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An active matrix type display apparatus in which a plurality
of pixel circuits each having an electroluminescent element
EL, a 1st FET to control a current flowing in the EL, and a
2nd FET provided between a gate and a drain of the 1st FET
are arranged in a matrix, the plurality of pixel circuits
arranged in one direction are connected to a data line every
column, the 2nd FET is turned on for a predetermined time
period, and an image data current flowing in the data line is

(73) Assignee: CANON — KABUSHIKI ~ KAISHA, supplied to the gate and drain of the 1st FET, thereby writing
Tokyo (JP) a current value of the image data current. A preliminary
(21) Appl. No.: 11/283,743 charging circuit is connected to the data line. Before the
writing operation in the predetermined time period is
(22) Filed: Nov. 22, 2005 expired, a current of a predetermined current value is applied
to the image data current so that a gate-source voltage of the
(30) Foreign Application Priority Data 1st FET is equal to or larger than a threshold value. Thus,
writing imperfection due to a variation in threshold voltage
Nov. 26, 2004 (JP) cccovvvvvvccrscccccrrcccrirennen 2004-342126  of the 1st FET is solved.
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CURRENT PROGRAMMING APPARATUS, ACTIVE
MATRIX TYPE DISPLAY APPARATUS, AND
CURRENT PROGRAMMING METHOD

BACKGROUND OF THE INVENTION
[0001]

[0002] The invention relates to a current programming
apparatus, an active matrix type display apparatus, and a
current programming method. More particularly, the inven-
tion is preferably used in an active matrix type display
apparatus using current driving type display elements.

[0003] 2. Related Background Art

1. Field of the Invention

[0004] In an active matrix type display apparatus using
electroluminescent elements, a current writing type circuit
for writing and storing a drive current of a light emitting
element into a driving circuit of each pixel is used. In the
present specification, the operation to write and store the
drive current into each pixel of such a matrix type display
apparatus is called a current programming and a circuit for
the current programming is called a current programming
circuit.

[0005] A current programming circuit to hold a current
which is supplied to a data line as a gate-source voltage of
a transistor has been disclosed in FIG. 18 of the U.S.
Publication No. 2002195964. Such a Patent Document dis-
closes that when data is written into the current program-
ming circuit, by supplying the current in the direction in
which the write current is set off, gradation displays of black
and low luminance level can be improved.

[0006] When the conventional current writing type pixel
circuit is used, there is a case where the writing operation of
an image data current cannot be stably executed in each
pixel circuit. Although it will be explained in detail herein-
below, it is because a threshold value of a driving transistor
varies every pixel.

[0007] Tt is an object of the invention to provide a current
programming apparatus, an active matrix type display appa-
ratus, and their current programming method in which the
writing operation of an image data current can be stably
executed.

SUMMARY OF THE INVENTION

[0008] To accomplish the above object, according to the
invention, there is provided a current programming appara-
tus in which a plurality of circuits each having a first field
effect transistor and a switch provided between a control
electrode and one main electrode of the first field effect
transistor are connected to a data line,

[0009] the switches of the plurality of circuits are sequen-
tially turned on for a predetermined time period, and a data
current flowing in the data line is supplied to the control
electrode and the one main electrode of the first field effect
transistor, thereby writing a current value of the data current
into each of the plurality of circuits as a value of a voltage
between the other main electrode and the control electrode
of the first field effect transistor,

[0010] wherein a constant current source for generating a
predetermined current in the same direction as that of the
data current is connected to the data line, and the constant
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current source supplies the predetermined current to the data
line in such a manner that in the writing operation of each
of the plurality of circuits, before the predetermined time
period is expired, the voltage between the other main
electrode and the control electrode of the first electrolumi-
nescent transistor is equal to or larger than a maximum value
of threshold voltages of the first field effect transistors in the
plurality of circuits.

[0011] According to the invention, there is provided an
active matrix type display apparatus in which a plurality of
pixel circuits each having a current driving type display
element, a first field effect transistor to control a current
flowing in the current driving type display element, and a
switch provided between a control electrode and one main
electrode of the first field effect transistor are arranged in a
matrix, the plurality of pixel circuits arranged in the column
direction are connected to one data line,

[0012] the switches of the pixel circuits connected to the
one data line are sequentially turned on for a predetermined
time period, and an image data current flowing in the data
line is supplied to the control electrode and the one main
electrode of each of the first field effect transistors of the
pixel circuits, thereby writing a current value of the image
data current into each of the pixel circuits as a value of a
voltage between the other main electrode and the control
electrode of the first field effect transistor,

[0013] wherein a constant current source for generating a
predetermined current in the same direction as that of the
image data current is connected to the data line, and the
constant current source supplies the predetermined current
to the data line in such a manner that in the writing operation
of each of the pixel circuits, before the predetermined time
period is expired, the voltage between the other main
electrode and the control electrode of the first field effect
transistor is equal to or larger than a maximum value of
threshold voltages of the first field effect transistors in the
plurality of pixel circuits arranged in the column direction.

