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(57) ABSTRACT 

A current drive apparatus for an active matrix display 
operates a plurality of loads, e.g. organic or inorganic EL 
elements, by applying a current thereto. The apparatus 
includes a plurality of output terminals to which the loads 
are respectively connected. A Single current generation cir 
cuit comprising e.g. a digital to analogue converter and a 
current mirror, outputs an operating current having a pre 
determined current value. A plurality of current Storage 
circuits are provided in accordance with the respective 
output terminals, Sequentially Sample and hold the operating 
current and then Simultaneously output the drive currents 
based on the Sampled operating currents 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 Section which 
Samples the operating current outputted from the current 
generation circuit and holds a Voltage component for driving 
a drive control current corresponding to a current value of 
the operating current for driving a Second current mirror. 
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CURRENT DRIVE CIRCUIT AND DRIVE 
METHOD THEREOF, AND 

ELECTROLUMNESCENT DISPLAY APPARATUS 
USING THE CIRCUIT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a Continuation Application of PCT Appli 
cation No. PCT/JP03/08153, filed Jun. 27, 2003, which was 
not published under PCT Article 21(2) in English. 
0002 This application is based upon and claims the 
benefit of priority from prior Japanese Patent Application 
No. 2002-187803, filed Jun. 27, 2002, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0003) 1. Field of the Invention 
0004. 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. 
0005 2. Description of the Related Art 
0006 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 ele 
ments) Such as light emitting diodes are arranged in a matrix 
form. 

0007 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 charac 
teristic, So that the light emitting element type display has 
been Studied and developed vigorously as a display of the 
next generation. 
0008 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 prede 
termined drive current according to display data and Sup 
plies it to each display element through the data lines, and 
a Scanning driver which causes display pixels in a prede 
termined 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 
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current Supplied to each display pixel, desired image infor 
mation 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. 
0009 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, Simulta 
neously 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 bright 
ness 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. 
0010. 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. 

0011. The display to which the above-described data 
driver including a plurality of the driver chips is applied has 
the following problems. 

0012. 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 Val 
ues 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. 

0013 However, in the field of a semiconductor manufac 
ture technique, there is known the fact that irregularities are 
necessarily generated in the element characteristic of func 
tion elements Such as transistor elements, resistance ele 
ments or capacitance elements formed on the same Semi 
conductor 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 
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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. 

0.014. Therefore, there is a problem that it is very difficult 
to greatly improve the irregularities in the drive currents 
between the output terminals of the driver chips caused due 
to the above-described irregularities in the element charac 
teristic by using only a technique of optimizing the manu 
facturing processes. 

0.015 Furthermore, since there is a limit in the number of 
output terminals which can be Set in one Semi-conductor 
chip due to a problem of an increase in Signal delay owing 
to an increase in wiring length or to a reduction in produc 
tion 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. 
0016. 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 accor 
dance 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 com 
plicated, 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. 
0.017. 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 configu 
ration must be added between the respective output termi 
nals 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. 
0.018 Moreover, as described above, in the display in 
recent years, although realization of further clearness of 
gradation 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. 

BRIEF SUMMARY OF THE INVENTION 

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 appa 
ratus which operates by applying currents to a plurality of 

Dec. 30, 2004 

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, respec 
tively; 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 capaci 
tance 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 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 appa 
ratus 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 con 
nected, 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 
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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 genera 
tion circuits which Select any of the respective gradation 
reference currents and generate a gradation current in accor 
dance 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 reference currents and output the gradation 
reference currents based on the respective Voltage compo 
nents, 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 refer 
ence 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 capaci 
tance 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 appa 
ratus 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 oper 
ating 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 hav 
ing 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 refer 
ence 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 
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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. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0026. The accompanying drawings, which are incorpo 
rated 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. 

0027 FIG. 1 is a primary structural view showing a first 
embodiment of a current drive apparatus according to the 
present invention; 

0028 FIG. 2 is a circuit structural view showing a 
concrete example of a current generation circuit applicable 
to the embodiment; 

0029 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 embodi 
ment, 

0030 FIGS. 4A and 4B are conceptual views showing a 
basic operation in the current Storage circuit applicable to 
the embodiment; 

0031 FIG. 5A is 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; 
0032 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; 

0033 FIG. 6 is a primary structural view showing a 
Second embodiment of a current drive apparatus according 
to the present invention; 

0034 FIG. 7 is a primary structural view showing a third 
embodiment of a current drive apparatus according to the 
present invention; 

0035 FIG. 8 is a primary structural view showing a 
fourth embodiment of a current drive apparatus according to 
the present invention; 

0036 FIG. 9 is a primary structural view showing a fifth 
embodiment of a current drive apparatus according to the 
present invention; 
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0037 FIG. 10 is a primary structural view showing a 
Sixth embodiment of a current drive apparatus according to 
the present invention; 
0.038 FIG. 11 is a primary structural view showing a 
Seventh embodiment of a current drive apparatus according 
to the present invention; 
0.039 FIG. 12 is a primary structural view showing an 
eighth embodiment of a current drive apparatus according to 
the present invention; 
0040 FIG. 13 is a primary structural view showing a 
ninth embodiment of a current drive apparatus according to 
the present invention; 
0041 FIG. 14 is a schematic structural view showing an 
example of an entire Structure of a display apparatus accord 
ing to the present invention; 
0.042 FIG. 15 is 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; 

0.043 FIG. 16 is a schematic structural view showing 
another example of a Scanning driver applied to the display 
apparatus according to the present invention; 
0044 FIG. 17 is a circuit configuration view showing an 
example of a basic Structure of a pixel drive circuit appli 
cable to the display apparatus according to the present 
invention; 
004.5 FIGS. 18A and 18B are conceptual views respec 
tively showing a basic operation in the pixel drive circuit 
applicable to the embodiment; 
0.046 FIG. 19 is a timing chart showing a display timing 
of image information in the display apparatus according to 
the embodiment; and 

0047 FIG. 20 is a schematic block diagram showing a 
primary Structure of Still another example of the display 
apparatus according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.048. 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. 

0049 First, a current drive apparatus and a drive method 
thereof will be described with reference to the accompany 
ing drawings. 

0050 <First Embodiment of Current Drive Apparatus.> 
0051 FIG. 1 is a primary structural view showing a first 
embodiment of a current drive apparatus according to the 
present invention. 
0.052 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 pro 
Vided in accordance with each output terminal and thereafter 
Simultaneously output the currents to loads (display ele 
ments) through each of the output terminals. 
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0053 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 Supply 
ing 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 cur 
rent Ic supplied from the 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 predeter 
mined 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. 

