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DISPLAYELEMENT DRIVE CIRCUIT AND 
DISPLAY APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a Divisional of U.S. application Ser. No. 
1 1/235,601, filed Sep. 26, 2005, which is based upon and 
claims the benefit of priority from prior Japanese Patent 
Application No. 2004-279268, filed Sep. 27, 2004, the entire 
contents of both of which are incorporated herein by refer 
CCC. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a display element 
drive circuit and a display apparatus comprising the display 
element drive circuit, and more particularly to a display ele 
ment drive circuit which is provided in each display pixel in a 
display panel and drives a display element based on a driving 
current corresponding to a gradation signal and to a display 
apparatus comprising a display panel in which display pixels 
each having the display element drive circuit are two-dimen 
sionally arranged. 
0004 2. Description of the Related Art 
0005. There has been conventionally known a self-lumi 
nous type display (a display apparatus) including a display 
panel in which display pixels are two-dimensionally 
arranged, the display pixel provided with a light emitting 
element composed of a current control type display element 
which operates to emit light with a predetermined luminance 
gradation in accordance with a current value of a driving 
current Supplied thereto like an organic electroluminescent 
element (which will be referred to as an “organic EL element' 
hereinafter), an inorganic electroluminescent element, a light 
emitting diode (an LED) or the like. 
0006. In particular, a self-luminous type display to which 
an active matrix drive mode is applied has a higher display 
response speed than that of a liquid crystal display apparatus 
(an LCD) recently widely utilized in various electronic 
devices, e.g., a portable information device, a personal com 
puter, a television receiver or the like. Further, the self-lumi 
nous type display does not have view field angle dependency, 
and can achieve an increase in luminance/contrast and in 
fineness of a display image quality. Furthermore, the self 
luminous type display does not require a backlight as differ 
ent from the liquid crystal display apparatus, and hence the 
self-luminous type display has very advantageous character 
istics that a further reduction in a thickness and a weight or a 
further decrease in power consumption is possible. Therefore, 
Such a self-luminous type display has been actively studied 
and developed as a next-generation display. 
0007 Such a self-luminous type display is constituted of 
the display element and a display element drive circuit which 
is composed of a plurality of Switching circuits which drive 
the display element in accordance with each display pixel 
constituting a display panel, and various drive methods in the 
display pixel drive circuit have been proposed. 
0008 FIG. 19 is a schematic block diagram showing a 
primary part of a conventional self-luminous type display. 
FIG. 20 is an equivalent circuit diagram showing a structural 
example of a display element drive circuit which is applicable 
to a display pixel in the conventional self-luminous type 
display. 
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0009. As shown in FIG. 19, the conventional self-lumi 
nous type display generally includes a display panel 110P in 
which a plurality of display pixels EMp are arranged in a 
matrix form in the vicinity of respective intersections of a 
plurality of scanning lines (selection lines) SLp and data lines 
(signal lines) DLp respectively arranged in row and column 
directions. A scanning driver (a scanning drive circuit) 120P 
is connected with the scanning lines SLp. A data driver (a 
signal drive circuit) 130P is connected with the data lines 
DLp, and is configured to generate a gradation signal Voltage 
Vpix corresponding to display data in the data driver 130O 
and Supplies the generated Voltage to each display pixel EMp 
through each data line DLp. 
0010 For example, as shown in FIG. 20, each display 
pixel EMp is configured to have a display element drive 
circuit DCp and an optical element (an organic EL element 
OEL). The display element drive circuit DCp includes: a first 
thin film transistor (TFT) Tr111 having a gate terminal con 
nected with the Scanning line SLp and having a source termi 
nal and a drain terminal respectively connected with the data 
line DLp and a contact point N111; and a second thin film 
transistor Tr112 having a gate terminal connected with the 
contact point N111 and having a source terminal to which a 
ground potential Vgnd is applied. The optical element is 
provided which has an anode terminal connected with the 
drain terminal of the second transistor Tr112 in the display 
element drive circuit DCp and having a cathode terminal to 
which a low-power Supply Voltage VSS whose potential is 
lower than the ground potential Vgnd is applied. 
(0011. Here, in FIG. 20, reference symbol CP1 denotes a 
parasitic capacitance (a retention volume) formed between 
gate and source electrodes of the second transistor Tr112. 
Further, the first thin film transistorTr111 is constituted of an 
n-channel type field effect transistor, and the second thin film 
transistorTr112 is constituted of a-p channel type field effect 
transistor. 
0012. In the display apparatus equipped with the display 
panel 110P constituted of the display pixels EMp having such 
a configuration, first, sequentially applying a scanning signal 
Vsel which is on a selection level (a high level) to the scanning 
line SLp in each row from the scanning driver 120P turns on 
the thin film transistor Tr111 of the display pixel EMp (the 
display element drive circuit DCp) in each row, thereby set 
ting the display pixel EMp to a selection state. 
0013. In synchronization with this selection timing, when 
a gradation signal Voltage Vpix corresponding to display data 
is generated by the data driver 130P and applied to the data 
line DLp in each column, the gradation signal Voltage Vpix is 
applied to the contact point N111 (that is, the gate terminal of 
the thin film transistor Tr112) through the first transistor 
Tr111 of each display pixel EMp (the display element drive 
circuit DCp). As a result, the second transistorTr112 is turned 
on in a conductive state corresponding to the gradation signal 
voltage Vpix, a predetermined driving current flows to the 
low-power Supply Voltage VSS from the ground potential 
Vgnd through the thin film transistor Tr112 and the organic 
EL element OEL. Thus, the organic EL element OEL oper 
ates to emit light with aluminance gradation corresponding to 
the display data. 
0014 Subsequently, when a scanning signal Vsel which is 
on a non-selection level (a low level) is applied to the scan 
ning line SLp from the scanning driver 120P, the first transis 
tor Tr111 of the display pixel EMp in each row is turned off, 
the display pixel EMp is set to a non-selection state, and the 
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data line DLp and the display element drive circuit DCp are 
electrically disconnected. At this time, the second transistor 
Tr112 maintains the ON state based on the voltage applied to 
the gate terminal of the second transistorTr112 and held in the 
parasitic capacitance Cp, and a predetermined driving current 
flows to the organic EL element OEL from the ground poten 
tial Vgnd through the first transistor Tr112 like the selection 
state, thereby maintaining the light emitting operation. This 
light emitting operation is controlled to continue for, e.g., one 
frame period until the gradation signal Voltage Vpix corre 
sponding to the next display data is applied to (written in) the 
display pixel EMp in each row. 
0.015. Such a drive control method is referred to as a volt 
age specification mode (or a Voltage application mode) since 
a current value of a driving current flowing through the 
organic EL element OEL is controlled to perform a light 
emitting operation with a predetermined luminance gradation 
by adjusting a Voltage (the gradation signal Voltage Vpix) 
applied to each display pixel EMp (the gate terminal of the 
thin film transistor Tr112 of the display element drive circuit 
DCp). 
0016. Meanwhile, in the display pixel EMp equipped with 
the display element drive circuit DCp adopting Such a Voltage 
specification mode, when irregularities or fluctuations (dete 
rioration) are generated in element characteristics (a channel 
resistance or the like) of the first thin film transistor Tr111 
having a selection function or the second thin film transistor 
Tr112 having a light emission drive function in dependence 
on an external environment (an ambient temperature or the 
like), an operating time or the like, a driving current Supplied 
to the display element (the organic EL element OEL) fluctu 
ates, and there is a problem that it is difficult to stably realize 
desired light emission characteristics (display with a prede 
termined luminance gradation) for a long time. 
0017. Further, when each display pixel is miniaturized in 
order to achieve high definition, irregularities in operation 
characteristics (a current between the source and the drain or 
the like) of both transistors Tr111 and Tr112 constituting the 
display element drive circuit DCp become large. Therefore, 
an appropriate gradation control cannot be performed, and 
irregularities are produced in light emission characteristics of 
each display pixel, thereby resulting in deterioration of a 
display image quality. 
0018 Thus, as a configuration which solves such prob 
lems, there has been known a configuration of a display 
element drive circuit corresponding to a drive control method 
called a current application mode (or a current specification 
mode). Although a concrete structural example of the display 
element drive circuit of the display pixel corresponding to this 
current application mode will be explained in detail in con 
duction with the later-described embodiments according to 
the present invention, this circuit generally has the following 
configuration and operation (function). 
0019 For example, the element drive circuit correspond 
ing to the current application mode is provided with at least a 
write control circuit which controls writing a gradation signal 
current corresponding to display data into the display element 
drive circuit; and a driving current control circuit which con 
trols a current value of a driving current Supplied to the 
display element and its Supply state based on a Voltage com 
ponent corresponding to the written gradation signal current. 
The element drive circuit is configured to fetch the gradation 
signal current having a current value corresponding to display 
data with a timing at which a selection state is set by appli 
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cation of a scanning signal having a selection level to the write 
control circuit, hold the fetched signal as a Voltage component 
by the driving current control circuit, and Supply a driving 
current having a current value based on the Voltage compo 
nent to the display element in a non-selection state. Conse 
quently the display element is operated to continuously emit 
light with a predetermined luminance gradation. 
0020. In such a configuration, the driving current control 
circuit has a function of converting a current level of a gra 
dation signal current corresponding to display data Supplied 
to each display pixel into a Voltage level and a function of 
Supplying a driving current having a predetermined current 
value based on the voltage level to the display element. Thus, 
there is an advantage that the driving current Supplied to the 
display element can be prevented from being fluctuated and 
deterioration of a display image quality can be suppressed by 
constituting the driving current control circuit of a single 
active element (the thin film transistor) even if characteristics 
of the thin film transistor fluctuate. 
0021 However, the display element drive circuit adopting 
the current application mode has the following problems. 
0022. In the display element drive circuit adopting the 
current specification mode, the operation of writing a grada 
tion signal current corresponding to display data in each 
display pixel corresponds to charging a capacitance compo 
nent such as a wiring capacitance which is parasitic on a data 
line, a retention Volume or a parasitic capacitance provided in 
the display element drive circuit of each display pixel to a 
predetermined Voltage. 
0023 Therefore, since such a capacitance component 
exists, it takes time to some extent until the write operation is 
completed and a current value of the gradation signal current 
becomes relatively small at the time of a low gradation in 
particular. Therefore, an operation is delayed or insufficient 
writing occurs, whereby the display element cannot perform 
the light emitting operation with an appropriate luminance 
gradation corresponding to display data in some cases. 
0024. Furthermore, various kinds of capacitance compo 
nents existing in the display element drive circuit of the dis 
play pixel have the following problem. For example, a fluc 
tuation is generated in a control Voltage which turns on a 
Switching element (a thin film transistor) constituting the 
driving current control circuit by capacitance coupling 
between respective electrodes of a transistor constituting the 
display element drive circuit or between an electrode and a 
wiring portion, a fluctuation is further produced in a current 
value of a driving current supplied to the display element with 
respect to a specified current value of a gradation signal 
current, and the display element cannot perform the light 
emitting operation with an appropriate luminance gradation 
corresponding to display data. As a result, contrast is lowered 
to deteriorate a display image quality, for example. An influ 
ence of the various capacitance components in a concrete 
circuit configuration will be explained in detail in conjunction 
with later-described embodiments according to the present 
invention. 