[0014] According to the invention, there is provided a
current programming method in which a plurality of circuits
each having a first field effect transistor and a switch
provided between a control electrode and one main electrode
of the first field effect transistor are connected to a data line,

[0015] the switches of the plurality of circuits are sequen-
tially turned on for a predetermined time period, and a data
current flowing in the data line is supplied to the control
electrode and the one main electrode of the first field effect
transistor, thereby writing a current value of the data current
into each of the plurality of circuits as a value of a voltage
between the other main electrode and the control electrode
of the first field effect transistor,

[0016] wherein a constant current source for generating a
predetermined current in the same direction as that of the
data current is further connected to the data line, and the
predetermined current is supplied from the constant current
source to the data line in such a manner that in the writing
operation of each of the plurality of circuits connected to the
data line, before the predetermined time period is expired,
the voltage between the other main electrode and the control
electrode of the first field effect transistor is equal to or larger
than a maximum value of threshold voltages of the first field
effect transistors in the plurality of circuits.
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[0017] According to the invention, an influence of a stray
capacitance of the data line is suppressed and the writing
operation of the data current can be stabilized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a diagram showing an example of a
construction of pixel circuits, a zero current setting circuit,
and a preliminary charging circuit according to the first
embodiment of the invention;

[0019] FIG. 2 is a timing chart for explaining the opera-
tion of each circuit according to the first embodiment of the
invention;

[0020] FIG. 3 is a timing chart showing changes in data
currents, a charging current, and an electric potential of a
data line;

[0021] FIG. 4 is a constructional diagram showing a
construction of an active matrix electroluminescent display
apparatus according to the invention;

[0022] FIG. 5 is a timing chart for explaining the opera-
tion of the pixel circuit in the case where the preliminary
charging circuit is not provided as a comparison example;
and

[0023] FIG. 6 is a timing chart showing changes in the
data current and the electric potential of the data line in the
case where the preliminary charging circuit is not provided.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0024] An embodiment of the invention will be described
in detail hereinbelow with reference to the drawings.

[0025] FIG. 4 is a constructional diagram showing a
construction of an active matrix electroluminescent display
apparatus according to the invention.

[0026] In FIG. 4, reference numeral 1 denotes a pixel
circuit unit constructed by pixel circuits arranged in a
matrix. In the pixel circuit unit 1, the pixel circuits and
electroluminescent elements are arranged in a matrix and
scanning signal lines for connecting them in the row direc-
tion and a data line for connecting them in the column
direction are included.

[0027] Reference numeral 2 denotes a preliminary charg-
ing circuit serving as a current supplying circuit; 3 a zero
current setting circuit; and 4 a column current control circuit.
The preliminary charging circuit 2, zero current setting
circuit 3, and column current control circuit 4 are formed
every data line.

[0028] A charging current is written into the preliminary
charging circuit 2 on the basis of a charging setting current
and the preliminary charging circuit 2 supplies the current to
the data line at predetermined timing. A current based on a
zero setting current (reference current) is written into the
zero current setting circuit 3 and the zero current setting
circuit 3 supplies the current to the data line at predeter-
mined timing. The column current control circuit 4 supplies
a data current, a zero setting current, and a charge setting
current to a plurality of pixel circuits in the column direction
connected by the data line, the preliminary charging circuit
2, and the zero current setting circuit 3, respectively.
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[0029] Reference numeral 5 denotes a column scanning
circuit for sampling three image signals of RGB which are
inputted to the column current control circuit 4 every
column and 6 indicates a row scanning circuit which is
connected to the pixel circuits arranged in the row direction
and sequentially outputs row scanning signals P1m and P2m
every row (assuming that there are M row scanning signal
lines, m is an integer of 1 to M). In the example of the pixel
circuits shown in the following embodiment, since each
pixel circuit has two row selection signal lines, it is also
assumed here that there are two row scanning signals.
However, the invention is not limited to the case where there
are two row selection signal lines but can be also applied to
the case where the number of row selection signal lines is
equal to one, three, or the like in dependence on the pixel
circuits.

[0030] FIG. 1 shows a current programming circuit
according to the first embodiment of the invention. A current
programming circuit 100 of the embodiment includes: a first
row pixel circuit 110; a second row pixel circuit 120
(although a third row pixel circuit, a fourth row pixel circuit,
. .. follow, they are omitted in FIG. 1); a zero current setting
circuit 130; and a preliminary charging circuit 140. Although
only the programming circuit connected to one data line is
shown in FIG. 1, naturally, there are a plurality of data lines
and the same programming circuit exists every data line in
the matrix display apparatus of FIG. 4.

[0031] FIG. 2 is a timing chart for explaining the opera-
tion of the circuit shown in FIG. 1. FIG. 2 shows time-
dependent changes of the signals which are inputted to
signal lines P1z, P2z, . . . in FIG. 1. An axis of ordinate
indicates a voltage value of each signal and an axis of
abscissa shows time.