0054 Each of the above structures will now be concretely 
described hereinafter. 

0055 (Current Generation Circuit) 
0056 FIG. 2 is a circuit structural view showing a 
concrete example of the current generation circuit applicable 
to this embodiment. 

0057 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 cur 
rent 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 genera 
tion circuit 11 on a front Stage and an output current 
generation circuit 12 on a rear Stage, as shown in FIG. 2. 
0058. 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. 

0059. 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 embodi 
ment, as the current generation circuit, a structure compris 
ing 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. 
0060. As shown in FIG. 2, in the control current genera 
tion 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 
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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 Tinto 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, descrip 
tion 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. 
0061 Here, the input signals IN1 to IN6 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 cur 
rent 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. 
0.062 For example, as shown in FIG. 2, the output 
current generation circuit 12 is constituted by a current 
mirror circuit, and comprises: an inpn 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; a 
resistance R21 connected between an emitter of the npn 
transistor Q21 and a low-potential power Supply VSS, an inpn 
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. 

0.063 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 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. 
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0064. 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, it is possible to improve a processing Speed 
concerning conversion and generation to the output current 
Ic from the input signals IN1 to 1N6 in the control signal 
generation circuit 11 of the current generation circuit 10A. 
0065. 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 
irregularities 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. 
0.066 (Shift Register) 
0067. 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. 
0068 (Switch Circuit) 
0069. 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. 

0070 (Current Storage Circuit) 
0071 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. 

0072 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 
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component corresponding to this current, and Simulta 
neously 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. 
0073. 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. 
0.074 For example, as shown in FIG. 3, the voltage 
component holding portion 31 comprises: a PMOS transis 
tor 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 junc 
tion N31; and a PMOS transistor M34 having a source and 
a drain respectively connected and the junction N32 and an 
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. 
0075) 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. 

0.076 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. 

0077. 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 compo 
nent 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 inpn 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. 
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0078 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. 

0079. In the 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 com 
ponent 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 opera 
tion of the operating current Ic in the Voltage component 
holding 31 of the current storage circuit 30A. 
0080. 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 occur 
rence 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. 
0081 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 opera 
tion 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. 
0082 (Current Storage Operation) 
0083. 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. 
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0084 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 equiva 
lent 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. 

0085. 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 Iw is stopped by applying the high-level 
Switch changeover signal SR from the shift register 20A 
through the shift output terminal TSr upon completion of the 
current storage operation to the PMOS transistors M31 and 
M33 which perform the off operation. 
0086) (Current Output Operation) 
0.087 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 opera 
tion 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 gener 
ated between the gate and the source of the PMOS transistor 
M32 by the Voltage component held in the Storage capaci 
tance C31, a drive control current Iac having a current value 
equivalent to that of the write current Iw (=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. 

0088 As a result, the drive control current Iac 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. 

0089 (Drive Method of Current Drive Apparatus) 
0090. 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 
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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 genera 
tion circuit 10A sequentially flows down and is written in the 
current Storage circuits 30A, and held as the Voltage com 
ponent (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-de 
Scribed current output operation). 
0091 By repeatedly setting such a current write period 
and current output period in accordance with a predeter 
mined operating cycle, the loads can be caused to operate 
with a predetermined drive cycle. 

0092. 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 
Suppressed can be Supplied, thereby driving the respective 
loads with the uniform operating characteristic. 

0093. 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. 
0094 Specifically, by sequentially repeating in accor 
dance with each row the operation to Supply the light 
emitting drive currents (drive currents) which have the 
uniform current characteristic and correspond to each dis 
play 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-de 
scribed 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 
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predetermined brightness gradation, thereby enabling excel 
lent display of desired image information while Suppressing 
generation of display irregularities. 

0.095 Here, the element structure of the bipolar transistor 
or the MOS transistor constituting the current Storage circuit 
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, pref 
erably, as described below, it is possible to excellently apply 
a transistor having the mobility ue of the MOS transistor 
being approximately 200 cm/Vs or a larger value. 
0.096 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. 
0097 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 
corresponds 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. 

0098. Here, as shown in FIG. 5A, when a current Iin 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). 

0099 wherein A=(1/2)* Cinue (W/L), Cin is a gate 
capacitance per unit area of the transistor M, ue 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. 

0100 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, T is a time 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=3t, the voltage V(t) reaches a value which is 
99.5% of a saturation voltage V(s). 
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t=C/WA in (3) 

0101 That is, the time constant t is in proportion to a 
value of the capacitance C and in inverse proportion to the 
%-th power of the mobility ue. 
0102 Here, assuming that a polysilicon TFT is used as 
the transistor M, the capacitance C is 6 pF, W/L is 100 um/30 
um, the mobility ue is 70 m/Vs, a film thickness of a gate 
insulating film is 105 nm and an application current Iin is 10 
tlA, a time constant t becomes 1.42 uSec. 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 uSec and the number of the data lines 
in which data can be written within this time is approxi 
mately 32. 

0103) In relation to this, when the mobility ue of the 
transistor M is 245 m /Vs under the above-described con 
dition, the time constant tis approximately 0.096 uSec. 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 /4 VGA panel 
having the 120 scanning lines and the 160(xRGB) data lines 
can be driven. 

0104. Alternatively, if the capacitance C is 0.51 pF even 
though the mobility ue remains as 70 m/Vs, the time 
constant t likewise becomes approximately 0.096 uSec, and 
the 4 VGA panel can be driven like the above. 

0105 That is, in order to drive at least the 4 VGA panel, 
the mobility ue of the transistor M must have a value of 
approximately 200 cm/Vs or a larger value, or the capaci 
tance C must have a value Smaller than approximately 0.5 
pF. 

0106 AS described above, since the time constant t is in 
proportion to a value of the capacitance C and in inverse 
proportion to the /3-th power of the mobility ue of the 
transistor, the time constant t can be further decreased when 
the capacitance C is further reduced or the mobility ue is 
further increased, thereby driving the higher-definition dis 
play panel. 

0107 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 Sub 
strate or an MOS transistor formed on a monocrystal silicon 
Substrate can Satisfy the above conditions, and it can be 
preferably used. 

