceptual views respectively showing a basic operation in the pixel drive circuit applicable
to the embodiment;

FIG. 19 is a timing chart showing a display timing of image information in the display apparatus according to the
embodiment; and

FIG. 20 is a schematic block diagram showing a primary structure of still another example of the display apparatus
according to the present invention.

[0027] A current drive apparatus, a drive method thereof, and a display apparatus to which the current drive apparatus
is applied according to the present invention will now be described based on illustrated embodiments.

[0028] First, a currentdrive apparatus and a drive method thereof will be described with reference to the accompanying
drawings.

<First Embodiment of Current Drive Apparatus>

[0029] FIG. 1 is a primary structural view showing a first embodiment of a current drive apparatus according to the
present invention.

[0030] The current drive apparatus according to the first embodiment has a structure to sequentially hold a current
with a predetermined current value supplied from a single current generation circuit in a current storage circuit provided
in accordance with each output terminal and thereafter simultaneously output the currents to loads (display elements)
through each of the output terminals.

[0031] As shown in FIG. 1, the current drive apparatus according to this embodiment comprises: a single current
generation circuit 10A which generates and outputs an operating current Ic having a predetermined current value used
to control a drive stage of each load LD (display element) connected to each of a plurality of output terminals Tout; a
shift register 20A which sets a timing when supplying the operating current Ic supplied from the current generation circuit
10A to each of later-described current storage circuits 30A; a plurality of current storage circuits 30A which are provided
in accordance with output terminals Tout, sequentially fetch and hold (store) the operating current Ic supplied from the
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current generation circuit 10A with a predetermined timing based on the shift register 20A; and a plurality of switch
circuits 40A which control a supply state of the operating current Ic from the current generation circuit 10A to each of
the current storage circuits 30A based on a timing set by a switch changeover signal (shift output) SR outputted from
the shift register 20A with a predetermined timing. In FIG. 1, although the loads LD (display elements) are illustrated in
a case that they are applied in a simple matrix type display panel, they are not restricted thereto, and they can be applied
to an active matrix type display panel including such a pixel drive circuit as shown in FIG. 17.

[0032] Each of the above structures will now be concretely described hereinafter.

(Current Generation Circuit)

[0033] FIG. 2 is a circuit structural view showing a concrete example of the current generation circuit applicable to
this embodiment.

[0034] The current generation circuit 10A substantially generates each operating current Ic having a current value
required to drive each of a plurality of the loads in a predetermined drive state, and outputs it to individual current storage
circuits 30A provided so as to correspond to each of a plurality of the loads. The current generation circuit 10A is
constituted by, e.g., a control current generation circuit 11 on a front stage and an output current generation circuit 12
on a rear stage, as shown in FIG. 2.

[0035] The operating currents Ic generated by the current generation circuit 10A may have current values different
from each other in accordance with a drive stage of each load, or may have the same current value with respect to all
the loads. The detail will be described later.

[0036] The current generation circuit illustrated in this embodiment is just an example applicable to the current drive
apparatus according to the present invention, and it is not restricted to this circuit configuration. In this embodiment, as
the current generation circuit, a structure comprising the control current generation circuit 11 and the current mirror circuit
portion 12 is illustrated, but it is not restricted thereto. For example, it may have a circuit configuration consisting of only
the control current generation circuit.

[0037] As shown in FIG. 2, in the control current generation circuit 11, as a unit circuit (bit current generation circuit)
CT1 having a circuit configuration comprising: a resistance R11 having one end side connected to a high-potential power
supply Vdd; a pnp type bipolar transistor (which will be referred to as a "pnp transistor" hereinafter) Q11 having an emitter
connected to the other end side of the resistance R11 and a collector connected to an output junction N11 of the control
current generation circuit 11 connected to the output current generation circuit 12 on the rear stage; and a P-channel
field effect type transistor (which will be referred to as a "PMOS transistor" hereinafter) M11 having a source connected
to a base of the pnp transistor Q11, a drain connected to a set terminal Tset to which a set signal SET is inputted and
a gate connected to an input terminal Tin to which a digital input signal IN1 is inputted. The unit circuits are connected
in parallel for the number of bits of the digital input signals (in this embodiment, description will be given as to a case
that unit circuits CT1 to CT6 corresponding to digital input signals IN1 to IN6 of six bits are provided). That is, emitters
of the pnp transistors Q11 to Q16 of the respective unit circuits CT1 to CT6 are connected to the output junction N11 in
common, and there are provided the PMOS transistors M11 to M16 having sources connected to the bases of the pnp
transistors Q11 to Q16, drains connected to the set terminal Tset and gates connected to input terminals Tin to which
the digital input signals IN1 to IN6 are inputted.

[0038] Here, the input signals IN1 to ING are digital signals (voltage components) consisting of a plurality of bits used
to control a drive state of each load, and the set signal SET is a signal voltage which is supplied from a non-illustrated
control portion with a timing according to a drive cycle and the like of the loads. Such a control current generation circuit
11 generates control currents having current values corresponding to current values of the input signals IN1 to IN6 by
setting the set signal SET to a predetermined voltage level and setting the input signals IN1 to IN6 having the respective
bits to a high level or a low level, and outputs the control currents to the output current generation circuit 12 on the rear
stage through the output junction N11.

[0039] For example, as shown in FIG. 2, the output current generation circuit 12 is constituted by a current mirror
circuit, and comprises: an npn type bipolar transistor (which will be referred to as an "npn transistor" hereinafter) Q21
having a collector and a base connected to the output junction N11 of the control current generation circuit 11; aresistance
R21 connected between an emitter of the npn transistor Q21 and a low-potential power supply Vss; an npn transistor
Q22 having a collector connected to an output terminal Tcs where an output current (operating current) Ic having a
predetermined current component is outputted and a base connected to the output junction N11 of the control current
generation circuit 11; and a resistance R22 connected between an emitter of the npn transistor Q22 and the low-potential
power supply Vss.

[0040] Here, the output current Ic is generated by the control current generation circuit 11, and has a current value
according to a predetermined current ratio stipulated by the current mirror circuit structure with respect to a current value
of the control current inputted through the output junction N11. In this embodiment, by supplying the output current
having the negative polarity to the current storage circuit 30A (namely, by setting the current flow direction of the output
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current Ic in a direction of the low-potential power supply Vss from the output terminal Tcs side), the current component
flows down so as to be pulled in a direction of the current generation circuit 10A from the current storage circuit 30A side.
[0041] In the current generation circuit 10A illustrated in this embodiment, the current value of the control current
generated by the control current generation circuit 11 is set larger than the current value of the output current generated
by the current mirror circuit portion 12. The current value of the control value is reduced by the current mirror circuit
portion 12 with a predetermined ratio in order to stipulate the current value of the output current (that is, the current value
processed in the control signal generation circuit 11 is set larger than the current value of the output current Ic). Therefore,
itis possible to improve a processing speed concerning conversion and generation to the output current Ic from the input
signals IN1 to IN6 in the control signal generation circuit 11 of the current generation circuit 10A.

[0042] Further, in the circuit configuration shown in FIG. 2, it is also possible to employ the circuit configuration which
stipulates the current ratio by using only an area ratio of the npn transistors Q21 and Q22 in place of resistances R21
and R22 which are connected to the emitters of the npn transistors Q21 and Q22 constituting the current mirror circuit
portion 12, i.e., by eliminating the resistances R21 and R22. As a result, it is possible to suppress occurrence of irreg-
ularities in the current component within the circuit caused due to the resistances R21 and R22, thereby greatly restraining
the influence to the output current Ic.

(Shift Register)

[0043] The shift register 20a shown in FIG. 1 sequentially applies a shift output generated based on control signals
(a shift start signal, a shift clock signal and others) supplied from a non-illustrated control portion while sequentially
shifting in one direction to each of the switch circuits 40A provided in accordance with the respective loads as a switch
changeover signal (switch-on signal) SR.

(Switch Circuit)

[0044] The switch circuits 40A shown in FIG. 1 perform the on operation with different timings based on the switch
changeover signals SR sequentially supplied from the shift register 20A, set the output current (operating current) Ic
from the current generation circuit 10A in the write state to supply it to the current storage circuits 30A provided in
accordance with the respective loads, and control in such a manner that the output current Ic can be fetched and held
in each current storage circuit 30A. Here, as the switch circuit 40A, for example, a field effective type transistor can be
applied. In this case, the switch circuits 40A can be formed on the same substrate by using the same manufacturing
process as that of the circuit element applied to the later-described current storage circuits 30A. The detail will be
described with reference to FIG. 3.

(Current Storage Circuit)

[0045] FIG. 3 is a circuit configuration view showing a concrete example of a structure of a current storage circuit and
a switch circuit applicable to this embodiment, and FIGS. 4A and 4B are conceptual views showing a basic operation
in the current storage circuit applicable to this embodiment.

[0046] The current storage circuit 30A substantially sequentially fetches the operating current Ic outputted from the
current generation circuit 10A with a predetermined timing based on the shift register 20A, holds a voltage component
corresponding to this current, and simultaneously outputs a drive current based on the held voltage component to each
load through each output terminal Tout. As shown in FIG. 3, this current storage circuit 30A can comprise, e.g., a voltage
component holding portion 31 (including the switch circuit 40A) on a front stage and a drive current generation portion
32 constructed by a current mirror circuit on a rear stage.

[0047] The current storage circuit illustrated in this embodiment is just an example applicable to the current drive
apparatus according to the present invention, and it is not restricted to this circuit configuration. Furthermore, in this
embodiment, as the current storage circuit, although a structure including the drive current generation portion having
the voltage.component holding and the current mirror circuit is illustrated, the current storage circuit is not restricted
thereto, and it may have a circuit configuration having, e.g., only the voltage component holding.

[0048] For example, as shown in FIG. 3, the voltage component holding portion 31 comprises: a PMOS transistor
M31 having a source connected to a junction N31, a drain connected to an output terminal Tcs of the current generation
circuit 10A and a gate connected to a shift output terminal Tsr of the shift register; a PMOS transistor M32 having a
source and a drain respectively connected to a high-potential power supply Vdd and a junction N32 and a gate connected
to the junction N31; a PMOS transistor M33 having a source and a drain respectively connected to the junction N32 and
the output terminal Tcs of the current generation circuit 10A and a gate connected to the shift output terminal Tsr of the
shift register 20A; a storage capacitance C31 connected between the high-potential power supply Vdd and the junction
N31; and a PMOS transistor M34 having a source and a drain respectively connected and the junction N32 and an
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output junction N33 to the drive current generation portion 32 on the rear stage and a gate connected to an output control
terminal Ten to which an output enable signal EN which is supplied from a non-illustrated control portion and controls
an output state of the control current to the drive current generation portion 32 on the rear stage is inputted.

[0049] Here, the PMOS transistors M31 and M33 which perform on/off operation based on the switch changeover
signal SR from the shift register 20A constitute the above-described switch circuit 40A.

[0050] The storage capacitance C31 provided between the high-potential power supply Vdd and the junction N31 may
be a parasitic capacitance between the gate and the source of the PMOS transistor M32.

[0051] For example, as shown in FIG. 3, the above-described drive current generation portion 32 comprises: npn
transistors Q31 and Q32 constituted by the current mirror circuit, each of which has a collector and a base connected
to an output junction N33 of the voltage component holding 31 and an emitter connected to a junction N34; a resistance
R31 connected between the junction N34 and a low-potential power supply Vss; an npn transistor Q33 having a collector
connected to an output terminal Tout from which an output current (drive current Idv) is outputted and a base connected
to the output junction N33 of the voltage component holding 31; and a resistance R32 connected between the emitter
of the npn transistor Q33 and the low-potential power supply Vss.

[0052] Here, the output current (drive current Idv) has a current value corresponding to a predetermined current ratio
stipulated by the current mirror circuit configuration with respect to a current value of the control current outputted from
the voltage component holding portion 31 and inputted through the output junction N33. In this embodiment, by supply
the output current having the negative polarity to the output terminal Tout (load LD) (that is, by setting the current flow
direction of the drive current Idv to a direction of the low-potential power supply Vss from the output terminal Tout side),
the current component flows down so as to be pulled in the direction of the current storage circuit 30A from the load LD side.
[0053] Inthe current storage circuit 30A illustrated in this embodiment, a current value of the control current outputted
from the voltage component holding portion 31 is set larger than a current value of the output current generated by the
current mirror circuit of the drive current generation portion 32. The current value of the control current is reduced by
the current mirror circuit with a predetermined ratio in order to stipulate the current value of the output current. That is,
by setting the current value processed inside the voltage component holding 31 larger than the current value of the drive
current Idv, it is possible to increase a processing speed concerning the fetch holding (storage) and the output operation
of the operating current Ic in the voltage component holding 31 of the current storage circuit 30A.

[0054] In the circuit configuration shown in FIG. 3, by applying a circuit configuration which stipulates the current ratio
by using only an area ratio of the npn transistors Q31 to Q33 in place of the resistors R31 and R32 which are connected
to the emitters of the npn transistors Q31 to Q33 constituting the current mirror circuit of the drive current generation
circuit 32 and stipulate the current ratio in the current mirror circuit configuration, i.e., by eliminating the resistances R31
and R32, it is possible to suppress occurrence of irregularities in the current components within the circuit caused to
due to the resistances R31 and R32, and irregularities in the output current (drive current Idv) can be greatly restrained.
[0055] As to the basic operation in the current storage circuit (including the switch circuit) having such a structure, the
current storage operation and the current output operation are executed with respect to the drive cycle of the load with
a predetermined timing by which overlap in time is not generated. Each operation will now be described hereinafter.

(Current Storage Operation)

[0056] In the current storage operation, as shown in FIG. 4A, the PMOS transistor M34 as the output control circuit
performs the off operation by applying a high-level output enable signal EN from the control portion through the output
control terminal Ten. In this state, the operating currents Ic having the current component with negative polarity corre-
sponding to the input signals IN1 to IN6 used to control the drive states of the loads are supplied from the current
generation circuit 10A through the input terminal Tcs (output terminal Tcs of the current generation circuit 10A), and the
low-level switch changeover signal SR is applied with a predetermined timing from the shift register 20A through the
shift output terminal Tsr. As a result, the PMOS transistors M31 and M33 as the input control circuits (switch circuits
40A) perform the on operation.

[0057] Consequently, the voltage level as the low level corresponding to the operating currents Ic with the negative
polarity is applied to the junction N31 (namely, the gate terminal of the PMOS transistor M32 and one end of the storage
capacitance C31), and a potential difference is generated between the high-potential power supply Vdd and the junction
N31 (between the gate and the source of the PMOS transistor M32). As a result, the PMOS transistor M32 carries out
the on operation, a write current Iw equivalent to the operating current Ic flows down so as to be pulled in a direction of
the input terminal Tcs through the PMOS transistors M32 and M33 from the high-potential power supply.

[0058] At this moment, the electric charges corresponding to the potential difference generated between the high-
potential power supply Vdd and the junction N31, i.e., between the gate and the source of the PMOS transistor M32 are
stored in the storage capacitance C31, and the electric charges are held as a voltage component corresponding to the
operating current Ic. Here, to the electric charges stored in the storage capacitance C31 are held even after pulling of
the write current lw is stopped by applying the high-level switch changeover signal SR from the shift register 20A through
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the shift output terminal Tsr upon completion of the current storage operation to the PMOS transistors M31 and M33
which perform the off operation.

(Current Output Operation)

[0059] Subsequently, in the load drive operation after termination of the current storage operation, as shown in FIG.
4B, the PMOS transistor M34 performs the on operation by applying the output enable signal EN on the low level from
the control portion through the output control terminal Ten. At this moment, since the potential difference equivalent to
that in the current storage operation is generated between the gate and the source of the PMOS transistor M32 by the
voltage component held in the storage capacitance C31, a drive control current lac having a current value equivalent to
that of the write current lw (= the operating current Ic) flows down in a direction of the output junction N33 (current mirror
circuit portion 32) from the high-potential power supply through the PMOS transistors M32 and M34.

[0060] As aresult, the drive control current lac inputted to the current mirror circuit portion 32 is converted into a drive
current Idv having a current value corresponding to a predetermined current ratio stipulated by the current mirror circuit
configuration, and supplied to each load LD through each output terminal Tout. Here, to the drive current Idv supplied
from each current storage circuit 30A to each load LD is applied the high-level output enable signal EN from the control
portion through the output control terminal Ten upon completion of the current output operation, and supply is stopped
when the PMOS transistor M34 carries out the off operation.

(Drive Method of Current Drive Apparatus)

[0061] In the current drive apparatus having the above-described structure, in a current write period, the operating
current Ic having a predetermined current value according to the drive state of each load is sequentially generated and
outputted by the single current generation circuit 10A, and the switch changeover signal SR sequentially outputted from
the shift register 20A is sequentially applied to the switch circuits 40A provided in accordance with the respective output
terminals Tout in synchronization with the output timing of the operating current Ic. As a result, the switch circuits 40A
sequentially perform the on operation with different timings synchronized with the output timing of the operating current
Ic. The write current Iw corresponding to the operating current Ic outputted from the current generation circuit 10A
sequentially flows down and is written in the current storage circuits 30A, and held as the voltage component (the above-
described current storage operation). Sequentially, in the current output period, output of the switch changeover signal
SR from the shift register 20A in the current write period is terminated, all the switch circuits 40A perform the off operation,
and the operating current Ic according to the drive states of the loads is held in all the current storage circuits 30A.
Thereafter, the output enable signal EN is applied to the respective current storage circuits 30A from the control portion
in common with the same timing. As a result, the currents according to the voltage component held in the current storage
circuits 30A are simultaneously supplied as the drive currents Idv to the loads through the output terminals Tout (the
above-described current output operation).

[0062] By repeatedly setting such a current write period and current output period in accordance with a predetermined
operating cycle, the loads can be caused to operate with a predetermined drive cycle.

[0063] Therefore, according to the current drive apparatus of this embodiment, the current storage circuits are indi-
vidually provided to the single current generation circuit so as to correspond to a plurality of the output terminals, the
current having a predetermined current value concerning the drive control over the loads is generated by the current
generation circuit, and this current is sequentially stored in each current storage circuit with a predetermined timing.
Then, the operating current supplied from the single current generation circuits can be held in accordance with respective
output terminals by outputting the currents to the respective loads from the respective current storage circuits through
the respective output terminals at the same time, and the drive current for each output terminal can be set based on the
operating current. Therefore, the drive currents in which irregularities between the respective output terminals are sup-
pressed can be supplied, thereby driving the respective loads with the uniform operating characteristic.