[0032] FIG. 3 is timing chart showing a change in each of
a total current “Idatax” flowing in a data line “data” in FIG.
1, a data current “Idata” flowing in the data line of the
portion connected to the pixel circuits, an output current “Iz”
of the zero current setting circuit 130, a charging current
“Ipc” which is generated by the preliminary charging circuit
140, and an electric potential “V(data)” of the data line. As
“V(data)”, three kinds of voltages according to a difference
between magnitudes of a threshold value Vth(M12) of a
driving transistor M12 of the first row pixel circuit 110 and
a threshold value Vth(M16) of a driving transistor M16 of
the second row pixel circuit 120 are shown.

[0033] FIGS. 5 and 6 are timing charts when the pro-
gramming circuit 100 in the case where the preliminary
charging circuit 140 is not provided is presumed as a
comparison example of the embodiment. P11, P12, P21, and
P22 denote signals of the row selection signal lines of the
first and second row pixel circuits 110 and 120 designated by
the same reference numerals as those shown in FIG. 1. P13
to P24 similarly denote signals of the row selection signal
lines of the third and fourth row pixel circuits (not shown).

[0034] First, for easy understanding of the invention, the
drive current programming operation of the programming
circuit 100 and the subsequent light emitting operation in the
case where the preliminary charging circuit 140 is not
provided will be described with reference to FIGS. 1 and 5.
Explanation will be made here while omitting the operation
of the zero current setting circuit 130 also. In the embodi-
ment, the pMOS transistors M12 and M16 correspond to the
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first field effect transistors, their gates correspond to control
electrodes, their sources and drains correspond to main
electrodes, and nMOS transistors M13 and M17 correspond
to switches, respectively.

[0035] The operation of the first row pixel circuit 110
connected to the data line “data” in FIG. 1 will now be
considered.

[0036] In FIG.5, when the row scanning signal P11 is set
to the high level, an nMOS transistor M14 serving as a
switch for the first program (row selection) is turned on and
a pMOS transistor M15 serving as a switch for selecting
light emission is turned off. When the row scanning signal
P21 is set to the high level, the nMOS transistor M13 serving
as a switch for the second program is turned on.

[0037] Thus, an image data current Idata' flowing in the
data line is led to the gate and drain of the pMOS transistor
M12 serving as a driving transistor, thereby charging a
capacitor C3 connected between the gate and source. When
the voltage between the gate and source of the transistor
M12 exceeds a threshold value, the transistor M12 is turned
on and the data current Idata' flows as a drain current of the
transistor M12. Therefore, a drain terminal voltage and the
data line voltage V(data) are determined by a value of this
current. The capacitor C3 stores the data current Idata' as a
voltage value.

[0038] When the row scanning signal P21 is set to the low
level for a predetermined time period, the nMOS transistor
M13 serving as a switch for the second program is turned off
and the voltage of the capacitor C3 is held. A period of time
during which the transistor M13 is ON is a drive current
programming period of the first row pixel circuit.

[0039] Subsequently, when the row scanning signal P11 is
set to the low level, the nMOS transistor M14 serving as a
switch for the first program (row selection) is turned off and
the pMOS transistor M15 serving as a switch for selecting
the light emission is turned on. Thus, the current which is
determined by the voltage held in the capacitor C3 (that is,
the voltage between the gate and source of the transistor
M12 for driving) flows into an electroluminescent element
EL from the drain of the pMOS transistor M12.

[0040] In this manner, the image data current Idata' con-
trols the current flowing in the electroluminescent element
EL through the voltage held in the capacitor C3.

[0041] When the first row current setting period is expired,
the second row current setting period is started and the drive
currents are sequentially written for a current setting period
of each row on the basis of the image data signals.

[0042] The electroluminescent element EL. maintains the
light emission for a period of time until the next current
writing operation, that is, for a period of time during which
the current is written into another row pixel circuit and for
a vertical blanking time (blanking period of time) after the
writing scan was finished. The period of time during which
the light emission is executed (non-light emission in the case
of a black display) is a light emitting period. When the first
row current setting period is expired, the second row current
setting period is started and the drive currents are sequen-
tially written on the basis of the image data signals for the
current setting period of each row.
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[0043] Fundamentally, it is effective to control each pixel
circuit by the foregoing current programming in terms of a
point that the operation is not influenced by a variation in
characteristics of the driving transistors. However, ordi-
narily, a stray (parasitic) capacitance such as overlap with
another wiring, capacitance across the terminals of the
connected transistor, or the like certainly exists in the data
line. The programming operation of a small current is made
unstable due to such a stray capacitance. According to the
observation by the inventors et al. of the present invention,
a blackish beat occurs in a low luminance region. Since such
a phenomenon is caused by the existence of the stray
capacitance and a variation in characteristics of the driving
transistors arranged on a panel, it becomes a fixed pattern
noise, appears as a conspicuous phenomenon, and deterio-
rates picture quality. Such a phenomenon becomes further
remarkable due to the realization of high efficiency of the
large display screen panel and EL elements in which the
stray capacitance of the data line increases.

[0044] The above phenomenon will be described herein-
below with reference to FIGS. 1, 5, and 6.