0108) <Second Embodiment of Current Drive Appara 
tuS> 

0109 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. 

0110. 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 predeter 
mined current value Supplied from a single current genera 
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tion 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. 

0111. 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 Sup 
plied 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 inputside 
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 outputside Switch circuits SOB 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 prede 
termined 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. 

0112. 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 Sec 
tions 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. 

0113. 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. 

0114. 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 

Dec. 30, 2004 

Selected current storage Section side) of the Switch which is 
not performing the on operation in the input Side Switch 
circuit 40B. 

0.115. In the current drive apparatus having such a struc 
ture, 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 21a is Sequentially outputted to each Switch 41a 
provided in accordance with the current Storage Section 31a 
of each current Storage circuit 30B, each Switch 41a Sequen 
tially 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. 

0116. 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 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 out 
putted as a drive current Idv to each load through each 
output terminal Tout with the same timing. 
0117 Subsequently, in a second operation period (a cur 
rent 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. 

0118. 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 com 
mon. As a result, a current based on the electric charges held 
in each current Storage Section 31a in the first operation 
period is simultaneously outputted as the drive current IdV to 
each load through each output terminal Tout with the same 
timing. 

0119) By controlling such a first and second operation 
period So as to be repeated in accordance with a predeter 
mined 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 
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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. 
0120) Therefore, according to the current drive apparatus 
of this embodiment, like the above-described first embodi 
ment, the operating current outputted from the Single current 
generation circuit is Sequentially fetched and held in each 
current storage circuit (current storage Section), and output 
ted 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 Suppressed. 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. 
0121 <Third Embodiment of Current Drive Apparatus.> 
0.122 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 eliminat 
ing their explanation. 

0123 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. 

0.124. 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 3.0C. It is to be noted that the 
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current generation circuit 10C, the shift register 20O, the 
current storage circuit 3.0C (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. 
0.125. In each current storage circuit 30C, the operating 
current Ic supplied from the current generation circuit 10B 
is 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. 
0.126 In the current drive apparatus having Such a struc 
ture, in a first operation period, a Switch changeover Signal 
SR from the shift register 20O 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 pre 
determined 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. 
0127. 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 out 
putted as a drive current Idv to each load through each 
output terminal Tout with the same timing. 
0128. Then, with a predetermined timing after comple 
tion 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). 
0129. 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 Sig 
nal SR from the shift register 20O 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 simulta 
neously outputted to each load as the drive current Idv. 
0.130 By controlling such a series of operation periods so 
as to be repeated in accordance with a predetermined opera 
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tion cycle, the operation to hold the electric charges corre 
sponding 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. 
0131 Therefore, according to the current drive apparatus 
of this embodiment, like the above-described first embodi 
ment, 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. More 
over, 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. 
0132) <Fourth Embodiment of Current Drive Apparatus.> 
0.133 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. 

0134. In the structure described in conjunction with the 
first to third embodiments mentioned above, the current 
drive apparatus according to the fourth embodiment deter 
mines as one group a structure including the predetermined 
number of output terminals, current Storage circuits pro 
Vided in accordance with the output terminals, a shift 
register and Switch circuits, forms each group on an indi 
vidual Semiconductor chip, provides a single current gen 
eration 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 present invention is applied to the 
Structure explained in conjunction with the Second embodi 
ment, but it can be similarly applied to any other embodi 
ment. 

0135). 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 embodi 
ment (see FIG. 6); a plurality of current storage circuits 30D 
(current storage Sections 33a and 33b) provided in accor 
dance with the output terminals Tout; a shift register 20D 
(shift register Sections 23a and 23b); a plurality of inputside 
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 SOD 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 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 
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(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 embodi 
ment mentioned above, thereby eliminating their detailed 
explanation. 
0.136. 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. 
0.137 It is 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. 
0.138. In the current drive apparatus having such a struc 
ture, 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 semiconductor 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. 
0.139. 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 Sup 
plied from the Single current Source can be held in the 
current Storage circuit in each Semiconductor chip, irregu 
larities in the drive current between the respective output 
terminals and between the respective Semiconductor chips 
can be Suppressed, thereby driving each load with the 
uniform operation characteristic. 
0140 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 
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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 SuppreSS 
ing occurrence of display irregularities. 
0141 <Fifth Embodiment of Current Drive Apparatus.> 
0142 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. 
0143. 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). 
0144. The current drive apparatus according to this 
embodiment have a plurality of Semiconductor chips, com 
prises a circuit configuration which is the same as one group 
including, e.g., the predetermined number of output termi 
nals, 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 Semiconduc 
tor chip can be simultaneously performed on the respec 
tively 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 other embodiment. 
0145 As shown in FIG. 9, the current drive apparatus 
according to this embodiment includes a circuit configura 
tion which is equivalent to, e.g., the Structure described in 
conjunction with the fourth embodiment and have the pre 
determined 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 
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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 
COO. 

0146 The current generation circuit 10E, the shift regis 
ter 20E (shift register sections 24a and 24b), the current 
storage circuit 30E (current storage sections 34a and 34b), 
the inputside switch circuit 40E (switches 44a and 44b) and 
the output side switch circuit 50E applied to this embodi 
ment have the Structures equivalent to those in the fourth 
embodiment mentioned above, thereby eliminating the 
detailed description. 

0147 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. 
0.148. The input current storage circuit 70E has the struc 
ture 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 compo 
nent, 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 44a 
and 44b) in each Semiconductor chip based on an output 
enable signal outputted from a non-illustrated control por 
tion. 

0149. In the current drive apparatus having such a struc 
ture, 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. 

0150. 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 Semicon 
ductor 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 simulta 
neously outputted as a drive current Idiv to the respective 
output terminals Tout. 
0151. Subsequently, with a predetermined timing after 
completion of the first operation period, the operating cur 
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rent 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. 

0152 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, CPn in 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. 

0153. 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 Idiv to the respec 
tive output terminals Tout at Same time are alternately and 
continuously executed. 

0154) 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 
Semiconductor chip, it is then fetched into and held in the 
current Storage circuit on the rear Stage provided in accor 
dance with each output terminal in parallel in each Semi 
conductor 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 current into 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. 

O155 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 
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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. 

0156 That is, 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 charac 
teristic 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 (semi 
conductor chips) constituting the data driver with respect to 
the light emitting elements (loads) in a predetermined dis 
play 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. 

0157 <Sixth Embodiment of Current Drive Apparatus.> 
0158 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. 