BRIEF SUMMARY OF THE INVENTION 

0025. In a display apparatus provided with a display panel 
which has a display element and a display element drive 
circuit which drives the display element in a display pixel, the 
present invention has an advantage of improving a display 
image quality while Suppressing occurrence of a delay of a 
write operation, insufficient writing, deterioration of lumi 
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nance characteristics and the like due to a parasitic capaci 
tance or a retention Volume caused by a plurality of transistors 
constituting the display element drive circuit. 
0026. In order to obtain the above-described advantage, a 
display element drive circuit according to the present inven 
tion comprises a display element drive circuit comprising: 
0027 an electric charge holding circuit which holds as a 
Voltage component electric charges based on a gradation sig 
nal corresponding to display data; 
0028 a write control circuit which supplies the gradation 
signal to the electric charge holding circuit at a timing of 
application of a selection signal; 
0029 a current control type display element; and 
0030 a driving current control circuit which generates a 
driving current based on the Voltage component held in the 
electric charge holding circuit and Supplies the generated 
driving current to the display element, 
0031 wherein at least one of the write control circuit and 
the driving current control circuit includes at least one field 
effect transistor, 
0032) said at least one field effect transistor comprises a 
gate electrode, a source electrode and a drain electrode, and 
0033 a source-side parasitic capacitance is formed 
between the gate electrode and the source electrode of said 
one field effect transistor and a drain-side parasitic capaci 
tance is formed between the gate electrode and the drain 
electrode of said one field effect transistor, the source-side 
parasitic capacitance and the drain-side parasitic capacitance 
having different capacitance values. 
0034 Said at least one electric field transistor has an ele 
ment configuration including a semiconductor layer formed 
of e.g., amorphous silicon. 
0035. Preferably, the gradation signal is a gradation signal 
current having a current value corresponding to a luminance 
gradation of the display data, and each of the display elements 
comprises a light emitting element which operates to emit 
light with a predetermined luminance gradation in accor 
dance with the current value of the driving current, and it is, 
e.g., an organic electroluminescent element. 
0036 Said at least one electric field transistor may main 
tain characteristics of a current value of a current flowing 
through a current path between the source electrode and the 
drain electrode with respect to a Voltage value of a Voltage 
applied to the gate electrode when both the Source-side para 
sitic capacitance formed between the gate electrode and the 
Source electrode and the drain-side parasitic capacitance 
formed between the gate electrode and the drain electrode 
have a predetermined capacitance value, and one of the 
Source-side parasitic capacitance and the drain-side parasitic 
capacitance has a value larger than the predetermined capaci 
tance value, whilst the other thereof has a value smaller than 
the predetermined capacitance value. 
0037. A planar shape of each of the source electrode and 
the drain electrode of said at least one electric field transistor 
may be asymmetrical, a gate width of the gate electrode on the 
source electrode side is different from a gate width of the gate 
electrode on the drain electrode side, each of opposite sides of 
the source electrode and the drain electrode of said at least one 
electric field transistor has a circular arc shape, and the gate 
electrode has a circular arc strip-like planar shape. Alterna 
tively, each of opposite sides of the source electrode and the 
drain electrode of said at least one electric field transistor has 
a linear shape, and the gate electrode has a rectangular planar 
shape. 

Jul. 21, 2011 

0038 Said at least one electric field transistor may be a 
transistorin which the gradation signalis Supplied to the drain 
electrode and the selection signal is applied to the gate elec 
trode in the write control circuit, and 
0039 the drain-side parasitic capacitance is set to a value 
Smaller than a capacitance value of the source-side parasitic 
capacitance. 
0040 Alternately, said at least one field effect transistor 
may be a transistor in which a predetermined power Supply 
Voltage is applied to the drain electrode and the selection 
signal is applied to the gate electrode in the write control 
circuit, and 
0041 the source-side parasitic capacitance is set to a value 
Smaller than a capacitance value of the drain-side parasitic 
capacitance. 
0042. Alternately, said at least one field effect transistor 
may be a transistor in which a predetermined power Supply 
Voltage is applied to the drain electrode and the selection 
signal is applied to the gate electrode in the write control 
circuit, and 
0043 the source-side parasitic capacitance is set to a value 
larger than a capacitance value of the drain-side parasitic 
capacitance. 
0044) Further, the write control circuit may comprise: a 

first transistor constituted of the field effect transistor in 
which a predetermined power Supply Voltage is applied to one 
end side of a current path formed between the source elec 
trode and the drain electrode and the selection signal is 
applied to the gate electrode; and a second transistor consti 
tuted of the field effect transistorin which the gradation signal 
is supplied to one end side of a current path formed between 
the source electrode and the drain electrode and the selection 
signal is applied to the gate electrode, 
0045 said at least one field effect transistor of the driving 
current control circuit comprises a third transistor constituted 
of the field effect transistor in which a predetermined power 
Supply Voltage is applied to one end side of a current path 
formed between the source electrode and the drain electrode, 
one end side of the display element is connected with the 
other end side of the current path and a control signal gener 
ated by the write control circuit is applied to the gate elec 
trode, and the driving current control circuit Supplies a current 
flowing through the current path of the third transistor to the 
display element as the driving current, and 
0046 the electric charge holding circuit comprises a 
capacitance element connected between the gate electrode of 
the third transistor and the other end side of the third current 
path. 
0047. In order to obtain the above-described advantage, a 
display apparatus which displays image information, accord 
ing to the present invention comprises: 
0048 a display panel having: a plurality of scanning lines 
and a plurality of signal lines arranged to be orthogonal to 
each other; and a plurality of display pixels arranged in the 
vicinity of respective intersections of the respective scanning 
lines and signal lines, 
0049 wherein each of the display pixels comprises a cur 
rent control type display element and a display element drive 
circuit which controls alight emitting operation of the display 
element, 
0050 a display element drive circuit comprising: 
0051 an electric charge holding circuit which holds as a 
Voltage component electric charges based on a gradation sig 
nal corresponding to display data; 
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0052 a write control circuit which supplies the gradation 
signal to the electric charge holding circuit at a timing of 
application of a selection signal; 
0053 a plurality of current control type display elements: 
and 
0054 a driving current control circuit which generates a 
driving current based on the Voltage component held in the 
electric charge holding circuit and Supplies the generated 
driving current to the display element, 
0.055 wherein at least one of the write control circuit and 
the driving current control circuit includes at least one field 
effect transistor, 
0056 said at least one field effect transistor comprises a 
gate electrode, a source electrode and a drain electrode, and 
0057 a source-side parasitic capacitance is formed 
between the gate electrode and the source electrode of said at 
least one field effect transistor and a drain-side parasitic 
capacitance is formed between the gate electrode and the 
drain electrode of said at least one field effect transistor, the 
Source-side parasitic capacitance and the drain-side parasitic 
capacitance having different capacitance values. 
0058. Each electric field effect transistor may have an 
element configuration provided with a semiconductor layer 
formed of, e.g., amorphous silicon. 
0059. The display element may be a light emitting element 
which operates to emit light with a predetermined luminance 
gradation in accordance with a current value of the driving 
current, and it is, e.g., an organic electroluminescent element. 
0060 Said at least one field effect transistor, preferably 
maintains characteristics of a current value of a current flow 
ing in a current path between the source electrode and the 
drain electrode with respect to a Voltage value of a Voltage 
applied to the gate electrode when both the Source-side para 
sitic capacitance formed between the gate electrode and the 
Source electrode and the drain-side parasitic capacitance 
formed between the gate electrode and the drain electrode 
have a predetermined capacitance value, and one of the 
Source-side parasitic capacitance and the drain-side parasitic 
capacitance has a value larger than the predetermined capaci 
tance value, whilst the other thereof has a value smaller than 
the predetermined capacitance value. 
0061 Preferably, a planar shape of each of the source 
electrode and the drain electrode of said at least one field 
effect transistor is asymmetrical, a gate width of the gate 
electrode on the source electrode side is different from a gate 
width of the gate electrode on the drain electrode side, each of 
opposite sides of the source electrode and the drain electrode 
of said at least one field effect transistor has a circular arc 
shape, and the gate electrode has a circular arc Strip-like 
planar shape. Alternatively, each of opposite sides of the 
source electrode and the drain electrode of said at least one 
field effect transistor may have a linear shape, and the gate 
electrode has a rectangular planar shape. 
0062. The display apparatus may further comprises: 
0063 a scanning drive circuit which sequentially applies 
the selection signal to each of the plurality of scanning lines in 
the display panel to set a selection state in which the gradation 
signal is written in the display pixel corresponding to each of 
the scanning lines; and 
0064 a signal drive circuit which generates the gradation 
signal corresponding to the display pixel set in the selection 
state in accordance with the display data, and Supplies the 
generated gradation signal to the plurality of signal lines. 
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0065. The gradation signal supplied from the signal drive 
circuit is a gradation signal current having a current value 
corresponding to a luminance gradation of the display data. 
0.066 Preferably, said at least one field effect transistor is 
a transistor in which the gradation signal is Supplied to the 
drain electrode and the selection signal is applied to the gate 
electrode in the write control circuit, and the drain-side para 
sitic capacitance is set to a value Smaller than a capacitance 
value of the Source-side parasitic capacitance. Alternatively, 
said at least one field effect transistor may be a transistor in 
which a predetermined power Supply Voltage is applied to the 
drain electrode and the selection signal is applied to the gate 
electrode in the write control circuit, and the source-side 
parasitic capacitance is set to a value Smaller than a capaci 
tance value of the drain-side parasitic capacitance. Alterna 
tively, said one field effect transistor may be a transistor in 
which a predetermined power Supply Voltage is applied to the 
drain electrode and the selection signal is applied to the gate 
electrode in the write control circuit, and the source-side 
parasitic capacitance is set to a value larger than a capacitance 
value of the drain-side parasitic capacitance. Alternatively, 
said at least one field effect transistor may be a transistor in 
which a predetermined power Supply Voltage is applied to the 
drain electrode, one end side of the display element is con 
nected with the Source electrode and a control signal gener 
ated by the write control circuit is applied to the gate electrode 
to Supply the driving current to the display element in the 
driving current control circuit, and the source-side parasitic 
capacitance is set to a value larger than a capacitance value of 
the drain-side parasitic capacitance. 
0067. The write control circuit may include: a first tran 
sistor constituted of the field effect transistor in which a 
predetermined power Supply Voltage is applied to one end 
side of a current path formed between the source electrode 
and the drain electrode; and a second transistor constituted of 
the field effect transistor in which the gradation signal is 
supplied to one end side of a current path formed between the 
source electrode and the drain electrode and the selection 
signal is applied to the gate electrode, 
0068 the driving current control circuit comprises a third 
transistor constituted of the field effect transistor in which a 
predetermined power Supply Voltage is applied to one end 
side of a current path formed between the source electrode 
and the drain electrode and the selection signal is applied to 
the gate electrode, one end side of the display element is 
connected to the other end side of the current path and a 
control signal generated by the write control circuit is applied 
to the gate electrode, and the driving current control circuit 
supplies a current flowing through the current path of the third 
transistor to the display element as the driving current, and 
0069 the electric charge holding circuit comprises a 
capacitance element connected between the control terminal 
of the third transistor and the other end side of the current 
path. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0070 FIG. 1 is a schematic block diagram showing a basic 
configuration of a display apparatus according to the present 
invention; 
0071 FIG. 2 is a schematic block diagram showing an 
example of a data driver which is applicable to the display 
apparatus according to the present invention; 
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0072 FIG. 3 is a circuit configuration view showing a 
concrete circuit example of a display element drive circuit 
which is applicable to a display pixel in the display apparatus 
according to the present invention; 
0073 FIGS. 4A and 4B are views showing operating 
states of the display element drive circuit according to this 
circuit example: 
0074 FIG. 5 is a timing chart showing a basic operation of 
the display pixel to which the display element drive circuit 
according to this circuit example is applied; 
0075 FIGS. 6A and 6B are views showing a connection 
state of a capacitance component in the display element drive 
circuit depicted in FIG. 3; 
0076 FIGS. 7A, 7B and 7C are views illustrating an influ 
ence of a parasitic capacitance formed in the display element 
drive circuit; 
0077 FIG. 8 is a circuit configuration view showing a first 
embodiment of the display element drive circuit according to 
the present invention; 
0078 FIGS. 9A and 9B are schematic structural views 
showing a structural example of an element configuration of 
a thin film transistor which is applied to the display element 
drive circuit according to the first embodiment; 
0079 FIGS. 10A and 10B are views illustrating a relation 
ship between a shape of a channel region formed in a semi 
conductor layer of the thin film transistor and a current flow 
ing through the channel region; 
0080 FIGS. 11A and 11B are characteristic views show 
ing a relationship between a gate shape of the thin film tran 
sistor and a parasitic capacitance formed in the thin film 
transistor, 
0081 FIGS. 12A and 12B are schematic structural views 
showing another structural example of an element configura 
tion of a thin film transistor which is applied to the display 
element drive circuit according to the first embodiment; 
0082 FIG. 13 is a circuit configuration view showing a 
second embodiment of a display element drive circuit accord 
ing to the present invention; 
0083 FIG. 14 is a characteristic view showing a relation 
ship between a parasitic capacitance of a light emission con 
trol thin film transistor and an output current with respect to a 
write current; 
0084 FIG. 15 is a circuit configuration view showing a 
third embodiment of a display element drive circuit according 
to the present invention; 
0085 FIG. 16 is a circuit configuration view showing a 
fourth embodiment of a display element drive circuit accord 
ing to the present invention; 
I0086 FIG. 17 is a circuit configuration view showing a 
fifth embodiment of a display element drive circuit according 
to the present invention; 
0087 FIG. 18 is a characteristic view showing a relation 
ship between a parasitic capacitance of a light emission con 
trol thin film transistor and an output current with respect to a 
write current; 
0088 FIG. 19 is a schematic structural view showing a 
primary part of a conventional self-luminous type display; 
and 
0089 FIG. 20 is an equivalent circuit diagram showing a 
structural example of a display pixel which is applicable to 
the conventional self-luminous type display. 

DETAILED DESCRIPTION OF THE INVENTION 

0090. A display element drive circuit and a display appa 
ratus provided with the display element drive circuit in a 
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display pixel according to the present invention will now be 
described hereinafter in detail based on illustrated embodi 
mentS. 

