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(57) ABSTRACT
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arranged 1n a matrix pattern; and a driving circuit for driving
the pixel unit. Fach of the pixels includes a signal level
holding capacitor; a first transistor that i1s turned on/off 1n
response to a writing signal and via which one end of the
signal level holding capacitor 1s connected to a signal line;
a second transistor having one end of the signal level holding
capacitor connected to a gate thereof and the other end of the
signal level holding capacitor connected to a source thereof;
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to the source of the second transistor; a third transistor that
1s turned on/ofl 1n response to a drwmg pulse signal; and a
fourth transistor that 1s turned on/ofl 1n response to a control
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DISPLAY APPARATUS AND ELECTRONIC
APPARATUS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCES TO RELATED
APPLICATIONS

Notice: More than one reissue application has been filed
for the reissue of U.S. Pat. No. 8,269,699. This application
is a Continuation Reissue Application of the patent appli-
cation Ser. No.: 15/389,480, filed Dec. 23, 2016, now U.S.
Pat. No. RE47,916, which is a Continuation Reissue Appli-
cation of the patent application Ser. No.: 15/073,888, filed
Mar 18, 2016, now U.S. Pat. No. RE46,287, which is a
Reissue Application of Ser. No. 13/285,680, filed Oct. 31,
2011, now U.S. Pat. No. 8,269,699, issued Sep. 15, 2012,
which 1s a Continuation Application of the patent application
Ser. No.: 12/010,926, filed Jan. 31, 2008, now U.S. Pat. No.
8,072,397, issued Dec. 6, 2011, which claims priorty from
Japanese Patent Application JP 2007-037385 filed 1n the
Japanese Patent Oflice on Feb. 19, 2007, the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display apparatus, and
can be applied to, for example, a current-driven self-light-
emitting display apparatus, such as an organic EL (Electro
Luminescence) element. The present invention 1s configured
in such a way that the gate voltage of a transistor for driving
a light-emitting element 1s set to a fixed potential, variations
in the light-emission luminance due to variations i the
threshold voltage of the transistor are corrected, and the
fixed potential 1s supplied from signal lines, thereby making
it possible to reduce the number of scanning lines and the
number of wiring patterns of fixed potentials used in com-
parison with a known case.

2. Description of the Related Art

Hitherto, regarding a display apparatus using an organic
EL element, various contrivances have been proposed, for
example, 1n U.S. Pat. No. 5,684,365 and Japanese Unexam-
ined Patent Application Publication No. 8-234683.

FIG. 15 1s a block diagram showing a so-called known
active-matrix display apparatus using an organic EL ele-
ment. In a display apparatus 1, a pixel unit 2 1s formed in
such a manner that pixels (PX) 3 are arranged 1n a matrix
pattern. In the pixel unit 2, scanning lines SCN are provided
in units of lines 1n a horizontal direction with respect to the
pixels 3 arranged 1n a matrix pattern, and signal lines SIG are
provided for each column in such a manner as to intersect
the scanning lines SCN at right angles.

As shown 1n FIG. 16, each pixel 3 1s formed of an organic
EL element 8, which i1s a current-driven seli-light-emitting
clement, and a driving circuit (hereinafter referred to as a
“pixel circuit”) of the pixel 3, the driving circuit being used
to drive the organic EL element 8.

In the pixel circuit, one end of a signal level holding
capacitor C1 1s held at a fixed potential, and the other end of
the signal level holding capacitor C1 1s connected to the
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2

signal line SIG via a transistor TR1 that 1s turned on/ofl 1n
accordance with a writing signal WS. As a result, in the pixel
circuit, the transistor TR1 1s turned on 1n response to the rise
of the writing signal WS. The other end potential of the
signal level holding capacitor C1 1s set to the signal level of
the signal line SIG. The signal level of the signal line SIG
1s sampled at the other end of the signal level holding
capacitor C1 and held by the signal level holding capacitor
C1 at the timing at which the transistor TR1 1s changed from
an on state to an ofl state.

In the pixel circuit, the other end of the signal level
holding capacitor C1 1s connected to the gate of a P-channel
transistor TR2, whose source 1s connected to a power supply
Ve, and the drain of the transistor TR2 1s connected to the
anode of the organic EL element 8. Here, 1n the pixel circuit,
the transistor TR2 1s set to always operate 1n a saturated area,
with the result that the transistor TR2 constitutes a constant
current circuit using a drain-source current Ids represented
by the following equation:

Tds=(¥2)xpux(W/L)xCoxx(Vgs-Vth)? (1)

where Vgs 1s the gate-source voltage of the transistor TR2,
u 1s the mobility, W 1s the channel width, L 1s the channel
length, Cox 1s gate capacitance, and Vth is the threshold
voltage of the transistor TR2. As a result, each pixel circuit
drives the organic EL element 8 on the basis of the driving
current Ids corresponding to the signal level of the signal
line SIG that 1s sampled and held by the signal level holding
capacitor C1.