0159. 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. 
0160 Specifically, as shown in FIG. 10, in the 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. 
0.161 In the current drive apparatus having Such a struc 
ture, an operating current Ic outputted from the current 
generation circuit 10F is Supplied to the respective Semi 
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conductor 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 71a and 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. 

0162. In a plurality of the current storage circuits 30F on 
the rear Stages, the operation to Sequentially fetch an oper 
ating 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 out 
put the current based on the Voltage component held on the 
other side through the output terminal are alternately and 
continuously executed in parallel. 

0163 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. 

0164. 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. 

0.165 <Seventh Embodiment of Current Drive Appara 
tuS> 

0166 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 elimi 
nating their explanation. 

0167 The current drive apparatus according to the sev 
enth embodiment has a structure that a plurality of reference 
currents Supplied from the Single reference current genera 
tion circuit including a plurality of reference current gen 
eration Sections which generate and output reference cur 
rents 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 accor 
dance with the reference currents and predetermined cur 
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rents according to drive States of loads are Sequentially 
generated based on the predetermined number of digital 
input Signals. 

0168 As shown in FIG. 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 cur 
rents I1, I2, I4 and I8 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 I1, 
I2, I4 and I8 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 indi 
vidually fetch and hold reference currents I1, I2, I4 and I8 
Supplied from the reference current generation circuit 10G.; 
input side switch circuits SWA each of which controls 
supply states of the reference currents I1, I2, I4 and I8 from 
the reference current generation circuit 10G (reference cur 
rent generation Sections 11a to 11 d) 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, com 
bines (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). 
0169. In this embodiment, the structure having the ref 
erence 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. 
0170 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 inputside switch circuits 40G, the 
reference current storage circuit 90G which generates the 
predetermined 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 



US 2004/0263437 A1 

(Semiconductor chips) in Such a manner that the reference 
currents I1, I2, I4 and I8 outputted from the reference current 
generation circuit 10G are supplied in common. 
0171 The reference current generation sections 11a to 
11d have the circuit structure (see FIG. 2) equivalent to the 
current generation circuit described in accordance with the 
foregoing embodiments, and it is possible to apply a struc 
ture obtained by appropriately designing the circuit configu 
ration 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 91 d) 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. 
0172. In the current drive apparatus having such a struc 
ture, in a reference current generation period, the reference 
currents I1, I2, I4 and I8 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 inputside Switch circuit SWA. As a result, the Switch 
circuit SWA sequentially performs the on operation with 
different timings only in a predetermined period, the refer 
ence currents I1, I2, I4 and I8 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. 
0173 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 corresponding 
to the reference currents I1, I2, I4 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 refer 
ence currents based on the held voltage components are 
Selectively outputted, and these reference currents are com 
bined (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. 
0174) 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. 
0175 Then, in a drive current output period, the output 
enable signal EN is outputted from a non-illustrated control 
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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. 
0176). By repeatedly setting the reference current genera 
tion 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. 
0177) 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 predeter 
mined number of the digital input signals, and the reference 
currents held in the Selected reference current storage sec 
tions 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 struc 
ture. Furthermore, the reference currents having the uniform 
current characteristic outputted from the single current gen 
eration 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 Suppress irregularities in the drive currents 
between the Semiconductor chips and between the output 
terminals provided to each Semiconductor chip. 
0178. In this embodiment, although description has been 
given as to the case where the structure described in con 
junction 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. 

0179 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 to the respective driver chips, the light emitting 
drive currents (analog signals) having the current values 
excellently corresponding to display data (digital input sig 
nals) 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 excel 
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lently SuppreSS irregularities in the light emitting drive 
currents between the respective output terminals and 
between the respective driver chips and perform multigra 
dation display excellently corresponding to the display data 
while Suppressing generation of display irregularities. 
0180 <Eighth Embodiment of Current Drive Apparatus.> 
0181 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 elimi 
nating their explanation. 

0182. 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 Sup 
plied 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. 

0183 As shown in FIG. 12, in the structure described in 
connection with a seventh embodiment (see FIG. 11), the 
current drive apparatus according to this embodiment has a 
structure that a reference current storage circuit 90H pro 
vided 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 91a to 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 Sec 
tions 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 I1, I2, I4 and I8 
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. 
0184. In the current drive apparatus having such a struc 
ture, reference currents I1, I2, I4 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 inputside Switch circuit SWA. As a result, the 
reference currents are Sequentially fetched into and indi 
vidually held in one of a pair of the four-bit reference current 
storage circuit portions 92a and 92b of the reference current 
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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 I1, I2, 
I4 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. 
0185. 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. 

0186 <Ninth Embodiment of Current Drive Apparatus.> 
0187 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 
embodiments, thereby simplifying or eliminating their 
explanation. 
0188 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. 
0189 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 com 
prises: upper semiconductor chips CP11, CP12, ... CPy to 
which reference currents I1, I2, I4 and I8 to which current 
values are Set So as to have weightings different from each 
other are Supplied from a four-bit reference current genera 
tion circuit 10J in common; and lower Semiconductor chips 
CP21, CP22, CPZ having input terminals T2 in 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. 
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0190. 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 I1, 
I2, I4 and I8 fed from the four-bit reference current genera 
tion circuit 10J to one of four-bit reference current storage 
circuit portions (e.g., the first circuit portion 93.a) 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 I1, I2, I4 and I8 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, I2, I4 and I8 and Supply them to the lower semiconductor 
chips CP21, CP22, . . . CPZ through the output terminal 
T1out and the input terminal T2 in. 
0191 For example, 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 I1, I2, I4 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 predetermined currents generated based on 
digital input Signals IN1 to IN4 and Simultaneously Supply 
them to respective loads through output terminals T2Out. 
0.192 In the current drive apparatus having such a struc 
ture, reference currents I1, I2, I4 and I8 having current 
values whose weightings are different from each other are 
Supplied from the four-bit reference current generation cir 
cuit 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 refer 
ence current Storage circuit 90.J. AS a result, the reference 
currents I1, I2, I4 and I8 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 I1, I2, I4 
and I8 which have been already held on the other side are 
Supplied as they are to the input terminalsT2 in of the lower 
semiconductor chips CP21, CP22, . . . CPZ through the 
respective output terminals T1out. 
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0193 As to the reference currents I1, I2, I4 and I8 fed to 
the lower semiconductor chips CP21, CP22, ... CPz, based 
on shift outputs SRb Sequentially outputted from a non 
illustrated shift register, the inputside Switch circuit SWC is 
Switched to one of a pair of the four-bit reference current 
storage circuit portions 94a and 94b constituting the refer 
ence current Storage circuit 90K. As a result, the reference 
currents I1, I2, I4 and I8 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 I1, I2, I4 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. 