0091 
0092. A schematic configuration of a display apparatus 
according to the present invention will be first described with 
reference to the accompanying drawings. 
0093 FIG. 1 is a schematic block diagram showing a basic 
configuration of a display apparatus according to the present 
invention. 

0094 FIG. 2 is a schematic block diagram showing an 
example of a data driver which is applicable to the display 
apparatus according to the present invention. 
0.095 Here, the display apparatus having a configuration 
corresponding to a drive control method adopting a current 
application mode will be described. 
0096. As shown in FIG. 1, a display apparatus 100 accord 
ing to an embodiment of the present invention generally is 
constituted of a display panel 110 in which a plurality of 
display pixels EM are arranged in a matrix form in the vicinity 
of respective intersections of a plurality of scanning lines SL 
and a plurality of data lines (signal lines) DL respectively 
extending in a row direction and a column direction and 
arranged to be orthogonal to each other. Each of the display 
pixel EM includes a light emitting element (an organic EL 
element), and a later-described display element drive circuit. 
The apparatus 100 further comprises a scanning driver (a 
scanning drive circuit) 120 which is connected with the scan 
ning lines SL of the display panel 110 and sets (scans) the 
display pixels EM in each row to a selection state by sequen 
tially applying a scanning signal (a selection signal) Vsel to 
the Scanning line SL at a predetermined timing, and a data 
driver (a signal drive circuit) 130 which is connected with the 
data lines DL of the display panel 110 and generates a gra 
dation signal current Ipix based on display data to be supplied 
to the data line DL. The apparatus also includes a system 
controller 140 which generates and outputs a scanning con 
trol signal and a data control signal which control operating 
states of at least the scanning driver 120 and the data driver 
130, and a display signal generation circuit 150 which gen 
erates display data (a display signal) comprising a digital 
signal based on a video signal fed from the outside of the 
display apparatus 100, Supplies the generated signal to the 
data driver 130, extracts or generates a timing signal (a system 
clock or the like) which is used to display predetermined 
image information in the display panel 110 based on the 
display data and Supplies the extracted or generated signal to 
the system controller 140. 
O097 
0098. Each of the light emitting element is formed by a 
current control type display element the display element drive 
circuit selectively executes a write operation of fetching a 
gradation signal current Ipix and holding it as a Voltage com 
ponent, based on a scanning signal Vsel applied to the scan 
ning line SL from the scanning driver 120 and the gradation 
signal current Ipix Supplied to the data line DL from the signal 
driver 130, and a light emitting operation of Supplying a 
driving current having a predetermined current value based 
on the Voltage component to the display element to emit light 
with a predetermined luminance gradation. A concrete struc 
tural example of the display element drive circuit which is 
applicable to the present invention will be described later. 

<Display Apparatus 

(Display Panel) 
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0099 (Scanning Driver) 
0100. The scanning driver 120 sequentially applies the 
scanning signal Vsel which is on a selection level (e.g., a high 
level) to each scanning line SL based on a scanning control 
signal supplied from the system controller 140 to set the 
display pixel EM in each row to the selection state, and 
controls the gradation current Ipix based on the display data 
fed from the data driver 130 through each data line DL to be 
written in each display pixel EM (the display element drive 
circuit). 
0101 Here, the scanning driver 120 has a configuration in 
which a plurality of shift blocks each including a shift register 
and a buffer are provided in accordance with the respective 
scanning lines SL, and a shift signal is sequentially shifted by 
the shift register based on a scanning control signal (a scan 
ning start signal, a scanning clock signal or the like) Supplied 
from the later-described system controller 140 while the shift 
signal in each stage (each row) is converted into a predeter 
mined voltage level (a high level) through the buffer so that 
the converted signal is sequentially output to each scanning 
line SL as the scanning signal Vsel. 
0102 (Data Driver) 
0103) The data driver 130 fetches and holds display data 
Supplied from the display signal generation circuit 150 at a 
predetermined timing based on a data control signal fed from 
the system controller 140, generates a gradation current Ipix 
having a current value corresponding to a gradation value of 
the display data, and then Supplies the generated gradation 
current Ipix to each data line within a selection period set for 
each scanning line SL. 
0104. Here, specifically, for example, as shown in FIG. 2, 
the data driver 130 is configured to have a shift register circuit 
131, a data register circuit 132, a data latch circuit 133, a D/A 
converter 134, and a Voltage-current conversion/current Sup 
ply circuit 135. The shift register circuit 131 sequentially 
outputs a shift signal based on a data control signal (a shift 
clock signal CLK, a sampling start signal STR) Supplied from 
the system controller 140. The data register circuit 132 
sequentially fetches display data D0 to Dm corresponding to 
one row Supplied from the display signal generation circuit 
150 based on an inputtiming of the shift signal. The data latch 
circuit 133 holds the display data D0 to Dm corresponding to 
one row fetched by the data register circuit 132 based on a 
data control signal (a data latch signal STB). The D/A con 
verter (a digital/analog converter) 134 converts the held dis 
play data D0 to Dm into a predetermined analog signal Volt 
age (the gradation Voltage Vpix) based on gradation reference 
voltages V0 to Vp fed from an external power supply circuit. 
The voltage-current conversion/current supply circuit 135 
generates a gradation signal current Ipix having a current 
value corresponding to display data converted into an analog 
signal Voltage (corrected display data) and simultaneously 
Supplies the gradation signal current Ipix to the respective 
display pixels EM through the data lines DL at a timing based 
on a data control signal (an output enable signal OE) fed from 
the system controller 140. 
0105 (System Controller 140) 
0106 The system controller 140 generates and outputs a 
scanning control signal and a data control signal with to at 
least the scanning driver 120 and the data driver 130 based on, 
e.g., a timing signal Supplied from the display signal genera 
tion circuit 150 to operate each driver at a predetermined 
timing, so that the scanning signal Vsel and the gradation 
signal current Ipix are generated, and applies the generated 
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signals to each scanning line SL and data line DL to continu 
ously execute a light emitting operation in each display pixel 
EM so that image information based on a video signal is 
displayed in the display panel 110. 
0107 (Display Signal Generation Circuit 150) 
0108. The display signal generation circuit 150 extracts a 
luminance gradation signal component from, e.g., a video 
signal fed from the outside of the display apparatus 100, and 
Supplies the luminance gradation signal component to the 
data driver 130 as display data comprising a digital signal in 
accordance with each row of the display panel 110. Here, 
where the video signal includes a timing signal component 
which defines a display timing of image information like a 
television broadcast signal (a composite video signal), the 
display signal generation circuit 150 may have a function of 
extracting the luminance gradation signal component as well 
as a function of extracting the timing signal component and 
supplies it to the system controller 140 as shown in FIG.1. In 
this case, the system controller 140 generates a scanning 
control signal and a data control signal which are individually 
supplied to the scanning driver 120 and the data driver 130 
based on a timing signal fed from the display signal genera 
tion circuit 150. 
0109 Alternately, where the video signal is formed of a 
digital signal and also the timing signal is Supplied separately 
from the video signal, the video signal (the digital signal) is 
fed to the data driver 130 as display data, and the timing signal 
is directly supplied to the system controller 140. Thus the 
display signal generation circuit 150 can be eliminated. 
0110 <Display Pixeld 
0111. A concrete circuit example of the display element 
drive circuit in each of the display pixels of the display panel 
which is applied to the display apparatus according to this 
embodiment will now be described in detail with reference to 
the accompanying drawings. 
0112 FIG. 3 is a circuit configuration view showing a 
concrete circuit example of the display element drive circuit 
which is applicable to the display pixel in the display appa 
ratus according to the present invention. 
0113 FIGS. 4A and 4B are conceptual views showing 
operating states of the display element drive circuit according 
to this circuit example: 
0114 FIG. 5 is a timing chart showing a basic operation of 
the display pixel to which the display element drive circuit 
according to this circuit example. 
0115 FIG. 5 shows drive control operations in the display 
pixels in an ith row and an i+1th row and a jth column in the 
display panel. Here, i and j are arbitrary positive integers 
which specify display pixels in the display panel. 
0116. As shown in FIG. 3, the display pixel EM according 
to this embodiment is configured to have, e.g., a display 
element drive circuit DC and an organic EL element (the 
display element) OEL in the vicinity of each intersection of 
the scanning line (the selection line) SL and the data line DL 
arranged to be orthogonal to each other in the display panel 
110. The circuit DC includes first to third thin film transistors 
Tr11, Tr12, Tr13. The first transistorTr11 has a gate terminal 
connected with the scanning line SL, and source and drain 
terminals respectively connected with a power supply line VL 
(an anode line; a power Supply Voltage Vsc) and a contact 
point N11. The second transistor Tr12 has a gate terminal 
connected with the scanning line SL, and source and drain 
terminals respectively connected with the data line DL and a 
contact point N12. The first and second transistors Tr11, Tr12 
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constitute a write control circuit. The third transistorTr13 has 
a gate terminal connected with the contact point N11, and 
Source and drain terminals respectively connected with the 
power supply line VL and the contact point N12. The third 
transistor Tr13 constitutes a light emission control circuit. 
The drive circuit DC further comprises an electric charge 
holding circuit including a capacitor (a capacitance element) 
Cs connected between the contact point N11 and the contact 
point N12. The display pixel EM also includes the organic EL 
element OEL having an anode terminal connected with the 
contact point N12 of the display element drive circuit DC, and 
a cathode terminal connected with a ground potential. The 
capacitor Cs may be a parasitic capacitance formed between 
the gate and the source of the thin film transistor Tr13. 
0117. Here, although the thin film transistors Tr11 to Tr13 
applied to the display element drive circuit DC according to 
this embodiment are not restricted in particular, an field effect 
transistor comprising a semiconductor layer formed of 
n-channel type amorphous silicon can be excellently applied 
by constituting all the thin film transistors Tr11 to Tr13 by 
using in channel type thin film transistors. In this case, a 
simplified amorphous silicon manufacturing technology can 
be applied to relatively inexpensively manufacture the dis 
play element drive circuit having stable operating character 
istics. 
0118. In this embodiment, in the display element drive 
circuit DC having the above-described circuit configuration, 
at least one of the first to third thin film transistors Tr11 to 
Tr13 has an element configuration specific to the present 
invention, and a parasitic capacitance formed between the 
gate electrode and the source electrode of this thin film tran 
sistor (a source-side parasitic capacitance) and a parasitic 
capacitance formed between the gate electrode and the drain 
electrode of the same (a drain-side parasitic capacitance) are 
set to have different capacitance values. The element configu 
ration and a condition setting of the parasitic capacitance of 
the thin film transistor will be described later in detail. 
0119 For example, as shown in FIG. 5, a drive control 
method (a light emission drive control) of the display element 
(the organic EL element OEL) in the display element drive 
circuit DC having Such a configuration is executed by effect 
ing a setting to include a write operation period (a selection 
period) Tse and a light emitting operation period (a non 
selection period) Tnse. In the write operation period Tse, one 
scanning period Tsc is determined as one cycle, the display 
pixel EM connected with the scanning line SL is selected, and 
the gradation signal current Ipix corresponding to display 
data is written and held as a Voltage component within one 
scanning period Tsc. In the light emitting operation period 
Tnse, a driving current corresponding to the display data is 
generated and Supplied to the organic EL element based on 
the Voltage component written and held in the write operation 
period Tse so that the light emitting operation is performed 
with a predetermined luminance gradation (TsceTse--Tnse). 
Here, the write operation period Tse which is set in accor 
dance with the scanning line SL in each row is set in Such a 
manner that a temporal overlap is not generated. 
0120 (Write Operation Period) 
0121. In the write operation period Tse of the display pixel 
EM, as shown in FIG. 5, the high-level scanning signal Vsel 
is first applied to a specific scanning line SL from the scan 
ning driver 120 so that the display pixel EM in this row is set 
to a selection state, and the low-level power Supply Voltage 
Vsc is applied to the power supply line VL of the display pixel 
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EM in this row. Further, in synchronization with this timing, 
a gradation signal current with a negative polarity (-Ipix) 
having a current value based on display data corresponding to 
each display pixel in this row is supplied to each data line DL 
from the data driver 130. 