[0045] There is considered the case where in the program-
ming circuit of FIG. 1, the first row pixel circuit 110 to the
fourth row pixel circuit (not shown) are connected to the
data line “data” and the programming of the drive currents
in the first to fourth row pixel circuits is executed in the first
to fourth current setting periods shown in FIG. 5, respec-
tively.

[0046] It is assumed that all of the image data currents.
“Idata” have the same current value, that is,

Idatal=Idata2=Idata3=Idata4

the display of a low luminance level is performed, and the
current value is very small. Threshold voltages of the pMOS
transistors M12, M16, etc. serving as driving transistors of
the first to fourth row pixel circuits are labeled as Vthl,
Vth2, Vth3, and Vthd. It is assumed that there is a variation
of their values and there are relations such that

Vth2>Vthl,
Vth3=Vth2, and
Vth4<Vth3
among them.

[0047] When the nMOS transistors M14 and M13 are
turned on for the first row current setting period (t0-t1), the
gate of the driving transistor M12 of the first row pixel
circuit is connected to the data line.

[0048] Now assuming that a data line electric potential
V(data) before time t0 is sufficiently low as an initial state,
a voltage over Vthl is soon applied across the gate and
source, so that the transistor is turned on and a source-drain
current 1d1 flows.

[0049] As the source-drain current Id1 approaches the
image data current Idatal, the gate potential is converged to
a predetermined electric potential, so that the image data
current Id1 is written as a voltage between the gate and
source. At this time, the electric potential V(data) of the data
line is determined by a value of the drain current of the
driving transistor M12.
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[0050] Inthe present case, since the drain current Idatal is
very small, the voltage between the source and drain is also
small. Therefore, it is possible to consider that the time-
dependent change of V(data) in the period t0-t1 reaches a
balanced state of an electric potential which is lower than
Vce by about Vthl. This electric potential is written as
“Idatal” in FIG. 6 indicating that the potential is determined
in correspondence to the current Idatal.

[0051] A second row current setting period (t1-12) will
now be described.

[0052] When nMOS transistors M17 and M18 of the
second row pixel circuit are turned on, the gate of the driving
transistor M16 is connected to the data line. However, the
data line at this time is set to the data line potential at the end
of the first current setting period, to-t1, that is, the electric
potential shown by Idatal in the plot of V(data) in FIG. 6.
As mentioned above, this potential is lower than Vcc by
Vithl.

[0053] Since the threshold value Vth2 of the driving
transistor M16 of the second row pixel circuit is lower than
Vthl (Vth2>Vthl) the driving transistor M16 is not soon
turned on and the source-drain current does not flow. There-
fore, the gate potential of M16, that is, the data line potential
is not determined by M16 but is specified by the electric
potential of a stray capacitor Cx of the data line.

[0054] Although the electric potential Vdata of the data
line decreases gradually by the small data current, since the
stray capacitance of the data line is large, its decreasing rate
is small. Within the second row current setting period
(t1-t2), the voltage between the gate and source of the
driving transistor M16 does not exceed Vth2 and the tran-
sistor M16 is held in the OFF state. Therefore, the writing of
the current into a voltage of a capacitor C4 based on the
image data current Idata2 (=Idatal) cannot be executed.
Such a state is called “current programming imperfection”.

[0055] Also in the third row current setting period (t2-t3),
the electric potential Vdata of the data line and the gate
potential of a driving transistor (not shown in FIG. 1) of the
third row pixel circuit subsequently decrease by Idata3.
When the voltage between the gate and source exceeds Vth3
(Vth3=Vth2), the source-drain current of the driving tran-
sistor flows, the gate potential is converged to a predeter-
mined electric potential, and the current based on the image
data current Idata3 (Idata3=Idata2) is written as a voltage
between the gate and source. When the stray capacitance Cx
of the data line is further large, there is also a case where the
current programming imperfection occurs also in the third
row pixel circuit.

[0056] Subsequently, since the threshold voltage Vthd of
the driving transistor is smaller than Vth3 (Vthd<Vth3) in
the fourth row current setting period (t3-t4), the data line
potential is lower than (Vcc-Vth4) when a switch of the
fourth row pixel circuit is turned on. Thus, the driving
transistor of the fourth row pixel circuit is soon turned on,
the source-drain current flows, and the current programming
is executed.

[0057] The current programming imperfection in the sec-
ond row current setting period occurs because the voltage
between the gate and source of the driving transistor M16
does not exceed the threshold voltage of the driving tran-
sistor in the current setting period (t1-t2).
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[0058] Even if it exceeds the threshold value, when the
drain current of the driving transistor M16 is very small and
the charging/discharging of the stray capacitor Cx of the data
line is not completed, the drain current does not coincide
with Idata. Therefore, the voltage is not accurately written
into the capacitor C4 of the pixel.

[0059] To perfectly execute the current programming,
after the turn-on of the driving transistor, it is necessary to
assure a time enough to allow the drain current to complete
the charging/discharging into/from the stray capacitor within
the current setting period.