[0064] The element structure of the bipolar transistor or the MOS transistor applied to the current drive apparatus
illustrated in this embodiment is not restricted, and it may be appropriately subjected to design change in accordance
with the element characteristic, a manufacturing technique, a product cost and others.

[0065] Specifically, by sequentially repeating in accordance with each row the operation to supply the light emitting
drive currents (drive currents) which have the uniform current characteristic and correspond to each display data from
the individual current storage circuits to the light emitting elements (loads) each provided in accordance with each of
the display pixels constituting the later-described display panel (see FIG. 15), it is possible to write the display data for
one screen of the display panel into each display pixel and causes the light emitting operation with a predetermined
brightness gradation, thereby enabling excellent display of desired image information while suppressing generation of
display irregularities.

[0066] Here, the element structure of the bipolar transistor or the MOS transistor constituting the current storage circuit
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according to this embodiment is not particularly restricted, and it may be appropriately subjected to design change in
accordance with the element characteristic, the product technique, the product cost and others. In particular, in the MOS
transistor constituting the voltage component holding element, in order to obtain necessary operating speed, preferably,
as described below, it is possible to excellently apply a transistor having the mobility we of the MOS transistor being
approximately 200 cm2/Vs or a larger value.

[0067] FIG. 5A shows an equivalent circuit of a structure when the electric charges are stored in the capacitance
between the gate and the source of the transistor, and FIG. 5B is a graph showing an aged change in voltage of the
capacitance when the electric charges are stored in the capacitance between the gate and the source of the transistor.
[0068] FIG. 5A corresponds to an equivalent circuit when predetermined electric charges are stored in the storage
capacitance C31 in the voltage component holding portion 31 of the current storage circuit shown in FIG. 3, and corre-
sponds to a case that the PMOS transistors M32 and M33 are ON and in the conductive state and the PMOS transistor
M34 is OFF and in the open state. Here, the transistor M corresponds to the PMOS transistor M32, and the capacitance
C corresponds to the storage capacitance C31 which is a sum total of a wiring capacitance, a storage capacitance and
a gate capacitance of the transistor M. For the brief explanation, it is determined that the source S of the transistor M
and one end of the capacitance C are set to a ground potential. FIG. 5B corresponds to a change of a time t relative to
a drain voltage V(t) of the transistor M32, i.e., the voltage of the capacitance C31.

[0069] Here, as shownin FIG. 5A, when a current lin is supplied to a drain D of the transistor M from a constant current
source, assuming that V(t) is a drain voltage and Id is a drain current of the transistor M, the drain current Id can be
represented by the following expression (1).

Id = A*V(t)2 ... (1)

wherein A = (1/2)*Cin*pe*(W/L), Cin is a gate capacitance per unit area of the transistor M, pe is the mobility of the
transistor M, W is a channel width of the transistor M, and L is a channel length. Based on this, a differential equation
of the following expression (2) can be established.

Cc*dv(t)/dt + AV(t)2 = Iin ... (2)

wherein the capacitance C is a sum total of the wiring capacitance, the storage capacitance, and the gate capacitance
of the transistor M as described above. A change of the time t relative to the drain voltage V(t) of the transistor M, i.e.,
the voltage of the capacitance C obtained by solving the above expression is substantially as shown in FIG. 5B. Here,
Tis atime constant, and it can be represented by the following expression (3) if the gate capacitance in the capacitance
C is larger than any other capacitance. Further, with the time t = 31, the voltage V(t) reaches a value which is 99.5% of
a saturation voltage V(s).

t = C/\VA*Iin ce. (3)

That is, the time constant 1 is in proportion to a value of the capacitance C and in inverse proportion to the 1/2-th power
of the mobility n.e.

[0070] Here, assuming that a polysilicon TFT is used as the transistor M, the capacitance C is 6 pF, W/L is 100 pm/
30 wm, the mobility we is 70 m2/Vs, a film thickness of a gate insulating film is 105 nm and an application current lin is
10 pA, a time constant T becomes 1.42 psec. Therefore, when the number of the scanning lines in the display panel to
be driven is set to as 120, a selection period per scanning line is approximately 139 pwsec and the number of the data
lines in which data can be written within this time is approximately 32.

[0071] In relation to this, when the mobility we of the transistor M is 245 m2/Vs under the above-described condition,
the time constant 1 is approximately 0.096 wsec. As a result, the number of the data lines in which data can be written
within the selection period per scanning line in the display panel is approximately 482, and a 1/4 VGA panel having the
120 scanning lines and the 160 (X RGB) data lines can be driven.

[0072] Alternatively, if the capacitance Cis 0.51 pF even though the mobility we remains as 70 m2/Vs, the time constant
7 likewise becomes approximately 0.096 psec, and the 1/4 VGA panel can be driven like the above.

[0073] That s, in order to drive at least the 1/4 VGA panel, the mobility e of the transistor M must have a value of
approximately 200 cm2/Vs or a larger value, or the capacitance C must have a value smaller than approximately 0.5 pF.
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[0074] As described above, since the time constant 7 is in proportion to a value of the capacitance C and in inverse
proportion to the 1/2-th power of the mobility e of the transistor, the time constant T can be further decreased when the
capacitance C is further reduced or the mobility e is further increased, thereby driving the higher-definition display panel.
[0075] Although the structure of the transistor realizing the mobility or the capacitance value is not particularly restricted,
for example, a polysilicon MOS transistor having a continuous grain boundary formed on an insulating substrate or an
MOS transistor formed on a monocrystal silicon substrate can satisfy the above conditions, and it can be preferably used.

<Second Embodiment of Current Drive Apparatus>

[0076] FIG. 6 is a primary structural view showing a second embodiment of a current drive apparatus according to
the present invention. Here, the same or equivalent reference numerals denote structures equivalent to those in the
above-described first embodiment, thereby simplifying or eliminating their explanation.

[0077] The current drive apparatus according to the second embodiment includes a pair of current storage sections
in accordance with an output terminal to which a load is connected, and is constituted to execute in parallel an operation
to sequentially fetch a current having a predetermined current value supplied from a single current generation circuit by
the current storage section on one side and hold a corresponding voltage component and operation to simultaneously
output the current based on the voltage component which has been already held in the current storage section on the
other side through the output terminal.

[0078] As shown in FIG. 6, the current drive apparatus according to this embodiment comprises: a single current
generation circuit 10B which sequentially generates and outputs an operating current Ic having a predetermined value
according to a drive stage of the load; a plurality of current storage circuits 30B each including a pair of current storage
sections 31a and 31b which are provided as a pair in accordance with each output terminal Tout in parallel, alternately
(selectively) fetch the operating current Ic supplied from the current generation circuit 10B with individual timings and
hold a corresponding voltage component; a shift register 20B (shift register sections 21a and 21b) which is provided as
a pair in accordance with the current storage sections 31a and 31b constituting the current storage circuit 30B and sets
a timing when supplying the operating current Ic fed from the current generation circuit 10B to each of the current storage
sections 31a and 31b; a plurality of input side switch circuits 40B having switches 41a and 41b which are provided as
a pair in accordance with the current storage sections 31a and 31b constituting the current storage circuit 30B and
control a supply state of the operating current Ic from the current generation circuit 10B to each current storage circuit
30B based on individual timings set by the respective shift register sections 21a and 21b; and a plurality of output side
switch circuits 50B each of which is provided in accordance with each output terminal Tout, selects any of the current
storage sections 31a and 31b based on a predetermined output selection signal SEL and controls an output stage of
the current held in the current storage sections 31a and 31b to each output terminal Tout.

[0079] It is determined that the current generation circuit 10B, the shift register 20B (shift register sections 21a and
21b), the current storage circuit 30B (current storage sections 31a and 32b) and the input side switch circuit 40B (switches
41a and 41b) have the structures equivalent to those in the above-described first embodiment, thereby eliminating the
detailed explanation.

[0080] Here, the first shift register section 21a sequentially outputs a shift output as a switch changeover signal SR1
with a predetermined timing to the first switch 41a provided in accordance with the first current storage section 31a in
the current storage circuit 30B provided in accordance with each output terminal Tout. On the other hand, the second
shift register section 21b sequentially outputs a shift output as a switch changeover signal SR2 with a timing which does
not overlap the timing of the shift output from the shift register section 21a in time to the second switch 41b provided in
accordance with the second current storage section 31b in the current storage circuit 30B provided in accordance with
each output terminal Tout.

[0081] Furthermore, the output side switch circuit 50B is synchronized with the output timings of the switch changeover
signals SR1 and SR2 from the shift register sections 21a and 21b based on an output selection signal SEL outputted
from a non-illustrated control portion, and operates so as to select the current storage section (non-selected current
storage section side) of the switch which is not performing the on operation in the input side switch circuit 40B.

[0082] In the current drive apparatus having such a structure, in a first operation period (a current write period on the
first current storage section 31a side/a current output period on the second current storage section 31b side), when the
switch changeover signal SR1 from the first shift register section 21ais sequentially outputted to each switch 41a provided
in accordance with the current storage section 31a of each current storage circuit 30B, each switch 41a sequentially
effects the on operation only in a predetermined period, and electric charges corresponding to an operating current Ic
supplied from the current generation circuit 10B are sequentially written in each current storage section 31a as a voltage
component. At this moment, the switch changeover signal SR2 is not outputted from the second shift register section
21b, and all the switches 41b are in the off state.

[0083] Moreover, at this moment, the output selection signal SEL which changes over and sets the output side switch
circuit 50B provided in accordance with each output terminal Tout to the current storage section 31b side is outputted
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in common, and an output enable signal EN2 is outputted to all the current storage sections 31b with a predetermined
timing in common. As a result, a current based on the electric charges which have been already held in each current
storage section 31b is simultaneously outputted as a drive current Idv to each load through each output terminal Tout
with the same timing.

[0084] Subsequently, in a second operation period (a current output period on the first current storage section 31a
side/a current write period on the second current storage section 31b side) set after termination of the fist operation
period, when the switch changeover signal SR2 from the second shift register section 21b is sequentially outputted to
each switch 41b provided in accordance with the current storage section 31b of each current storage circuit 30B, each
switch 41b sequentially performs the on operation only in a predetermined period, and electric charges corresponding
to the operating current Ic supplied from the current generation circuit 10B are sequentially written in each current storage
section 31b as a voltage component. At this moment, the switch changeover signal SR1 is not outputted from the shift
register section 21a, and all the switches 41a are in the off state.

[0085] Additionally, at this moment, the output selection signal SEL used to change over and set the output side switch
circuit 50B to the current storage section 31a side is outputted from the control portion in common, and the output enable
signal EN1 is outputted to all the current storage sections 31a with a predetermined timing in common. As a result, a
currentbased on the electric charges held in each current storage section 31ain the first operation period is simultaneously
outputted as the drive current Idv to each load through each output terminal Tout with the same timing.

[0086] By controlling such a first and second operation period so as to be repeated in accordance with a predetermined
operation cycle, the operation to hold the electric charges corresponding to the operating current Ic outputted from the
current generation circuit 10B in one of a pair of the current storage sections 31a and 31b, and the operation to output
the current based on the electric charges held in the other current storage section as the drive current Idv are alternately
executed in parallel.

[0087] Therefore, according to the current drive apparatus of this embodiment, like the above-described first embod-
iment, the operating current outputted from the single current generation circuit is sequentially fetched and held in each
current storage circuit (current storage section), and outputted with a predetermined timing at the same time. As a result,
the current with the uniform current characteristic supplied from the single current source can be held in accordance
with each output terminal, and irregularities in the drive current between the respective output terminals can be sup-
pressed. Further, a pair of the current storage sections are provided in accordance with each output terminal, and the
operation to sequentially write the electric charges corresponding to the current outputted from the current generation
circuit on one current storage section side and the operation to simultaneously output the current based on the electric
charges held on the other current storage section side are executed in parallel. As a result, the waiting time for the
current write operation to the current storage section can be reduced or eliminated, the supply time of the drive current
to each load can be extended, and the drive state of each load can be finely controlled. Furthermore, the time to fetch
the operating current into each current storage section and hold it can be prolonged, thereby stably carrying out the
holding operation in the current storage section.

<Third Embodiment of Current Drive Apparatus>

[0088] FIG. 7 is a primary structural view showing a third embodiment of a current drive apparatus according to the
present invention. Here, the same or equivalent reference numerals denote the structures equivalent to those in the first
and second embodiments, thereby simplifying or eliminating their explanation.

[0089] The current drive apparatus according to the third embodiment has current storage sections on two stages
provided in series in accordance with each output terminal to which a load is connected, and is constituted so as to
execute an operation to sequentially hold a current having a predetermined current value supplied from a single current
generation circuit by the current storage section on the front stage and an operation to hold the current supplied from
the current storage section on the front stage by the current storage section on the rear stage and then collectively
outputs it through the output terminal.

[0090] As shown in FIG. 7, the current drive apparatus according to this embodiment comprises: a single current
generation circuit 10C which sequentially generates and outputs an operating current Ic having a predetermined current
value according to a drive state of the load; a plurality of current storage circuits 30C each including a current storage
section 32a on a front stage and a current storage section 32b on a rear stage provided in series in accordance with
each output terminal Tout; a shift register 20C which sets a timing when supplying the operating current Ic fed from the
current generation circuit 10C to the current storage section 32a on the front stage; and switch circuits 40C each of
which controls a supply state of the operating current Ic from the current generation circuit 10C to each current storage
circuit 30C. It is to be noted that the current generation circuit 10C, the shift register 20C, the current storage circuit 30C
(current storage sections 32a and 32b) and the switch circuit 40C applied to this embodiment have the structures
equivalent to, e.g., those in the above-described first embodiment, thereby eliminating their detailed explanation.
[0091] In each current storage circuit 30C, the operating current Ic supplied from the current generation circuit 10B is
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fetched into the current storage section 32a with a predetermined timing, a corresponding voltage component is held,
and a current based on the held voltage component is supplied to the current storage section 32b on the rear stage with
a predetermined timing based on a first output enable signal EN1 fed from a non-illustrated control portion or circuit. At
this moment, the current storage section 32b on the rear stage fetches the current fed from the current storage section
32a on the front stage, holds a corresponding voltage component, and outputs a current based on the held voltage
component through the output terminal Tout based on a second enable signal EN2 fed from the control portion.
[0092] In the current drive apparatus having such a structure, in a first operation period, a switch changeover signal
SR from the shift register 20C is sequentially outputted to the switch circuit 40C provided in accordance with each current
storage circuit 30C. As a result, the switch circuit 40C sequentially performs the on operation only in a predetermined
period, and electric charges (voltage component) corresponding to an operating current Ic supplied from the current
generation circuit 10C is sequentially written in the current storage section 32a on the front stage.

[0093] Furthermore, at this moment, when the second output enable signal EN2 is outputted from the control portion
to all the current storage sections 32b on the rear stages in common with a predetermined timing, a current based on
the electric charges which have been already held in each current storage section 32b is simultaneously outputted as
a drive current Idv to each load through each output terminal Tout with the same timing.

[0094] Then, with a predetermined timing after completion of the first operation period, the first output enable signal
EN1 is outputted from the control portion to all the current storage sections 32a on the front stage in common. As a
result, the current held in each current storage section 32a in the first operation period is collectively supplied to the
current storage section 32b on the rear stage and held (supply operation period).

[0095] Subsequently, in a second operation period set after completion of the supply operation of the current to the
rear stage in the current storage circuit 30C, like the above-described first operation period, the switch changeover signal
SR from the shift register 20C is again sequentially outputted to each switch circuit 40C. Consequently, the operating
current Ic supplied from the current generation circuit 10C is sequentially written in the current storage section 32a on
the front stage and, at this moment, the second output enable signal EN2 is outputted to the current storage section 32b
on the rear stage in common with a predetermined timing. As a result, the current supplied from and held in each current
storage section 32b is simultaneously outputted to each load as the drive current Idv.

[0096] By controlling such a series of operation periods so as to be repeated in accordance with a predetermined
operation cycle, the operation to hold the electric charges corresponding to the operating current Ic outputted from the
current generation circuit 10C in the current storage section 32a on the front stage, and the operation to output the
current based on the current fed from the current storage section 32a on the front stage and supplied therefrom, from
the current storage section 32b on the rear stage as the drive current Idv are executed in parallel.

[0097] Therefore, according to the current drive apparatus of this embodiment, like the above-described first embod-
iment, since the drive current of each output terminal is set based on the operating current fed from the single current
generation circuit, irregularities in the drive current between the respective output terminals can be suppressed. Moreover,
like the above-described second embodiment, the supply time of the drive current to each load can be prolonged, and
the drive state of each load can be finely controlled. Additionally, the time to fetch the current into each current storage
section and hold it can be extended, thereby stably executing the holding operation in the current storage section.

<Fourth Embodiment of Current Drive Apparatus>

[0098] FIG. 8 is a primary structural view showing a fourth embodiment of a current drive apparatus according to the
present invention. Here, the same or equivalent reference numerals denote structures equivalent to those in the first to
third embodiments mentioned above, thereby simplifying or eliminating their explanation.

[0099] In the structure described in conjunction with the first to third embodiments mentioned above, the current drive
apparatus according to the fourth embodiment determines as one group a structure including the predetermined number
of output terminals, current storage circuits provided in accordance with the output terminals, a shift register and switch
circuits, forms each group on an individual semiconductor chip, provides a single current generation circuit with respect
to each group (semiconductor chip), and supplies a current having a predetermined current value in common. It is to be
noted that, in the following concrete example, although description will be given as to the case where the presentinvention
is applied to the structure explained in conjunction with the second embodiment, but it can be similarly applied to any
other embodiment.

[0100] As shown in FIG. 8, the current drive apparatus according to this embodiment comprises: a predetermined
number of output terminals Tout equivalent to, e.g., the structure described in conjunction with the second embodiment
(see FIG. 6); a plurality of current storage circuits 30D (current storage sections 33a and 33b) provided in accordance
with the output terminals Tout; a shift register 20D (shift register sections 23a and 23b); a plurality of input side switch
circuits 40D (switches 43a and 43b); a plurality of semiconductor chips CP1, CP2, ---, CPn on which circuit configurations
having a plurality of output side switch circuits 50D are respectively formed; and a single current generation circuit 10D
which sequentially generates an operating current Ic having a predetermined current value according to a drive stage
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of a load connected to each output terminal Tout with respect to each of the semiconductor chips CP1, CP2, ---, CPn
and supplies it in common. Here, the current generation circuit 10D, the shift register 20D (shift register sections 23a
and 23b), the current storage circuit 30D (current storage sections 33a and 33b), the current storage circuit 30D (current
storage sections 33a and 33b), the input side switch circuit 40D (switches 43a and 43b) and the output side switch circuit
50D have the structures equivalent to, e.g., those in the second embodiment mentioned above, thereby eliminating their
detailed explanation.