0.122. As a result, the first and second transistors Tr11 and 
Tr12 constituting the display element drive circuit DC are 
turned on, the low-level power Supply Voltage Vsc is applied 
to the contact point N11 (that is, the gate terminal of the thin 
film transistorTr13 and one end side of the capacitor Cs), and 
an operation of drawing the gradation signal current with the 
negative polarity (-Ipix) is performed by the data driver 130 
through the data line DL. As a result, a Voltage level having a 
potentiallower than the low-level power supply voltage Vsc is 
applied to the contact point N12 (that is, the source terminal 
of the thin film transistorTr13 and the other end of the capaci 
tor Cs). 
I0123. When a potential difference is generated between 
the contact points N11 and N12 (between the gate and the 
source of the third transistorTr13) in this manner, the thin film 
transistorTr13 is turned on, and a write current Ia correspond 
ing to a current value of the gradation signal current Ipix flows 
to the data driver 130 from the power supply line VL through 
the third transistor Tr13, the contact point N12, the second 
transistor Tr12 and the data line DL as shown in FIG. 4A. 
0.124. At this time, electric charges corresponding to the 
potential difference generated between the contact points 
N11 and N12 (between the gate and the source of the thin film 
transistor Tr13) are stored in the capacitor Cs, and held 
(charged) as a Voltage component. Furthermore, a power 
Supply Voltage Vsc having a Voltage level equal to or lower 
than the ground potential is applied to the power Supply line 
VL, and the write current Ia is controlled to flow in a direction 
of the data line DL. Therefore, a potential applied to the anode 
terminal (the contact point N12) of the organic EL element 
OEL becomes lower than a potential (the ground potential) of 
the cathode terminal of the same, and a reverse bias Voltage is 
applied to the organic EL element OEL. Therefore, the driv 
ing current does not flow through the organic EL element 
OEL, and hence the light emitting operation is not carried out. 
0.125 (Light Emitting Operation Period) 
0.126 Subsequently, in the light emitting operation period 
Tnse after end of the write operation period Tse, as shown in 
FIG. 5, the low-level scanning signal Vsel is applied from the 
scanning driver 120 to the scanning line SL where the write 
operation has been performed so that the display pixel EM is 
set to a non-selection state, and the high-level power Supply 
voltage Vsc is applied to the power supply line VL of the 
display pixel EM in this row. Moreover, in synchronization 
with this timing, the operation of drawing the gradation cur 
rent Ipix by the data driver (an operation of Supplying the 
gradation signal current Ipix with the negative polarity) is 
stopped. 
0127. As a result, the thin film transistors Tr11 and Tr12 
constituting the display element drive circuit DC are turned 
off, application of the power Supply Voltage Vsc to the contact 
point N11 (that is, the gate terminal of the thin film transistor 
Tr13 and one end side of the capacitor Cs) is interrupted, and 
application of the voltage level due to the operation of draw 
ing the gradation signal current Ipix to the contact point N12 
(that is, the source terminal of the thin film transistor Tr13 and 
the other end side of the capacitor Cs) by the data driver 130 
is interrupted. Therefore, the capacitor Cs holds the electric 
charges stored in the write operation period. 
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0128. When the capacitor Cs holds the charging voltage in 
the write operation in this manner, the potential difference 
between the contact points N11 and N12 (between the gate 
and the source of the thin film transistor Tr13) is held, and the 
thin film transistor Tr13 maintains the ON state. Additionally, 
since the power Supply Voltage Vsc having a Voltage level 
higher than the ground potential is applied to the power Sup 
ply line VL, the potential applied to the anode terminal (the 
contact point N12) of the organic EL element OEL becomes 
higher than the potential (the ground potential) of the cathode 
terminal. 

0129. Therefore, as shown in FIG. 4B, a predetermined 
driving current (an output current Ib) flows to the organic EL 
element OEL from the power supply line VL through the third 
transistor Tr13 and the contact point N12 in a forward bias 
direction so that the organic EL element OEL emits light. 
Here, since the potential difference (the charging Voltage) 
based on the electric charges stored in the capacitor Cs cor 
responds to a potential difference when the write current Ia 
corresponding to the gradation signal current Ipix is allowed 
to flow in the thin film transistor Tr13, the driving current Ib 
supplied to 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 write operation period Tse, the 
driving current Ib is continuously supplied through the third 
transistorTr13 based on the Voltage component correspond 
ing to the display data (the gradation signal current Ipix) 
written in the write operation period, and the organic EL 
element OEL continues the operation to emit light with a 
luminance gradation corresponding to the display data. 
0130. When the above-described series of operations are 
sequentially repeatedly executed with respect to all the scan 
ning lines SL constituting the display panel 110, display data 
corresponding to one screen in the display panel is written, 
and light is emitted with a predetermined luminance grada 
tion, thereby displaying desired image information. 
0131 Here, in the display element drive circuit DC 
according to this embodiment, as described above (see FIG. 
5), the power Supply Voltage Vsc having a predetermined 
Voltage value must be applied to the power Supply line VL. As 
a configuration which realizes this application, for example, 
in addition to the configuration of the display apparatus 100 
shown in FIG. 1, it is possible to apply a configuration which 
comprises a power Supply driver connected with the plurality 
of power Supply lines VL arranged in parallel with the respec 
tive scanning liens SL in the display panel 110, and applies 
the power Supply Voltage Vsc having a predetermined Voltage 
value from the power supply driver to the power supply line 
VL in a row to which the Scanning signal Vsel is applied by 
the scanning driver 120 (the display pixel EMB set to the 
selection state) based on a power Supply control signal fed 
from the system controller 140 at a timing synchronized with 
the scanning signal Vsel output from the Scanning driver 120. 
Alternately, a configuration may be made in which the scan 
ning signal (or a shift output signal which is used to generate 
a scanning signal) is Subjected to reversal processing in the 
scanning driver 120 to be amplified to have a predetermined 
signal level and applied to each power Supply line VL as the 
power Supply Voltage Vsc since the power Supply Voltage Vsc 
is applied to the power Supply line VL at a timing synchro 
nized with the scanning signal Vsel output from the scanning 
driver 120. 
0.132. In the above-describeddisplay pixel, the description 
has been given as to the circuit configuration which comprises 
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the three thin film transistors having the same channel polar 
ity, generates the gradation signal current with the negative 
polarity by the data driver and draws the gradation signal 
current from the display pixel (the display element drive 
circuit) through the data line in a direction of the data driver as 
an example of the display element drive circuit corresponding 
to the current application mode the present invention, how 
ever is not restricted thereto. 
I0133. That is, the display pixel may have any other circuit 
configuration as long as it comprises a thin film transistor (the 
driving current control circuit) having at least a function of 
holding a Voltage component corresponding to a gradation 
signal based on display data, generating a driving current 
based on the Voltage component and Supplying it to the cur 
rent control type display element. For example, it may have a 
circuit configuration comprising four thin film transistors. 
Additionally, it may have a circuit configuration correspond 
ing to a conformation which generates a gradation current 
with a positive polarity by the data driver and allows the 
gradation current to flow from the data driver in a direction of 
the display pixel (the display element drive circuit) through 
the data line. 
I0134. In the above-described display pixel, although the 
description has been given as to the configuration in which the 
organic EL element is applied as the light emitting element 
constituted of the current control type display element, the 
present invention is not restricted thereto. For example, a light 
emitting diode or any other light emitting element may be 
applied as long as it is a light emitting element which operates 
to emit light with a predetermined luminance gradation in 
accordance with a current value of a driving current Supplied 
thereto. 
0.135 <Examination of Parasitic Capacitance in Display 
Element Drive Circuit 
0.136. Here, a connection state of each capacitance com 
ponent (a retention Volume and a parasitic capacitance) in the 
display element drive circuit having the above-described cir 
cuit configuration will now be examined in detail. 
0.137 FIGS. 6A and 6B are conceptual views showing 
connection states of the capacitance component in the display 
element drive circuit depicted in FIG. 3. 
I0138 FIGS. 7A,7B and 7Care conceptual views illustrat 
ing an influence of a parasitic capacitance formed in the 
display element drive circuit. 
0.139 First, in the display element drive circuit (see FIG. 
3), when a field effect transistor is applied as each of the first 
to third thin film transistors Tr11 to Tr13 constituting each 
Switching element, as well known, a gate electrode (G) and a 
source electrode (S) of each thin film transistor are formed to 
face each other through a gate insulating film, and the gate 
electrode (G) and a drain electrode (D) are also formed to face 
each other through the gate insulating film. Therefore, as 
shown in FIG. 6A, parasitic capacitances Cgs and Cgd are 
generated between the gate and the source and between the 
gate and the drain of the thin film transistor TFT. 
0140. Therefore, in a display element drive circuit DC 
applied in this embodiment, as shown in FIG. 6B, a parasitic 
capacitance CgS1 is formed between a gate electrode con 
nected with the Scanning line SL and a source electrode 
connected with the contact point N11 and a parasitic capaci 
tance Cgd1 is formed between the gate electrode and a drain 
electrode connected with the power supply line VL in the first 
thin film transistor Tr11. Further, in the second thin film 
transistor Tr12, a parasitic capacitance Cgs2 is formed 
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between a gate electrode connected with the scanning line SL 
and a source electrode connected with the contact point N12, 
and a parasitic capacitance Cgd2 is formed between the gate 
electrode and a drain electrode connected with the data line 
DL. 

0141 Furthermore, in the third thin film transistorTr13, a 
parasitic capacitance Cgs3 is formed between a gate electrode 
connected with the contact point N11 and a source electrode 
connected with the contact point N12 and a parasitic capaci 
tance Cgd3 is formed between the gate electrode and a drain 
electrode connected with the power supply line VL. 
0142 Moreover, since the organic EL element OEL has a 
diode junction configuration, a parasitic capacitance Coel 
caused due to a junction capacitance is formed between an 
anode electrode and a cathode electrode thereof. 
0143 Additionally, wiring capacities (parasitic capaci 
tances) Cd-S and Cd-V are, respectively formed between the 
data line DL and the scanning line SL and between the data 
line DL and the power supply line VL. 
0144. Further, a capacitor Cs as a retention volume is 
connected between the contact points N11 and N12. 
0145 An influence of such various kinds of capacitance 
components on the drive control operation (that is, the display 
drive operation of the display apparatus) of the display ele 
ment drive circuit is generally as follows. 
0146 (1) An operation delay is generated in the write 
operation and insufficient writing occurs due to the parasitic 
capacitance Cgd2 formed between the gate electrode (the 
scanning line SL) and the drain electrode (the data line DL) of 
the thin film transistor Tr12. 

0147 That is, in the write operation, in a state where the 
thin film transistor Tr12 is turned on by application of the 
high-level scanning signal Vsel to the scanning line SL and 
the display pixel EM (the display element drive circuit DC) is 
set in the selection state, when the gradation signal current 
Ipix is Supplied through the data line DL, an operation of 
charging the wiring capacitances Cd-S and Cd-V formed in the 
data line DL and the parasitic capacitance Cdg2 of the second 
transistorTr12 is executed by the gradation signal current Ipix 
prior to Supply of the gradation signal current Ipix to the 
display pixel EM (the display element drive circuit DC), and 
then the gradation signal current Ipixis Supplied to the contact 
point N12 through the thin film transistor Tr12. Therefore, a 
certain level of a delay time (that is, a delay in the write 
operation) is generated until the gradation signal current Ipix 
is actually written in the display pixel EM (the display ele 
ment drive circuit DC) after the gradation signal current Ipix 
is supplied to the data line DL from the data driver 130. 
0148. Therefore, when a capacitance value of each of the 
wiring capacitances Cd-s or Cd-V formed in the data line DL 
or the parasitic capacitance Cag2 is increased with an 
increase in size of the display panel 110, and when the number 
of the display pixels is increased with realization of a higher 
definition of the display panel 110 and a selection period 
allocated to each display pixel EM is set short, the capacitance 
component (the wiring capacitances Cd-S and Cd-V and the 
parasitic capacitance Cgd2) is charged within a previously 
defined selection period (the write operation period). Further, 
writing cannot be performed in the display pixel with a cur 
rent value of the original gradation signal current, and hence 
insufficient writing of the display data occurs. As a result, the 
light emitting operation cannot be performed in each display 
pixel with a luminance gradation specified by the gradation 
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signal current (the display data), thereby leading to deterio 
ration of a display image quality. 
0149. In particular, when an amorphous silicon semicon 
ductor layer is as a channel of the thin film transistor consti 
tuting the display pixel EM (the display element drive circuit 
DC), a transistor size (a width of the gate electrode) must be 
increased since electron mobility of amorphous silicon is 
relatively low. In this case, a capacitance value of the parasitic 
capacitance Cgd2 of the thin film transistor Tr12 becomes 
higher than that of each of the wiring capacitances Cd-S and 
Cd-v of the data line DL, which is a main factor of the 
above-described insufficient writing. 
0150 (2) A current error of a driving current occurs in the 
light emitting operation and hence light emission character 
istics are deteriorated due to a parasitic capacitance Cgs1 
formed between the gate electrode (the Scanning line SL) and 
the source electrode (the contact point N11) of the first thin 
film transistorTr11 and a parasitic capacitance Cgd3 formed 
between the gate electrode (the contact point N11) and the 
drain electrode (the power supply line VL) of the third thin 
film transistor Tr13. 
0151. That is, even if the above-described write operation 