The display apparatus 1 causes a write scanning circuit
(WSCN) 4A of a vertical driving circuit 4 to sequentially
transier a predetermined sampling pulse and to generate a
writing signal WS that 1s a timing signal for instructing
writing mto each pixel 3. A horizontal selector (HSEL) SA
of a hornizontal driving circuit 5 causes a predetermined
sampling pulse to be sequentially transferred to generate a
timing signal, and each signal line SIG 1s set to the signal
level of the mput signal S1 by using the timing signal as a
reference. As a result, the display apparatus 1 sets the
terminal voltage of the signal level holding capacitor C1
provided 1n each pixel unit 3 1n accordance with an input
signal S1 1n point sequence or in line sequence, and an 1mage
represented by the mnput signal S1 1s displayed.

Here, as shown 1n FIG. 17, in the organic EL element 8,
current/voltage characteristics change over time through use
such that 1t becomes difficult for electric current to flow. In
FIG. 17, reference character L1 denotes the 1nitial charac-
teristics, and reference character .2 denotes the character-
istics caused by changes over time. However, when the
organic EL. element 8 1s to be driven by the P-channel
transistor TR2 1n the circuit configuration shown in FIG. 16,
the transistor TR2 drives the organic EL element 8 in
accordance with the gate-source voltage Vgs set in accor-
dance with the signal level of the signal line SIG, making 1t
possible to prevent luminance changes 1n each pixel due to
changes over time of the current/voltage characteristics.

If all the transistors constituting the pixel circuit, the
horizontal driving circuit, and the vertical driving circuit are
formed by N-channel transistors, these circuits can be col-
lectively fabricated on an insulating substrate, such as a
glass substrate with an amorphous silicon process. Thus, the
display apparatus can be made simply and easily.

However, as shown in FIG. 18, 1n contrast with FIG. 16,
when each pixel 13 i1s formed by using an N-channel type for
the transistor TR2 and a display apparatus 11 1s formed by
a pixel unit 12 using a pixel 13, as a result of the source of

the transistor TR2 being connected to the organic EL ele-
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ment 8, changes in the current/voltage characteristics shown
in FIG. 17 cause the gate-source voltage Vgs of the transistor
TR2 to be changed. As a result, 1n this case, electric current
flowing through the organic EL eclement 8 gradually
decreases through use, and the luminance of each pixel
gradually decreases. In the configuration shown in FIG. 18,
the light-emission luminance varies among the pixels due to
variations 1n the characteristics of the transistors TR2.
Variations in the light-emission luminance disturb unifor-
mity on the display screen and are perceived as variations
and roughness on the display screen.

For this reason, as a contrivance for preventing such a
decrease in the light-emission luminance due to changes
over time of the organic EL element and such variations 1n
the light-emission luminance due to variations i1n the char-
acteristics, a configuration shown in FIG. 19 has been
proposed.

Here, 1n a display apparatus 21 shown 1n FIG. 19, a pixel
unit 22 1s formed 1n such a manner that pixels 23 are
arranged 1n a matrnix pattern. In the pixel 23, one end of a
signal level holding capacitor C1 1s connected to the anode
of the organic EL element 8, and the other end of the signal
level holding capacitor C1 1s connected to the signal line
SIG via-the transistor TR1 that 1s turned on/off 1n accor-
dance with the writing signal WS. As a result, 1 the pixel 23,
the voltage at the other end of the signal level holding
capacitor C1 1s set to the signal level of the signal line SIG
in accordance with the writing signal WS.

In the pixel 23, one end of the signal level holding
capacitor C1 1s connected to the source and the other end
thereol 1s connected to the gate of the transistor TR2, and the
drain of the transistor TR2 1s connected to a power supply
Vcc via a transistor TR3 that 1s turned on/ofl 1n accordance
with a driving pulse signal DS. As a result, in pixel 23, the
organic ELL element 8 1s driven by the transistor TR2 of a
source follower circuit, in which the gate potential 1s set to
the signal level of the signal line SIG. Here, Vcat is the
cathode potential of the organic EL element 8. The driving
pulse signal DS 1s a timing signal for controlling the
light-emission period of each pixel 3, and 1s generated by a
drive scanning circuit (DSCN) 24B by sequentially trans-
ferring a predetermined sampling pulse.

Furthermore, 1n the pixel 23, ends of the signal level
holding capacitor C1 are connected to predetermined fixed
potentials Vois and Vss via transistors TR4 and TRS that are
turned on/ofl in accordance with control signals AZ1 and
AZ2, respectively. The control signals AZ1 and AZ2 are

timing signals that are generated by control signal genera-
tion circuits (AZ1 and AZ2) 24C and 24D, each being

provided 1n the vertical driving circuit 24, by sequentially
transierring a predetermined sampling pulse.

FIG. 20 1s a timing chart of one pixel 23 in the display
apparatus 21. In FIG. 20, a reference character of a transistor
that 1s turned on/ofl 1n accordance with a corresponding
signal 1s shown for each signal. As shown 1n FIG. 21, 1n a
light-emission period T1 1n which the organic EL element 8
emits light, 1n the pixel 23, signal levels of the writing signal
WS and the control signals AZ1 and AZ2 (parts (A) and (B)
of FIG. 20) are made to fall to set transistors TR1, TR4, and
TRS5 to an off state, and the signal level of the driving pulse
signal DS (part (D) of FIG. 20) 1s made to rise to set the
transistor TR3 to an on state.