[0101] Here, the current generation circuit 10D may be formed on a specific semiconductor chip among a plurality of
the semiconductor chips CP1, CP2, --- CPn each having a circuit configuration including the current storage circuit 30D
formed thereto. Alternatively, the same circuit may be formed on each of the semiconductor chips CP1, CP2, - CPn,
and any one of them may be used to cause other semiconductor chips to enter non-operating state or to be bypassed.
Further, the current generation circuit 10D may be formed on a semiconductor chip different from a plurality of the
semiconductor chips CP1, CP2, -+ CPn.

[0102] Itis good enough that each of the semiconductor chips CP1, CP2, -:- CPn applied to this embodiment is formed
of a semiconductor material such as single crystal silicone, and its material is not restricted in particular.

[0103] In the current drive apparatus having such a structure, by executing the operation similar to that of the above-
described second embodiment, the operating current Ic outputted from the current generation circuit 10D is supplied to
the respective semiconductor chips CP1, CP2, -:- CPn in common, it is sequentially fetched into one of a pair of the
current storage sections 33a and 33b in the current storage circuit 30D provided in accordance with each of the semi-
conductor chips CP1, CP2, --- CPn, and a corresponding voltage component is held. Furthermore, a current based on
the voltage component held in the other current storage section is simultaneously outputted to the corresponding load
through the output terminal Tout of each of the respective semiconductor chips CP1, CP2, --- CPn. These operations
are alternately and continuously executed.

[0104] Therefore, according to the current drive apparatus of this embodiment, only the single current generation
circuit is provided with respect to semiconductor chips, and individual current circuits are not provided in accordance
with the respective semiconductor chips. Accordingly, the circuit configuration formed on each semiconductor chip can
be simplified, and the number of terminals can be reduced, thereby achieving minimization of the apparatus scale or
decrease in the product cost. Moreover, even if a plurality of semiconductor chips are provided in accordance with the
number of the output terminals connected to the loads, since the current having the uniform current characteristic supplied
from the single current source can be held in the current storage circuit in each semiconductor chip, irregularities in the
drive current between the respective output terminals and between the respective semiconductor chips can be sup-
pressed, thereby driving each load with the uniform operation characteristic.

[0105] Specifically, in the later-described display panel (see FIG. 15), even if the number of display pixels is increased
in order to realize the high definition of the display image quality and/or a large screen of the display panel and the data
driver is constituted by a plurality of driver chips (semiconductor chips), by sequentially repeating for each row the
operation to sequentially supply a predetermined current according to display data outputted from the single current
generation circuit to the current storage circuit formed on each driver chip and simultaneously supply the light emitting
drive current (drive current) to each light emitting element with a predetermined timing, the display data for one screen
of the display panel can be written in each display pixel and the light emitting operation can be performed with a
predetermined brightness gradation. Therefore, image information of the high-definition and large-screen size can be
excellently display while suppressing occurrence of display irregularities.

<Fifth Embodiment of Current Drive Apparatus>

[0106] FIG. 9 is a primary structural view showing a fifth embodiment of a current drive apparatus according to the
present invention. Here, the same or equivalent reference numerals denote structures equivalent to those in the first to
fourth embodiments mentioned above, thereby simplifying or eliminating their explanation.

[0107] The current drive apparatus according to this embodiment can be preferably applied to driving of, e.g., a simple
matrix type display panel (see FIG. 2), and this can be applied to a drive mode which displays a desired image by
performing a pulse width modulation (PWM) drive mode by supplying a current having a fixed current and set to a supply
time (pulse width) according to display data from each output terminal to each display element (load).

[0108] The current drive apparatus according to this embodiment have a plurality of semiconductor chips, comprises
a circuit configuration which is the same as one group including, e.g., the predetermined number of output terminals,
current storage circuits provided in accordance with the output terminals, a shift register and switch circuits described
according to the fourth embodiment, and has a structure that each single input current storage circuit is provided to an
input portion of this circuit configuration. As a result, the operation to fetch a fixed current into the current storage circuit
for each output terminal on the semiconductor chip can be simultaneously performed on the respectively semiconductor
chips in parallel. In the following concrete example, although description will be given as to the case that the present
invention is applied to a structure described in connection with the fourth embodiment, it can be likewise applied to any
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other embodiment.

[0109] As shown in FIG. 9, the current drive apparatus according to this embodiment includes a circuit configuration
which is equivalentto, e.g., the structure described in conjunction with the fourth embodiment and have the predetermined
number of output terminals Tout, a plurality of current storage circuits 30E (current storage sections 34a and 34b)
provided in accordance with the output terminals Tout, a shift register 20E (shift register sections 24a and 24b), a plurality
of input side switch circuits 40E (switches 44a and 44b), and a plurality of output side switch circuits 50E. Furthermore,
this apparatus comprises: a plurality of semiconductor chips CP1, CP2, - CPn each having an input switch circuit 60E
which performs the on/off operation based on a shift output (switch changeover signal) from a non-illustrated shift register
or control portion being formed thereon on a front stage of the circuit configuration, i.e., at an input portion to which the
operating current Ic outputted from the current generation circuit 10E is supplied and an input current storage circuit
70E which fetches and holds an operating current Ic outputted from a current generation circuit 10E; and the single
current generation circuit 10E which supplies the predetermined operating current Ic to the respective semiconductor
chips CP1, CP2, -:- CPn in common.

[0110] The current generation circuit 10E, the shift register 20E (shift register sections 24a and 24b), the current
storage circuit 30E (current storage sections 34a and 34b), the input side switch circuit 40E (switches 44a and 44b) and
the output side switch circuit 50E applied to this embodiment have the structures equivalent to those in the fourth
embodiment mentioned above, thereby eliminating the detailed description.

[0111] Here, the input switch circuit 60E provided to each of the semiconductor switches CP1, CP2, --- CPn performs
the on operation based on a shift output (switch changeover signal) sequentially outputted from a non-illustrated shift
register (or a control portion), sets the operating current Ic outputted from the current generation circuit 10E to the write
state in order to feed this current to each of the semiconductor chips CP1, CP2, --- CPn, and controls in such a manner
that the operating current Ic is fetched into and held in the input current storage circuit 70E.

[0112] The input current storage circuit 70E has the structure equivalent to, e.g., that of the current storage circuit in
the first embodiment mentioned above, fetches the operating current Ic outputted from the current generation circuit
10E with a predetermined timing that the input switch circuit 60E enters the on state, holds a corresponding voltage
component, and outputs the operating current Ic based on the held voltage component to the current storage circuit 30E
(any one of the current storage sections 34a and 34b) through the input side switch circuit 40E (any one of the switches
44aand44b) in each semiconductor chip based on an output enable signal outputted from a non-illustrated control portion.
[0113] Inthe current drive apparatus having such a structure, the operating current Ic having a predetermined current
value outputted from the current generation circuit 10E is supplied to each of the semiconductor chips CP1, CP2, -
CPn in common, it is sequentially fetched into the input current storage circuit 70E through the input switch circuit 60E
provided in accordance with each of the semiconductor chips CP1, CP2, - CPn with a predetermined timing, and a
corresponding voltage component is held.

[0114] In a first operation period, a current based on the voltage component held in the input current storage circuit
70E is supplied to one storage section of the current storage circuit 30E (e.g., the first current storage section 34a)
through one switch in the input side switch circuit 40E in common (e.g., the first switch 44a) in each of the semiconductor
chips CP1, CP2, - CPn, and a corresponding voltage component is held. At this moment, a current based on the voltage
component which has been already held in the other one storage section in the current storage circuit 30E (e.g., the
second current storage section 34b) is simultaneously outputted as a drive current Idv to the respective output terminals
Tout.

[0115] Subsequently, with a predetermined timing after completion of the first operation period, the operating current
Ic outputted from the current generation circuit 10E is again sequentially fetched into and held in the input current storage
circuit 70E through the input switch circuit 60E provided in accordance with each of the semiconductor chips CP1, CP2,
- CPn with a predetermined timing.

[0116] Then, after completion of the first operation period, in a second operation period which is set after termination
of the fetching and holding operation of the operating current Ic into the input current storage circuit 70E, like the above-
described first operation period, the current based on the voltage component held in the input current storage circuit
70E is supplied to the other one storage section in the current storage circuit 30E (e.g., the current storage section 34b)
through the other one switch in the input side switch circuit 40E (e.g., the switch 44b) in each of the semiconductor chips
CP1, CP2, --- CPnin parallel, and a corresponding voltage component is held. Furthermore, at this moment, the current
based on the voltage component held in one storage section in the current storage circuit 30E (e.g., the current storage
section 34a) in the first operation period is simultaneously outputted to the respective output terminals Tout as a drive
current Idv.

[0117] By repeatedly setting such a series of the operation periods in accordance with a predetermined operation
period, the operation to sequentially hold the operating current Ic outputted from the current generation circuit 10C in
the input current storage circuit 70E in the input portion, supply it to the current storage circuit 30E on the rear stage
and fetch it into one storage section in the current storage circuit 30E and the operation to output the current held in the
other storage section as the drive current Idv to the respective output terminals Tout at same time are alternately and
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continuously executed.

[0118] Therefore, according to the current drive apparatus of this embodiment, a current outputted from the single
current generation is sequentially fetched into the input current storage circuit provided in accordance with each semi-
conductor chip, it is then fetched into and held in the current storage circuit on the rear stage provided in accordance
with each output terminal in parallel in each semiconductor chip, and it is collectively outputted with a predetermined
timing. As a result, irregularities in the drive current between the respective output terminals can be suppressed, and
the operation to fetch the currentinto the current storage circuit corresponding to the output terminal of each semiconductor
chip can be performed between the respective semiconductor chips in parallel. Therefore, the time required to fetch and
hold the current in each current storage circuit can be prolonged, thereby stably effecting the holding operation in the
current storage section.

[0119] Here, in this embodiment, the operating current Ic fetched and held by the input current storage circuit 70E
provided in accordance with each of the semiconductor chips CP1, CP2, - CPn is sequentially fetched into and held in
a plurality of the current storage circuits 30E provided in the respective semiconductor chips CP1, CP2, -+ CPn, and it
is outputted from the respective output terminals Tout at the same time with a predetermined timing. The drive current
Idv supplied to each load through each output terminal Tout becomes a constant current having the same current value
with each timing. Further, in order to perform driving of pulse width modulation (PWM) by using the current drive apparatus
according to this embodiment, for example, as shown in FIG. 9, by adding a PWM control circuit 65E by which display
data IN is supplied between each output terminal Tout and the display element (load) and an application time of the
current to be supplied to each load is controlled in accordance with the display data, each load can be caused to operate
by pulse width modulation (PWM). This PWM control circuit 65E may be integrally formed in each of the semiconductor
chips CP1, CP2, --- CPn, or it may be formed on a semiconductor chip different from the respective semiconductor chips
so as to be electrically connected to the respective semiconductor chips CP1, CP2, --- CPn.

[0120] Thatis, in a later-described simple matrix type display panel (see FIG. 20), by sequentially repeating for each
row the operation to supply a light emitting drive current (drive current) having the uniform current characteristic and
consisting of a constant current set to a supply time (pulse width) according to each display data from all of the respective
output terminals of the driver chips (semiconductor chips) constituting the data driver with respect to the light emitting
elements (loads) in a predetermined display period, the display data for one screen of the display panel can be written
in each display pixel and the light emitting operation can be performed with a predetermined brightness gradation. Thus,
desired image information can be excellently displayed while suppressing occurrence of display irregularities.

<Sixth Embodiment of Current Drive Apparatus>

[0121] FIG. 10 is a primary structural view showing a sixth embodiment of a current drive apparatus according to the
present invention. Here, the same or equivalent reference numerals denote structures equivalent to those in the first to
fifth embodiments mentioned above, thereby simplifying or eliminating their explanation.

[0122] In the structure described in conjunction with the above-described fifth embodiment, a current drive apparatus
according to the sixth embodiment has a structure that an input current storage circuit provided in accordance with each
semiconductor chip has a pair of current storage sections provided in parallel. In the following concrete example, although
description will be given as to the case that the present invention is applied to the structure described in conjunction
with the above fifth embodiment, but it can be likewise applied to any other embodiment.

[0123] Specifically, as shownin FIG. 10, inthe structure of the fifth embodiment (see FIG. 9), the current drive apparatus
according to this embodiment has a structure that an input current storage circuit 70F provided at an input portion of
each of semiconductor chips CP1, CP2, --- CPn includes a pair of current storage sections 71a and 71b arranged in
parallel with each other and individual switch circuits 60F and 80F used to selectively connect one of the current storage
sections 71a and 71b are provided on the input side and the output side of the input current storage circuit 70F. Any
other structure applied to this embodiment has a structure equivalent to that of the fifth embodiment mentioned above,
thereby eliminating the detailed structure.

[0124] In the current drive apparatus having such a structure, an operating current Ic outputted from the current
generation circuit 10F is supplied to the respective semiconductor chips CP1, CP2, --- CPn in common, and it is applied
to the switch circuits 60F and 80F provided at the input portion of each of the semiconductor chips CP1, CP2, - CPn.
As a result, the operation to sequentially fetch the operating current Ic into one of a pair of the current storage sections
71aand 72b of the current storage circuit 70F and hold a corresponding voltage component and the operation to supply
the operating current Ic based on the voltage component which has been already held on the other side to a plurality of
the current storage circuits 30F on the rear stages are alternately and continuously executed in parallel.

[0125] In a plurality of the current storage circuits 30F on the rear stages, the operation to sequentially fetch an
operating current Ic fed from the input current storage circuit 70F into one of the current storage sections 35a and 35b
with a predetermined timing and the operation to collectively output the current based on the voltage component held
on the other side through the output terminal are alternately and continuously executed in parallel.
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[0126] Therefore, according to the current drive apparatus of this embodiment, in the state that the current outputted
from the single current generation circuit is sequentially written into one input current storage section of the input current
storage circuit provided in accordance with each semiconductor chip, the current held in the other input current storage
section is supplied to, fetched into and held in the current storage section provided in accordance with each output
terminal. Thus, the time required to fetch and hold the current in each input current storage section can be prolonged,
and the holding operation in the input current storage section can be stably carried out. Further, since the waiting time
of the operation to write the current to each semiconductor chip can be reduced or eliminated, the supply time of the
drive current to the load can be prolonged, thereby finely controlling the drive state.

[0127] In this embodiment, like the fifth embodiment mentioned above, the drive current Idv supplied to each load
through each output terminal Tout becomes a constant current having the same current value with each timing. Further,
like the fifth embodiment, by providing the PMW control circuit 60F, applying the pulse width modulation (PWM) drive
mode and adjusting the supply time (pulse width) of the constant current to each load, each load can be operated in a
desired drive state.

<Seventh Embodiment of Current Drive Apparatus>

[0128] FIG. 11 is a primary structural view showing a seventh embodiment of a current drive apparatus according to
the present invention. Here, the same or equivalent reference numerals denote structures equivalent to those in the first
to sixth embodiments, thereby simplifying or eliminating their explanation.

[0129] The current drive apparatus according to the seventh embodiment has a structure that a plurality of reference
currents supplied from the single reference current generation circuit including a plurality of reference current generation
sections which generate and output reference currents having current values set so as to have weightings different from
each other are individually held in a plurality of the reference current storage sections provided in accordance with the
reference currents and predetermined currents according to drive states of loads are sequentially generated based on
the predetermined number of digital input signals.

[0130] AsshowninFIG. 11, the current drive apparatus according to this embodiment comprises: a reference current
generation circuit (reference current generation circuit) 10G including four reference current generation sections 11a to
11d which individually generate and output reference currents 11, 12, 14 and 18 to which weightings of, e.g., 1:2:4:8 are
set; a shift register SFR which sets a timing when collectively supplying the respective reference currents 11, 12, 14 and
18 fed from the reference current generation circuit 10G to a reference current storage circuits 90G in parallel; the current
storage circuits 90G each having a plurality of reference current storage sections 91a to 91d which individually fetch
and hold reference currents 11, 12, 14 and 18 supplied from the reference current generation circuit 10G; input side switch
circuits SWA each of which controls supply states of the reference currents I1, 12, 14 and 18 from the reference current
generation circuit 10G (reference current generation sections 11a to 11d) to the reference current storage circuit 90G
based on a timing set by a switch changeover signal (shift output) SRs outputted from the shift register SFR with a
predetermined timing; output side switch circuits (gradation current generation circuits) SWB each of which selects an
arbitrary reference current storage section in the reference current storage sections 91a to 91d constituting the reference
current storage circuit 90G, combines (adds) the reference currents held in the selected reference current storage section
and generates a current Is having a predetermined current value corresponding to a drive state of a load; a plurality of
current storage circuits 30G which are provided in accordance with each output terminal Tout and fetch and hold the
current Is generated by the output side switch circuit SWB with individual timings; and a plurality of switch circuits 40G
which are provided in accordance with the current storage circuits 30G and control a supply state of the current Is from
the output side switch circuit SWB to each current storage circuit 30G based on a timing set by a non-illustrated shift
register (specifically, this is equivalent to the shift register shown in FIG. 1).

[0131] In this embodiment, the structure having the reference current generation circuit 10G, the reference current
storage circuit 90G, the input side switch circuit SWA and the output side switch circuit SWB has a function as a current
generation circuit which generates and outputs the current Is having a predetermined value according to a drive state
of each load. The structure having the current storage circuits 30G and the switch circuits 40G has a function as a current
storage circuit described in conjunction with the foregoing embodiments.

[0132] Here, in the current drive apparatus according to this embodiment, the structure including the predetermined
number of the output terminals Tout, the current storage circuits 30G respectively provided in accordance with the output
terminals Tout, the input side switch circuits 40G, the reference current storage circuit 90G which generates the prede-
termined current Is supplied to the current storage circuits 30G and the input side and output side switch circuits SWA
and SWB is determined as each group, and each group is formed on each of the semiconductor chips CP1, CP2, -
CP2. Further, the single reference current generation circuit 10G is provided with respect to the groups (semiconductor
chips) in such a manner that the reference currents 11, 12, 14 and I8 outputted from the reference current generation
circuit 10G are supplied in common.