is sufficiently executed within a predetermined selection 
period, a gate Voltage (a potential of the contact point N11) of 
the thin film transistor Tr13 fluctuates due to a switching 
operation when shifting from the write operation (the selec 
tion period) of the display pixel EM to the light emitting 
operation (the non-selection period), and there occurs a phe 
nomenon (a current error) that a current value of the driving 
current with respect to the write current (the gradation signal 
current) fluctuates. 
0152 Specifically, verifying a change in a voltage applied 
to the capacitor Cs as a retention Volume when shifting from 
the write operation to the light emitting operation (when 
Switching levels of the scanning signal Vsel and the power 
Supply Voltage Vsc), an influence on the capacitor Cs by 
switching (the high level->the low level) of the level of the 
scanning signal Vsel applied to the scanning line SL can be 
explained by using Such an equivalent circuit as shown in 
FIG. 7A, and an influence on the capacitor Cs by switching 
(the low level->the high level) of the power supply voltage 
Vsc applied to the power supply line VL can be explained by 
using such an equivalent circuit as shown in FIG. 7B. 
0153. That is, when the scanning signal Vsel is switched 
(falls) from the high level to the low level, as shown in FIG. 
7A, the parasitic capacitance CgS1 between the gate and the 
source of the thin film transistor Tr11, the capacitor Cs and a 
junction capacitance Coel of the organic EL element OEL are 
connected in series, and an equivalent circuit in which the 
scanning signal Vsel and the ground potential Vgnd are 
respectively applied to both ends of these capacitances is 
formed. Therefore, the electric charges (the Voltage compo 
nent) stored in the capacitor Cs are redistributed by capaci 
tance coupling of these capacitance components in depen 
dence on a capacitance value of the parasitic capacitance 
Cgs1, thereby lowering the Voltage applied to the contact 
point N11. 
0154 When the power supply voltage Vsc is switched 
(rises) from the lower level to the high level, as shown in FIG. 
7B, the parasitic capacitance Cgd3 between the gate and the 
drain of the thin film transistor Tr13, the capacitor Cs and the 
junction capacitance Coel of the organic EL element OEL are 
connected in series, and an equivalent circuit in which the 
power Supply Voltage Vsc and the ground potential Vgnd are 
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respectively applied to both ends of these capacitances is 
formed. Therefore, the voltage applied to the contact point 
N11 is increased by capacitance coupling of these capaci 
tance components in dependence on a Voltage level of the 
power Supply Voltage Vsc, a capacitance value of the parasitic 
capacitance Cgd3 and a Voltage component held in the 
capacitor Cs. 
0155 Therefore, the gate voltage applied to the thin film 
transistor Tr13 fluctuates in dependence on capacitance val 
ues of the parasitic capacitance CgS1 between the gate and the 
Source of the first transistorTr11 and the parasitic capacitance 
Cgd3 between the gate and the drain of the third transistor 
Tr13, a difference (a current error) is generated between the 
driving current supplied to the organic EL element OEL and 
the write current (the gradation signal current), and the light 
emitting operation cannot be performed with an appropriate 
luminance gradation, thereby deteriorating a display image 
quality (lowering contrast). 
0156 (3) The voltage at both ends of the capacitor Cs is 
lowered in the light emitting operation by the parasitic capaci 
tance Cgs1 formed between the gate electrode (the scanning 
line SL) and the source electrode (the contact point N11) of 
the first transistor Tr11 and the parasitic capacitance Cgd3 
formed between the gate electrode (the contact point N11) 
and the drain electrode (the power supply line VL) of the third 
transistor Tr13, and the driving current is reduced, thus dete 
riorating the light emission characteristics. 
0157. That is, in the light emitting operation (the non 
selection state) after end of the write operation, when the 
scanning signal Vsel is set to the low level, the first and second 
transistors Tr11 and Tr12 are turned off and, on the other 
hand, the third transistor Tr13 is turned on by the voltage 
component held in the capacitor Cs. As a result, the driving 
current flows to the organic EL element OEL from the power 
supply line VL through the thin film transistor Tr13 and the 
contact point N12. 
0158 Consequently, the potential of the contact point N12 

is increased. However, in this case, an influence on the capaci 
tor Cs by the parasitic capacitance CgS1 between the gate and 
the source of the first transistor Tr11 and the parasitic capaci 
tance Cgd3 between the gate and the drain of the third tran 
sistor Tr13 can be explained by using Such an equivalent 
circuit as shown in FIG. 7C. 

0159. As shown in FIG. 7C, in the equivalent circuit in 
which the parasitic capacitance CgS1 between the gate and the 
source of the first transistor Tr11 is connected between the 
scanning line SL (the Scanning signal Vsel) and the contact 
point N11, the parasitic capacitance Cag3 between the gate 
and the drain of the third transistorTr13 is connected between 
the power Supply line VL (the power Supply Voltage Vsc) and 
the contact point N11 and the capacitor Cs and the parasitic 
capacitance Cgs3 between the gate and the third transistor 
Tr13 are connected between the contact point N11 and the 
contact point N12 in parallel, when the parasitic capacitances 
Cgs1 and Cgs3 are not connected, an increase in the potential 
of the contact point N12 provokes an increase in the potential 
of the contact point N11, and the voltage at both ends of the 
capacitor Cs is held constant. However, when the parasitic 
capacitances CgS1 and Cgs3 are connected with each other, 
even if the potential of the contact point N12 is increased, and 
the potential of the contact point N11 does not follow up this 
change, thereby lowering the Voltage at both ends of the 
capacitor Cs. 
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0160 Therefore, a current value of the driving current 
flowing in the organic EL element OEL through the thin film 
transistor Tr13 does not correspond to the write current (the 
gradation signal current), and the light emitting operation 
cannot be performed with an appropriate luminance grada 
tion, thereby deteriorating a display image quality. 
0.161 The above-described problem becomes prominent 
particularly when an amorphous silicon semiconductor layer 
whose electron mobility is relatively low is applied as the thin 
film transistor constituting the display element drive circuit. 
That is, in the thin film transistor having polycrystal silicon 
(polysilicon) applied to the semiconductor layer, since its 
electron mobility is approximately 100 times that of amor 
phous silicon, a transistor size (a gate width in particular) can 
be set relatively small, and values of the above-described 
parasitic capacitances can be reduced in accordance with this 
transistor size. 
0162. On the contrary, in case of applying an amorphous 
silicon semiconductor whose manufacturing process is sim 
pler than that of a polysilicon semiconductor and which can 
obtainstable element characteristics, since its electron mobil 
ity is low as described above, a transistor size (a gate width in 
particular) must be set relatively large in order to realize 
element characteristics (current density or the like) equivalent 
to those in a case where a polysilicon semiconductor layer is 
applied. Therefore, capacitance values of the above-de 
scribed parasitic capacitances become higher than those in 
the example using the polysilicon semiconductor layer, 
thereby adversely affecting the drive control operation of the 
display element drive circuit DC of the display pixel EM as 
mentioned above. 
(0163 Thus, in this embodiment, as described below, in the 
display pixel (the display element drive circuit) including as a 
Switching element the thin film transistor to which an amor 
phous silicon semiconductor layer whose electron mobility is 
relatively low is applied, respective gate widths are set to be 
different on the source side and on the drain side of the thin 
film transistor in order to reduce capacitance values of the 
parasitic capacitances formed in each thin film transistor 
while holding a high current Supply capability, whereby an 
influence of the parasitic capacitances on the drive control 
operation of the display pixel (the display element drive cir 
cuit) is Suppressed. 

First Embodiment of Display Element Drive Circuit 
0164 FIG. 8 is a circuit configuration view showing a first 
embodiment of the display element drive circuit according to 
the present invention. FIGS. 9A and 9B are schematic struc 
tural views showing a structural example of an element con 
figuration of a thin film transistor applied to the display ele 
ment drive circuit according to this embodiment. 
0.165. In FIG. 8, like reference numerals denote circuit 
configurations equivalent to those in the display element drive 
circuit, thereby simplifying the explanation. Moreover, in 
FIGS. 9A and 9B, hatching is provided to a drain electrode, a 
data line and a source electrode in order to clarify the draw 
ings for the convenience's sake. 
0166 As shown in FIG. 8, in a circuit configuration 
equivalent to the display element drive circuit DC depicted in 
FIG.3, a display element drive circuit DCA according to this 
embodiment has a structure in which, of parasitic capaci 
tances formed in a write control thin film transistor Tr12 in 
which one end side (a drain electrode side) of a current path is 
connected with a data line DL and a control terminal (a gate 
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electrode) is connected with a scanning line SL, a parasitic 
capacitance Cgs2 between a gate and a source is set larger 
than a parasitic capacitance Cgd2 between the gate and a 
drain (Cgd2<Cgs2). 
0167 Here, a concrete element configuration of the sec 
ond thin film transistor Tr12 has an electrode configuration in 
which a planar shape of each of a drain electrode and a source 
electrode has an asymmetrical shape and, for example, as 
shown in FIG.9A, each of opposite sides of these electrodes 
has a circular shape and is formed to extend in a semicircular 
shape and a semi-arc shape. 
(0168 Specifically, as shown in FIGS. 9A and 9B, the drain 
electrode 27 of the second transistor Tr12 has a shape pro 
truding from the data line DL in a substantially semicircular 
shape with a circular arc outer peripheral portion and, on the 
other hand, the source electrode 28 is formed into a strip-like 
shape having a circular arc outer peripheral portion in Such a 
manner that the source electrode 28 faces the outer peripheral 
portion of the drain electrode 27 at an equal interval therebe 
tween. That is, shapes of the opposite outer peripheral por 
tions of the drain electrode 27 and the source electrode 28 are 
formed to correspond to circular arcs as a part of concentric 
circles having different radius. 
0169. Additionally, each of a semiconductor layer 23, a 
gate electrode 21 and a block insulating film 24 of the thin 
film transistorTr12 is also formed into a circular arc strip-like 
shape in accordance with the shape of each of the opposite 
outer peripheral portions of the source electrode 27 and the 
drain electrode 28. 

0170 A concrete cross-sectional structure of the thin film 
transistorTr12 is, as shown in FIGS.9A and 9B, configured to 
have the semiconductor layer (a channel region) 23 formed of 
amorphous silicon or the like, the block insulating film (an 
etching stopper film) 24 laminated on the semiconductor 
layer 23 (an upper part in the drawing), the source electrode 
28 (a source terminal S) and the drain electrode 27 (a drain 
terminal D) formed to partially overlap on both end portions 
of the semiconductor layer 23 and the block insulating film 24 
through impurity doped layers (ohmic contact layers) 25 and 
26 formed of n-silicon, and the gate electrode 21 formed 
below the semiconductor layer 23 (a lower part in the draw 
ing) through the gate insulating film 22. Reference numeral 
29 denotes a protection film formed of an insulating material. 
0171 The thin film transistor having such a configuration 

is, as shown in FIG. 9B, formed on an insulative substrate 
SUB such as a glass Substrate. In the element configuration 
shown in FIG.9B, the block insulating film 24 superimposed 
and formed on the semiconductor layer 23 has a function as an 
etching stopper in an etching process when patterning the 
source electrode 28 and the drain electrode 27 provided on the 
semiconductor layer 23 as well as a function of avoiding a 
damage to the semiconductor layer 23 by this etching. 
0172 A relationship between a gate width and a channel 
current in the thin film transistor having Such an element 
configuration (an electrode shape) will now be verified in 
detail. 

(0173 FIGS. 10A and 10B are views illustrating a relation 
ship between a shape of a channel region formed in the 
semiconductor layer of the thin film transistor and a current (a 
channel current) flowing through the channel region. 
(0174 FIGS. 11A and 11B are characteristic views (a 
simulation result) showing a relationship between a gate 
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shape (a gate width and a gate length) of the thin film tran 
sistor and a parasitic capacitance formed in the thin film 
transistor. 
0.175 First, in an element configuration having a drain 
electrode and a source electrode each of which has a rectan 
gular (square) outer peripheral portion applied to a general 
thin film transistor, and having a semiconductor layer and a 
gate electrode each of which is formed into a rectangular 
(oblong) shape in accordance with the shape of each of the 
drain electrode and the source electrode, as shown in FIG. 
10A, considering a channel region RQch corresponding to the 
rectangular gate electrode, both widths (gate widths) W of the 
gate electrode facing the drain electrode and the source elec 
trode arranged above and below the channel region RQch 
(that is, the gate electrode) in FIG. 10A are equal to each 
other. 
0176 Here, a channel current per unit gate width can be 
represented by a differential equation shown in the following 
Expression (1) by using a gradual channel approximation 
method irrespective of a shape of the channel region or the 
gate width. 