As a result, 1n the pixel 23, a constant current circuit that
varies with a gate-source voltage Vgs resulting from the
potential difference across the ends of the signal level
holding capacitor C1 1s formed by the transistor TR2 and the
signal level holding capacitor C1, and the organic EL

10

15

20

25

30

35

40

45

50

55

60

65

4

clement 8 1s made to emit light in accordance with the
drain-source current Ids determined by the gate-source volt-
age Vgs. Thus, a luminance decrease due to changes over
time of the organic EL element 8 1s prevented. The drain-
source current Ids 1s represented by equation (1) described
with reference to FIG. 16. In the following, transistors are
shown using symbols of switches.

When the light-emission period T1 ends, the transistors
TR4 and TRS5 are set to an on state in pixel 23, during the
subsequent period T2, as shown in FIG. 22. As a result, 1n
the pixel circuit 23, the potential across the ends of the signal

level holding capacitor C1 1s set to predetermined fixed
potentials Vois and Vss (parts (E) and (F) of FIG. 20), and
the drain-source current Ids flows from the transistor TR2 to
the transistor TRS 1n response to the gate-source voltage Vgs
resulting from the potential difference Vois—Vss of the fixed
potentials Vois and Vss. During the period 12, the fixed
potentials Vois and Vss are set so that the potential differ-
ence across the ends of the organic EL element 8 does not
become greater than a threshold voltage Vthel of the organic
EL element 8, the organic EL element 8 does not emat light,
and the transistor TR2 operates 1n a saturated area.

Next, 1n the pixel 23, during the predetermined period 13,
as shown 1n FIG. 23, the transistor TRS 1s set to an off state.
As a result, 1n the pixel 23, as indicated using the broken line
in FIG. 23, the voltage at the side end of the transistor TRS
of the signal level holding capacitor C1 increases in accor-
dance with the drain-source current Ids of the transistor TR2.

As shown 1 FIG. 24, for the organic EL element 8, an
equivalent circuit 1s represented by a parallel circuit of a
diode and a capacitor of capacitance Cel. As a result, as
shown 1n FIG. 25, the source voltage Vs of the transistor
TR2 increases gradually 1n the period T3 1n accordance with
the drain-source current Ids of the transistor TR2. As a
result, 1n the pixel 23, the potential difference across the ends
of the signal level holding capacitor C1 1s set at the threshold
voltage Vth of the transistor TR2, and the terminal voltage
of the signal level holding capacitor C1 on the transistor TRS
side 1s set to a voltage Vois—Vth such that the threshold
voltage Vth of the transistor TR2 1s subtracted from the fixed
potential Vois. In this state, the anode potential Vel of the
organic EL element 8 1s represented by Vel=Vois—Vth. In the
display apparatus 21, the fixed potential Vofs 1s set so that
Vel=Vcat+Vthel 1s reached with the result that the organic
EL element 8 does not emit light 1n the period T3.

Next, 1n the pixel 23, as shown 1n FIG. 26, the transistors
TR3 and TR4 are sequentially set to an ofl state in the
subsequent period T4. By setting the transistor TR3 to an off
state earlier than the transistor TR4, 1t 1s possible to suppress
variations 1n the gate voltage Vg of the transistor TR2.
Furthermore, next, in the pixel 23, in a state 1n which the
transistor TR1 1s set to an on state and the terminal voltage
of the signal level holding capacitor C1 on the transistor TRS
side 1s thereby set to a voltage Vois—Vth, the terminal
voltage of the signal level holding capacitor C1 on the
transistor TRS side 1s set to the signal level Vsig of the signal
line SIG.

In this case, to be accurate, the gate-source voltage Vgs of
the transistor TR2 1s represented by the following equation:

Vas=(Cel/Cel+C1+C2)x(Vsig-Vois)+Vth (2)

where C2 1s the capacitance between the gate and the source
of the transistor TR2. If the parasitic capacitance Cel of the
organic EL element 8 1s greater than the capacitance of the
signal level holding capacitor C1 and the gate-source capaci-
tance C2 of the transistor TR2, the gate-source voltage Vgs
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of the transistor TR2 1s set to a voltage Vsig+Vth with
suflicient accuracy for practical use.

As a result, in the pixel 23, the gate-source voltage Vgs of
the transistor TR2 1s set to a voltage Vsig+Vth such that a
threshold voltage Vth 1s added to the signal level Vsig of the
signal line SIG. As a result, 1n the display apparatus 21, 1t 1s
possible to prevent variations 1n the light-emission lumi-
nance due to variations 1n the threshold voltage Vth, which
1s one of the characteristics of the transistor TR2.