[0060] In the embodiment, a current supplying circuit is
provided for charging the stray capacitor of the data line by
the predetermined current for a predetermined time period
before the current programming operation by the current
data is expired. This predetermined current supplied by the
current supplying circuit sets the voltage between the gate
and source of the driving transistor equal to or larger than the
threshold voltage with respect to all of the rows by the
charging operation. Consequently, in the current program-
ming operation in the small current, the self-discharging
operation of the driving transistor of each pixel is guaranteed
and the current programming operation is improved.

[0061] An embodiment of the invention will be described
hereinbelow with reference to FIGS. 1 to 3. As shown in
FIG. 2, the zero current setting period to set the zero current
into the zero current setting circuit exists before the charging
current setting period. The zero current setting circuit and
the zero current setting period will be explained hereinafter.
The charging current setting period and the current setting
period of each pixel circuit will now be described.

[0062] The preliminary charging circuit 140 serving as a
current supplying circuit shown in FIG. 1 is a constant
current source for supplying a predetermined current for a
predetermined time period in the current setting periods of
the pixel circuits 110, 120, etc. of each row. The preliminary
charging circuit 140 generates the current in the same
direction as that of the image data current on the data line.
The predetermined time period and the predetermined cur-
rent denote the period and current value which do not
depend on the magnitude of the data current and are com-
mon in a plurality of pixel circuits.

[0063] The preliminary charging circuit 140 in FIG. 1 is
constructed by: a current setting circuit portion (portion on
the left side from M8) with the same construction as that of
each pixel circuit; and a current mirror circuit portion
(portion on the right side from M8 excluding M8) including
the switch.

[0064] In the pixel circuit in which the current program-
ming is imperfect, the period until the current writing
operation is expired is long and exceeds the current setting
period of the pixel circuit.

[0065] In order to shorten the time until the voltage
between the gate and source of the driving transistor exceeds
the threshold value, the preliminary charging circuit 140
serving as a current supplying circuit adds a predetermined
current to the image data current before the current writing
operation in the current setting period of the pixel circuit is
expired, in other words, before the gate potential is con-
verged to the predetermined value. In order to assure the
enough long current writing period after the gate-source
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voltage exceeds the threshold value, as shown in FIGS. 2
and 3, it is desirable to add the predetermined current to the
image data current just after the start of the current setting
period of the pixel circuit.

[0066] The current value of the predetermined current
which is supplied from the preliminary charging circuit is set
as follows in consideration of the variation of the threshold
voltages of the driving transistors.

[0067] To eliminate the current programming imperfec-
tion by the preliminary charging, the preliminary charging
current enough to turn on the driving transistors has to be set
in all of the pixel circuits connected to the data line. That is,
the preliminary charging current has to be set so that it
exceeds the threshold value of the driving transistors in all
of the pixel circuits connected in the column direction and
becomes the maximum value of the threshold voltages of the
driving transistors in the column or becomes the voltage
exceeding such a value.

[0068] A period T1 during which the predetermined cur-
rent is supplied has to be set to be longer than a time constant
which is determined by a load capacitance of the data line
(the sum of the stray capacitance Cx and the charge holding
capacitance C3 of the pixel), a maximum threshold value
Vth(max), and the setting value Ipc of the preliminary
charging current so as to sufficiently reduce the electric
potential of the data line. That is,

T1>(Cx+C3) Vth(max)/Ipc

[0069] Further, the larger the current Ipc which is supplied
from the preliminary charging circuit is, the shorter the value
of T1 can be set to be. Therefore, It is preferable to set Ipc
to a larger value.

[0070] Actually, as shown in the embodiment, since the
current Ipc is also formed by the same column current
control circuit (4 in FIG. 4) as that of the data current and
supplied to the preliminary charging circuit 2, Ipc can be
varied only within the range of the data current in many
cases. In this case, Ipc is set to a predetermined value within
the variable range of the data current, preferably, a value
equal to the maximum value of the data current is selected
After the driving transistor is turned on, it is preferable to
promptly turn off the preliminary charging current so that the
writing operation by the data current is finished within the
current setting period of the pixel circuit.

[0071] In other words, it is preferable to set a residual
period T2 to be longer than a time constant which is
determined by a voltage fluctuation range AVdata of the data
line, the stray capacitance Cx, the capacitance C3 of the
pixel circuit, and the data current Idata so that the current
writing operation is completed even when the data current is
small. That is,

T2>(Cx+C3) AVdata/Idata.

[0072] A period T (t2-13, t3-t4, or the like in FIG. 3) for
the current setting of the pixel circuit of one row is con-
structed by the period T1 during which the preliminary
charging current is added to the data current and the resultant
current is supplied and the residual period T2, that is,

T=T1+T72.

[0073] In the embodiment, it is not specified that the
electric potential of the data line is fixed by the current
supply by the preliminary charging circuit but the charging
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potential depends on the characteristics of the driving tran-
sistor of each pixel circuit. The preliminary charging circuit
is constructed so that the predetermined current (charging
current) can be generated by the data current in the vertical
blanking period and the preliminary charging is executed by
using, for example, the horizontal blanking period.