0177. In Expression (1), it is assumed that a flowing direc 
tion of the channel current is a y axis direction (an upper side 
in the drawing), g is a channel conductance determined based 
on agate Voltage, and V is a channel potential and represented 
as Vs at a source end and Vdata drain end. Further, a function 
g(VX) is presupposed like the following Expression (2). 

0178. In Expression (2), L is electron mobility, Cox is a 
gate capacitance per unit area, and Vth is a threshold Voltage 
of the thin film transistor. 
0179 Based on this Expression (2), Expression (1) can be 
represented like the following Expression (3). 

Iy=-u Cox (Vg-V-Vth) dVidy (3) 

0180 Here, as shown in FIG. 10A, considering a current 
flowing through the rectangular channel region RQch by 
using a rectangular coordinate system including an X direc 
tion and a y direction, when a channel current flows in they 
direction, since current density in the X direction (a direction 
orthogonal to the flowing direction of the current) is uniform, 
integrating a width W with which the channel current flows 
can derive the following expression (4). 

Idy=-u-Cox. W. (Vg-Vth-V) dV (4) 

0181 Since Expression (4) has been subjected to variable 
separation, integrating a left-hand side and a right-hand side 
can derive the following Expression (5). 

0182. In Expression (5), L is a length of the gate electrode 
(a gate length), and W is a gate width (a width with which the 
channel current flows). 
0183) Next, in an element configuration having a drain 
electrode and a source electrode each of which has a concen 
tric outer peripheral portion applied to the thin film transistor 
Tr12 according to this embodiment and having a semicon 
ductor layer and a gate electrode each of which is formed into 
a cylindrical or ring (donut-like) shape in accordance with the 
shape of each of the drain electrode and the source electrode, 



US 2011/017588.6 A1 

as shown in FIG. 10B, considering a channel region RCch 
corresponding to the cylindrical (donut-like) gate electrode, 
each of widths Ws and Wr of the gate electrode facing the 
drain electrode and the source electrode formed on an inner 
peripheral side and an outer peripheral side of the channel 
region RCch (that is, the gate electrode) become uneven. 
0184. Here, like the above-described example, in Expres 
sion (3) derived based on the channel current per unit gate 
width using the gradual channel approximation method, as 
shown in FIG. 10B, considering a current flowing through the 
cylindrical channel region RCch by using a cylindrical coor 
dinate system including an angle 0 and they direction, when 
the channel current flows in they direction (in a radial pat 
tern), since current density in a direction of the angle 0 (a 
direction orthogonal to the current) is uniform, integrating a 
width with which the channel current flows in Expression (3) 
can derive the following Expression (6) 

0185. Since variable separation has been carried out in 
Expression (6), integrating a left-hand side and a right-hand 
side can derive the following Expression (7). 

0186. In Expression (7), Wis is a gate width on an inner 
peripheral side in the cylindrical gate electrode. 
0187 Based on this, it was revealed that, when the gate 
width W in the element configuration having the rectangular 
gate electrode (the channel region RQch) is set equal to the 
gate width Ws on the inner peripheral side in the element 
configuration having the cylindrical gate electrode (the chan 
nel region RCch), that is, when capacitance values of parasitic 
capacitances defined based on the gate widths W and Ws are 
set to be equal to each other, a current value of the channel 
current (Expression (7)) in the element configuration having 
the cylindrical gate electrode (the channel region RCch) 
depicted in FIG. 10B becomes 2 tL/{Ws: 1 n(1+2atL/Ws)} 
times a current value of the channel current (Expression 5) in 
the element configuration having the rectangular gate elec 
trode (the channel region RQch) shown in FIG. 10A. 
0188 In other words, this means that, in case of allowing 
the same current to flow in the channel regions, the gate width 
in the element configuration having the cylindrical gate elec 
trode (that is, a parasitic capacitance defined by this gate 
width) can be reduced to be Wis 1n(1+27t|L/Ws)/21L times the 
gate width in the element configuration having the rectangu 
lar gate electrode. 
0189 Here, a ratio of the gate width of the cylindrical gate 
electrode (the channel region RCch) with respect to the rect 
angular gate electrode (the channel region RQch) is converted 
to a ratio of the parasitic capacitance (a Cgp ratio), and a 
verification is performed about a relationship of the ratio of 
the parasitic capacitance with respect to a ratio of the gate 
width and the gate length (WS/L) in the element configuration 
having the cylindrical gate electrode (the channel region 
RCch) when the same current flows through the channel 
region. Then, such a result as shown in FIG. 11 can be 
obtained. 
0190. According to this result, it can be understood that, as 
shown in FIGS. 11A and 11B, in the element configuration 
having the cylindrical gate electrode (the channel region 
RCch), the ratio of the parasitic capacitance (the Cgp ratio) 
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becomes approximately 1 or below irrespective of the ratio of 
the gate width and the gate length (WS/L), and the parasitic 
capacitance can be reduced as compared with the element 
configuration having the rectangular gate electrode (the chan 
nel region RQch). 
0191 Therefore, by applying the thin film transistor hav 
ing Such an element configuration as shown in FIGS. 9A and 
9B to the second transistor (a selection control circuit) Tr12 of 
the display element drive circuit DCA having a circuit con 
figuration depicted in FIG. 8, the gate width on the source side 
in the thin film transistor Tr12 can be set larger than that on the 
drain side. Furthermore, as described above, a capacitance 
value of the parasitic capacitance Cgd2 formed on the drain 
side can be further reduced as compared with that in the 
example where the rectangular gate electrode (the channel 
region) is applied to the thin film transistorTr12, and the same 
channel current can be allowed to flow. 
0.192 As a result, of the wiring capacitances which are 
parasitic on the gate line DL, the capacitance component 
caused due to the parasitic capacitance Cgd2 on the drain side 
of the thin film transistor Tr12 can be reduced, and hence a 
write ratio can be improved while Suppressing an operation 
delay which occurs in the operation of writing the gradation 
signal current in the display pixel (the display element drive 
circuit). 
(0193 (Another Structural Example of Thin Film Transis 
tor) 
0194 FIGS. 12A and 12B are schematic structural views 
showing another structural example of the element configu 
ration of the thin film transistor applied to the display element 
drive circuit according to this embodiment. 
0.195 Here, like reference numerals denote structures 
equal to those in the above-described element configuration 
of the thin film transistor (FIG.9A), thereby simplifying the 
explanation. Furthermore, in order to clarify the drawings, 
hatching is provided to a drain electrode, a data line and a 
Source electrode for the convenience's sake. 
0196. In the first structural example of the thin film tran 
sistor applied to the foregoing embodiment, the description 
has been given as to the case where the semiconductor layer 
forming the channel region is formed into a circular arc Strip 
like shape, and the source electrode and the drain electrode 
are formed in such a manner that they partially extend on both 
ends of the semiconductor layer and each of their opposite 
outer peripheral portions has a circular arc shape. However, as 
described above, in the display element drive circuit accord 
ing to the present invention, the influence of the above-de 
scribed parasitic capacitance on the operation characteristics 
(the operation delay in the write operation or insufficient 
writing in this embodiment) can be Suppressed by setting the 
parasitic capacitances formed on the source side and the drain 
side of the thin film transistor having a specific function (a 
function as the selection control circuit in this embodiment) 
to be different from each other. 
0.197 Thus, as the element configuration of the thin film 
transistor Tr12 which is applicable to the display element 
drive circuit according to this embodiment, it is possible to 
excellently apply an electrode configuration in which a planar 
shape of each of a drain electrode and a source electrode has 
an asymmetrical shape, a drain electrode 27 has a linear outer 
peripheral portion and is formed into a shape (a convex shape) 
protruding from the data line DL as shown in, e.g., FIG. 12A 
and, on the other hand, a source electrode 28 is formed into a 
shape (a concave shape) having a depressed outer peripheral 
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portion to face the outer peripheral portion of the drain elec 
trode 27, or an electrode configuration in which the drain 
electrode 27 has a linear outer peripheral portion and is 
formed into a shape (a convex shape) protruding from the data 
line DL and, on the other hand, the source electrode 28 has a 
linear outer peripheral portion and is formed into a rectangu 
lar shape to face the outer peripheral portion of the drain 
electrode 27 as shown in, e.g., FIG. 12B. 
0198 Further, each of the semiconductor layer 23 (see 
FIG.9), the gate electrode 21 and the block insulating film 24 
is also formed into a rectangular shape (a square shape) in 
accordance with the shapes of the opposite outer peripheral 
portions of the source electrode 27 and the drain electrode 28, 
as shown in FIGS. 12A and 12B. 
0199 As a result, since respectively formed parasitic 
capacitances can be set to be relatively different from each 
other with different gate widths on the source side and the 
drain side of the thin film transistor, the above-described 
influence of the parasitic capacitances on the operation char 
acteristics (the operation delay in the write operation or insuf 
ficient writing in the foregoing embodiment) can be Sup 
pressed, and the thin film transistor having desired parasitic 
capacitances can beformed with a relatively simple shape and 
a relatively small area. 

Second Embodiment of Display Element Drive 
Circuit 

0200 FIG. 13 is a circuit configuration view showing a 
second embodiment of the display element drive circuit 
according to the present invention. 
0201 FIG. 14 is a characteristic view showing a relation 
ship between a parasitic capacitance of a light emission con 
trol thin film transistor and an output current (a driving cur 
rent) with respect to a write current (a gradation signal 
current). 
0202 Here, like reference numerals denote circuit con 
figurations equal to those in the first embodiment, thereby 
simplifying the explanation. 
0203 As shown in FIG. 13, in the same circuit configura 
tion as the display element drive circuit DC depicted in FIG. 
3, a display element drive circuit DCB according to this 
embodiment has a structure in which, of parasitic capaci 
tances formed in a light emission control thin film transistor 
or third transistorTr13 in which one end side of a current path 
(a source electrode side) is connected with an organic EL 
element (a display element) OEL and one end side (a contact 
point N12) of a capacitor Cs, the other end side (a drain 
electrode side) is connected with a power supply line VL and 
a control terminal (a gate electrode) is connected with the 
other end side (a contact point N11) of the capacitor Cs, a 
parasitic capacitance Cgs3 between a gate and a source is set 
to be larger than a parasitic capacitance Cgd3 between the 
gate and a drain (Cgd3<Cgs3). 
0204 Here, as a concrete element configuration of the 
third transistor Tr13, it is possible to excellently apply an 
element configuration according to each of the structural 
examples (FIGS. 9A, 9B and FIGS. 12A and 12B) of the 
second transistor Tr12 according to the first embodiment. 
0205 That is, each of a source electrode and a drain elec 
trode formed to face each other with a semiconductor layer (a 
channel region) therebetween has an asymmetrical shape, and 
respective gate widths are set to be different from each other, 
whereby a parasitic capacitance between the gate and the 
Source and a parasitic capacitance between the gate and the 
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drain are relatively different from each other. In particular, in 
this embodiment, the parasitic capacitance Cgs3 between the 
gate and the source is larger than the parasitic capacitance 
Cgd3 between the gate and the drain. 
0206 Here, examining a relationship between the para 
sitic capacitance of the thin film transistor Tr13 in the display 
element drive circuit DC and an output current (a driving 
current) with respect to a write current (a gradation signal 
current), as shown in FIG. 14, it was confirmed that, when the 
parasitic capacitance Cgd3 between the gate and the drain of 
the third transistor Tr13 (a ratio of a capacitance value of the 
parasitic capacitance Cgd3 between the gate and the drain 
with respect to the capacitor Cs in FIG. 14; Cygd3/Cs) is 
increased, the thin film transistor Tr13 is turned on even if a 
write current written in the display element drive circuit DC is 
0 (corresponding to black display), and a leakage current 
flows to the organic EL element OEL from the power supply 
line VL through the third transistor Tr13 as an output current. 
0207 Moreover, it was also confirmed that, when the para 
sitic capacitance Cgd3 between the gate and the drain of the 
third transistorTr13 (a Cgd3/Cs ratio in FIG. 14) is increased 
as compared with linear characteristics (a characteristic line 
represented as Cgd3-0 in the drawing) of the output current 
with respect to the write current in an ideal circuit configura 
tion where the parasitic capacitance Cgd3 between the gate 
and the drain of the transistor Tr13 does not exist, a current 
value of the output current (a driving current) with respect to 
the write current (a gradation signal current) is increased, and 
non-linearity is demonstrated. 
0208 Such a phenomenon that a current value of the out 
put current with respect to the write current is increased is 
caused due to formation of capacitance coupling between the 
parasitic capacitance Cgd3 between the gate and the drain of 
the third transistorTr13 and the capacitor Cs when the display 
element drive circuit shifts to the light emitting operation 
state from the write operation state as shown in FIG. 7B. 
However, in order to Suppress such a phenomenon, relatively 
reducing the parasitic capacitance Cgd3 between the gate and 
the drain of the transistorTr13, i.e., increasing a capacitance 
value of the capacitor Cs in the Cgd3/Cs ratio in the simula 
tion shown in FIG. 14 can be considered, for example. How 
ever, in this case, a time required to hold (charge) a predeter 
mined Voltage component in the capacitor Cs becomes large 
in the write operation, and insufficient writing occurs. 
0209 Thus, in this embodiment, the element configura 
tion according to each of the foregoing structural examples 
(FIGS. 9A and 9B and FIGS. 12A and 12B) is applied to the 
thin film transistor Tr13, thereby reducing the parasitic 
capacitance Cgd3 itself between the gate and the drain. 
0210. As a result, the ratio of the capacitance value of the 
parasitic capacitance Cgd3 between the gate and the drain 
with respect to the capacitor Cs (Cgd3/Cs) can be reduced, 
and hence the relationship of the output current with respect 
to the write current in the display element drive circuit DCB 
(the thin film transistor Tr13) can be approximated to ideal 
current characteristics shown in FIG. 14 (current character 
istics that the output current with respect to the write current 
demonstrates linear characteristics and the output current 
becomes zero when the write current is zero). 
0211. Therefore, for example, when the display element 
drive circuit shifts from the write operation state to the light 
emitting operation state, the organic EL element can perform 
a light emitting operation with an appropriate luminance gra 
dation corresponding to display data (the gradation signal 
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current) even if, e.g., a power Supply Voltage Vsc applied to 
the power Supply line VL rises, and a reduction in contrast can 
be suppressed, thereby improving a display image quality. 
0212. When the thin film transistor having the element 
configuration according to each of the above-described struc 
tural examples is applied, the parasitic capacitance Cgs 
between the gate and the source can be set to be different from 
the parasitic capacitance Cgd between the gate and the drain 
by setting the gate widths on the drain side and the source side 
to be relatively different from each other in order to obtain a 
predetermined current value. Therefore, as described above 
in conjunction with this embodiment, when the parasitic 
capacitance Cgd3 between the gate and the drain is set Small, 
the parasitic capacitance Cgs3 between the gate and the 
Source is set large. However, consequently, it is possible to 
hold a Voltage component corresponding to the write current 
in the parasitic capacitance CgS3 alone without the capacitor 
Cs connected to the source electrode side, or mainly in the 
parasitic capacitance Cgs3 with a reduced capacitance value 
of the capacitor Cs. 