0194 AS to the currents Is fed to the current storage 
circuit 30J, the Switch circuits 40J sequentially perform the 
on 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. 
0.195 Therefore, according to the current drive apparatus 
of this embodiment, the Semiconductor chips each including 
the current Storage circuit having a function to fetch prede 
termined 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 prede 
termined 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 predeter 
mined 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. 

0196. In this embodiment, since the structure obtained by 
applying the hierarchical Structure to the above-described 
eighth embodiment has been described, the circuit configu 
rations formed on the upper Semiconductor chipS CP11, 
CP12, ... CPy are different from those formed on the lower 
semiconductor chips CP21, CP22, . . . CPy. However, for 
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example, when applied to the Structure described in con 
junction with the first embodiment or the fourth embodi 
ment, it is possible to apply the Semiconductor chips having 
the same circuit configuration. 
0197) <Embodiment of Display Apparatus.> 
0198 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. 
0199 FIG. 14 is a schematic block diagram showing an 
example of an entire Structure of a display apparatus accord 
ing 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. 
0200. 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 ele 
ments 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 cur 
rent) according to the display data to flow to the display 
pixel group by Sequentially 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. 
0201 Each of the above structures will now be concretely 
described hereinafter. 

0202 (Display Panel) 
0203) 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 opera 
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tion 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 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. 

0204. 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. 

0205. 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 present invention, as 
the light emitting element which is Subjected to light emis 
Sion 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. 

0206 (Scanning Driver) 

0207. 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. 

0208 Specifically, as shown in 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 prede 
termined voltage level (high-level) through the buffers. 

0209 (Data Driver) 
0210. 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, con 
verts 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. 

0211 Specifically, to the data driver 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. 
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0212 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 respec 
tive 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. 

0213 Additionally, in case of applying the current drive 
apparatuses described in conjunction with the Seventh to 
ninth embodiments, a plurality of reference currents gener 
ated 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) 
corresponding to the brightness gradation of the light emit 
ting elements. 
0214. 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 pro 
Vided to each display pixel to which the light emitting 
element is arranged. 

0215 (System Controller) 
0216) The system controller 150 operates each driver 
with a predetermined timing by respectively outputting a 
Scanning control Signal and a data control Signal which 
control the operation State (the above-described Scanning 
shift start 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 Scan 
ning 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. 

0217 (Power Supply Driver) 
0218. 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 
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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. 

0219. 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 scan 
ning 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. 
0220 (Display Signal Generation Circuit) 
0221) 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 genera 
tion 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. 

0222. 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 inven 
tion 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 
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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. 

0223 (Display Pixel: Pixel Drive Circuit) 
0224. 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. 

0225. First, description will be given as to a basic struc 
ture of a pixel drive circuit which can be applied to the 
display apparatus according to this embodiment and its 
operation. 

0226 FIG. 17 is a circuit structural view showing an 
example of a basic Structure of a pixel drive circuit appli 
cable 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 appli 
cable to this embodiment. FIG. 19 is a timing chart showing 
a display timing of image information in the display appa 
ratus according to this embodiment. 

0227 For example, as shown in FIG. 17, the pixel drive 
circuit DCX comprises an NMOS thin film transistor Tr1 
having 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 respec 
tively 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. 

0228. 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 
predetermined brightness gradation (TSc=TSe+Tnse). Here, 
the write operation periods Tse Set for the respective lines 
are set So as not overlap in time. 
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0229 (Write Operation Period: Selection Period) 
0230. 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 grada 
tion current having the negative polarity (-Ipix) correspond 
ing to display data of the line fetched by the data driver 130 
is Supplied to each data line DL. 
0231. As a result, the thin film transistors Tr1 and Tr2 
constituting the pixel drive circuit DCX perform the on 
operation, and the low-level power Supply Voltage Vscl is 
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). 
0232. As described above, generation of a potential dif 
ference 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 Ia corresponding to the 
gradation current Ipix flows down to the data driver 130 
from the power Supply line VL via the thin film transistor 
Tr3, the junction N2, the thin film transistor Tr2 and the data 
line DL. 

0233. 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 Ia is controlled so as to flow in the 
data line direction, the potential applied to the anode termi 
nal (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. 
0234 (Light Emitting Operation Period: Non-Selection 
Period) 
0235 Subsequently, in the light emitting operation (non 
Selection period Tnse) of the organic EL element after 
completion 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 opera 
tion to pull in the gradation current by the data driver 130 is 
Stopped. 

0236. As a result, the thin film transistors Tr1 and Tr2 
constituting the pixel drive circuit DCx perform the off 
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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 transistorTr3 and the 
other end of the capacitor Cs) due to the operation to pull in 
the gradation 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. 
0237 AS described above, the capacitor Cs holds the 
charge Voltage in the write operation, and a potential dif 
ference 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. 

0238. 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 tran 
sistor 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 capaci 
tor CS corresponds to a potential difference when causing the 
write current Ia 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 Ia. 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 Selec 
tion period Tse. The organic EL element OEL continues the 
operation to emit the light with the brightness gradation 
corresponding to the display data. 
0239). As shown in FIG. 19, by sequentially repeatedly 
executing the above-described Series of operation with 
respect to the display pixel groups for all the lines consti 
tuting 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. 
0240 Although the thin film transistors Tr1 to Tr3 
applied to the pixel drive circuit according to this embodi 
ment 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 manufacturing technique. 
0241 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 
Ia corresponding to the gradation current Ipix to the thin film 
transistor Tr3. Therefore, the drive current Ib flowing down 
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through the organic EL element OEL is maintained at a 
current value equivalent to the write current Ia. Thus, it is 
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. 

0242 FIG. 20 is a schematic block diagram showing a 
primary Structure of another example of the display appa 
ratus according to the present invention. 

0243 In the 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. 

0244. Furthermore, in the display apparatus adopting the 
simple matrix type display panel illustrated in FIG. 20, it is 
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. 