[0074] A charging current value Ip (drain current of the
pMOS transistor M5) is decided by a method whereby the
current which is supplied to the data line “data” for the
predetermined vertical blanking period is subjected to the
current programming (setting) to the pMOS transistor M5 in
a manner similar to the pixel circuit (M6=M7=0N,
M8=0FF). The preliminary charging operation by the charg-
ing current value Ip is executed in a predetermined start
period (pc=1; for example, horizontal blanking period) of
the current programming (setting) operation to the relevant
pixel circuit which is executed in each row (each horizontal
scanning period).

[0075] The current setting circuit of the preliminary charg-
ing circuit includes: an nMOS transistor M7 connected to
the data line; an nMOS transistor M6 provided between a
gate of the pMOS transistor M5 and the nMOS transistor
M7, the pMOS transistor M5 in which a current is written as
a gate-source voltage on the basis of the charging setting
current flowing in the data line; and a pMOS transistor M8
provided between the pMOS transistor M5 and an nMOS
transistor M9 constructing a current mirror circuit.

[0076] The current mirror circuit of the preliminary charg-
ing circuit includes: the nMOS transistor M9 whose source
and gate are connected; an nMOS transistor M10 whose gate
is connected to the gate of the nMOS transistor M9; and an
nMOS transistor M11 provided between the nMOS transis-
tor M10 and the data line.

[0077] With reference to FIGS. 1 to 3, description would
be made concerning with the charging current setting opera-
tion (charging current writing operation) of the preliminary
charging circuit and the drive current programming opera-
tion of the pixel circuit in the case where the current is
supplied by the preliminary charging circuit, as follow.

[0078] First, the charging current setting operation (charg-
ing current writing operation) of the preliminary charging
circuit will be explained.

[0079] When signals P1p and P2p are set to the high level
and the nMOS transistors M7 and M6 are turned on, a
gate-source voltage of a capacitor C2 connected to the gate
of'the pMOS transistor M5 is set on the basis of the charging
setting current Ip (=Ipx-Iz: 1z denotes a setting current from
the zero current setting circuit) flowing in the data line.

[0080] Subsequently, when the signal P2p is set to the low
level, the nMOS transistor M6 is turned off and the voltage
of the capacitor C2 is held and written as a current value.
After that, when the signal Plp is set to the low level, the
nMOS transistor M7 is turned off and the pMOS transistor
M8 is turned on.

[0081] The drive current programming operation of the
pixel circuit in the case where the current is supplied by the
preliminary charging circuit will be described.

[0082] For example, when the signal Pc is set to the high
level in the second row current setting period, in the pre-
liminary charging circuit, a source-drain current flows by the
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gate potential of the pMOS transistor M5. The source-drain
current is current-mirror processed and the charging current
Ipc flows through the nMOS transistor M11.

[0083] For a period of time during which the signal Pc in
the second row current setting period is at the high level, the
charging current Ipc flows so as to increase the image data
current flowing in the data line. Thus, a current Idatal'
(=Idatal+Ipc, Idatal=Idatalx-Iz: 1z denotes the setting cur-
rent from the zero current setting circuit) flows. Therefore,
the electric potential of the data line drops and, at the same
time, since the nMOS transistors M17 and M18 are ON in
the second row current setting period, a gate potential of the
pMOS transistor M16 serving as a driving transistor also
drops.

[0084] The source-gate voltage of the driving transistor
exceeds the threshold voltage Vth, in each current setting
period of each pixel circuit, by allowing the charging current
Ipc to flow so as to increase the image data current flowing
in the data line and decreasing the gate potential as men-
tioned above, even if there is a variation of the threshold
voltages Vth of the driving transistors of the pixel circuits.
The self-discharging operation of the driving transistor of
each pixel is guaranteed and the current programming
operation is improved.

[0085] Explanation will be further made with reference to
FIG. 3.

[0086] Itis now assumed that all of the image data currents
are the small currents having the same current value (cur-
rents in the low gradation or black display state) (Idatalx=
Idata2x).

[0087] The threshold voltages of the pMOS transistors
M12 and M16 serving as driving transistors of the first row
pixel circuit and the second row pixel circuit are labeled as
Vthl and Vth2 and it is assumed that there is a relation of
Vth1<Vth2 between the voltage levels of the threshold
voltages.

[0088] It is now assumed that the current programming
operation has normally been executed in the first row current
setting period. When the voltage levels of the threshold
voltages of the pMOS transistors M12 and M16 have the
relation of Vthl (M12)<Vth2 (M16), in the case where no
current is supplied to the data line by the preliminary
charging circuit, as already described above, the gate-source
voltage of the driving transistor M16 does not exceed Vth2
in the second row current setting period due to an influence
of the stray capacitor Cx of the data line, and the current
writing operation based on the image data current Idata2
(=Idata2x-Iz: 1z denotes the setting current from the zero
current setting circuit), that is, the current programming
cannot be executed (current programming imperfection
occurs).