Third Embodiment of Display Element Drive Circuit 
0213 FIG. 15 is a circuit configuration view showing a 
third embodiment of the display element drive circuit accord 
ing to the present invention. 
0214. Here, like reference numerals denote the same cir 
cuit configurations as those in the foregoing embodiments, 
thereby simplifying the explanation. 
0215. As shown in FIG. 15, in the same circuit configura 
tion as the display element drive circuit DC depicted in FIG. 
3, a display element drive circuit DCC according to this 
embodiment has a structure in which, of parasitic capaci 
tances formed in a write control thin film transistor or first 
transistor Tr11 in which one end side of a current path (a 
Source electrode side) is connected with a gate terminal (a 
contact point N11) of a third thin film transistor Tr13, the 
other end side (a drain electrode side) is connected with a 
power Supply line VL and a control terminal (agate electrode) 
is connected with a scanning line SL, a parasitic capacitance 
Cgd1 between a gate and a drain is set to be larger than a 
parasitic capacitance CgS1 between the gate and a source 
(Cgs1<Cgd1). 
0216 Here, as a concrete element configuration of the thin 
film transistor Tr11, it is possible to excellently apply the 
element configuration according to each of the structural 
examples (FIGS. 9A and 9B and FIGS. 12A and 12B) of the 
thin film transistor Tr12 according to the first embodiment. 
0217. That is, each of the source electrode and the drain 
electrode formed to face each other with a semiconductor 
layer (a channel region) therebetween has an asymmetrical 
shape, and respective gate widths are set to be different from 
each other, whereby the parasitic capacitance Cgd1 between 
the gate and the drain becomes larger than the parasitic 
capacitance CgS1 between the gate and the source. 
0218. As described above in the examination of the para 
sitic capacitances in the display element drive circuit, when 
the display element drive circuit shifts from the write opera 
tion state to the light emitting operation state, as shown in 
FIG. 7A, electric charges stored in the capacitor Cs are redis 
tributed by formation of capacitance coupling between the 
parasitic capacitance CgS1 between the gate and the source of 
the first transistor Tr11 and the capacitor Cs, and there occurs 
a phenomenon that a Voltage (a potential in the contact point 
N11) applied to the gate terminal of the light emission control 
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thin film transistorTr13 is lowered to reduce a driving current. 
However, previously increasing the write current can be con 
sidered in order to Suppress Such a phenomenon. In this case, 
however, since a load on the data driver 130 is increased, a 
large current Supply capability must be designed, which leads 
to an increase in a size of a driver chip or in power consump 
tion. 
0219. Thus, in this embodiment, the element configura 
tion according to each of the foregoing structural examples 
(FIGS. 9A and 9B and FIGS. 12A and 12B) is applied to the 
thin film transistor Tr11 to reduce the parasitic capacitance 
Cgs1 itself between the gate and the source. 
0220. As a result, when the display element drive circuit 
shifts from the write operation state to the light emitting 
operation state, a quantity of the electric charges redistributed 
by capacitance coupling between the capacitor Cs and the 
parasitic capacitance CgS1 between the gate and the source, a 
reduction in a potential at one end side (the contact point N11) 
of the capacitor Cs can be suppressed, and a decrease in the 
driving current flowing through the light emission control 
thin film transistor Tr13 can be constrained. Therefore, the 
organic EL element can operate to emit light with an appro 
priate luminance gradation corresponding to display data (a 
gradation signal current), thereby improving a display image 
quality while Suppressing a reduction in contrast. 

Fourth Embodiment of Display Element Drive 
Circuit 

0221 FIG. 16 is a circuit configuration view showing a 
fourth embodiment of the display element drive circuit 
according to the present invention. 
0222 Here, like reference numerals denote the same cir 
cuit configurations as those in the foregoing embodiments, 
thereby simplifying the explanation. 
0223) As shown in FIG. 16, in the same circuit configura 
tion as the display element drive circuit DCC depicted in FIG. 
15, a display element drive circuit DCD according to this 
embodiment has a structure in which, of parasitic capaci 
tances formed in a write control thin film transistor or first 
transistor Tr11, a parasitic capacitance CgS1 between a gate 
and a source is set to be larger than a parasitic capacitance 
Cgd1 between the gate and a drain (Cgd1<Cgs1). 
0224. Here, as a concrete element configuration of the first 
transistor Tr11, it is possible to excellently apply an element 
configuration according to each of the structural examples 
(FIGS. 9A and 9B and FIGS. 12A and 12B) of the second 
transistor Tr12 according to the first embodiment. 
0225. That is, each of a source electrode and a drain elec 
trode formed to face each other with a semiconductor layer (a 
channel region) therebetween has an asymmetrical shape, and 
respective gate widths are set to be different from each other. 
As a result, the parasitic capacitance CgS1 between the gate 
and the source is larger than the parasitic capacitance Cgd1 
between the gate and the drain. 
0226 Based on a concept of the parasitic capacitances in 
the display element drive circuit mentioned above, the para 
sitic capacitance Cgd1 between the gate and the drain of the 
thin film transistor Tr13 corresponds to an inter-wire capaci 
tance between a scanning line SL and a power Supply line VL. 
This inter-wiring capacitance (the parasitic capacitance 
Cgd1) can be a factor of the above-described insufficient 
writing since it increases a time constant when Switching a 
voltage level applied to each line to obstruct a rapid shift to 
each operating state of the write operation and the light emit 
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ting operation, or a factor of increasing a load of the scanning 
driver 120 or the power supply driver to greater power con 
Sumption. 
0227 Thus, in this embodiment, the element configura 
tion according to each of the foregoing structural examples 
(FIGS. 9A and 9B and FIGS. 12A and 12B) is applied to the 
thin film transistor Tr11 to reduce the parasitic capacitance 
Cgd1 itself between the gate and the drain. 
0228. As a result, since the inter-wiring capacitance 
between the scanning line and the power Supply line is 
reduced, a shift to each operation state in the drive control 
operation can be rapidly performed in the display element 
drive circuit, and the organic EL element can operate to emit 
light with an appropriate luminance gradation corresponding 
to display data while Suppressing insufficient writing. Fur 
ther, since the load on the Scanning driver or the power Supply 
driver which drives the Scanning line or the power Supply line 
can be decreased, thus constraining power consumption of 
the display apparatus. 

Fifth Embodiment of Display Element Drive Circuit 

0229 FIG. 17 is a circuit configuration view showing a 
fifth embodiment of the display element drive circuit accord 
ing to the present invention. 
0230 FIG. 18 is a characteristic view showing a relation 
ship between parasitic capacitances of a light emission con 
trol thin film transistor and an output current (a driving cur 
rent) with respect to a write current (a gradation signal 
current). 
0231. Here, like reference numerals denote the same cir 
cuit configurations as those in the foregoing embodiments, 
thereby simplifying the explanation. 
0232. As shown in FIG. 17, in the same circuit configura 
tion as the display element drive circuit DCD depicted in FIG. 
16, a display element drive circuit DCE according to this 
embodiment has a structure in which a capacitor Cadis con 
nected with a parasitic capacitance CgS1 between a gate and 
a source of a write control thin film transistor or first transistor 
Tr11 in parallel and a capacitance component (the parasitic 
capacitance CgS1 between the gate and the Source and the 
capacitor Cad) connected with a source side of the thin film 
transistor Tr11 is set to be larger than a capacitance compo 
nent (a parasitic capacitance Cgd1 between the gate and a 
drain) connected with a drain side (Cgd1<Cgs1+Cac). 
0233. Although FIG. 17 shows the configuration in which 
the capacitor Cadis connected with the parasitic capacitance 
Cgs1 between the gate and the source in parallel to relatively 
increase the capacitance component connected with the 
Source side, the present invention is not restricted thereto. 
Like the example described in conjunction with the fourth 
embodiment (FIG.16), a gate width may be changed depend 
ing on a source electrode side and a drain electrode side so 
that the parasitic capacitance CgS1 between the gate and the 
Source becomes larger than the parasitic capacitance Cgd1 
between the gate and the drain (Cgd1<Cgs1). 
0234. As described in the examination about the parasitic 
capacitances in the display element drive circuit, when the 
display element drive circuit shifts from the write operation 
state to the light emitting operation state, as shown in FIG. 
7A, formation of capacitance coupling between the capacitor 
Cs and the parasitic capacitance CgS1 between the gate and 
the source of the thin film transistor Tr11 reduces a voltage (a 
potential of a contact point N11) applied to the gate terminal 
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of the light emission control thin film transistor Tr13, 
whereby there occurs a phenomenon that a driving current is 
decreased. 

0235. On the other hand, as described in conjunction with 
the second embodiment, in regard to a relationship between 
the parasitic capacitances of the thin film transistor Tr13 and 
the driving current (the output current) with respect to a 
gradation signal current (a write current) in the display ele 
ment drive circuit DC, as shown in FIG. 14, when a parasitic 
capacitance Cgd3 between the gate and the drain of the thin 
film transistor Tr13 (a ratio with respect to the capacitor Cs: 
Cgd3/Cs) is increased, a current value of the output current 
with respect to the write current becomes large. Furthermore, 
even if the write current is Zero, the output current (a leakage 
current) flows through the organic EL element OEL, and the 
light emitting operation is carried out even in black display, 
thus decreasing contrast. 
0236 A verification will be performed about conditions 
which cancel out an increase in the output current due to the 
parasitic capacitance Cgd3 between the gate and the drain of 
the thin film transistor Tr13. 

0237 When a change in a voltage (a voltage difference) 
AVsel of a scanning signal immediately before and immedi 
ately after a shift from the write operation state to the light 
emitting operation state is represented as AVsel=Vsel (L)- 
Vsel(H), although a displacement current flows between the 
respective capacitance components (the parasitic capaci 
tances and the capacitor) by Such capacitance coupling as 
shown in FIG. 7C with this fluctuation in a potential, the 
following Expressions (11) and (12) can be derived since a 
Sum of the displacement currents flowing to the contact points 
N11 and N12 is Zero. 

0238 Here, AVn 11 is a potential of the contact point N11, 
AVn12 is a potential of the contact point N12 and AVsc is a 
Voltage change of a power Supply Voltage V.Sc. 
0239 Based on Expressions (11) and (12), the potential 
AVn 11 of the contact point N11 and the potential AVn 12 of 
the contact point N12 are solved to derive a variable A(Vn 11 
Vn12)=AVn 11-AVn 12 corresponding to a fluctuation in the 
output current flowing through the thin film transistor Tr13. 
Then, the following Expression (13) can be obtained. 