0245 Specifically, in the single current generation cir 
cuit, currents having a predetermined fixed current value are 
generated, the currents are Sequentially fetched and held in 
the respective current Storage circuits provided in accor 
dance with a plurality of the output terminals of the respec 
tive 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 predeter 
mined 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 a result, since it is possible to cause 
each light emitting element to perform the light emitting 
operation with a predetermined brightness gradation corre 
sponding to the display data, image information can be 
excellently displayed in the multi-gradation. 

0246. In the foregoing embodiment of the display appa 
ratus, 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 present invention is not restricted to this 
embodiment, and it is possible to adopt a circuit configura 
tion including, e.g., four thin film transistors. 
0247 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 
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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. 
0248. 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. 
0249. 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 inven 
tion is not restricted to Such a display drive apparatus. For 
example, it is 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. 

0250) 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 predeter 
mined 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 correspond 
ing 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 appa 
ratus Structure to restrain irregularities in the drive current 
between the respective Semiconductor chips and between the 
output terminals provided to the same Semiconductor chip. 
0251 Additionally, by applying the current drive appa 
ratus 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 termi 
nals provided to the same driver chip and restrain generation 
of display irregularities, thereby improving the display 
image quality. 

0252) 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 Spirit or Scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 
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What is claimed is: 
1. A current drive apparatus which operates a plurality of 

loads by applying a current thereto, the current drive appa 
ratus comprising: 

a plurality of output terminals to which the loads are 
respectively connected; 

a single current generation circuit which outputs an oper 
ating current having a predetermined current value; and 

a plurality of current Storage circuits which are respec 
tively connected to the output terminals, Sequentially 
fetch and hold the operating current, and Simulta 
neously output a drive current based on the operating 
current to the output terminals. 

2. The current drive apparatus according to claim 1, 
wherein the operating current has a current value according 
to an input Signal. 

3. The current drive apparatus according to claim 2, 
wherein the current generation circuit comprises: 

a control current generation circuit which generates a 
control current according to the input Signal; and 

an output current generation circuit which generates and 
outputs an output current having a predetermined cur 
rent ratio relative to the control current. 

4. The current drive apparatus according to claim 3, 
wherein the current value of the control current is set larger 
than a current value of the output current. 

5. The current drive apparatus according to claim 3, 
wherein the input signal is a digital signal having a plurality 
of bits, 

the control current generation circuit comprises a plurality 
of bit current generation circuits which generate a 
plurality of bit currents that current values have weight 
ings corresponding to respective bits of the digital 
Signal, and 

any of the respective bit currents are Selected in accor 
dance with a bit value of the input Signal, and the 
control current is generated by adding the Selected bit 
CurrentS. 

6. The current drive apparatus according to claim 3, 
wherein the output current generation circuit comprises a 
current mirror circuit having the predetermined current ratio. 

7. The current drive apparatus according to claim 1, 
wherein each of the current Storage circuits comprises a 
Voltage component holding Section which fetches the oper 
ating current outputted from the current generation circuit 
and holds a Voltage component corresponding to a current 
value of the operating current. 

8. The current drive apparatus according to claim 7, 
wherein the Voltage component holding Section has a capaci 
tance element in which electric charges corresponding to the 
operating current are written. 

9. The current drive apparatus according to claim 8, 
wherein the Voltage component holding Section 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 capaci 
tance between the Source and a gate of the field effect 
type transistor, and a Voltage between the Source and 
the gate corresponding to the operating current is 
written in the capacitance element. 
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10. The current drive apparatus according to claim 9, 
wherein the mobility of the field effect type transistor has a 
value which is at least approximately 200 cm/Vs or a larger 
value. 

11. The current drive apparatus according to claim 7, 
wherein each of the current Storage circuits comprises a 
drive current generation Section which generates and outputs 
the drive current having a predetermined current ratio rela 
tive to the operating current based on the Voltage component 
held in the Voltage component holding Section. 

12. The current drive apparatus according to claim 11, 
wherein the drive current generation Section comprises a 
current mirror circuit having the predetermined current ratio. 

13. The current drive apparatus according to claim 1, 
wherein each of the current Storage circuits comprises: 

a pair of current Storage Sections 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 cor 
responding 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. 

14. The current drive apparatus according to claim 1, 
wherein each of the current Storage circuits comprises: 

current Storage Sections 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. 

15. The current drive apparatus according to claim 1, 
wherein the drive current has the same current value at the 
output terminals. 

16. The current drive apparatus according to claim 15, 
which further comprises a single input current Storage circuit 
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. 

17. The current drive apparatus according to claim 16, 
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. 

18. The current drive apparatus according to claim 17, 
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 
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the capacitance element has at least a parasitic capaci 
tance between the Source and a gate of the field effect 
type transistor. 

19. The current drive apparatus according to claim 16, 
wherein the input current Storage circuit comprises: a pair of 
input current Storage Sections 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 Stor 
age Section in parallel. 

20. The current drive apparatus according to claim 15, 
further comprises a pulse width control circuit 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. 

21. The current drive apparatus according to claim 20, 
wherein the pulse width control circuit controls a pulse 
width of the drive current in accordance with an input signal. 

22. The current drive apparatus according to claim 1, 
wherein at least the plurality of the current Storage circuits 
and the output terminals are formed on at least one Semi 
conductor chip. 

23. The current drive apparatus according to claim 22, 
wherein the Single current generation circuit is formed on a 
Semiconductor chip different from the aforesaid Semicon 
ductor chip. 

24. The current drive apparatus according to claim 22, 
wherein the Single current generation circuit is formed in the 
Semiconductor chip. 

25. A current drive apparatus which operates a plurality of 
loads by applying a current thereto, the current drive appa 
ratus comprising: 

a plurality of output terminals to which the loads are 
respectively connected; 

a single reference current generation circuit which gen 
erates 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, 

at least one gradation current generation circuit which 
Selects any of the respective gradation reference cur 
rents in accordance with an input signal and generate 
gradation currents, and 

a plurality of current Storage circuits which Sequentially 
fetch and hold the respective gradation currents and 
Simultaneously output drive currents based on the gra 
dation currents to the respective output terminals. 

26. The current drive apparatus according to claim 25, 
wherein the Single reference current generation circuit com 
prises a plurality of reference current generation Sections 
which generate and output the respective reference currents 
and are arranged in parallel to each other. 
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27. The current drive apparatus according to claim 26, 
wherein the input signal is a digital Signal having a plurality 
of bits, and 

current values of the respective reference currents out 
putted from the respective reference current generation 
Sections have weightings corresponding to respective 
bits of the digital Signal. 