[0133] The reference current generation sections 11a to 11d have the circuit structure (see FIG. 2) equivalent to the
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current generation circuit described in accordance with the foregoing embodiments, and it is possible to apply a structure
obtained by appropriately designing the circuit configuration in such a manner that a ratio of the current values of the
reference currents generated by the reference current generation sections 11a to 11d becomes, e.g., 1:2:4:8. It is to be
noted that the shift register SFR, the reference current storage circuits 90G (reference current storage section 91a to
91d) and the input side switch circuit SWA applied to this embodiment have the structures equivalent to those described
in conjunction with the foregoing embodiments, thereby eliminating the detailed explanation.

[0134] In the current drive apparatus having such a structure, in a reference current generation period, the reference
currents 11, 12, 14 and 18 to which the current values are set so as to have the weighting of 1:2:4:8 by the reference
current generation sections 11a to 11d constituting the reference current generation circuit 10G are generated and
outputted, and a switch changeover signal SRs sequentially outputted from the shift register SFR is sequentially applied
to each input side switch circuit SWA. As a result, the switch circuit SWA sequentially performs the on operation with
different timings only in a predetermined period, the reference currents I1, 12, 14 and 18 outputted from the reference
current generation circuit 10G are simultaneously supplied to the reference current storage sections 91a to 91d, and
corresponding voltage components are individually held in the respective reference current storage sections.

[0135] Subsequently, in a current output period, output of the switch changeover signal SRs from the shift register
SFR is completed, all the input side switch circuits SWA execute the off operation, and the voltage components corre-
sponding to the reference currents 11, 12, 14 and I8 are held in all the reference current storage circuits 90G. Thereafter,
an output enable signal ENs is applied to the reference current storage sections 91a to 91d from a non-illustrated control
portion or circuit in common, and digital input signals IN1 to IN4 are applied to the output side switch circuits SWB
individually provided to the reference current storage sections 91a to 91d. As a result, for example, only the output side
switch circuits SWB to which the high-level digital input signals IN1 to IN4 are applied perform the on-operation, the
reference currents based on the held voltage components are selectively outputted, and these reference currents are
combined (added). As a result, the currents Is having the current values according to the signal levels of the digital input
signals IN1 to IN4 are generated.

[0136] Subsequently, in a current write period, the switch changeover signals SR from a non-illustrated shift register
are sequentially outputted to the switch circuits 40G. As a result, the switch circuits 40G sequentially carry out the on
operation only in a predetermined period, the currents Is supplied from the reference current storage circuit 90G through
the output side switch circuit SWB are sequentially supplied and fetched into the current storage circuits 30G, and
corresponding voltage components are held.

[0137] Then, in a drive current output period, the output enable signal EN is outputted from a non-illustrated control
portion to all the current storage sections 30G with a predetermined timing in common, currents based on the voltage
components held in the current storage circuits 30G are simultaneously outputted as drive currents Idv to the respective
loads through the respective output terminals Tout with the same timing.

[0138] By repeatedly setting the reference current generation period, the current output period, the current write period
and the drive current output period described above in accordance with a predetermined operation cycle, the loads can
be operated in a predetermined drive cycle.

[0139] Therefore, according to the current drive apparatus of this embodiment, a plurality of the reference current
storage sections in which the reference currents to which the current values are set so as to have weightings different
from each other are arbitrarily selected based on the predetermined number of the digital input signals, and the reference
currents held in the selected reference current storage sections are combined. In this manner, predetermined currents
of the analog signals corresponding to the drive states of the loads are generated, the operation to hold the currents in
the current storage circuits provided at the respective output terminals is sequentially executed, and the held currents
are simultaneously supplied to the respective loads as the drive currents with a predetermined timing. As a result, each
load can be operated in the drive state excellently corresponding to the input signal with a relatively simple apparatus
structure. Furthermore, the reference currents having the uniform current characteristic outputted from the single current
generation circuit are supplied to the reference current storage circuits provided in accordance with each semiconductor
chip in common, and the drive currents are generated based on the reference currents. As a result, it is possible to
excellently suppressirregularities in the drive currents between the semiconductor chips and between the output terminals
provided to each semiconductor chip.

[0140] In this embodiment, although description has been given as to the case where the structure described in
conjunction with the first embodiment is applied as the current storage circuit, it is possible to apply a structure that a
plurality of the current storage sections explained with reference to the other embodiments are provided and the operation
to sequentially fetch and hold the currents Is supplied from the reference current storage circuits and the operation to
simultaneously output the held currents as the drive currents through the output terminals are alternately executed.
[0141] Specifically, in a later-described display panel (see FIG. 15), even if the number of the display pixels (light
emitting elements; loads) is increased in order to realize a high definition of the display image quality and/or a large
screen of the display panel and the data driver constructed by a plurality of the driver chips (semiconductor chips) is
applied, the reference currents outputted from the single reference current generation circuit can be sequentially supplied

18



10

15

20

25

30

35

40

45

50

55

EP 1 430 467 B1

to the respective driver chips, the light emitting drive currents (analog signals) having the current values excellently
corresponding to display data (digital input signals) can be sequentially generated based on the reference currents and
simultaneously supplied to the respective light emitting elements with a predetermined timing. Therefore, it is possible
to realize the display apparatus which can excellently suppress irregularities in the light emitting drive currents between
the respective output terminals and between the respective driver chips and perform multi-gradation display excellently
corresponding to the display data while suppressing generation of display irregularities.

<Eighth Embodiment of Current Drive Apparatus>

[0142] FIG. 12 is a primary structural view showing an eighth embodiment of a current drive apparatus according to
the present invention. Here, the same or equivalent reference numerals denote structures equivalent to those in the
seventh embodiment mentioned above, thereby simplifying or eliminating their explanation.

[0143] In the structure described in connection with the seventh embodiment mentioned above, the current drive
apparatus according to the eighth embodiment is configured to comprise in accordance with each semiconductor chip
a pair of reference current storage circuit portions including a plurality of reference current storage sections which fetch
and hold a plurality of reference currents outputted from the reference current generation circuit and alternately execute
the operation to sequentially hold reference currents supplied from a single reference current generation circuit by a
reference current storage circuit portion on one side and the operation to generate predetermined currents according
to drive states of loads by a reference current storage circuit portion on the other side based on the reference currents
which have been already held in parallel.

[0144] As shown in FIG. 12, in the structure described in connection with a seventh embodiment (see FIG. 11), the
currentdrive apparatus according to this embodiment has a structure that a reference current storage circuit 90H provided
to each of semiconductor chips CP1, CP2, --- CPn comprises a pair of four-bit reference current storage circuit portions
92a and 92b (respective reference current storage circuit portions correspond to the reference current storage sections
91ato 91d shown in FIG. 11) arranged in parallel with each other and individual switch circuits SWA and SWB used to
selectively connect to one of the four-bit reference current storage circuit portions 92a and 92b are provided on the input
side and the output side of the reference current storage circuit 90H. Here, the four-bit reference current generation
circuit 10H has, e.g., the same structure as those of the reference current generation sections 11a to 11d illustrated in
FIG. 11, and a structure having four sets of reference current generation sections which generate and output the reference
currents 11, 12, 14 and 18 to which current values are set so as to have weightings different from each other. It is to be
noted that other structures applied to this embodiment have the structures equivalent to those in the seventh embodiment
mentioned above, thereby eliminating the detailed explanation.

[0145] In the current drive apparatus having such a structure, reference currents 11, 12, 14 and I8 to which current
values are set so as to have weightings different from each other are supplied from the four-bit current generation circuit
10H to the semiconductor chips CP1, CP2, --- CPn in common, and switch changeover signals SRs sequentially outputted
from the shift register SFR are sequentially applied to the input side switch circuit SWA. As a result, the reference currents
are sequentially fetched into and individually held in one of a pair of the four-bit reference current storage circuit portions
92a and 92b of the reference current storage circuit 90H. At this moment, output enable signals ENa and ENb are applied
to the four-bit reference current storage circuit on the other side from a non-illustrated control portion in common, and
digital input signals IN1 to IN4 are applied to an output side switch circuit SWB. As a result, the operation by which the
reference currents |1, 12, 14 and I8 which have been already held are selectively outputted, their current components
are combined (added) and currents Is having current values according to signal levels of the digital input signals IN1 to
IN4 are alternately and continuously executed.

[0146] Therefore, according to the current drive apparatus of this embodiment, in the state that the reference currents
having different current values outputted from the single reference current generation circuit are sequentially written in
one four-bit reference current storage circuit portion of the reference current storage circuit provided in accordance with
each semiconductor chip, currents corresponding to the digital input signals are generated based on the reference
currents held in the other four-bit reference current storage circuit portion, and they are sequentially outputted to the
current storage sections on the rear stage. As a result, the time required to fetch and hold the currents in the respective
reference current storage circuit portions can be prolonged, and the holding operation in the reference current storage
circuit portion can be stably performed. Furthermore, since the waiting time in the operation to write the reference currents
to the respective semiconductor chips can be reduced or eliminated, the supply time of the drive currents to the loads
can be extended, thereby finely controlling the drive state.

<Ninth Embodiment of Current Drive Apparatus>

[0147] FIG. 13 is a primary structural view showing a ninth embodiment of a current drive apparatus according to the
present invention. Here, the same or equivalent reference numerals denote structures equal to those in the foregoing
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embodiments, thereby simplifying or eliminating their explanation.

[0148] The current drive apparatus according to a ninth embodiment has a structure that the structures which are
applied to the current drive apparatuses according to the foregoing embodiments and formed to the semiconductor chips
are stratified and a plurality of output terminals provided to an upper semiconductor chip are connected to input portions
of a plurality of lower semiconductor chips. In the following concrete example, although description has been given as
to the case that the present invention is applied to the structure described in connection with the eighth embodiment
mentioned above, it can be likewise applied to any other embodiments.

[0149] As shown in FIG. 13, in the structure described in connection with the eighth embodiment (see FIG. 12), the
current drive apparatus according to this embodiment comprises: upper semiconductor chips CP11, CP12, --- CPy to
which reference currents 11, 12, 14 and 18 to which current values are set so as to have weightings different from each
other are supplied from a four-bit reference current generation circuit 10J in common; and lower semiconductor chips
CP21, CP22, --- CPz having input terminals T2in connected to a plurality of output terminals T1out according to the
respective upper semiconductor chips CP11, CP12, --- CPy. Output terminals T2out individually connected to a plurality
of loads.

[0150] Here, each of the upper semiconductor chips CP11, CP12, --- CPy comprises: a reference current storage
circuit 90J including a pair of four-bit reference current storage circuit portions 93a and 93b; and individual switch circuits
SWA and SWB used to selectively connect to one of the four-bit reference current storage circuit portions 93a and 93b.
The operation to fetch and hold reference currents 11, 12, |4 and I8 fed from the four-bit reference current generation
circuit 10J to one of four-bit reference current storage circuit portions (e.g., the first circuit portion 93a) with a predetermined
timing based on a shift output (switch changeover signal) Sra from the shift register SFR and the operation which
selectively executes the operation to supply the reference currents 11, 12, 14 and 18 held in the other four-bit reference
current storage circuit portion (e.g., the second circuit 93b) to the lower semiconductor chips CP21, CP22, :-- CPz are
alternately performed in parallel. That is, the semiconductor chips CP11, CP12, --- CPy do not include the current
generation circuit used to generate a current having a predetermined value based on an input signal or a current storage
circuit on the rear stage such as shown in FIG. 12, and they are configured to output the held reference currents I1, 12,
14 and 18 and supply them to the lower semiconductor chips CP21, CP22, --- CPz through the output terminal T1out and
the input terminal T2in.

[0151] Forexample, like the above-described eighth embodiment, each of the lower semiconductor chips CP21, CP22,
-+ CPz comprises: a reference current storage circuit 90K including a pair of four-bit reference current storage circuit
portions 94a and 94b which fetch and hold reference currents 11, 12, 14 and I8 fed from the upper semiconductor chips
CP11, CP12, - CPy with a predetermined timing based on a shift output (switch changeover signal) SRb from a non-
illustrated shift register; an input side switch circuit SWC used to selectively connect to one of the four-bit reference
current storage circuit portions 94a and 94b; an output side switch circuit SWD which selects arbitrary reference currents
held in the four-bit reference current storage circuit portions 94a and 94b and generates currents having predetermined
current values; and a current storage circuit 30J and a switch circuit 40J which sequentially fetch and hold the prede-
termined currents generated based on digital input signals IN1 to IN4 and simultaneously supply them to respective
loads through output terminals T2out.

[0152] In the current drive apparatus having such a structure, reference currents 11, 12, 14 and 18 having current values
whose weightings are different from each other are supplied from the four-bit reference current generation circuit 10J
to the upper semiconductor chips CP1, CP12, -~ CPy in common, and the input side switch circuit SWA is switched to
one of a pair of the four-bit reference current storage circuit portions 93a and 93b constituting the reference current
storage circuit 90J. As a result, the reference currents 11, 12, 14 and 18 are individually fetched into and held in the four-
bit reference current storage circuit portions, and the output side switch circuit SWB is switched to the other circuit portion
in the reference current storage circuit 90J based on output enable signals ENa and Enb and a selection control signal
SEL outputted from a non-illustrated control portion. As a result, the reference currents 11, 12, 14 and I8 which have been
already held on the other side are supplied as they are to the input terminals T2in of the lower semiconductor chips
CP21, CP22, --- CPz through the respective output terminals T1out.

[0153] As to the reference currents 11, 12, 14 and 18 fed to the lower semiconductor chips CP21, CP22, --- CPz, based
on shift outputs SRb sequentially outputted from a non-illustrated shift register, the input side switch circuit SWC is
switched to one of a pair of the four-bit reference current storage circuit portions 94a and 94b constituting the reference
current storage circuit 90K. As a result, the reference currents 11, 12, 14 and 18 are individually fetched into and held in
the four-bit reference current storage circuit portions. At the same time, the output side switch circuit SWD is switched
to the other circuit portion in reference current storage circuit 90K based on the output enable signals ENc and End and
the digital input signals IN1 to IN4, and arbitrary reference current storage sections are selected. As a result, the reference
currents 11, 12, 14 and I8 which have been already held on the other side are arbitrary selected and combined, and
currents Is having predetermined current values according to drive states of the loads are generated and supplied to
the current storage circuit 30J on the rear stage.

[0154] As to the currents Is fed to the current storage circuit 30J, the switch circuits 40J sequentially perform the on
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operation only in a predetermined period based on the shift output SR from the shift register, the currents Is fed from
the reference current storage circuit 90K through the output side switch circuit SWO are sequentially written and held
in the respective current storage sections 30J, and the output enable signal EN is applied from the control portion with
a predetermined timing to drive the loads. As a result, the currents held in the respective current storage sections 30J
are simultaneously outputted as the drive currents Idv to the respective loads via the respective output terminals T2out
with the same timing.

[0155] Therefore, according to the current drive apparatus of this embodiment, the semiconductor chips each including
the current storage circuit having a function to fetch predetermined currents and simultaneously output them with a
predetermined timing are connected to each other so as to have a hierarchical structure. Therefore, by only supplying
the predetermined currents or the reference currents to the small number of the upper semiconductor chips, the currents
or the reference currents are sequentially supplied to a plurality of the lower semiconductor chips, and the predetermined
drive currents are collectively supplied to the more loads through the respective output terminals. Thus, it is possible to
suppress irregularities in the drive currents between the respective semiconductor chips and between the output terminals
provided to the same semiconductor chip. Further, the time required to fetch and hold the predetermined current in each
reference current storage circuit portion can be prolonged, thereby stably performing the holding operation in the reference
current storage circuit portion. Furthermore, since the waiting time in the operation to write the reference current to each
semiconductor chip can be further reduced or substantially eliminated, and the supply time of the drive currents to the
loads can be extended, thereby finely controlling the drive states.

[0156] In this embodiment, since the structure obtained by applying the hierarchical structure to the above-described
eighth embodiment has been described, the circuit configurations formed on the upper semiconductor chips CP11,
CP12, - CPy are different from those formed on the lower semiconductor chips CP21, CP22, - CPy. However, for
example, when applied to the structure described in conjunction with the first embodiment or the fourth embodiment, it
is possible to apply the semiconductor chips having the same circuit configuration.

<Embodiment of Display Apparatus>

[0157] Description will now be given as to a case that the above-described current drive apparatus is applied to a
display drive circuit of a display apparatus with reference to the accompanying drawings.

[0158] FIG. 14is aschematic block diagram showing an example of an entire structure of a display apparatus according
to the present invention, FIG. 15 is a block diagram showing primary structures of a data drive and a display panel
applied to the display apparatus according to this embodiment, and FIG. 16 is a schematic structural view showing
another example of a scanning driver applied to the display apparatus according to the present invention.

[0159] As shown in FIG. 14, a display apparatus 100 according to this embodiment comprises: a display panel (pixel
array) 110 in which later-described pixel drive circuits DC and a plurality of display pixels consisting of light emitting
elements (optical elements: e.g., organic EL elements OEL) are arranged in a matrix form in the vicinity of intersections
of a plurality of scanning lines SL as well as power supply liens VL arranged so as to be parallel to each other and a
plurality of data lines DL, as schematically shown in FIG. 15; a scanning driver (scanning drive circuit) 120 which is
connected to the scanning lines SL and controls a display pixel group for each row into a selected state by sequentially
applying a high-level scanning signal Vsel to the scanning lines SL with a predetermined timing; a data driver (signal
drive circuit) 130 which is connected to the data lines DL and controls a supply state of a signal current (gradation current
Ipix) according to display data to the data lines DL; a power supply driver (power supply drive circuit) 140 which is
connected to the power supply lines VL arranged in parallel with the scanning lines SL and causes a predetermined
signal current (gradation current, drive current) according to the display data to flow to the display pixel group by se-
quentially applying a high-level or low-level power supply voltage Vsc to the power supply lines Vsc to the display pixel
group; a system controller 150 which generates and outputs a scanning control signal, a data control signal and a power
supply control signal which control operating states of at least the scanning driver 120, the data driver 130 and the power
supply driver 140 based on a timing signal fed from a later-described display signal generation circuit 160; and a display
signal generation circuit 160 which generates display data based on a video signal fed from the outside of the display
apparatus 100 and supplies it to a data driver 130, and generates or extracts a timing signal (system clock and the like)
used to display an image of the display data in the display panel 110 and supplies it to the system controller 150.
[0160] Each of the above structures will now be concretely described hereinafter.