Next, in the pixel 23, as shown 1n FI1G. 27, during the fixed
period T3, the transistor TR3 is set to an on state in a state
in which the transistor TR1 1s kept set to an on state. As a
result, 1n the pixel 23, the transistor TR2 causes the drain-
source current Ids to flow 1n accordance with the gate-source
voltage Vgs resulting from by the potential difference across
the ends of the signal level holding capacitor C1. At this
time, when the source voltage Vs of the transistor TR2 1s
smaller than the sum of the threshold voltage Vthel of the
organic EL element 8 and the cathode voltage Vcat, and the
clectric current that flows to the organic EL element 8 is
small, as shown 1 FIG. 28, the source voltage Vs of the
transistor TR2 increases gradually from a voltage Vs0 in
accordance with the drain-source current Ids of the transistor
TR2. The voltage Vs0 1s represented by the following
equation:

Vs0=Vois—-Vth+({C1+C2)/(Cel+C1+C2))x(Vsig—

Vois) (3)

The rate of increase of the source voltage Vs depends on
the mobility u of the transistor TR2. Cases 1 which the
mobility 1s large and the mobility 1s small are indicated by
reference characters Vsl and the Vs2, respectively, and 1t
can be seen that the larger the mobility, the greater the rate
of 1ncrease of the source voltage Vs.

As a result, 1n the pixel 23, only during the fixed period
T35, 1n a state 1n which the transistor TR1 1s kept set to an on
state, the transistor TR3 is set to an on state, and variations
in the light-emission luminance due to variations in the
mobility, which 1s one of the characteristics of the transistor
TR2, are prevented.

Thereafter, as shown in FIG. 21, in the pixel 23, the
transistor TR1 1s set to an ofl state, and the organic EL
clement 8 1s driven 1n accordance with the threshold voltage
Vth and the gate-source voltage Vgs that 1s set by correcting
the mobility u. As a result, the source voltage Vs of the
transistor TR2 increases as a result of the transistor TR1
being turned off up to a voltage at which the drain-source
current Ids of the transistor TR2 flows to the organic EL
clement 8, and the organic EL element 8 starts to emat light.
In consequence, the gate voltage Vg of the transistor TR2
also 1ncreases.

According to the configuration shown in FIG. 19, 1t 1s
possible to prevent a decrease 1n the light-emission lumi-
nance due to changes over time of the organic EL element
8, and 1t 1s possible to prevent variations in the light-
emission luminance due to variations in the characteristics
of the transistor TR2.

However, in the case of the configuration shown in FIG.
19, regarding one pixel 23, 1t 1s necessary to provide one
signal line SIG, four scanning lines responsive to control
signals AZ2 and AZ1 , a driving pulse signal DS, and a
writing signal WS, and four wiring patterns of fixed poten-
tials Vee, Vofs, Vss, and Vcat. Here, the electrode of the
fixed potential Vcat 1s formed on the entire panel by vapor
deposition. Therefore, even 1f scanning lines are used 1n
common at red, blue, and green pixels, wiring patterns of
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four scanning lines and 3x3 wiring patterns of fixed poten-
tials become necessary with respect to one set of red, blue,

and green pixels.

As a result, 1n a display apparatus of the related art using
N-channel transistors, there i1s a problem 1n that the number
of scanning lines and the number of wiring patterns of fixed
potentials become large. When the number of wiring pat-
terns becomes large, 1t 1s diflicult to efliciently arrange pixels
at a high density, and it 1s diflicult to manufacture a high-
definition display apparatus with a high yield.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
points. It 1s desirable to provide a display apparatus capable
of reducing the number of scanning lines and the number of
wiring patterns ol fixed potentials when compared to a
known case.

According to an embodiment of the present invention,
there 1s provided a display apparatus including: a pixel umit
in which pixels are arranged i1n a matrix pattern; and a
driving circuit for driving the pixel unit. Each of the pixels
includes a signal level holding capacitor and a first transistor
that 1s turned on/ofl 1n response to a writing signal, through
which one end of the signal level holding capacitor i1s
connected to a signal line. A second transistor having one
end of the signal level holding capacitor connected to a gate
thereof, and the other end of the signal level holding
capacitor connected to a source thereol. A current-driven
seli-light-emitting element whose cathode 1s held at a cath-
ode potential and its anode connected to the source of the
second transistor. A third transistor 1s turned on/ofl 1n
response to a driving pulse signal, through which the drain
of the second transistor 1s connected to a power-supply
voltage. A fourth transistor 1s turned on/ofl in response to a
control signal, and sets the other end of the signal level
holding capacitor to a first fixed potential. The driving
circuit outputs the writing signal, the driving pulse signal,
and the control signal, sequentially setting the signal level of
the signal line to a signal level corresponding to the gray-
scale level of each pixel connected to the signal line, with the
period of a second fixed potential 1n between, sequentially
repeating cyclical settings of the first to fifth periods and
drives the pixel unit. In the first period, the first and fourth
transistors are set to an off state, and the third transistor 1s set
to an on state in response to the writing signal, the driving
pulse signal, and the control signal, driving the self-light-
emitting element by using the second transistor on the basis
of an electric current value 1n accordance with a gate-source
voltage resulting from a potential across the ends of the
signal level holding capacitor, so as to cause the self-light-
emitting element to emit light. The second period sets the
third transistor to an ofl state so as to cause the self-light-
emitting element to stop light emission in response to the
driving pulse signal The third period sets the fourth transis-
tor to an on state in response to the control signal 1n order
to set the other end of the signal level holding capacitor to
the first fixed potential, setting the first transistor to an on
state 1n response to the writing signal, and sets one end of the
signal level holding capacitor to the second fixed potential.
The fourth period, during the period of time 1n which the
second fixed potential 1s repeated a plurality of times 1n the
signal line, the first fourth transistors are set to an on state
and an ofl state 1n response to the writing signal and the
control signal, respectively During the period of time 1n
which the signal level of the signal line 1s set to the second
fixed potential, the third transistor 1s set to an on state 1n
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response to the driving pulse signal so as to set the potential
difference across the ends of the signal level holding capaci-
tor to a voltage approximately equal to a threshold voltage
ol the second transistor. In the fifth period, in response to the
writing signal, the first transistor 1s set {from an on state to an
ofl state, and sets the signal level of the signal line 1n one end
of the signal level holding capacitor.