28. The current drive apparatus according to claim 25, 
wherein the reference current Storage circuit comprises a 
plurality of reference current Storage Sections which indi 
vidually fetch the respective reference currents outputted 
from the reference current generation circuits, hold Voltage 
components corresponding to the respective reference cur 
rents and output the gradation reference currents based on 
the respective Voltage components. 

29. The current drive apparatus according to claim 28, 
each of the reference current Storage circuit Sections has a 
capacitance element in which electric charges corresponding 
to the reference current are written as the Voltage compo 
nent. 

30. The current drive apparatus according to claim 29, 
wherein each of the reference current Storage circuit Sections 
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 capaci 
tance between the Source and a gate of the field effect 
type transistor. 

31. The current drive apparatus according to claim 25, 
wherein the reference current Storage circuit comprises: a 
pair of reference current Storage circuit portions 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 refer 
ence current generation circuit in one reference current 
Storage circuit portion and hold a Voltage component 
corresponding to a current value of the reference cur 
rent, and an operation to output the gradation reference 
current based on a Voltage component held in the other 
reference current Storage circuit portion. 

32. The current drive apparatus according to claim 25, 
wherein the input signal is a digital Signal having a plurality 
of bits, and 

the gradation current generation circuit 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. 

33. The current drive apparatus according to claim 25, 
wherein the current Storage circuit comprises a Voltage 
component holding Section 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. 

34. The current drive apparatus according to claim 33, 
wherein the Voltage component holding Section has a capaci 
tance element in which electric charges corresponding to the 
gradation current are written as the Voltage component. 

35. The current drive apparatus according to claim 34, 
wherein the Voltage component holding Section has a field 
effect type transistor which causes the gradation current to 
flow between a Source and a drain thereof, and 
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the capacitance element has at least a parasitic capaci 
tance between the Source and a gate of the field effect 
type transistor and a Voltage between the Source and the 
gate based on the gradation current is written in the 
capacitance element. 

36. The current drive apparatus according to claim 35, 
wherein the mobility of the field effect type transistor has a 
value of at least approximately 200 cm/Vs or a larger value. 

37. The current drive apparatus according to claim 25, 
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. 

38. The current drive apparatus according to claim 37, 
wherein the reference current generation circuits are formed 
on a Semiconductor chip different from the aforesaid Semi 
conductor chip. 

39. The current drive apparatus according to claim 37, 
wherein the reference current generation circuit is formed in 
the Semiconductor chip. 

40. A drive method of a current drive apparatus which 
operates a plurality of loads connected to a plurality of 
output terminals by applying to a current thereto, the drive 
method comprising the Step of: 

generating an operating current having a predetermined 
current value by a single current generation circuit and 
outputting it to a plurality of current Storage circuits, 

Sequentially fetching and holding the operating current 
into the respective current Storage circuits, and 

Simultaneously outputting a drive current based on the 
operating current held in the current Storage circuit to 
the respective output terminals. 

41. The drive method of a current drive apparatus accord 
ing to claim 40, wherein the Step of holding the operating 
current in the respective current Storage circuits and the Step 
of outputting the drive current to the respective output 
terminals are executed in parallel. 

42. The drive method of a current drive apparatus accord 
ing to claim 40, wherein the Step of outputting the operating 
current to a plurality of the current Storage circuits com 
prises: 

a step of fetching and holding a Voltage component 
corresponding to a current value of the operating cur 
rent outputted from the current generation circuit to a 
Single input current Storage circuit; and 

a step of Supplying a current based on the Voltage com 
ponent held in the input current Storage circuit to a 
plurality of the current Storage circuits. 

43. A drive method of a current drive apparatus which 
operates a plurality of loads connected to a plurality of 
output terminals in a predetermined drive State, the drive 
method comprising the Step of: 

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, 
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Selecting any of the respective gradation reference cur 
rents in accordance with an input Signal and generating 
a gradation current; and 

fetching and holding the gradation current and Simulta 
neously outputting a drive current based on the grada 
tion current to the respective output terminals. 

44. The drive method of a current drive apparatus accord 
ing to claim 43, 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 current in 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. 

45. A display apparatus which Supplies a drive current 
according to a display Signal to each of display pixels of a 
display panel, and displays image information, the display 
apparatus comprising: 

a display panel having a plurality of Scanning lines 
arranged in a row direction, a plurality of Signal lines 
arranged in a column direction and the plurality of 
display pixels which is arranged in the vicinity of an 
interSection of the respective Scanning lines and Signal 
lines and has an optical element; 

a signal drive circuit comprising: a Single current genera 
tion 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 the drive current based on the operating current 
to a plurality of the Signal lines, and 

a Scanning drive circuit 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. 

46. The display apparatus according to claim 45, wherein 
the current Storage circuit comprises a Voltage component 
holding Section which fetches the operating current output 
ted from the current generation circuit and holds a voltage 
component corresponding to a current value of the operating 
Current. 

47. The display apparatus according to claim 46, wherein 
the Voltage component holding Section has a capacitance 
element in which electric charges corresponding to the 
operating current are written as the Voltage component. 

48. The display apparatus according to claim 46, wherein 
the Voltage component holding Section has a field effect type 
transistor which causes the operating current to flow 
between a Source and a drain thereof, and 
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the capacitance element has at least a parasitic capaci 
tance between the Source and a gate of the field effect 
type transistor, and a Voltage between the Source and 
the gate based on the operating current is written in the 
capacitance element. 

49. The display apparatus according to claim 48, wherein 
the mobility of the field effect type transistor has a value of 
at least approximately 200 cm/Vs or a larger value. 

50. The display apparatus according to claim 45, each of 
the current Storage circuits in the Signal drive circuit com 
prises: 

a pair of current Storage Sections arranged in parallel; and 
a control portion which alternately executes an operation 

to fetch the operating current outputted from the current 
generation circuit in one of the current Storage Sections 
and hold a Voltage component corresponding to a 
current value of the operating current, and an operation 
to output the drive current based on the Voltage com 
ponent held in the other current Storage Section in 
parallel. 

51. The display apparatus according to claim 45, wherein 
each of the current Storage circuits in the Signal drive circuit 
comprises: current Storage Sections on a front Stage and a 
rear Stage arranged in Series, and 

a control portion which executes 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 in the current Storage Section on the rear 
Stage, hold a Voltage component according to a current 
value of the current and output the drive current based 
on the Voltage component in parallel. 