(Display Panel)
[0161] As shown in FIG. 15, each of the display pixels arranged on the display panel in the matrix form has a pixel
drive circuit DC which controls the later-described write operation to the display pixel and the light emitting operation of

the light emitting element based on a scanning signal Vsel applied from the scanning driver 120 to the scanning line SL,
a signal current supplied from the data driver 130 to the data line DL and a power supply voltage Vsc applied from the
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power supply driver 140 to the power supply line VL, and a light emitting element (organic EL elements OEL) whose
light emitting brightness is controlled in accordance with a current value of a drive current supplied thereto.

[0162] The pixel drive circuit DC generally has a function to control the selection/non-selection state of the display
pixel based on the scanning signal, fetch the gradation current according to the display data in the selection state and
hold it as a voltage level, and apply the drive current according to the held voltage level in the non-selection state and
maintain the operation of causing light emission of the light emitting elements in a predetermined period.

[0163] A concrete circuit example or a circuit operation of the pixel drive circuit will be described later. Moreover, in
the display apparatus according to the presentinvention, as the light emitting element which is subjected to light emission
control by the pixel drive circuit, it is not restricted to the organic EL element, and it is possible to excellently apply a
self-luminous type light emitting element (optical elements) such as an inorganic EL element or light emitting diode.

(Scanning Driver)

[0164] The scanning driver 120 controls so as to write a gradation current Ipix based on display data supplied from
the data driver 130 through the data lines DL into the display pixels with the display pixels being in the selection state
by sequentially applying the high-level scanning signals Vsel to the respective scanning lines SL based on a scanning
control signal supplied from the system controller 150.

[0165] Specifically, as shownin FIG. 15, the scanning driver 120 comprises shift blocks SB1, SB2, --- SBn on a plurality
of stages shift registers and buffers in ' accordance with the respective scanning lines SL, and shift outputs generated
while being sequentially shifted from the upper part to the lower part of the display panel 110 by the shift registers based
on scanning control signals (a scanning start signal SSTR, a scanning clock signal SCLK and others) fed from the system
controller are applied to the respective scanning lines SL as scanning signals Vsel having a predetermined voltage level
(high-level) through the buffers.

(Data Driver)

[0166] The data driver 130 fetches and holds the display data supplied from the display signal generation circuit 160
with a predetermined timing based on various kinds of data control signals (an output enable signal OE, a data latch
signal STB, a sampling start signal STR, a shift clock signal CLK and others) fed from the system controller 150, converts
a gradation voltage (digital input signal) corresponding to the display data into a current component, and supplies it as
a gradation current Ipix (analog output signal) to the respective data lines DL with a predetermined timing.

[0167] Specifically, to the datadriver 130 can be applied any of the structures of the current drive apparatuses described
in conjunction with the first to fourth or seventh to ninth embodiments.

[0168] Concretely, in case of applying the current drive apparatuses described in connection with the first to fourth
embodiments, based on the display data of, e.g., digital signals generated based on a video signal by the display signal
generation circuit, predetermined currents according to a brightness gradation of the light emitting elements in a single
current generation circuit are generated, and the currents are sequentially fetched into and held in the respective current
storage circuits corresponding to a plurality of the output terminals provided to the respective driver chips. Thereafter,
the held currents are simultaneously outputted as gradation currents (drive currents) to the respective data lines provided
to the display panel through the respective output terminals with a predetermined timing.

[0169] Additionally, in case of applying the current drive apparatuses described in conjunction with the seventh to
ninth embodiments, a plurality of reference currents generated with current values being weighted in advance by the
single reference current generation circuit are individually fetched into and held in the reference current storage circuits
provided to the respective driver chips, and currents obtained by selecting and combining arbitrary reference currents
based on the display data consisting of the digital signals are simultaneously outputted to the respective data lines
provided to the display panel through the respective output terminals as the gradation currents (drive currents) corre-
sponding to the brightness gradation of the light emitting elements.

[0170] In the current drive apparatus according to each of the foregoing embodiments, since the current components
having the negative polarity are supplied to the data lines as the gradation currents, the currents corresponding to the
gradation currents flow so as to be pulled in a data driver (current drive apparatus) direction via the output terminals
from the data line (display panel) side. Therefore, the display apparatus according to this embodiment can be excellently
applied to the display panel having the structure that the later-described current write type pixel drive circuit is provided
to each display pixel to which the light emitting element is arranged.

(System Controller)

[0171] The system controller 150 operates each driver with a predetermined timing by respectively outputting a scan-
ning control signal and a data control signal which control the operation state (the above-described scanning shift start
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signal SSTR or the scanning clock signal SCLK, the shift start signal STR or the shift clock signal CLK, the latch signal
STB, the output enable signal OE, and others) to the scanning driver 120, the data driver 130 and the power supply
driver 140, causes it to generate and output a scanning signal Vsel, a gradation current Ipix, a power supply voltage
Vsc, executes a drive control operation in the later-described drive circuit, and controls the display panel 110 to display
image information based on a predetermined video signal. The system controller 150 constitutes the control portion
described in conjunction of the current drive apparatus concerning each of the foregoing embodiments.

(Power Supply Driver)

[0172] The power supply driver 140 pulls a write current (sink current) corresponding to the gradation current Ipix
based on the display data in the data driver 130 direction via the display pixels (pixel drive circuit) from.the power supply
lines VL by applying the low-level power supply voltage Vscl (e.g., a voltage level equal to or below a ground potential)
to the power supply lines VL in synchronization with a timing that the display pixel group for each row is set to the
selection state by the scanning driver 120 based on the power supply control signal fed from the system controller 150.
Further, this power supply driver 140 causes a drive current corresponding to the gradation current Ipix based on the
display data to flow in the organic EL element OEL direction from the power supply liens VL via the display pixels (pixel
drive circuits) by applying a high-level power supply voltage Vsch to the power supply lines VL in synchronization with
a timing that the display pixel group for each row is set to the non-selection state by the scanning driver 120.

[0173] As shown in FIG. 15, the power supply driver 140 generally comprises voltage shift blocks VSB1, VSB2, -
VSBn on a plurality of stages consisting of shift registers and buffers in accordance with each power supply line VL like
the shift blocks SB1, SB2, -:* SBn of the above-described driver 120. Shift outputs generated while being sequentially
shifted from the upper part toward the lower part of the display panel 110 based on power supply control signals (a
power supply start signal VSTR, a power supply clock signal VCLK and others) synchronized with the scanning control
signals fed from the system controller are applied to the respective power supply lines VL as power supply voltages Vscl
and Vsch having a predetermined voltage level (a low level in the selection state set by the scanning driver and a high
level in the non-selection state set by the same) through the buffers.

(Display Signal Generation Circuit)

[0174] The display signal generation circuit 160 extracts a brightness gradation signal component from, e.g., a video
signal supplied from the outside of the display apparatus, and supplies it to the data driver 130 as display data for each
line of the display panel 110.

In cases where the video signal includes a timing signal component which stipulates a display timing of image information
like a TV broadcasting signal (composite video signal), the display signal generation circuit 160 may have a function to
extract the timing signal component and supply it to the system controller 150 as well as a function to extract the brightness
gradation signal component. In this case, the system controller 150 generates the scanning control signal, the data
control signal and the power supply control signal which are supplied to the scanning driver 120, the data driver 130
and the power supply driver 140 based on the timing signal fed from the display signal generation circuit 160.

[0175] In this embodiment, as shown in FIGS. 14 and 15, as the driver assembly attached to the circumference of the
display panel 110, description has been given as to the structure in which the data driver 130 and the power supply
driver 140 are individually arranged, but the present invention is not restricted thereto. As described above, since the
scanning driver 120 and the power supply driver 140 operate based on the equivalent control signals (the scanning
control signal and the power supply control signal) with which the timing is synchronized, it is possible to adopt, e.g., a
structure that the scanning driver 120A has a function to supply the power supply voltage Vsc in synchronization with
generation and output timings of the scanning signal as shown in FIG. 16. According to such a structure, the structures
of the peripheral circuits can be simplified.

(Display Pixel: Pixel Drive Circuit)

[0176] A concrete example of a pixel drive circuit applied to the display pixel mentioned above will now be described
with reference to the accompanying drawings.

[0177] First, description will be given as to a basic structure of a pixel drive circuit which can be applied to the display
apparatus according to this embodiment and its operation.

[0178] FIG. 17 is a circuit structural view showing an example of a basic structure of a pixel drive circuit applicable to
the display apparatus according to the present invention, and FIGS. 18A and 18B are conceptual views showing a basic
operation of the pixel drive circuit applicable to this embodiment. FIG. 19 is a timing chart showing a display timing of
image information in the display apparatus according to this embodiment.

[0179] Forexample, as showninFIG. 17, the pixel drive circuit DCx comprises an NMOS thin film transistor Tr1 having
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a gate terminal connected to a scanning line SL, a source terminal connected to a power supply line VL and a drain
terminal connected to a junction N1; an NMOS thin film transistor Tr2 having a gate terminal connected to the scanning
line SL, and source and drain terminals respectively connected to a data line DL and a junction N2; an NMOS thin film
transistor Tr3 having a gate terminal connected to the junction N1, and source and drain terminals respectively connected
to a power supply line VL and the junction N2; and a capacitor Cs connected between the junction N1 and the junction
N2, in the vicinity of each intersection of the scanning line SL and the data line DL arranged so as to be orthogonal to
the display panel 110. The light emitting element (organic EL element OEL) has an anode terminal connected to the
junction N2 and a cathode terminal connected to a ground potential, respectively. Here, the capacitor Cs may be a
parasitic capacitance formed between the gate and the source of the thin film transistor Tr3. It is to be noted that the
organic EL element OEL is used as the light emitting element in this example, but the light emitting element is not
restricted thereto as described above.

[0180] For example, as shown in FIG. 19, the light emitting drive control of the light emitting element (organic EL
element) in the pixel drive circuit having such a structure is executed by setting a write operation period (or a selection
period of the display pixels) in which a display pixel group connected to a specific scanning line is selected and a signal
current corresponding to display data is written within one scanning period Tsc which is determined as one cycle and
this signal current is held as a signal voltage, and a light emitting operation period (or a non-selection period of the
display pixels) in which a drive current according to the display data is supplied to the organic EL element based on the
signal voltage written and held in the write operation period and the light emitting operation is performed with a prede-
termined brightness gradation (Tsc = Tse + Tnse). Here, the write operation periods Tse set for the respective lines are
set so as not overlap in time.

(Write Operation Period: Selection Period)

[0181] In the write operation (selection period Tse) for the display pixels, as shown in FIG. 19, a high-level scanning
signal Vsel (Vslh) is applied to the scanning line SL in a specific line (i-th line) from the scanning driver 120, and a low-
level power supply voltage Vscl is applied to the power supply line VL in this line (i-th line) from the power supply driver
140. In synchronization with this timing, the gradation current having the negative polarity (-Ipix) corresponding to display
data of the line fetched by the data driver 130 is supplied to each data line DL.

[0182] As aresult, the thin film transistors Tr1 and Tr2 constituting the pixel drive circuit DCx perform the on operation,
and the low-level power supply voltage Vsclis applied to the junction N1 (that is, the gate terminal of the thin film transistor
Tr3 and one end of the capacitor Cs), and the operation to pull in the gradation current having the negative polarity (-
Ipix) via the data line DL is carried out. As a result, a voltage level having a lower potential than the low-level power
supply voltage Vscl is applied to the junction N2 (that is, the source terminal of the thin film transistor Tr3 and the other
end of the capacitor Cs).

[0183] As described above, generation of a potential difference between the junction N1 and the N2 (between the
gate and the source of the thin film transistor Tr3) causes the thin film transistor Tr3 to perform the on operation and,
as shown in FIG. 18A, a write current la corresponding to the gradation current Ipix flows down to the data driver 130
fromthe power supply line VL via the thin film transistor Tr3, the junction N2, the thin film transistor Tr2 and the data line DL.
[0184] At this moment, electric charges corresponding to the potential difference generated between the junctions N1
and N2 (between the gate and the source of the thin film transistor Tr3) are stored in the capacitor Cs, and it is held
(charged) as a voltage component. Further, since the power supply voltage Vscl having a voltage level equal to or less
than a ground potential is applied to the power supply line VL and the write current la is controlled so as to flow in the
data line direction, the potential applied to the anode terminal (junction N2) of the organic EL element OEL becomes
lower than the potential (ground potential) of the cathode terminal, and a reverse bias voltage is applied to the organic
EL element OEL. Therefore, the drive current does not flow through the organic EL element, and the light emitting
operation is not executed.

(Light Emitting Operation Period: Non-selection Period)

[0185] Subsequently, in the light emitting operation (non-selection period Tnse) of the organic EL element after com-
pletion of the write operation period (selection period Tse), as shown in FIG. 19, a low-level scanning signal Vsel (Vsell)
is applied to the scanning line SL in a specific line (i-th line) from the scanning driver 120, and a high-level power supply
voltage Vsch is applied to the power supply line VL in this line (i-th line) from the power supply driver 140. Further, in
synchronization with this timing, the operation to pull in the gradation current by the data driver 130 is stopped.

[0186] As aresult, the thin film transistors Tr1 and Tr2 constituting the pixel drive circuit DCx perform the off operation,
application of the power supply voltage Vsc to the junction N1 (that is, the gate terminal of the thin film transistor Tr3
and one end of the capacitor Cs) is interrupted, and application of the voltage level to the junction N2 (that is, the source
terminal of the think film transistor Tr3 and the other end of the capacitor Cs) due to the operation to pull in the gradation

24



10

15

20

25

30

35

40

45

50

55

EP 1 430 467 B1

current by the data driver 130 is interrupted. As a result, the capacitor Cs holds the electric charges stored in the above-
described write operation.

[0187] As described above, the capacitor Cs holds the charge voltage in the write operation, and a potential difference
between the junctions N1 and N2 (between the gate and the source of the thin film transistor Tr3) is thereby held and
the thin film transistor Tr3 maintains the on state. Further, since a power supply voltage Vsch having a voltage level
higher than the ground potential is applied to the power supply line VL, the potential applied to the anode terminal
(junction N2) of the organic EL element OEL becomes higher than the potential (ground potential) of the cathode terminal.
[0188] Therefore, as shown in FIG. 18B, a predetermined drive current Ib flows through the organic EL element OEL
from the power supply line VL through the thin film transistor Tr3 and the junction N2 in a forward bias direction, and the
organic EL element OEL emits the light. Here, since the potential difference (charge voltage) held by the capacitor Cs
corresponds to a potential difference when causing the write current la corresponding to the gradation current Ipix to
flow in the thin film transistor Tr3, the drive current flowing through the organic EL element OEL has a current value
equivalent to the write current la. As a result, in the non-selection period Tnse after the selection period Tse, the drive
current is continuously supplied through the thin film transistor Tr3 based on a voltage component corresponding to the
display data (gradation current) written in the selection period Tse. The organic EL element OEL continues the operation
to emit the light with the brightness gradation corresponding to the display data.

[0189] AsshowninFIG. 19, by sequentially repeatedly executing the above-described series of operation with respect
to the display pixel groups for all the lines constituting the display panel, the display data for one screen of the display
panel is written, the light is emitted with a predetermined brightness gradation, and desired image information is displayed.
[0190] Although the thin film transistors Tr1 to Tr3 applied to the pixel drive circuit according to this embodiment are
not particularly restricted, all of the thin film transistors Tr1 to Tr3 can be constituted by n-channel type transistors, and
hence an n-channel type amorphous silicon TFT can be excellently applied. In such a case, the pixel drive circuit having
the stable drive characteristic can be relatively inexpensively manufactured by applying the already established manu-
facturing technique.

[0191] Further, according to the pixel drive circuit having the above-described circuit configuration, even if the char-
acteristic of the thin film transistor Tr3 or the light emitting element is deteriorated due to an aged change, the potential
difference (charge voltage) held in the capacitor Cs becomes a potential difference required for passing the write current
la corresponding to the gradation current Ipix to the thin film transistor Tr3. Therefore, the drive current Ib flowing down
through the organic EL element OEL is maintained at a current value equivalent to the write current la. Thus, itis possible
to suppress degradation of the display state such as generation of display irregularities due to an aged change, thereby
maintaining the excellent display state.

[0192] FIG. 20 is a schematic block diagram showing a primary structure of another example of the display apparatus
according to the present invention.

[0193] Inthe above-described embodiment, although the display apparatus (display panel) adopting the active matrix
type drive mode including the pixel drive circuit for each display pixel of the display panel has been described, the present
invention is not restricted thereto. As shown in FIG. 20, it is needless to say that it is possible to excellently apply the
display apparatus adopting a simple matrix (passive matrix) type display panel such as an organic EL element OEL or
a light emitting diode LED having an anode and a cathode respectively connected to the scanning line and the data line
in the vicinity of an intersection of the data line DL extending from the data driver 130B and the scanning line SL extending
from the scanning driver 120B. It is to be noted that, in FIG. 20, that the light emitting diode LED is used as the light
emitting element. In this case, since the gradation control can be executed by individually supplying the light emitting
drive current having a predetermined current value corresponding to the display data to each light emitting element, the
excellent multi-gradation display can be realized while increasing the display speed of image information.

[0194] Furthermore, in the display apparatus adopting the simple matrix type display panel illustrated in FIG. 20, itis
possible to adopt any one of the structures of the current drive apparatuses described in conjunction with the first to
ninth embodiments as the data driver 130B.

[0195] Specifically, in the single current generation circuit, currents having a predetermined fixed current value are
generated, the currents are sequentially fetched and held in the respective current storage circuits provided in accordance
with a plurality of the output terminals of the respective driver chips, and the held currents are simultaneously outputted
to the respective data lines arranged in the display panel through the respective output terminals in a predetermined
display period in an individual supply time (pulse width) based on the display data consisting of the digital signals by
applying the known pulse width modulation (PWM) drive mode. As aresult, since it is possible to cause each light emitting
element to perform the light emitting operation with a predetermined brightness gradation corresponding to the display
data, image information can be excellently displayed in the multi-gradation.