According to the configuration of the embodiment of the
present mvention, the gate voltage of the second transistor
for driving a seli-light-emitting element 1s set to a fixed
potential, and variations 1n the light-emission luminance due
to variations 1n the threshold voltage of the second transistor
are corrected, making 1t possible to supply the fixed potential
from the signal line side. As a result, it 1s possible to omut
wiring patterns for separately supplying a fixed potential and
scanning lines of a control signal for controlling the setting
of the fixed potential to the second transistor. As a result, 1t
1s possible to reduce the number of scanning lines and the
number of wiring patterns for fixed potentials 1n comparison
with a known case.

According to the embodiment of the present invention, 1t
1s possible to reduce the number of scanning lines and the

number of wiring patterns of fixed potentials 1n comparison
with a known case.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram allowing a display apparatus
according to a first embodiment of the present invention;

FIG. 2 1s a timing chart of the display apparatus shown in
FIG. 1;

FIG. 3 1s a connection diagram showing the setting of a
pixel during a period T11 1 FIG. 2;

FIG. 4 1s a connection diagram showing the setting of a
pixel during a period T12 in FIG. 2;

FIG. 5 1s a connection diagram showing the setting of a
pixel during a period T13 n FIG. 2;

FIG. 6 1s a connection diagram showing the setting of a
pixel during a period 114 1n FIG. 2;

FIG. 7 1s a connection diagram showing the subsequent
setting 1n FIG. 6;

FIG. 8 1s a connection diagram showing the subsequent
setting 1n FIG. 7;

FIG. 9 1s a characteristic curve diagram 1llustrating the
correction of a threshold voltage;

FIG. 10 1s a connection diagram showing the setting of a
pixel during a period T15 1 FIG. 2;

FIG. 11 1s a connection diagram showing the subsequent
setting in FIG. 10;

FIG. 12 1s a characteristic curve diagram illustrating the
correction of a mobility;

FIG. 13 1s a block diagram showing a display apparatus
according to a second embodiment of the present invention;

FIG. 14 1s a timing chart of the display apparatus shown
in FIG. 13;

FIG. 15 1s a block diagram showing a display apparatus
of the related art;

FIG. 16 1s a block diagram showing 1n detail the display
apparatus shown in FIG. 15;

FIG. 17 1s a characteristic curve diagram showing
changes over time of an organic ELL element;

FIG. 18 1s a block diagram showing a case in which
N-channel transistors are used in the configuration shown in
FIG. 15;

FIG. 19 1s a block diagram showing a display apparatus
of the related art in which N-channel transistors are used;
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FIG. 20 1s a timing chart of the display apparatus shown
in FIG. 19;

FIG. 21 1s a connection diagram showing the setting of a
pixel during a period T1 1n FIG. 20;

FIG. 22 1s a connection diagram showing the setting of a
pixel during a period T2 1n FIG. 20;

FIG. 23 1s a connection diagram showing the setting of a
pixel during a period T3 1n FIG. 20;

FIG. 24 15 a connection diagram showing the continuation
of FIG. 23:

FIG. 25 1s a characteristic curve diagram illustrating the
correction of a threshold voltage;

FIG. 26 1s a connection diagram showing the setting of a
pixel during a period T4 1n FIG. 20;

FIG. 27 1s a connection diagram showing the setting of a
pixel during a period TS 1n FIG. 20;

FIG. 28 1s a characteristic curve diagram 1llustrating the
correction of a mobility;

FIG. 29 1s a sectional view showing the device configu-
ration of a display apparatus according to an embodiment of
the present invention;

FIG. 30 1s a plan view showing the module configuration
of a display apparatus according to an embodiment of the
present 1nvention;

FIG. 31 1s a perspective view showing a television set
including a display apparatus according to an embodiment
of the present invention;

FIG. 32 1s a perspective view showing a digital still
camera including a display apparatus according to an
embodiment of the present invention;

FIG. 33 15 a perspective view showing a notebook per-
sonal computer including a display apparatus according to
an embodiment of the present invention;

FIG. 34 1s a schematic view showing a portable terminal
device including a display apparatus according to an
embodiment of the present invention; and

FIG. 35 1s a perspective view showing a video camera
including a display apparatus according to an embodiment
of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described 1n
detail below.