0240. In Expression (13), when the gradation signal cur 
rent (the write current) written in the display element drive 
circuit DC is zero (corresponding to black display), a differ 
ence in potential change between the contact points N11 and 
N12 (AVn 11-AVn12) is substantially zero. Therefore, if 
ACVn 11-Vn12) is equal to or greater than a threshold voltage 
Vth of the second transistor Tr12, the output current does not 
flow through the third transistor Tr13 with a change in a 
scanning signal Vsel and a power Supply Voltage Vsc when 
shifting to the light emitting operation state. 
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0241. In other words, this means that setting the parasitic 
capacitance CgS1 to be larger than a capacitance value of the 
parasitic capacitance CgS1 satisfying the conditions under 
which a variable A in Expression (13) becomes Zero can 
prevent a voltage difference (Vn 11-Vn12) from becoming a 
positive value with a change in the Scanning signal Vsel and 
the power Supply Voltage Vsc when shifting to the light emit 
ting operation state, and the driving current can be prevented 
from flowing through the organic OEL when the write current 
is Zero (corresponding to black display). That is, it is possible 
to cancel out an increase in the output current due to the 
parasitic capacitance Cgd3 between the gate and the drain of 
the third transistor Tr13. 
0242. In regard to an effect when Such a parasitic capaci 
tance CgS1 between the gate and the source of the first tran 
sistorTr11 is set to be large, as illustrated in FIG. 18 showing 
a relationship between the parasitic capacitances (CgS1 and 
Cdg3) of the thin film transistors Tr11 and Tr13 and the 
driving current (the output current) with respect to the grada 
tion signal current (the write current), it was confirmed that, 
even if the parasitic capacitance Cgd3 (a Cgd3/Cs ratio) 
between the gate and the drain of the third transistor Tr13 
exists, setting the parasitic capacitance CgS1 (a ratio with 
respect to the capacitor Cs; CgS1/Cs) between the gate and the 
source of the thin film transistor Tr11 to be large to some 
extent or adding a capacitor Cad in parallel with the parasitic 
capacitance Cgs1 can prevent the driving current from flow 
ing through the third transistor Tr13 when the gradation sig 
nal current (the write current) is zero and realize an excellent 
black display state, and the relationship of the driving current 
with respect to the write current demonstrates excellent linear 
characteristics. 
0243 Therefore, in this embodiment, applying the display 
element drive circuit DCE having Such a configuration as 
shown in FIG. 16 or FIG. 17 to set the parasitic capacitance 
CgS1 between the gate and the Source in the first transistor 
Tr11 larger than the parasitic capacitance Cgd1 between the 
gate and the drain can decrease the driving current Supplied to 
the organic EL element OEL in the light emitting operation. 
However, in the black display state, i.e., when the gradation 
signal current is Zero, the driving current flowing through the 
organic EL element can be reduced to Zero, thereby suppress 
ing a decrease in contrast. 

What is claimed is: 
1. A display element drive circuit comprising: 
a current control type display element; 
a driving current control circuit which has a gradation 

signal corresponding to display data Supplied thereto, 
generates a driving current based on the gradation sig 
nal, and Supplies the generated driving current to the 
display element; and 

a write control circuit which has a selection signal applied 
thereto, and Supplies the gradation signal to the driving 
current control circuit, 

wherein: 

the write control circuit comprises a write transistor and a 
control transistor; 

the write transistor comprises a first gate electrode, a first 
Source electrode, a first drain electrode, a first parasitic 
capacitance formed between (i) one of the first source 
electrode and the first drain electrode and (ii) the first 
gate electrode, and a second parasitic capacitance 
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formed between (i) the other of the first source electrode 
and the first drain electrode and (ii) the first gate elec 
trode: 

the selection signal is applied to the first gate electrode; 
said one of the first source electrode and the first drain 

electrode is connected to a signal line; 
said other of the first source electrode and the first drain 

electrode is connected to the driving current control 
circuit; 

a capacitance value of the first parasitic capacitance is 
Smaller than a capacitance value of the second parasitic 
capacitance; 

the control transistor comprises a second gate electrode, a 
second source electrode, a second drain electrode, a 
third parasitic capacitance formed between (i) one of the 
second source electrode and the second drain electrode 
and (ii) the second gate electrode, and a fourth parasitic 
capacitance formed between (i) the other of the second 
Source electrode and the second drain electrode and (ii) 
the second gate electrode: 

the selection signal is applied to the second gate electrode: 
a predetermined power Supply Voltage is applied to said 

one of the second source electrode and the second drain 
electrode: 

said other of the second source electrode and the second 
drain electrode is connected to the driving current con 
trol circuit; and 

the third parasitic capacitance and the fourth parasitic 
capacitance have capacitance values that are different 
from each other. 

2. The display element drive circuit according to claim 1, 
wherein the capacitance value of the third parasitic capaci 
tance is larger than the capacitance value of the fourth para 
sitic capacitance. 

3. The display element drive circuit according to claim 1, 
wherein the capacitance value of the third parasitic capaci 
tance is Smaller than the capacitance value of the fourth 
parasitic capacitance. 

4. The display element drive circuit according to claim 1, 
wherein: 

the write transistor further comprises a first semiconductor 
layer; 

the first source electrode and the first drain electrode are 
provided on the first semiconductor layer; 

one side of the first source electrode and one side of the first 
drain electrode are spaced apart and opposite to each 
other on the first semiconductor layer; and 

a length of the one side of the one of the first source 
electrode and the first drain electrode is smaller than a 
length of the one side of the other of the first source 
electrode and the first drain electrode. 

5. The display element drive circuit according to claim 4, 
wherein: 

the first gate electrode has a circular arc strip-like planar 
shape; and 

the one side of the first source electrode and the one side of 
the first drain electrode have a circular arc shape. 

6. The display element drive circuit according to claim 4. 
wherein: 

the first gate electrode has a rectangular planar shape; and 
at least a portion of the one side of the first source electrode 

and at least a portion of the one side of the first drain 
electrode have a linear shape. 
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7. The display element drive circuit according to claim 1, 
wherein: 

the control transistor further comprises a second semicon 
ductor layer; 

the second source electrode and the second drain electrode 
are provided on the second semiconductor layer, 

one side of the second source electrode and one side of the 
second drain electrode are spaced apart and opposite to 
each other on the second semiconductor layer; and 

a length of the one side of the one of the second source 
electrode and the second drain electrode is different 
from a length of the one side of the other of the second 
Source electrode and the second drain electrode. 

8. The display element drive circuit according to claim 7. 
wherein: 

the second gate electrode has a circular arc Strip-like planar 
shape; and 

the one side of the second source electrode and the one side 
of the second drain electrode have a circular arc shape. 

9. The display element drive circuit according to claim 7. 
wherein: 

the second gate electrode has a rectangular planar shape; 
and 

at least a portion of the one side of the second source 
electrode and at least a portion of the one side of the 
second drain electrode have a linear shape. 

10. The display element drive circuit according to claim 1, 
wherein: 

the driving current control circuit comprises a drive tran 
sistor, 

the drive transistor comprises a third gate electrode, a third 
source electrode, a third drain electrode, a fifth parasitic 
capacitance formed between (i) one of the third source 
electrode and the third drain electrode and (ii) the third 
gate electrode, and a sixth parasitic capacitance formed 
between (i) the other of the third source electrode and the 
third drain electrode (ii) and the third gate electrode: 

said other of the second source electrode and the second 
drain electrode of the control transistor is connected to 
the third gate electrode: 

the power Supply Voltage is applied to said one of the third 
source electrode and the third drain electrode: 

said other of the third source electrode and the third drain 
electrode is connected to the display element; and 

the fifth parasitic capacitance and the sixth parasitic 
capacitance have capacitance values that are different 
from each other. 

11. The display element drive circuit according to claim 10, 
wherein the capacitance value of the fifth parasitic capaci 
tance is larger than the capacitance value of the sixth parasitic 
capacitance. 

12. The display element drive circuit according to claim 10, 
wherein the capacitance value of the fifth parasitic capaci 
tance is Smaller than the capacitance value of the sixth para 
sitic capacitance. 

13. The display element drive circuit according to claim 10, 
further comprising an electric charge holding circuit which 
holds electric charges based on the gradation signal as a 
Voltage component; 

wherein the driving current control circuit generates the 
driving current based on the Voltage component held by 
the electric charge holding circuit; and 

wherein the electric charge holding circuit comprises a 
capacitance element connected between the third gate 
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electrode of the drive transistor, and one of the third 
source electrode and the third drain electrode. 

14. The display element drive circuit according to claim 1, 
wherein the display element includes an organic electrolumi 
nescent element. 

15. A display apparatus which displays image information, 
comprising at least a display panel having a plurality of scan 
ning lines and a plurality of signal lines arranged to be 
orthogonal to each other, and a pixel arranged in a vicinity of 
each of respective intersections of the scanning lines and 
signal lines, wherein: 

each of the display pixels comprises a current control type 
display element and a display element drive circuit 
which controls a light emitting operation of the display 
element; 

the display element drive circuit comprises at least (i) a 
driving current control circuit which has a gradation 
signal corresponding to display data Supplied thereto, 
generates a driving current based on the gradation sig 
nal, and Supplies the generated driving current to the 
display element, and (ii) a write control circuit which has 
a selection signal applied thereto and Supplies the gra 
dation signal to the driving current control circuit; 

the write control circuit comprises a write transistor and a 
control transistor, 

the write transistor comprises a first gate electrode, a first 
Source electrode, a first drain electrode, a first parasitic 
capacitance formed between (i) one of the first source 
electrode and the first drain electrode and (ii) the first 
gate electrode, and a second parasitic capacitance 
formed between (i) the other of the first source electrode 
and the first drain electrode and (ii) the first gate elec 
trode: 

the selection signal is applied to the first gate electrode; 
said one of the first source electrode and the first drain 

electrode is connected to the signal line; 
said other of the first source electrode and the first drain 

electrode is connected to the driving current control 
circuit; 

a capacitance value of the first parasitic capacitance is 
Smaller than a capacitance value of the second parasitic 
capacitance; 

the control transistor comprises a second gate electrode, a 
second source electrode, a second drain electrode, a 
third parasitic capacitance formed between (i) one of the 
second source electrode and the second drain electrode 
and (ii) the second gate electrode, and a fourth parasitic 
capacitance formed between (i) the other of the second 
Source electrode and the second drain electrode and (ii) 
the second gate electrode: 

the selection signal is applied to the second gate electrode: 
a predetermined power Supply Voltage is applied to said 

one of the second source electrode and the second drain 
electrode: 

said other of the second source electrode and the second 
drain electrode is connected to the driving current con 
trol circuit; and 

the third parasitic capacitance and the fourth parasitic 
capacitance have capacitance values that are different 
from each other. 

16. The display apparatus according to claim 15, wherein 
the capacitance value of the third parasitic capacitance is 
larger than the capacitance value of the fourth parasitic 
capacitance. 
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17. The display apparatus according to claim 15, wherein 
the capacitance value of the third parasitic capacitance is 
Smaller than the capacitance value of the fourth parasitic 
capacitance. 

18. The display apparatus according to claim 15, wherein: 
the driving current control circuit comprises a drive tran 

sistor, 
the drive transistor comprises a third gate electrode, a third 

source electrode, a third drain electrode, a fifth parasitic 
capacitance formed between (i) one of the third source 
electrode and the third drain electrode and (ii) the third 
gate electrode, and a sixth parasitic capacitance formed 
between (i) the other of the third source electrode and the 
third drain electrode and (ii) the third gate electrode: 

said other of the second source electrode and the second 
drain electrode of the control transistor is connected to 
the third gate electrode: 

the power Supply Voltage is applied to said one of the third 
source electrode and the third drain electrode: 

said other of the third source electrode and the third drain 
electrode is connected to the display element; and 
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the fifth parasitic capacitance and the sixth parasitic 
capacitance have capacitance values that are different 
from each other. 

19. The display apparatus according to claim 18, wherein 
the capacitance value of the fifth parasitic capacitance is 
larger than the capacitance value of the sixth parasitic capaci 
tance. 

20. The display apparatus according to claim 18, wherein 
the capacitance value of the fifth parasitic capacitance is 
Smaller than the capacitance value of the sixth parasitic 
capacitance. 

21. The display apparatus according to claim 18, wherein: 
the display element drive circuit comprises an electric 

charge holding circuit which holds electric charges 
based on the gradation signal as a Voltage component; 

the driving current control circuit generates the driving 
current based on the voltage component held by the 
electric charge holding circuit; and 

the electric charge holding circuit comprises a capacitance 
element connected between the third gate electrode of 
the drive transistor, and one of the third source electrode 
and the third drain electrode. 

c c c c c 