[0196] In the foregoing embodiment of the display apparatus, although description has been given as to the circuit
configuration including the three thin film transistors as the pixel drive circuit included in each display pixel of the display
panel, the presentinvention is not restricted to this embodiment, and it is possible to adopt a circuit configuration including,
e.g., four thin film transistors.
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[0197] Moreover, it is possible to adopt any other circuit configuration as long as it is a display apparatus including
the image drive circuit to which a current specification mode including a conformation to apply the gradation current from
the data line is applied as well as a current specification mode which pulls in the gradation current from the data line,
has a light emitting control transistor which controls supply of the drive current to the light emitting element and a write
control transistor which controls the write operation of the gradation current, supplies the drive current by causing the
light emitting control transistor to perform the on operation based on the write current after holding the write current
according to the display data, and causes the light emitting elements to emit the light with a predetermined brightness
gradation.

[0198] Additionally, the light emitting element arranged in each display pixel is not particularly restricted, and it is
possible to adopt any other light emitting element than the organic EL element or the light emitting diode described
above as long as it performs the light emitting operation with a predetermined brightness gradation according to a current
value of the light emitting drive current supplied thereto.

[0199] Although the above has described the case that the current drive apparatus according to the present invention
is applied to the display drive circuit of the display apparatus, the current drive apparatus according to the present
invention is not restricted to such a display drive apparatus. For example, itis possible to apply the current drive apparatus
to a drive circuit of a device including many elements which drive by application of a current, such as a drive circuit of
a printer head formed by arranging many light emitting diodes.

[0200] As described above, according to the current drive apparatus and its drive method of the present invention, in
the technique to operate each load in a predetermined drive state by supplying a predetermined drive current to each
of the plurality of loads such as a plurality of arranged light emitting elements, operating currents having a predetermined
current value are generated and outputted by the single current generation circuit, they are supplied to the plurality of
current storage circuits individually formed on, e.g., a plurality of the semiconductor chips, and corresponding voltage
components are held. Therefore, the currents having the uniform current characteristic supplied from the single current
source are held in the respective current storage circuits of the respective semiconductor chips. Therefore, it is possible
to use the relatively simple apparatus structure to restrain irregularities in the drive current between the respective
semiconductor chips and between the output terminals provided to the same semiconductor chip.

[0201] Additionally, by applying the current drive apparatus according to the present invention to the signal drive circuit
(data driver) of the display apparatus, it is possible to suppress irregularities in the drive current between the driver chips
(semiconductor chips) and between the output terminals provided to the same driver chip and restrain generation of
display irregularities, thereby improving the display image quality.

[0202] Additional advantages and modifications will readily occur to those skilled in the art. Therefore, the invention
in its broader aspects is not limited to the specific details and representative embodiments shown and described herein.
Accordingly, various modifications may be made without departing from the scope of the appended claims.

Claims

1. A current drive apparatus for driving a display apparatus, the current drive apparatus applying current to a plurality
of display pixels (LD) arranged in a matrix form, said current drive apparatus comprising:

a current generation circuit (10) for outputting an operating current (Ic);

a plurality of output terminals (Tout) to which the display pixels (LD) are respectively connected; and

a plurality of current storage circuits (30) the outputs of which are respectively connected to the output terminals
(Tout), each said current storage circuit being adapted to:

sequentially fetch an operating current (Ic) supplied from said current generation circuit (10), said operating
current having a predetermined value provided in accordance with each output terminal;

hold a voltage component corresponding to the fetched current value of the operating current (Ic), and
simultaneously output a respective drive current, based on the held voltage component, to the output
terminals (Tout),

wherein

said current drive apparatus comprises only a single current generation circuit (10) for sequentially outputting
the respective operating currents (Ic) to the input of each of the plurality of current storage units before being
output to each output terminal (Tout) connected to said plurality of display pixels (LD) arranged in the matrix form.

2. A current drive apparatus according to claim 1, wherein the operating current has a current value according to an
input signal.
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A current drive apparatus according to claim 1 or 2, wherein the input signal (INn) is a digital signal having a plurality
of bits, the control current generation circuit (10) comprises a control current generation circuit (11) which comprises
a plurality of bit current generation circuits (CTn) which generate a plurality of bit currents that current values have
weightings corresponding to respective bits of the digital signal, and any of the respective bit currents are selected
in accordance with a bit value of the input signal, and the control current is generated by adding the selected bit
currents.

A current drive apparatus according to claim 1, wherein the current generation circuit (10) comprises:

a single reference current generation circuit (11) which generates and outputs a plurality of reference currents
having current values different from each other;

at least one reference current storage circuit (90) which fetches and holds each of the plurality of reference
currents and outputs a plurality of gradation reference currents based on the respective reference currents; and
at least one gradation current generation circuit (SWB) which selects any of the respective gradation reference
currents in accordance with an input signal, generates gradation currents and outputs said gradation currents
as operating currents.

A current drive apparatus according to claim 4, wherein the single reference current generation circuit (11) comprises
a plurality of reference current generation sections which generate and output the respective reference currents
and are arranged in parallel to each other.

A current drive apparatus according to claim 5, wherein

the input signal is a digital signal having a plurality of bits, and

current values of the respective reference currents outputted from the respective reference current generation
sections (91) have weightings corresponding to respective bits of the digital signal.

A current drive apparatus according to claim 3, wherein the input signal is a digital signal having a plurality of bits,
and the gradation current generation circuit (SWB) selects any of the respective gradation reference currents based
on a bit value of the input signal, adds the selected gradation reference currents and generates the gradation current
as output current.

A current drive apparatus according to any of claims 1 to 7, wherein each of the current storage circuits (30) comprises
a voltage component holding section (31) which fetches the operating current outputted from the current generation
circuit and holds a voltage component corresponding to a current value of the operating current.

A current drive apparatus according to claim 8, wherein the voltage component holding section (31) has a capacitance
element (C31) in which electric charges corresponding to the operating current are written.

A current drive apparatus according to claim 9, wherein the voltage component holding section (31) has a field effect
type transistor (M32) which causes the operating current to flow between a source and a drain thereof, and the
capacitance element (C31) has at least a parasitic capacitance between the source and a gate of the field effect
type transistor (M32), and a voltage between the source and the gate corresponding to the operating current is
written in the capacitance element (C31).

A current drive apparatus according to claim 10, wherein the mobility of the field effect type transistor (M32) has a
value which is at least approximately 200 cm”2/Vs or a larger value.

A current drive apparatus according to any of claims 3 to 7, wherein the reference current storage circuit comprises
a plurality of reference current storage sections (91) which individually fetch the respective reference currents
outputted from the reference current generation circuits, hold voltage components corresponding to the respective
reference currents and output the gradation reference currents based on the respective voltage components.

A current drive apparatus according to claim 12, each of the reference current storage circuit sections (91) has a
capacitance element in which electric charges corresponding to the reference current are written as the voltage

component.

A current drive apparatus according to claim 13, wherein each of the reference current storage circuit sections (91)
has a field effect type transistor which causes the operating current to flow between a source and a drain thereof,
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and the capacitance element has at least a parasitic capacitance between the source and a gate of the field effect
type transistor.

A current drive apparatus according to any of claims 3 to 7, wherein the reference current storage circuit comprises:
a pair of reference current storage circuit portions (92) including a plurality of the reference current storage sections
which are arranged in parallel; and a control portion which alternately performs an operation to fetch the reference
current outputted from the reference current generation circuit in one reference current storage circuit portion and
hold a voltage component corresponding to a current value of the reference current, and an operation to output the
gradation reference current based on a voltage component held in the other reference current storage circuit portion.

A current drive apparatus according to any of claims 2 to 15, wherein the current generation circuit (10) comprises:

a control current generation circuit (11) which generates a control current according to the input signal; and
an output current generation circuit (12) which generates and outputs an output current having a predetermined
current ratio relative to the control current.

A current drive apparatus according to claim 16, wherein the current value of the control current is set larger than
a current value of the output current.

A current drive apparatus according to any of claims 1 to 17, wherein the output current generation circuit (12)
comprises a current mirror circuit having the predetermined current ratio.

A current drive apparatus according to any of claims 1 to 18, wherein each of the current storage circuits comprises
a drive current generation section (32) which generates and outputs the drive current having a predetermined current
ratio relative to the operating current based on the voltage component held in the voltage component holding section.

A current drive apparatus according to claim 19, wherein the drive current generation section (32) comprises a
current mirror circuit having the predetermined current ratio.

A current drive apparatus according to any of claims 1 to 20, wherein each of the current storage circuits comprises:

a pair of current storage sections (31a, b) arranged in parallel to each other; and

a control portion which alternately performs an operation to fetch the operating current outputted from the current
generation circuit and hold a voltage component corresponding to a current value of the operating current in
one current storage section and an operation to output the drive current based on the voltage component held
in the other current storage section in parallel.

A current drive apparatus according to any of claims 1 to 20, wherein each of the current storage circuits comprises:

current storage sections (32a, b) on a front stage and a rear stage which are arranged in series and

a control portion which performs an operation to fetch the operating current outputted from the current generation
circuit in the current storage section on the front stage, hold a voltage component corresponding to a current
value of the operating current and supply a current based on the voltage component to the current storage
section on the rear stage and an operation to fetch the current supplied from the current storage section on the
front stage, hold a voltage component corresponding to a current value of the current and output the drive
current based on the voltage component in parallel.

A current drive apparatus according to any of claims 1 to 15, wherein the drive current has the same current value
at the output terminals.

A current drive apparatus according to claim 23, which further comprises a single input current storage circuit (70)
between the current generation circuit and the plurality of the current storage circuits, and wherein the input current
storage circuit fetches the operating current outputted from the current generation circuit, hold a voltage component
corresponding to a current value of the operating current and supplies a current based on the voltage component
to the plurality of the current storage circuits.

A current drive apparatus according to claim 24, wherein the input current storage circuit has a capacitance element
in which electric charges corresponding to the operating current are written as the voltage component.
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A current drive apparatus according to claim 25, wherein the input current storage circuit has a field effect type
transistor which causes the operating current to flow between a source and a drain thereof, and the capacitance
element has at least a parasitic capacitance between the source and a gate of the field effect type transistor.

A current drive apparatus according to any of claims 24 to 26, wherein the input current storage circuit comprises:

a pair of input current storage sections (71a, b) arranged in parallel to each other; and

a control portion which alternately performs an operation to fetch the operating current outputted from the current
generation circuit in one of the input current storage sections and hold a voltage component corresponding to
a current value of the operating current in one input current storage section, and an operation to supply a current
based on a voltage component held in the other input current storage section to the plurality of the current
storage circuits in the other input current storage section in parallel.

A current drive apparatus according to any of claims 23 to 27, further comprises a pulse width control circuit (65)
which is provided between the plurality of the output terminals and the loads and controls a pulse width of the drive
current outputted from the output terminals.

A current drive apparatus according to claim 28, wherein the pulse width control circuit controls a pulse width of the
drive current in accordance with an input signal.

A current drive apparatus according to any of claims 1 to 29, wherein at least the plurality of the current storage
circuits and the output terminals are formed on at least one semiconductor chip (CP).

A current drive apparatus according to claim 30, wherein the single current generation circuit (10) is formed on a
semiconductor chip different from the aforesaid semiconductor chip.

A current drive apparatus according to claim 30, wherein the single current generation circuit is formed in the
semiconductor chip.

A current drive apparatus according to any of claims 3 to 7, wherein the reference current storage circuit, the current
generation circuits, the current storage circuits and the output terminals are formed on at least one semiconductor
chip.

A current drive apparatus according to claim 33, wherein the reference current generation circuits are formed on a
semiconductor chip different from the aforesaid semiconductor chip.

A current drive apparatus according to claim 33, wherein the reference current generation circuit is formed in the
semiconductor chip.

A currentdrive apparatus for a display apparatus according to any of claims 1 to 35, the display apparatus comprising:

a display panel (110) having a plurality of scanning lines (SL) arranged in a row direction, a plurality of signal
lines (DL) arranged in a column direction and the plurality of display pixels (DC, OEL) which is arranged in the
vicinity of an intersection of the respective scanning lines and signal lines and has an optical element (OEL) ;
a signal drive circuit (130) comprising: a single current generation circuit (10); and a plurality of current storage
circuits (30) operating current to a plurality of the signal lines; and

a scanning drive circuit (120) which outputs to each of the plurality of the scanning lines a scanning signal used
to sequentially select the display pixel connected to the scanning line.

A drive method of a current drive apparatus for a display apparatus, the current drive apparatus operating a plurality
of display pixels (LD) arranged in a matrix form and connected to a plurality of output terminals (Tout) by applying
to a current thereto, the drive method comprising the steps of:
sequentially:
generating an operating current (Ic) having a predetermined current value in accordance with each output

terminal and outputting it to a respective one of a plurality of current storage circuits (30);
fetching the output operating current (Ic) in a said current storage circuit and
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holding a voltage

component corresponding to the respective fetched current value of the operating current (Ic), and
outputting respective drive currents based on the held voltage components simultaneously to the respective
output terminals (Tout)

in said generating step, a single current generation circuit (10),

wherein generates the operation current (Ic) and

outputs said operating current (Ic) to the input of a respective one of the current storage circuits before
output of the operating current to each output terminal (Tout) connected to said plurality of display pixels
(LD) arranged in the matrix form.

A drive method of a current drive apparatus according to claim 37, wherein the generating step comprises:

generating and supplying a plurality of reference currents set in such a manner that current values have weight-
ings different from each other by a single reference current generation circuit;

fetching and holding the respective reference currents by the reference current storage circuit and outputting
a plurality of gradation reference currents based on the respective reference currents; and

selecting any of the respective gradation reference currents in accordance with an input signal and generating
a gradation current as operation current.

A drive method of a current drive apparatus according to claim 38, wherein the reference current storage circuit
comprises a pair of reference current storage circuit portion arranged in parallel,

the step of outputting the gradation reference current comprises: a step of fetching the reference current outputted
from the reference current generation circuit and holding a voltage component corresponding to a current value of
the reference currentin one reference current storage circuit portion; and a step of outputting the gradation reference
current based on the voltage component held in the other reference current storage circuit portion in the other
reference current storage circuit portion in parallel;

the step of holding the voltage component and the step of outputting the gradation reference current are executed
in parallel.

A drive method of a current drive apparatus according to any of claims 37 to 39, wherein the step of holding the
operating currentin the respective current storage circuits and the step of outputting the drive current to the respective
output terminals are executed in parallel.

A drive method of a current drive apparatus according to any of claims 37 to 40, wherein the step of outputting the
operating current to a plurality of the current storage circuits comprises:

a step of fetching and holding a voltage component corresponding to a current value of the operating current
outputted from the current generation circuit to a single input current storage circuit; and

a step of supplying a current based on the voltage component held in the input current storage circuit to a
plurality of the current storage circuits.

Patentanspriiche

1.

Stromansteuervorrichtung zum Steuern einer Anzeigevorrichtung, wobei die Stromansteuervorrichtung Strom an
eine Vielzahl von Anzeige-Pixeln (LD) anlegt, die in einer Matrix-Form angeordnet sind, und die Stromansteuervor-
richtung umfasst:

eine Stromerzeugungsschaltung (10) zum Ausgeben eines Betriebs-Stroms (Ic);

eine Vielzahl von Ausgangsanschlissen (Tout), mit denen die Anzeige-Pixel (LD) jeweils verbunden sind; und
eine Vielzahl von Stromspeicherschaltungen (30), deren Ausgange jeweils mit den Ausgangsanschliissen (Tout)
verbunden sind, wobei jede Stromspeicherschaltung so eingerichtet ist, dass sie sequenziell einen Betriebs-
Strom (Ic) abruft, der von der Stromerzeugungsschaltung (10) zugefuhrt wird, und der Betriebs-Strom einen
vorgegebenen Wert hat, der entsprechend jedem Ausgangsanschluss bereitgestellt wird;

eine Spannungskomponente halt, die dem abgerufenen Stromwert des Betriebs-Stroms (Ic) entspricht, und
gleichzeitig einen entsprechenden Ansteuer-Strom, der auf der gehaltenen Spannungskomponente basiert, an
die Ausgangsanschliisse (Tout) ausgibt,

wobei die Stromansteuervorrichtung nur eine einzelne Stromerzeugungsschaltung (10) umfasst, mit der se-
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quenziell die jeweiligen Betriebs-Strome (Ic) an den Eingang jeder der Vielzahl von Strom-Speichereinheiten
ausgegeben werden, bevor sie an jeden Ausgangsanschluss (Tout) ausgegeben werden, der mit der Vielzahl
von Anzeige-Pixeln (LD) verbunden ist, die in der Matrix-Form angeordnet sind.

Stromansteuervorrichtung nach Anspruch 1, wobei der Betriebs-Strom einen Stromwert hat, der einem Eingangs-
signal entspricht.

Stromansteuervorrichtung nach Anspruch 1 oder 2, wobei das Eingangssignal (INn) ein digitales Signal mit einer
Vielzahl von Bits ist, die Steuer-Stromerzeugungsschaltung (10) eine Steuer-Stromerzeugungsschaltung (11) um-
fasst, die eine Vielzahl von Bit-Stromerzeugungsschaltungen (CTn) umfasst, die eine Vielzahl von Bit-Strémen
erzeugen, die Stromwerte Gewichte haben, die jeweiligen Bits des digitalen Signals entsprechen, und jeder beliebige
der jeweiligen Bit-Strdme entsprechend einem Bit-Wert des Eingangssignals ausgewahlt wird und der Steuer-Strom
erzeugt wird, indem die ausgewahlten Bit-Strdme addiert werden.

Stromansteuervorrichtung nach Anspruch 1, wobei die Stromerzeugungsschaltung (10) umfasst:

eine einzelne Bezugs-Stromerzeugungsschaltung (11), die eine Vielzahl von Bezugs-Strémen erzeugt und
ausgibt, die voneinander verschiedene Stromwerte haben;

wenigstens eine Bezugs-Stromspeicherschaltung (90), die jeden der Vielzahl von Bezugs-Strémen abruft und
halt und eine Vielzahl von Gradations-Bezugs-Stromen auf Basis der jeweiligen Bezugs-Strome ausgibt; und
wenigstens eine Gradations-Stromerzeugungsschaltung (SWB), die beliebige der jeweiligen Gradations-Be-
zugs-Stréme entsprechend einem Eingangssignal auswahlt, Gradations-Strome erzeugt und die Gradations-
Stréme als Betriebs-Strdme ausgibt.

Stromansteuervorrichtung nach Anspruch 4, wobei die einzelne Bezugs-Stromerzeugungsschaltung (11) eine Viel-
zahl von Bezugs-Stromerzeugungsabschnitten umfasst, die die jeweiligen Bezugs-Stréme erzeugen und ausgeben
und parallel zueinander angeordnet sind.