First Embodiment

FIG. 1, in contrast with FIG. 19, 1s a block diagram
showing a display apparatus according to a first embodiment
of the present invention. In a display apparatus 31, compo-
nents having the same configuration as those components of
the display apparatuses 1, 11, and 21 described with refer-
ence to FIGS. 15, 19, and so on, are designated with the
same reference numerals, thus duplicate descriptions thereof
are omitted. All the transistors of the display apparatus 31
are formed by N-channel transistors, a pixel unit 32, a
horizontal driving circuit 35, and a vertical dniving circuit 34
on a glass substrate, which 1s a transparent insulating sub-
strate with an amorphous silicon process.

Here, the horizontal driving circuit 35 sequentially trans-
fers a predetermined sampling pulse 1 accordance with a
clock by using a horizontal selector (HSEL) 35A 1n order to
generate a timing signal, and sets each signal line SIG to a
signal level of an 1nput signal S1 by using the timing signal
as a reference. At this time, as shown 1n FIG. 2, during an
approximately first half period of one horizontal scanning
period (1H), the signal level of the signal line SIG 1s set to
a predetermined fixed potential Vois in the pixel 23,
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described with reference to FIG. 19. During approximately
the second half of one horizontal scanning period, the signal
level of the signal line SIG 1s sequentially set to a signal
level Vsig corresponding to the gray-scale level of a pixel 33
connected to each signal line SIG (part (A) of FIG. 2). In
FIG. 2, a reference character of a transistor that 1s turned
on/ofl in accordance with a corresponding signal 1s shown
for each signal.

In association with the configuration of the horizontal
driving circuit 35, a control signal generation circuit (AZ2)
in the vertical driving circuit 34 for outputting a control
signal AZ2 related to the control of the fixed potential Vois
1s omitted. A write scanning circuit (WSCN) 34A, a drive
scanning circuit (DSCN) 34B, and a control signal genera-
tion circuit 34D generate a writing signal WS, a dnving
pulse signal DS, and a control signal AZ2, respectively.

The pixel unit 32 1s formed 1n such a manner that pixels
33 are arranged 1n a matrix pattern. In the pixel 33, one end
of the signal level holding capacitor C1 1s connected to the
anode of the organic EL element 8, and the other end of the
signal level holding capacitor C1 1s connected to the signal
line SIG wvia the transistor TR1 that 1s turned on/off 1n
accordance with the writing signal WS. As a result, in the
pixel 33, the voltage at the other end of the signal level
holding capacitor C1 1s set to the signal level of the signal
line SIG 1n accordance with the writing signal WS.

In the pixel 33, one end of the signal level holding
capacitor C1 1s connected to the source and the other end
thereot 1s connected to the gate of the transistor TR2, and the
drain of the transistor TR2 1s connected to a power supply
Vcc via a transistor TR3 that 1s turned on/ofl 1n accordance
with the driving pulse signal DS. As a result, 1n the pixel 33,
the transistor TR2 drives the organic ELL element 8 of a
source follower circuit 1n which the gate potential is set to
the signal level of the signal line SIG.

Furthermore, 1n the pixel 33, the terminal voltage of the
signal level holding capacitor C1 on the organic EL element
8 side 1s connected to a fixed potential Vini via a transistor
TRS5 that 1s turned on/oil 1n accordance with a control signal
AZ2.

As shown 1n FIG. 3, during a light-emission period T11 1n
which the organic EL element 8 emits light, in the pixel 33,
the signal levels of the writing signal WS and the control
signal AZ2 (parts (B) and (C) of FIG. 2) are made to fall, so
that the transistors TR1 and TRS are set to an ofl state.
Furthermore, the signal level of the driving pulse signal DS
(part (D) of FIG. 2) 1s made to rise, so that the transistor TR3
1s set to an on state. In this state, the pixel 33 has been set
so that the transistor TR2 operates 1n a saturated area.

As a result, 1n the pixel 33, a constant current circuit that
varies with a gate-source voltage Vgs resulting from by the
potential difference across the ends of the signal level
holding capacitor C1 1s formed by the transistor TR2 and the
signal level holding capacitor C1, and the organic EL
clement 8 1s made to emit light in accordance with a
drain-source current Ids determined by the gate-source volt-
age Vgs. As a result, 1n the display apparatus 31, a decrease
in the luminance due to changes over time of the organic EL
clement 8 1s prevented. Here, the drain-source current Ids 1s
represented by equation (1).