[0089] However, by supplying the current Ipc to the data
line by the preliminary charging circuit as in the embodi-
ment, as shown in FIG. 3, even when Vthl (M12)<Vth2
(M16), for the period of time during which the signal Pc in
the second row current setting period is at the high level, the
electric potential of the data line drops, and at the same time,
the nMOS transistors M18 and M17 are ON in the second
row current setting period, so that the voltage exceeding Vth
is applied as a gate-source voltage to the gate of the driving
transistor M16 of the second row pixel circuit and the
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source-drain current flows. After that, the signal Pc is set to
the low level, the gate potential rises and is converged to the
predetermined potential, and the current based on an image
data current Idata2' (=Idata2x-Iz+Ipc: 1z denotes the setting
current from the zero current setting circuit) is written as a
gate-source voltage.

[0090] FIG. 3 also shows the cases where the voltage
levels of the threshold voltages of the pMOS transistors M12
and M16 are set to Vthl (M12)=Vth2 (M16) and to Vthl
(M12)>Vth2 (M16).

[0091] Although the charging current setting operation
(charging current writing operation) of the preliminary
charging circuit and the drive current programming opera-
tion of the pixel circuit in the case where the current is
supplied by the preliminary charging circuit have been
described above, the zero current setting circuit as shown in
FIGS. 1 and 4 is further provided in the embodiment.

[0092] In the black display, although it is desirable to set
the line sequential data line current signal to the zero current,
it is actually difficult to set it to the zero current in terms of
the circuit construction. If the line sequential data line
current signal is not set to the zero current, the drive current
of the electroluminescent element EL cannot be set to zero,
so that the black display cannot be sufficiently set. There-
fore, the zero current setting circuit is provided to suffi-
ciently set the black display.

[0093] The image signal voltage which is inputted to the
column current control circuit 4 in FIG. 4 in the vertical
blanking period is set to the zero current setting voltage
(black display voltage level) and the zero setting current
(reference current) is allowed to flow in the data line
connected to the column current control circuit 4. This
period is called a zero current setting period (zero current
programming period).

[0094] When nMOS transistors M3 and M2 are turned on
by setting control signals P1z and P2z to the high level for
the zero current setting period, respectively, the voltage of
the capacitor C1 connected to a gate of a pMOS transistor
M1 is set to the zero current setting level having a correla-
tion with the zero setting current. Upon current setting of
each pixel circuit, the setting current Iz based on the zero
setting current is set to the gate-source voltage enough to
allow the current to flow in the data line through pMOS
transistors M1 and M4. Subsequently, when the control
signals P1z and P2z to the low level, the voltage of the
capacitor C1 is held.

[0095] Subsequently, assuming that the data current
Idatalx flows in the data line in order to set the first row
pixel circuit to the image display (for example, black dis-
play), the setting current Iz flows in the data line from the
zero current setting circuit through the pMOS transistors M1
and M4. A write setting current Idatal of the first row pixel
circuit is set to Idatal=Idatalx-Iz. By providing the zero
current setting circuit as mentioned above, the black display
between the pixel circuits can be set.

[0096] Although the capacitors C1 to C4 can be individu-
ally formed as capacitive elements, a stray capacitor (over-
lap capacitor or the like of a gate electrode and a source
region) formed between the gate and source can be also used
instead of forming each capacitor as an element.
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[0097] Although the active matrix type display apparatus
using the current driving type display elements has been
described above as an example using the current program-
ming apparatus according to the invention, the current
programming apparatus according to the invention can be
also applied to an apparatus using a current setting circuit for
holding the current which is allowed to flow in the data line
as a gate-source voltage of the transistor. Such an application
is not limited to the active matrix type display apparatus
using the current driving type display elements such as
LEDs, electroluminescent elements, electron-emitting
devices (since the display can be performed by accelerating
an electron emitted from the electron-emitting device and
bombarding it onto an image forming member such as
phosphor or the like, such an electron-emitting device is also
incorporated in the current driving type display elements), or
the like, but the current programming apparatus is used as a
circuit for the current programming of an analog memory or
the like. The invention is not limited to the matrix-shaped
display apparatus but can be also applied to a line-shaped
display apparatus.

[0098] Although it is not always necessary to provide the
zero current setting circuit in the embodiment, it is prefer-
able to provide it in order to more accurately make the
setting of the black display. Since the current from the
preliminary charging circuit is applied for a partial period
until the current writing operation is finished within the
current setting period, it does not remain finally as a current
value as a gate-source voltage. Therefore, even if it exists
together with the current by the zero current setting circuit,
its function is not deteriorated.

[0099] The invention is not limited to the active matrix
type display apparatus using the current driving type light-
emitting elements such as electroluminescent elements, (EL
elements) or the like but is also used for the analog memory.

[0100] This application claims priority from Japanese
Patent Application No. 2004-342126 filed on Nov. 26, 2004,
which is hereby incorporated by reference herein.