Stromansteuervorrichtung nach Anspruch 5, wobei

das Eingangssignal ein digitales Signal mit einer Vielzahl von Bits ist, und

Stromwerte der jeweiligen Bezugs-Strome, die von den jeweiligen Bezugs-Stromerzeugungsabschnitten (91) aus-
gegeben werden, Gewichte haben, die jeweiligen Bits des digitalen Signals entsprechen.

Stromansteuervorrichtung nach Anspruch 3, wobei das Eingangssignal ein digitales Signal mit einer Vielzahl von
Bits ist und die Gradations-Stromerzeugungsschaltung (SWB) beliebige der jeweiligen Gradations-Bezugs-Stréme
auf Basis eines Bits-Wertes des Eingangssignals auswahlt, die ausgewahlten Gradations-Bezugs-Strome addiert
und den Gradations-Strom als Ausgangs-Strom erzeugt.

Stromansteuervorrichtung nach einem der Anspriiche 1 bis 7, wobei jede der Stromspeicherschaltungen (30) einen
Spannungskomponenten-Halteabschnitt (31) umfasst, der den von der Stromerzeugungsschaltung ausgegebenen
Betriebs-Strom abruft und eine Spannungskomponente halt, die einem Stromwert des Betriebs-Stroms entspricht.

Stromansteuervorrichtung nach Anspruch 8, wobei der Spannungskomponenten-Halteabschnitt (31) ein Kapazi-
tatselement (C31) aufweist, in das elektrische Ladungen geschrieben werden, die dem Betriebs-Strom entsprechen.

Stromansteuervorrichtung nach Anspruch 9, wobei der Spannungskomponenten-Halteabschnitt (31) einen Feldef-
fekttransistor (M32) aufweist, der bewirkt, dass der Betriebs-Strom zwischen einer Source und einem Drain des-
selben flief3t, und das Kapazitatselement (C31) wenigstens eine parasitdre Kapazitat zwischen der Source und
einem Gate des Feldeffekttransistors (M32) aufweist und eine Spannung zwischen der Source und dem Gate, die
dem Betriebs-Strom entspricht, in das Kapazitatselement (C31) geschrieben wird.

Stromansteuervorrichtung nach Anspruch 10, wobei die Mobilitdt des Feldeffekttransistors (M32) einen Wert, der
wenigstens ungefahr 200 cm?2/Vs betragt, oder einen gréBeren Wert hat.

Stromansteuervorrichtung nach einem der Anspriiche 3 bis 7, wobei die Bezugs-Stromspeicherschaltung eine Viel-
zahl von Bezugs-Stromspeicherabschnitten (91) umfasst, die individuell die jeweiligen Bezugs-Stréme abrufen, die
von den Bezugs-Stromerzeugungsschaltungen ausgegeben werden, Spannungskomponenten halten, die den je-
weiligen Bezugs-Strdmen entsprechen, und die Gradations-Bezugs-Stréme auf Basis der jeweiligen Spannungs-
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komponenten ausgeben.

Stromansteuervorrichtung nach Anspruch 12, wobei jeder der Bezugs-Stromspeicherschaltungsabschnitte (91) ein
Kapazitatselement aufweist, in das elektrische Ladungen, die dem Bezugs-Strom entsprechen, als die Spannungs-
komponente geschrieben werden.

Stromansteuervorrichtung nach Anspruch 13, wobei jeder der Bezugs-Stromspeicherschaltungsabschnitte (91) ei-
nen Feldeffekttransistor aufweist, der bewirkt, dass der Betriebs-Strom zwischen einer Source und einem Drain
desselben flielt, und das Kapazitdtselement wenigstens eine parasitéare Kapazitat zwischen der Source und einem
Gate des Feldeffekttransistors aufweist.

Stromansteuervorrichtung nach einem der Anspriiche 3 bis 7, wobei die Bezugs-Stromspeicherschaltung umfasst:

ein Paar Bezugs-Stromspeicherschaltungsabschnitte (92), die eine Vielzahl der Bezugs-Stromspeicherab-
schnitte enthalten, die parallel angeordnet sind; und

einen Steuerabschnitt, der abwechselnd einen Vorgang zum Abrufen des Bezugs-Stroms, der von der Bezugs-
Stromerzeugungsschaltung in einem Bezugs-Stromspeicherschaltungsabschnitt ausgegeben wird, und zum
Halten einer Spannungskomponente, die einem Stromwert des Bezugs-Stroms entspricht, sowie einen Vorgang
zum Ausgeben des Gradations-Bezugs-Stroms auf Basis einer Spannungskomponente durchfiihrt, die in dem
anderen Bezugs-Stromspeicherschaltungsabschnitt gehalten wird.

Stromansteuervorrichtung nach einem der Anspriiche 2 bis 15, wobei die Stromerzeugungsschaltung (10) umfasst:

eine Steuer-Stromerzeugungsschaltung (11), die einen Steuer-Strom entsprechend dem Eingangssignal er-
zeugt; und

eine Ausgangs-Stromerzeugungsschaltung (12), die einen Ausgangs-Strom erzeugt und ausgibt, der ein vor-
gegebenes Stromverhaltnis relativ zu dem Steuer-Strom hat.

Stromansteuervorrichtung nach Anspruch 16, wobei der Stromwert des Steuer-Stroms hdéher festgelegt ist als ein
Stromwert des Ausgangs-Stroms.

Stromansteuervorrichtung nach einem der Anspriiche 1 bis 17, wobei die Ausgangs-Stromerzeugungsschaltung
(12) eine Stromspiegelschaltung umfasst, die das vorgegebene Stromverhaltnis hat.

Stromansteuervorrichtung nach einem der Anspriiche 1 bis 18, wobei jede der Stromspeicherschaltungen einen
Ansteuer-Stromerzeugungsabschnitt (32) umfasst, der den Ansteuer-Strom, der ein vorgegebenes Stromverhaltnis
relativ zu dem Betriebs-Strom hat, auf Basis der in dem Spannungskomponenten-Halteabschnitt gehaltenen Span-
nungskomponente erzeugt und ausgibt.

Stromansteuervorrichtung nach Anspruch 19, wobei der Ansteuer-Stromerzeugungsabschnitt (32) eine Stromspie-
gelschaltung umfasst, die das vorgegebene Stromverhaltnis hat.

Stromansteuervorrichtung nach einem der Anspriiche 1 bis 20, wobei jede der Stromspeicherschaltungen umfasst:

ein Paar Stromspeicherabschnitte (31a, b), die parallel zueinander angeordnet sind; und

einen Steuerabschnitt, der abwechselnd parallel einen Vorgang zum Abrufen des von der Stromerzeugungs-
schaltung ausgegebenen Betriebs-Stroms und zum Halten einer Spannungskomponente, die einem Stromwert
des Betriebs-Stroms entspricht, in einem Stromspeicherabschnitt sowie einen Vorgang zum Ausgeben des
Ansteuer-Stroms auf Basis der Spannungskomponente durchfiihrt, die in dem anderen Stromspeicherabschnitt
gehalten wird.

Stromansteuervorrichtung nach einem der Anspriiche 1 bis 20, wobei jede der Stromspeicherschaltungen umfasst:

Stromspeicherabschnitte (32a, b) an einer vorderen Stufe und einer riickwartigen Stufe, die in Reihe angeordnet
sind; und

einen Steuerabschnitt, der parallel einen Vorgang zum Abrufen des Betriebs-Stroms, der von der Stromerzeu-
gungsschaltung in dem Stromspeicherabschnitt an der vorderen Stufe ausgegeben wird, zum Halten einer
Spannungskomponente, die einem Stromwert des Betriebs-Strom entspricht und zum Zufihren eines Stroms
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auf Basis der Spannungskomponente zu dem Stromspeicherabschnitt an der riickwartigen Stufe sowie einen
Vorgang zum Abrufen des von dem Stromspeicherabschnitt an der vorderen Stufe zugefiihrten Stroms, zum
Halten einer Spannungskomponente, die einem Stromwert des Stroms entspricht, und zum Ausgeben des
Stroms auf Basis der Spannungskomponente durchfihrt.

Stromansteuervorrichtung nach einem der Anspriiche 1 bis 15, wobei der Ansteuer-Strom an den Ausgangsan-
schlissen den gleichen Stromwert hat.

Stromansteuervorrichtung nach Anspruch 23, die des Weiteren eine einzelne Eingangs-Stromspeicherschaltung
(70) zwischen der Stromerzeugungsschaltung und der Vielzahl der Stromspeicherschaltungen umfasst, und wobei
die Eingangs-Stromspeicherschaltung den von der Stromerzeugungsschaltung ausgegebenen Betriebs-Strom ab-
ruft, eine Spannungskomponente hélt, die einem Stromwert des Betriebs-Stroms entspricht, und der Vielzahl der
Stromspeicherschaltungen einen Strom auf Basis der Spannungskomponente zufiihrt.

Stromansteuervorrichtung nach Anspruch 24, wobei die Eingangs-Stromspeicherschaltung ein Kapazitatselement
aufweist, in das elektrische Ladungen, die dem Betriebs-Strom entsprechen, als die Spannungskomponente ge-
schrieben werden.

Stromansteuervorrichtung nach Anspruch 25, wobei die Eingangs-Stromspeicherschaltung einen Feldeffekttransi-
stor aufweist, der bewirkt, dass der Betriebs-Strom zwischen einer Source und einem Drain desselben fliet, und
das Kapazitatselement wenigstens eine parasitére Kapazitat zwischen der Source und einem Gate des Feldeffekt-
transistors aufweist.

Stromansteuervorrichtung nach einem der Anspriiche 24 bis 26, wobei die Eingangs-Stromspeicherschaltung um-
fasst:

ein Paar Eingangs-Stromspeicherabschnitte (71a, b), die parallel zueinander angeordnet sind; und

einen Steuerabschnitt, der abwechselnd parallel einen Vorgang zum Abrufen des von der Stromerzeugungs-
schaltung ausgegebenen Betriebs-Stroms in einem der Eingangs-Stromspeicherabschnitte und zum Halten
einer Spannungskomponente, die einem Stromwert des Betriebs-Stroms entspricht, in einem Eingangs-Strom-
speicherabschnitt sowie einen Vorgang zum Zufiihren eines Stroms auf Basis einer in dem anderen Eingangs-
Stromspeicherabschnitt gehaltenen Spannungskomponente zu der Vielzahl der Stromspeicherschaltungen in
dem anderen Eingangs-Stromspeicherabschnitt durchfiihrt.

Stromansteuervorrichtung nach einem der Anspriiche 23 bis 27, die des Weiteren eine Impulsbreiten-Steuerschal-
tung (65) umfasst, die zwischen der Vielzahl der Ausgangsanschliisse und den Lasten vorhanden ist und eine

Impulsbreite des von den Ausgangsanschliissen ausgegebenen Ansteuer-Stroms steuert.

Stromansteuervorrichtung nach Anspruch 28, wobei die Impulsbreiten-Steuerschaltung eine Impulsbreite des An-
steuer-Stroms entsprechend einem Eingangssignal steuert.

Stromansteuervorrichtung nach einem der Anspriiche 1 bis 29, wobei wenigstens die Vielzahl der Stromspeicher-
schaltungen und der Ausgangsanschliisse auf wenigstens einem Halbleiterchip (CP) ausgebildet sind.

Stromansteuervorrichtung nach Anspruch 30, wobei die einzelne Stromerzeugungsschaltung (10) auf einem ande-
ren Halbleiterchip als dem genannten Halbleiterchip ausgebildet ist.

Stromansteuervorrichtung nach Anspruch 30, wobei die einzelne Stromerzeugungsschaltung in dem Halbleiterchip
ausgebildet ist.

Stromansteuervorrichtung nach einem der Anspriiche 3 bis 7, wobei die Bezugs-Stromspeicherschaltung, die Strom-
erzeugungsschaltungen, die Stromspeicherschaltungen und die Ausgangsanschliisse auf wenigstens einem Halb-

leiterchip ausgebildet sind.

Stromansteuervorrichtung nach Anspruch 33, wobei die Bezugs-Stromerzeugungsschaltungen auf einem anderen
Halbleiterchip als dem genannten Halbleiterchip ausgebildet sind.

Stromansteuervorrichtung nach Anspruch 33, wobei die Bezugs-Stromerzeugungsschaltung in dem Halbleiterchip
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ausgebildet ist.

36. Stromansteuervorrichtung fiir eine Anzeigevorrichtung nach einem der Anspriiche 1 bis 35, wobei die Anzeigevor-

37.

richtung umfasst:

einen Anzeigebildschirm (110), der eine Vielzahl von Abtastleitungen (SL), die in einer Reihen-Richtung ange-
ordnet sind, eine Vielzahl von Signalleitungen (DL), die in einer Spalten-Richtung angeordnet sind, und die
Vielzahl von Anzeige-Pixeln (DC, OEL) aufweist, die in der Nahe eines Schnittpunktes der jeweiligen Abtast-
leitungen und Signalleitungen angeordnet sind und ein optisches Element (OEL) aufweisen;

eine Signal-Ansteuerschaltung (130), die eine einzelne Stromerzeugungsschaltung (10) und eine Vielzahl von
Stromspeicherschaltungen (30) umfasst, die Betriebs-Strom an eine Vielzahl der Signalleitungen ausgeben; und
eine Abtast-Ansteuerschaltung (120), die an jede der Vielzahl der Abtastleitungen ein Abtastsignal ausgibt, das
dazu dient, sequenziell das mit der Abtastleistung verbundene Anzeige-Pixel auszuwahlen.

Ansteuerverfahren einer Stromansteuervorrichtung fiir eine Anzeigevorrichtung, wobei die Stromansteuervorrich-
tung eine Vielzahl von Anzeige-Pixeln (LD) betatigt, die in einer Matrix-Form angeordnet und mit einer Vielzahl von
Ausgangsanschlissen (Tout) verbunden sind, indem sie einen Strom an sie anlegt, wobei das Ansteuerverfahren
die folgenden sequentiellen Schritte umfasst:

Erzeugen eines Betriebs-Stroms (Ic), der einen vorgegebenen Stromwert hat, entsprechend jedem Ausgangs-
anschluss, und Ausgeben desselben an eine jeweilige einer Vielzahl von Stromspeicherschaltungen (30);
Abrufen des ausgegebenen Betriebs-Stroms (Ic) in der Stromspeicherschaltung und

Halten einer Spannungskomponente, die dem jeweiligen abgerufenen Stromwert des Betriebs-Stroms (Ic) ent-
spricht, und

gleichzeitiges Ausgeben jeweiliger Ansteuer-Strome auf Basis der gehaltenen Spannungskomponenten an die
jeweiligen Ausgangsanschliisse (Tout),

wobei

in dem Erzeugungsschritt eine einzelne Stromerzeugungsschaltung (10) den Betriebs-Strom (Ic) erzeugt und
den Betriebs-Strom (Ic) vor Ausgabe des Betriebs-Stroms an jeden Ausgangsanschluss (Tout), der mit der
Vielzahl von Anzeige-Pixeln (LD) verbunden sind, die in der Matrix-Form angeordnet sind, an den Eingang
einer jeweiligen der Stromspeicherschaltungen ausgibt.

38. Ansteuerverfahren einer Stromansteuervorrichtung nach Anspruch 37, wobei der Erzeugungsschritt umfasst:

Erzeugen und Zufiihren einer Vielzahl von Bezugs-Strémen, die durch eine einzelne Bezugs-Stromerzeugungs-
schaltung so festgelegt werden, dass Stromwerte voneinander verschiedene Gewichte haben;

Abrufen und Halten der jeweiligen Bezugs-Stréme durch die Bezugs-Stromspeicherschaltung und Ausgeben
einer Vielzahl von Gradations-Bezugs-Strémen auf Basis der jeweiligen Bezugs-Strome; und

Auswahlen eines beliebigen der jeweiligen Gradations-Bezugs-Strome entsprechend einem Eingangssignal
und Erzeugen eines Gradations-Stroms als Betriebs-Strom.

39. Ansteuerverfahren einer Stromansteuervorrichtung nach Anspruch 38, wobei die Bezugs-Stromspeicherschaltung

ein Paar Bezugs-Stromspeicherschaltungsabschnitte umfasst, die parallel angeordnet sind,
der Schritt des Ausgebens des Gradations-Bezugs-Stroms umfasst:

einen Schritt des Abrufens des von der Bezugs-Stromerzeugungsschaltung ausgegebenen Bezugs-Stroms
und des Haltens einer Spannungskomponente, die einem Stromwert des Bezugs-Stroms entspricht, in einem
Bezugs-Stromspeicherschaltungsabschnitt; und parallel dazu einen Schritt des Ausgebens des Gradations-
Bezugs-Stroms auf Basis der Spannungskomponente, die in dem anderen Bezugs-Stromspeicherschaltungs-
abschnitt in dem anderen Bezugs-Stromspeicherschaltungsabschnitt gehalten wird;

wobei der Schritt des Haltens der Spannungskomponente und der Schritt des Ausgebens des Gradations-
Bezugs-Stroms parallel ausgefiihrt werden.

40. Ansteuerverfahren einer Stromansteuervorrichtung nach einem der Anspriche 37 bis 39, wobei der Schritt des

Haltens des Betriebs-Stroms in den jeweiligen Stromspeicherschaltungen und der Schritt des Ausgebens des An-
steuer-Stroms an die jeweiligen Ausgangsanschliisse parallel ausgefiihrt werden.

41. Ansteuerverfahren einer Stromansteuervorrichtung nach einem der Anspriche 37 bis 40, wobei der Schritt des
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Ausgebens des Betriebs-Stroms an eine Vielzahl der Stromspeicherschaltungen umfasst:

einen Schritt des Abrufens und Haltens einer Spannungskomponente, die einem Stromwert des Betriebs-Stroms
entspricht, der von der Stromerzeugungsschaltung an eine einzelne Eingangs-Stromspeicherschaltung ausge-
geben wird; und

einen Schritt des Zufiihrens eines Stroms auf Basis der in der Eingangs-Stromspeicherschaltung gehaltenen
Spannungskomponente zu einer Vielzahl der Stromspeicherschaltungen.