In the pixel 33, when the light-emission period T11 ends,
in the subsequent fixed period 112, the signal level of the
driving pulse mgnal DS 1s made to fall and as a result, the
transistor TR3 1s set to an ofl state, as shown 1n FIG. 4. As
a result, during the period 112, the supply of the power from
the power supply Vcc to the transistor TR2 1s stopped, and
the organic EL element 8 stops light emission. The source
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voltage Vs of the transistor TR2 1s made to fall to a voltage
Vcat+Vthel such that the threshold voltage Vthel of the
organic EL element 8 1s added to the cathode potential Vcat
of the organic EL clement 8.

In the pixel 33, during the subsequent period 113, the
control signal AZ2 1s made to rise and, as shown in FIG. 5,
the transistor TRS i1s set to an on state. As a result, 1n the
pixel 33, the terminal voltage of the signal level holding
capacitor C1 on the transistor TRS side 1s set to the fixed
potential Vini. Here, the fixed potential Vini 1s set 1n such a
manner that the relation Vini=Vthel+Vcat holds between the
cathode potential Vcat of organic EL element 8 and the
threshold voltage Vthel of the organic, EL element 8. As a
result, during the period T13, the fixed potential Vini 1s set
so that the organic EL element 8 stops light emission.

In the pixel 33, during the subsequent period 114, the
writing signal WS 1s made to rise during the period of time
in which the signal level of the signal line SIG 1s set to the
potential Vois and, as shown 1n FIG. 6, the transistor TR1 1s
set to an on state. As a result, in the pixel 33, the terminal
voltage of the signal level holding capacitor C1 on the
transistor TR2 side 1s set to the signal level Vois of the signal
line SIG.

Next, 1n the pixel 33, during the period 115, the signal
level of the control signal AZ2 1s made to fall, so that the
transistor TRS 1s set to an ofl state. During the time from
when the writing signal WS 1s made to rise to set the
transistor TR1 to an on state until the transistor TRS 1s set
to an ofl state, the above 1s performed during the period of
time 1n which the signal level of the signal line SIG has been
set to the potential Vois. Next, in the pixel 33, at the timing
at which the period of time 1 which the signal level of the
signal line SIG has been set to the fixed potential Vois starts,
which 1s a timing preceding by a predetermined number of
horizontal scanning periods from the time at which the
light-emission period T11 starts, the driving pulse signal DS
1s made to rise and, as shown 1n FIG. 7, the transistor TR3
1s set to an on state. As a result, 1n the pixel 33, the source
voltage Vs of the transistor TR2 increases gradually such
that the potential difference across the ends of the signal
level holding capacitor C1 becomes a threshold voltage Vth
of the transistor TR2.

In the state shown i FIG. 7, the pixel 33 i1s held at
Vel=Vcat+Vthel and 1s set to a voltage at which a very small
clectric current compared with the drain-source current Ids
of the transistor TR2 flows. Therefore, the drain-source
current. Ids of the transistor TR2 1s used to charge the signal
level holding capacitor C1 and the capacitance of the organic
EL element 8, and the organic EL element 8 1s held 1n a state
in which light emission 1s stopped.

Next, 1n the pixel 33, at the timing at which the signal
level of the signal line SIG rises to the signal level Vsig
corresponding to the gray-scale level, the signal level of the
driving pulse signal DS 1s made to fall. As a result, as shown
in FIG. 8, the transistor TR3 1s set to an off state, and the gate
voltage Vg of the transistor TR2 rises from the voltage Vois
to the signal level Vsig corresponding to the gray-scale level
of the pixel preceding by a predetermined number of lines.
Also, 1n this case, the pixel 33 1s held at VelsVcat+Vthel,
and the organic EL element 8 1s held 1n a state 1n which light
emission 1s stopped. Changes in the source voltage Vs of the
transistor TR2 at this time are represented by the following
equation:

AVs=((C1+C2)/(Cel+C1+C2))x(Vsig—Vois) (4)

After a fixed time has passed, the signal level of the signal
line SIG 1s again set to the fixed potential Vois and 1s mput
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to the gate of the transistor TR2. In this case, changes in the
source voltage Vg of the transistor TR2 are represented by
the following equation:

AVs=((C1+C2)/(Cel+C1+C2))x(Vois-Vsig) (5)

In the pixel 33, the state shown 1 FIG. 7 where the signal
level of the dniving pulse signal DS 1s made to rise, and the
state shown 1n FIG. 8 where the signal level of the driving
pulse signal DS 1s made to fall, are repeated a predetermined
number of times. The source voltage Vs of the transistor
TR2 1s made to gradually rise, and the potential diflerence
across the ends of the signal level holding capacitor C1 1s set
to the threshold voltage Vth of the transistor TR2. As a
result, the anode potential Vel of the organic EL element 8
1s set to Vel=Vols—Vth=Vcat+Vthel.

As a result, in the example shown i FIG. 2, during
periods TA, TB, and TC, the potential difference across the
ends of the signal level holding capacitor C1 1s set to the
threshold voltage Vth of the transistor TR2. FIG. 9 1s a
characteristic curve diagram showing changes in the source
voltage Vs of the transistor TR2 when the signal level of the
signal line SIG 1s held at the fixed potential Vois for a long
time. Eventually, the gate-source voltage Vgs of the tran-
sistor TR2 becomes a voltage Vth. As a result, the display
apparatus 31 1s set so that the states shown 1n FIGS. 7 and
8 are repeated a suflicient number of times to set the
potential difference across the ends of the signal level
holding capacitor C1 to the threshold voltage Vth of the
transistor TR2.