What is claimed is:
1. A current programming apparatus in which

a plurality of circuits each having a first field effect
transistor and a switch provided between a control
electrode and one main electrode of said first field effect
transistor are connected to a data line,

said switches of said plurality of circuits are sequentially
turned on for a predetermined time period, and a data
current flowing in said data line is supplied to said
control electrode and said one main electrode of said
first field effect transistor, thereby writing a current
value of said data current into each of said plurality of
circuits as a value of a voltage between the other main
electrode and said control electrode of said first field
effect transistor,

wherein a constant current source for generating a pre-
determined current in the same direction as that of said
data current is connected to said data line, and said
constant current source supplies the predetermined
current to said data line in such a manner that in said
writing operation of each of said plurality of circuits,
before said predetermined time period is expired, the
voltage between the other main electrode and said
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control electrode of said first field effect transistor is
equal to or larger than a maximum value of threshold
voltages of said first field effect transistors in said
plurality of circuits.

2. An apparatus according to claim 1, wherein said
constant current source starts supplying the predetermined
current just after said switch of each of said plurality of
circuits is turned on.

3. An apparatus according to claim 1, wherein said
constant current source finishes supplying the predetermined
current while leaving a time period enough to determine the
value of the voltage between the other main electrode and
said control electrode of said first field effect transistor in
accordance with a current value of said data current within
said predetermined time period after supplying said prede-
termined current is finished.

4. An apparatus according to claim 1, wherein a value of
the predetermined current of said constant current source is
set by the current supplied to said data line in a period of
time during which any of said plurality of circuits are not
connected to said data line.

5. An apparatus according to claim 4, wherein the current
which is supplied to said data line and sets the predetermined
current of said constant current source is a current within a
variable range of said data current.

6. An apparatus according to claim 5, wherein the current
which is supplied to said data line and sets the predetermined
current of said constant current source is a maximum current
within the variable range of said data current.

7. An apparatus according to claim 1, further comprising:

a second switch provided between said switch of each of
said circuits and said data line; and

a third switch which is connected to said one main
electrode of said first field effect transistor of each of
said circuits and extracts the written current from said
one main electrode of each of said circuits in a time
period out of said predetermined time period.

8. An apparatus according to claim 1, wherein said

constant current source has:

(A) a current setting unit which has a second field effect
transistor, a fourth switch provided between a control
electrode and one main electrode of said second field
effect transistor, and a fifth switch provided between
said fourth switch and said data line, turns on said
fourth switch in a period of time during which any or
said plurality of circuits are not connected to said data
line, leads a current which is supplied to said data line
from an outside to said control electrode and said one
main electrode of said second field effect transistor, and
writes a value of said current as a value of a voltage
between the other main electrode and said control
electrode of said second field effect transistor; and

(B) a current supplying unit which has a current mirror
circuit, a sixth switch provided between an input ter-
minal of said current mirror circuit and said one main
electrode of said second field effect transistor, and a
seventh switch provided between an output terminal of
said current mirror circuit and said data line, turns on
said sixth switch, leads a current according to the
voltage value written in said current setting unit to said
input terminal of said current mirror circuit, turns on
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said seventh switch, and supplies an output current of
said current mirror circuit to said data line.

9. An active matrix type display apparatus in which a
plurality of pixel circuits each having a current driving type
display element, a first field effect transistor to control a
current flowing in said current driving type display element,
and a switch provided between a control electrode and one
main electrode of said first field effect transistor are arranged
in a matrix, said plurality of pixel circuits arranged in a
column direction are connected to one data line,

said switches of said pixel circuits connected to said one
data line are sequentially turned on for a predetermined
time period, and an image data current flowing in said
data line is supplied to said control electrode and said
one main electrode of each of said first field effect
transistors of said pixel circuits, thereby writing a
current value of said image data current into each of
said pixel circuits as a value of a voltage between the
other main electrode and said control electrode of said
first field effect transistor,

wherein a constant current source for generating a pre-
determined current in the same direction as that of said
image data current is connected to said data line, and
said constant current source supplies the predetermined
current to said data line in such a manner that in said
writing operation of each of said pixel circuits, before
said predetermined time period is expired, the voltage
between the other main electrode and said control
electrode of said first field effect transistor is equal to or
larger than a maximum value of threshold voltages of
said first field effect transistors in said plurality of pixel
circuits arranged in the column direction.
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10. An apparatus according to claim 9, wherein said
current driving type display element is an electrolumines-
cent element which emits light in correspondence to the
injection current.

11. A current programming method in which a plurality of
circuits each having a first field effect transistor and a switch
provided between a control electrode and one main electrode
of said first field effect transistor are connected to a data line,

said switches of said plurality of circuits are sequentially
turned on for a predetermined time period, and a data
current flowing in said data line is supplied to said
control electrode and said one main electrode of said
first field effect transistor, thereby writing a current
value of said data current into each of said plurality of
circuits as a value of a voltage between the other main
electrode and said control electrode of said first field
effect transistor,

wherein a constant current source for generating a pre-
determined current in the same direction as that of said
data current is further connected to said data line, and
the predetermined current is supplied from said con-
stant current source to said data line in such a manner
that in the writing operation of each of said plurality of
circuits connected to said data line, before said prede-
termined time period is expired, the voltage between
the other main electrode and said control electrode of
the first field effect transistor is equal to or larger than
a maximum value of threshold voltages of said first
field effect transistors in said plurality of circuits.
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