Revendications

1. Dispositifd’attaque en courant destiné a attaquer un dispositif d’affichage, le dispositif d’attaque en courant appliquant
un courant a une pluralité de pixels (LD) d’affichage agencés sous forme d’'une matrice, ledit dispositif d’attaque en
courant comprenant :

un circuit (10) générateur de courant destiné a sortir un courant (Ic) de mise en oeuvre ;

une pluralité de bornes (Tout) de sortie auxquelles sont respectivement connectés les pixels (LD) d’affichage ; et
une pluralité de circuits (30) d’emmagasinage de courant dont les sorties sont respectivement connectées aux
bornes (Tout) de sortie, chaque dit circuit demmagasinage de courant étant apte :

a prélever séquentiellement un courant (Ic) de mise en oeuvre fourni par ledit circuit (10) générateur de
courant, ledit courant de mise en oeuvre ayant une valeur prédéterminée prévue en fonction de chaque
borne de sortie ;

a conserver une composante de tension correspondant a la valeur de courant prélevée du courant (Ic) de
mise en oeuvre ; et

a sortir en méme temps, vers les bornes (Tout) de sortie, un courant d’attaque respectif basé sur la com-
posante de tension conservée,

dans lequel ledit dispositif d’attaque en courant comprend seulement un unique circuit (10) générateur de
courant pour sortir séquentiellement les courants respectifs (Ic) de mise en oeuvre vers I'entrée de chacune
de la pluralité d’unités d’'emmagasinage de courant avant de les sortir vers chacune des bornes (Tout) de
sortie connectées a ladite pluralité de pixels d’affichage (LD) agencés en forme de matrice.

2. Dispositif d’attaque en courant selon la revendication 1, dans lequel le courant de mise en oeuvre a une valeur de
courant en fonction d’un signal d’entrée.

3. Dispositif d’attaque en courant selon la revendication 1 ou 2, dans lequel le signal (INn) d’entrée est un signal
numérique ayant une pluralité de bits, dans lequel le circuit (10) générateur de courant de commande comprend
un circuit (11) générateur de courant de commande qui comprend une pluralité de circuits (CTn) générateurs de
courant de bit qui engendrent une pluralité de courants de bit dont les valeurs de courant ont des pondérations
correspondant aux bits respectifs du signal numérique, et I'un quelconque des courants de bit respectifs est choisi
en fonction d’une valeur de bit du signal d’entrée, et dans lequel le courant de commande est engendré en addi-
tionnant les courants de bit choisis.

4. Dispositif d’attaque en courant selon la revendication 1, dans lequel le circuit (10) générateur de courant comprend :

un unique circuit (11) générateur de courants de référence qui engendre et sort une pluralité de courants de
référence ayant des valeurs de courant différentes les unes des autres ;

au moins un circuit (90) d’emmagasinage de courants de référence qui préléve et conserve chacun de la pluralité
de courants de référence et qui sort une pluralité de courants de référence de gradation basés sur les courants
respectifs de référence ; et

au moins un circuit (SWB) générateur de courants de gradation qui choisit I'un quelconque des courants res-
pectifs de référence de gradation en fonction d’un signal d’entrée, qui engendre des courants de gradation et
qui sort lesdits courants de gradation en tant que courants de mise en oeuvre.

5. Dispositif d’attaque en courant selon la revendication 4, dans lequel I'unique circuit (11) générateur de courants de

référence comprend une pluralité de sections génératrices de courant de référence qui engendrent et sortent les
courants respectifs de référence et sont agencées en paralléle les unes aux autres.
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Dispositif d’attaque en courant selon la revendication 5,

dans lequel le signal d’entrée est un signal numérique ayant une pluralité de bits, et

dans lequel des valeurs de courant des courants respectifs de référence sortis des sections respectives (91) géné-
ratrices de courant de référence ont des pondérations correspondant aux bits respectifs du signal numérique.

Dispositif d’attaque en courant selon la revendication 3, dans lequel le signal d’entrée est un signal numérique
comportant une pluralité de bits, et dans lequel le circuit (SWB) générateur de courants de gradation choisit 'un
quelconque des courants respectifs de référence de gradation en se basant sur une valeur de bit du signal d’entrée,
additionne les courants choisis de référence de gradation et engendre le courant de gradation comme courant de
sortie.

Dispositif d’attaque en courant selon 'une quelconque des revendications 1 a 7, dans lequel chacun des circuits
(30) d’'emmagasinage de courant comprend une section (31) de conservation de composante de tension qui préléve
le courant de mise en oeuvre sorti du circuit générateur de courant et qui conserve une composante de tension
correspondant a une valeur de courant du courant de mise en oeuvre.

Dispositif d’attaque en courant selon la revendication 8, dans lequel la section (31) de conservation de composante
de tension possede un élément capacitif (C31) dans lequel sont écrites des charges électriques correspondant au
courant de mise en oeuvre.

Dispositif d’attaque en courant selon la revendication 9, dans lequel la section (31) de conservation de composante
de tension posséde un transistor (M32) du type a effet de champ qui fait que le courant de mise en oeuvre s’écoule
entre sa source et son drain, et dans lequel I'élément capacitif (C31) posséde au moins une capacité parasite entre
la source et la grille du transistor (M32) du type a effet de champ, et dans lequel la tension entre la source et la
grille correspondant au courant de mise en oeuvre est écrite dans I'élément capacitif (C31).

Dispositif d’attaque en courant selon la revendication 10, dans lequel la mobilité du transistor (M32) du type a effet
de champ a une valeur qui est au moins environ 200 cm”*2/Vs ou une valeur plus grande.

Dispositif d’attaque en courant selon I'une quelconque des revendications 3 a 7, dans lequel le circuit demmaga-
sinage de courant de référence comprend une pluralité de sections (91) d’emmagasinage de courant de référence
qui prélevent individuellement les courants respectifs de référence sortis des circuits générateurs de courant de
référence, qui conservent les composantes de tension correspondant aux courants respectifs de référence et qui
sortent les courants de référence de gradation basés sur les composantes respectives de tension.

Dispositif d’attaque en courant selon la revendication 12, chacune des sections (91) de circuit d’emmagasinage de
courant de référence possédant un élément capacitif dans lequel sont écrites, en tant que composante de tension,
des charges électriques correspondant au courant de référence.

Dispositif d’attaque en courant selon la revendication 13, dans lequel chacune des sections (91) de circuit d’em-
magasinage de courant de référence possede un transistor du type a effet de champ qui fait que le courant de mise
en oeuvre s’écoule entre sa source et son drain, et dans lequel I'élément capacitif posséde au moins une capacité
parasite entre la source et la grille du transistor du type a effet de champ.

Dispositif d’attaque en courant selon I'une quelconque des revendications 3 a 7, dans lequel le circuit demmaga-
sinage de courant de référence comprend : une paire de parties (92) de circuit d’emmagasinage de courant de
référenceincluant une pluralité de sections d’'emmagasinage de courant de référence qui sontagencées enparalléle ;
et une partie de commande qui effectue alternativement une opération pour prélever le courant de référence sorti
du circuit générateur de courant de référence dans une partie de circuit demmagasinage de courant de référence
et pour conserver une composante de tension correspondant a une valeur de courant du courant de référence, et
une opération pour sortir le courant de référence de gradation basé sur une composante de tension conservée dans
I'autre partie de circuit d’emmagasinage de courant de référence.

Dispositif d’attaque en courant selon I'une quelconque des revendications 2 a 15, dans lequel le circuit (10) générateur
de courant comprend :

un circuit (11) générateur de courant de commande qui engendre un courant de commande en fonction du
signal d’entrée ; et
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un circuit (12) générateur de courant de sortie qui engendre et sort un courant de sortie ayant un rapport
prédéterminé de courant par rapport au courant de commande.

Dispositif d’attaque en courant selon la revendication 16, dans lequel la valeur de courant du courant de commande
est fixée plus grande que la valeur de courant du courant de sortie.

Dispositif d’attaque en courant selon'une quelconque des revendications 1a 17, dans lequel le circuit (12) générateur
de courant de sortie comprend un circuit miroir de courant ayant un rapport prédéterminé de courant.

Dispositif d’attaque en courant selon 'une quelconque des revendications 1 a 18, dans lequel chacun des circuits
d’emmagasinage de courant comprend une section (32) génératrice de courant d’attaque qui, en se basant sur la
composante de tension conservée dans la section de conservation de composante de tension, engendre et sort le
courant d’attaque ayant le rapport prédéterminé de courant par rapport au courant de mise en oeuvre.

Dispositif d’attaque en courant selon la revendication 19, dans lequel la section (32) génératrice de courant d’attaque
comprend un circuit miroir de courant ayant le rapport prédéterminé de courant.

Dispositif d’attaque en courant selon 'une quelconque des revendications 1 a 20, dans lequel chacun des circuits
d’emmagasinage de courant comprend :

une paire de sections (31a, b) demmagasinage de courant agencées en paralléle 'une de l'autre ; et

une partie de commande qui effectue alternativement une opération pour prélever le courant de mise en oeuvre
sorti du circuit générateur de courant et conserver une composante de tension correspondant a une valeur de
courant du courant de mise en oeuvre dans une section d’emmagasinage de courant et une opération pour
sortir le courant d’attaque basé sur la composante de tension conservée dans l'autre section d’emmagasinage
de courant en paralléle.

Dispositif d’attaque en courant selon 'une quelconque des revendications 1 a 20, dans lequel chacun des circuits
d’emmagasinage de courant comprend :

des sections (32a, b) demmagasinage de courant sur un étage avant et un étage arriére qui sont agencées
en série ; et

une partie de commande qui effectue une opération pour prélever le courant de mise en oeuvre sorti du circuit
générateur de courant de la section d’emmagasinage de courant sur I'étage avant, conserver une composante
de tension correspondant a la valeur de courant du courant de mise en oeuvre et délivrer a la section d'emma-
gasinage de courant sur I'étage arriére un courant basé sur la composante de tension et une opération pour,
en paralléle, prélever le courant fourni par la section d’emmagasinage de courant sur I'étage avant, conserver
une composante de tension correspondant a une valeur de courant du courant et sortir le courant basé sur la
composante de tension.

Dispositif d’attaque en courant selon I'une quelconque des revendications 1 a 15, dans lequel le courant d’attaque
a la méme valeur de courant aux bornes de sortie.

Dispositif d’attaque en courant selon la revendication 23, qui comprend en outre un unique circuit (70) d’emmaga-
sinage de courant d’entrée entre le circuit générateur de courant et la pluralité de circuits demmagasinage de
courant, et dans lequel le circuit demmagasinage de courant d’entrée préléve le courant de mise en oeuvre sorti
du circuit générateur de courant, conserve une composante de tension correspondant a une valeur de courant du
courant de mise en oeuvre et délivre a la pluralité de circuits d’emmagasinage de courant un courant basé sur la
composante de tension.

Dispositif d’attaque en courant selon la revendication 24, dans lequel le circuit d’emmagasinage de courant d’entrée
posséde un élément capacitif dans lequel des charges électriques correspondant au courant de mise en oeuvre
sont écrites en tant que composante de tension.

Dispositif d’attaque en courant selon la revendication 25, dans lequel le circuit d’emmagasinage de courant d’entrée
posséde un transistor du type a effet de champ qui fait que le courant de mise en oeuvre s’écoule entre sa source
et son drain, et dans lequel I'élément capacitif posséde au moins une capacité parasite entre la source et la grille
du transistor du type a effet de champ.
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Dispositif d’attaque en courant selon I'une quelconque des revendications 24 a 26, dans lequel le circuit demma-
gasinage de courant d’entrée comprend :

une paire de sections (71a, b) d'emmagasinage de courant d’entrée agencées en parallele 'une a 'autre ; et
une partie de commande qui effectue alternativement une opération pour prélever le courant de mise en oeuvre
sorti du circuit générateur de courant dans I'une des sections d’emmagasinage de courant d’entrée et conserver
une composante de tension correspondant a la valeur de courant du courant de mise en oeuvre dans une
section d’emmagasinage de courant d’entrée, et une opération pour, en paralléle, délivrer a la pluralité de
circuits d’'emmagasinage de courant de I'autre section d’'emmagasinage de courant d’entrée un courant basé
sur une composante de tension conservée dans l'autre section d’emmagasinage de courant d’entrée.

Dispositif d’attaque en courant selon I'une quelconque des revendications 23 a 27, qui comprend en outre un circuit
(65) de commande de largeur d’'impulsion qui est prévu entre la pluralité des bornes de sortie et les charges et qui
commande une largeur d'impulsion du courant d’attaque sorti des bornes de sortie.

Dispositif d’attaque en courant selon la revendication 28, dans lequel le circuit de commande de largeur d’'impulsion
commande une largeur d’'impulsion du courant d’attaque en fonction d’un signal d’entrée.

Dispositif d’attaque en courant selon I'une quelconque des revendications 1 a 29, dans lequel au moins la pluralité
de circuits d’emmagasinage de courant et les bornes de sortie sont formés sur au moins un circuit intégré (CP) a
semi-conducteurs.

Dispositif d’attaque en courant selon la revendication 30, dans lequel unique circuit (10) générateur de courant est
formé sur un circuit intégré a semi-conducteurs différent du circuit intégré a semi-conducteurs susdit.

Dispositif d’attaque en courant selon la revendication 30, dans lequel I'unique circuit générateur de courant est
formé dans le circuit intégré a semi-conducteurs.

Dispositif d’attaque en courant selon 'une quelconque des revendications 3 a 7, dans lequel le circuit d’emmaga-
sinage de courant de référence, les circuits générateurs de courant, les circuits demmagasinage de courant et les
bornes de sortie sont formés sur au moins un circuit intégré a semi-conducteurs.

Dispositif d’attaque en courant selon la revendication 33, dans lequel les circuits générateurs de courant de référence
sont formés sur un circuit intégré a semi-conducteurs différent du circuit intégré a semi-conducteurs susdit.

Dispositif d’attaque en courant selon la revendication 33, dans lequel le circuit générateur de courant de référence
est formé dans le circuit intégré a semi-conducteurs.

Dispositif d’attaque en courant selon I'une quelconque des revendications 1 a 35, le dispositif d’affichage
comprenant :

un écran (110) ayant une pluralité de lignes (SL) de balayage agencées dans la direction des rangées, une
pluralité de lignes (DL) de signal agencées dans la direction des colonnes et une pluralité de pixels (DC, OEL)
d’affichage qui sont agencés au voisinage d’une intersection des lignes de balayage et des lignes de signal
respectives et qui possédent un élément optique (OEL) ;

un circuit d’attaque (130) de signal comprenant un unique circuit (10) générateur de courant ; et une pluralité
de circuits (30) d’emmagasinage de courant le courant de mise en oeuvre a une pluralité de lignes de signal ; et
un circuit d’attaque (120) de balayage qui sort vers chacune de la pluralité des lignes de balayage un signal de
balayage utilisé pour choisir séquentiellement le pixel d’affichage connecté a la ligne de balayage.

Procédé d’attaque d’un dispositif d’attaque en courant pour un dispositif d’affichage, le dispositif d’attaque en courant
mettant en oeuvre une pluralité de pixels (LD) d’affichage agencés sous forme d’'une matrice et connectés a une
pluralité de bornes (Tout) de sortie en leur appliquant un courant, le procédé comprenant séquentiellement les
étapes :

de génération d’un courant (Ic) de mise en oeuvre ayant une valeur prédéterminée de courant en fonction de

chaque borne de sortie et de sa sortie vers I'un, respectif, d’'une pluralité de circuits (30) d’'emmagasinage de
courant ;
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de prélevement du courant (Ic) de mise en oeuvre sorti dans un dit circuit d’emmagasinage de courant ; et
de conservation d’'une composante de tension correspondant a la valeur prélevée respective de courant du
courant (Ic) de mise en oeuvre ; et

de sortie, simultanément vers les bornes respectives (Tout) de sortie, de courants respectifs d’attaque basés
sur les composantes conservées de tension,

dans lequel, a ladite étape de génération, un unique circuit (10) générateur de courant :

engendre le courant (Ic) de mise en oeuvre ; et

sort ledit courant (Ic) de mise en oeuvre vers I'entrée de 'un, respectif, des circuits demmagasinage de
courant avant la sortie du courant de mise en oeuvre vers chacune des bornes (Tout) de sortie connectées
a ladite pluralité de pixels (LD) d’affichage agencés en forme de matrice.

Procédé d’attaque d’un dispositif d’attaque en courant selon la revendication 37, dans lequel I'étape de génération
comprend :

la génération et la délivrance, par un unique circuit générateur de courant de référence, d’'une pluralité de
courants de référence fixés de telle maniére que les valeurs de courant ont des pondérations différentes les
unes des autres ;

le prélévement et la conservation des courants respectifs de référence par le circuit d’emmagasinage de courant
de référence et la sortie d’'une pluralité de courants de référence de gradation basés sur les courants respectifs
de référence ; et

le choix de I'un quelconque des courants respectifs de référence de gradation en fonction d’un signal d’entrée
et la génération d’'un courant de gradation en tant que courant de mise en oeuvre.

Procédé d’attaque d’un dispositif d’attaque en courant selon la revendication 38, dans lequel le circuit d’emmaga-
sinage de courant de référence comprend une paire de parties de circuit d’emmagasinage de courant de référence
agenceées en parallele,

dans lequel I'étape de sortie du courant de référence de gradation comprend : une étape de prélévement du courant
de référence sorti du circuit générateur de courant de référence et de conservation d’'une composante de tension
correspondant a une valeur de courant du courant de référence dans une partie de circuit demmagasinage de
courant de référence ; et une étape de sortie, en parallele dans 'autre partie de circuit d’emmagasinage de courant
de référence, du courant de référence de gradation basé sur la composante de tension conservée dans l'autre partie
de circuit demmagasinage de courant de référence ;

dans lequel I'étape de conservation de la composante de tension et I'étape de sortie du courant de référence de
gradation sont exécutées en paralléle.

Procédé d’attaque d’un dispositif d’attaque en courant selon I'une quelconque des revendications 37 a 39, dans
lequel I'étape de conservation du courant de mise en oeuvre dans les circuits respectifs demmagasinage de courant
et I'étape de sortie du courant d’attaque vers les bornes respectives de sortie sont exécutées en paralléle.

Procédé d’attaque d’un dispositif d’attaque en courant selon I'une quelconque des revendications 37 a 40, dans
lequel I'étape de sortie du courant de mise en oeuvre vers une pluralité des circuits d’emmagasinage de courant
comprend :

une étape de prélevement et de conservation d’'une composante de tension correspondant a une valeur de
courant du courant de mise en oeuvre sorti du circuit générateur de courant vers un unique circuit demmaga-
sinage de courant d’entrée ; et

une étape de délivrance, a une pluralité de circuits d’emmagasinage de courant, d’'un courant basé sur la
composante de tension conservée dans le circuit demmagasinage de courant d’entrée.
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