52. The display apparatus according to claim 45, wherein 
the Signal drive circuit comprises a Single input current 
Storage circuit between the current generation circuit and the 
plurality of the current Storage circuits, and 

the input current Storage circuit fetches the operating 
current outputted from the current generation circuit, 
holds 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. 

53. The display apparatus according to claim 52, wherein 
the input current Storage circuit has a capacitance element in 
which electric charge corresponding to the operating current 
are written as the Voltage component. 

54. The display apparatus according to claim 52, wherein 
the Signal drive circuit further comprises a pulse width 
control circuit which is provided between the plurality of the 
current Storage circuits and the plurality of the Signal lines 
and controls a pulse width of the drive current. 

55. The display apparatus according to claim 54, the pulse 
width control circuit controls a pulse width of the drive 
current in accordance with an input Signal. 

56. The display apparatus according to claim 45, wherein 
at least the plurality of the current Storage circuits and the 
output terminals in the Signal drive circuit are formed on at 
least one Semiconductor chip. 
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57. The display apparatus according to claim 56, wherein 
the current generation circuit in the Signal drive circuit is 
formed on a Semiconductor chip different from the aforesaid 
Semiconductor chip. 

58. The display apparatus according to claim 56, wherein 
the current generation circuit in the Signal drive circuit is 
formed in the Semiconductor chip. 

59. The display apparatus according to claim 45, wherein 
the Signal drive circuit is configured to include a plurality of 
Semiconductor chips comprising at least the current Storage 
circuits and the output terminals, and 

the Signal drive circuit has a Structure Stratified in Such a 
manner the output terminals of the Semiconductor chip 
are Sequentially connected to input terminals of a 
plurality of the Semiconductor chips positioned on a 
neXt Stage. 

60. The display apparatus according to claim 45, wherein 
the optical element in the display pixel includes a light 
emitting element. 

61. The display apparatus according to claim 60, wherein 
the optical element includes an organic electroluminescent 
element. 

62. A display apparatus which Supplies a drive current 
according to a display Signal to each of display pixels of a 
display panel, and displays image information, the display 
apparatus comprising: 

a display panel comprising: a plurality of Scanning lines 
arranged in a row direction; a plurality of Signal lines 
arranged in a column direction; and the plurality of 
display pixels which are arranged in the vicinity of 
interSections of the respective Scanning lines and Signal 
lines and have optical elements, 

a signal drive circuit comprising: a Single reference cur 
rent 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 gradation current generation cir 
cuit which Selects any of the respective gradation 
reference currents in accordance with the display Signal 
and generates and outputs gradation currents, and a 
plurality of current Storage circuits which are provided 
in accordance with the respective signal lines, Sequen 
tially fetch and hold the gradation currents outputted 
from the gradation current generation circuit and Simul 
taneously output drive currents based on the gradation 
currents to a plurality of the Signal lines, and 

a Scanning drive circuit which outputs to the respective 
Scanning lines a Scanning Signal used to Sequentially 
Select the display pixels connected to the Scanning 
lines. 

63. The display apparatus according to claim 62, wherein 
the reference current generation circuit comprises a plurality 
of reference current generation Sections which generate and 
output the respective reference currents and are arranged in 
parallel. 

64. The display apparatus according to claim 63, wherein 
the display Signal is a digital Signal having a plurality of bits, 
and 
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current values of the respective reference currents out 
putted from the respective reference current generation 
Section have weightings corresponding to respective 
bits of the digital Signal. 

65. The display apparatus according to claim 62, wherein 
the display Signal is a digital Signal having a plurality of bits, 
and 

the gradation current generation circuit Selects any of the 
respective gradation reference currents based on a bit 
value of the display signal, adds the Selected gradation 
reference currents, and generates the gradation cur 
rentS. 

66. The display apparatus according to claim 62, wherein 
the reference current Storage circuit comprises: a pair of 
reference current Storage circuit portions which are arranged 
in parallel and each of which includes a plurality of the 
reference current Storage Sections, and 

a control portion which alternately execute an operation to 
fetch the reference currents outputted from the refer 
ence current generation circuits in one of the reference 
current Storage circuit portions and hold Voltage com 
ponents corresponding to current values of the refer 
ence currents and an operation to output the gradation 
reference currents based on the Voltage component held 
in the other reference current Storage circuit portion in 
parallel. 

67. The display apparatus according to claim 62, wherein 
the current Storage circuit comprises a Voltage component 
holding Section which fetches the gradation currents output 
ted from the current generation circuits and holds Voltage 
components corresponding to current values of the gradation 
CurrentS. 

68. The display apparatus according to claim 65, wherein 
the Voltage component holding Section has a capacitance 
element in which electric charges corresponding to the 
operating current are written. 

69. The display apparatus according to claim 68, wherein 
the Voltage component holding Section 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 capaci 
tance between the Source and a gate of the electric field 
type transistor, and a Voltage between the Source and 
the gate based on the operating current is written in the 
capacitance element. 

70. The display apparatus according to claim 69, wherein 
the mobility of the field effect type transistor has a value of 
at least approximately 200 cm/Vs or a larger value. 

71. The display apparatus according to claim 62, wherein 
at least the reference current Storage circuit, the current 
generation circuit, the plurality of current Storage circuits 
and the output terminals in the Signal drive circuit are 
formed on at least one Semiconductor chip. 

72. The display apparatus according to claim 71, wherein 
the reference current generation circuit in the Signal drive 
circuit is formed on a Semiconductor chip different from the 
aforesaid Semiconductor chip. 

73. The display apparatus according to claim 72, wherein 
the reference current generation circuit in the Signal drive 
circuit is formed in the Semiconductor chip. 

74. The display apparatus according to claim 62, wherein 
the Signal drive circuit is configured to include a plurality of 
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Semiconductor chips including at least the current Storing 75. The display apparatus according to claim 62, wherein 
means and the output terminals, and the optical element in the display pixel includes a light 

emitting element. 
76. The display apparatus according to claim 75, wherein 

the optical element includes an organic electroluminescent 
element. 

the Signal drive circuit has a Structure Stratified in Such a 
manner that the output terminals of the Semiconductor 
chip are Sequentially connected to input terminals of a 
plurality of the Semiconductor chips positioned on a 
neXt Stage. k . . . . 