In the manner described above, 1n the pixel 33, when the
threshold voltage Vth of the transistor TR2 1s set in the
signal level holding capacitor C1, in the subsequent period
T16, the signal level of the writing signal WS 1s made to fall
during the period of time 1n which the signal level of the
signal line SIG has been set to the signal level Vsig of the
corresponding pixel. As a result, as shown 1n FIG. 10, the
signal level of the signal line SIG when the transistor TR1
has been set to an on state just before 1s sampled and held
by the signal level holding capacitor C1.

Also, 1n this case, although the gate-source voltage Vgs of
the transistor TR2 1s, to be accurate, represented by equation
(2), the gate-source voltage 1s set to the voltage Vsig+Vth
with suflicient accuracy for practical use if the parasitic
capacitance Cel of the organic EL element 8 1s greater than
the capacitance of the signal level holding capacitor C1 and
the gate-source capacitance C2 of the transistor TR2.

Furthermore, next, the signal level of the driving pulse
signal DS 1s made to rise and, as shown in FIG. 3, the
light-emission period T11 is restarted.

Here, during the period T15, the driving pulse signal DS
1s made to rise before the writing signal WS 1s made to fall
so that, as shown 1n FIG. 11, during the period of time 1n
which the signal level of the signal line SIG has been set to
the signal level corresponding to the gray-scale level of the
pixel, both the transistors TR1 and TR2 are set to an on state,
and variations in the mobility of the transistor TR2 are
corrected.

That 1s, 1n the state shown 1n FIG. 11, the source voltage
Vs (Vsl, Vs2) of the transistor TR2 changes 1n accordance
with the mobility of the transistor TR2, as shown in FIG. 12.
As a result, vanations in the mobility of the transistor TR2
are corrected. In FIG. 12, Vsl and Vs2 indicate a case 1n
which the mobility 1s large and a case 1n which the mobility
1s small, respectively.

Operation of the Embodiment

In the above configuration, 1n the display apparatus 31

(FIG. 2), as a result of driving the scanning lines by the

10

15

20

25

30

35

40

45

50

55

60

65

12

vertical driving circuit 34, the signal levels of the signal lines
SIG are set 1n the pixels 33 of the pixel unit 32 1n sequence
in units of lines. Also, each pixel 33 emits light in accor-
dance with the set signal level, and a desired image 1is
displayed by the pixel unit 32.

That 1s, 1n the display apparatus 31, the transistor TR1 1s
set to an on state and, as a result, the signal level of the signal
line SIG 1s set in the signal level holding capacitor C1.
Furthermore, the transistors TR1 and TRS are set to an off
state, and also the transistor TR3 1s set to an on state, so that
the transistor TR2 causes the organic EL element 8 to emit
light on the basis of the voltage set in the signal level holding
capacitor C1 (FIG. 2, the period T11).

In the display apparatus 31, one end of the signal level
holding capacitor C1 1s connected to the gate and the other
end thereot 1s connected to the source of the transistor TR2
for driving the organic EL element 8, and the source of the
transistor TR2 1s connected to the anode of the organic EL
clement 8, thereby forming the pixel 33. As a result, 1n the
display apparatus 31, after the signal level of the signal line
SIG 1s set 1 the signal level holding capacitor C1, the
organic EL. element 8 1s driven on the basis of the gate-
source voltage Vgs resulting from the potential difference
across the ends of the signal level holding capacitor C1.
Even when all the transistors constituting the display appa-
ratus 31 are formed by N-channel transistors, it 1s possible
to prevent a decrease in the light-emission luminance due to
changes over time of the organic EL element 8.

In comparison, when the light emission of the organic EL
clement 8 1s to be stopped and the signal level of the signal
line SIG 1s to be set 1n the signal level holding capacitor C1,
under the on/off control of the transistors TR1, TR3, and
TR5, the source voltage Vs and the gate voltage Vg of the
transistor TR2 for driving the orgamic EL element 8 are
temporarily set to the fixed potentials Vss and Vois, respec-
tively. Thereafter, the source voltage Vs i1s made to rise
gradually, and the potential difference across the ends of the
signal level holding capacitor C1 1s set to the threshold
voltage Vth of the transistor TR2 (periods TA, TB, and TC).
Thereatter, the signal level Vsig of the signal line SIG 1s set
in the signal level holding capacitor C1 and, as a result,
variations 1n the light-emission luminance due to variations
in the threshold voltage Vth, which 1s one of the character-
istics of the transistor TR2, are prevented.

However, when fixed potentials Vss and Vois are set in the
gate and the source of the transistor TR2, respectively, three
wiring patterns ol fixed potentials including the power-
supply voltage Vcc are necessary to set the threshold voltage
Vth of the transistor TR2 1n the signal level holding capaci-
tor C1. The wiring pattern of the cathode voltage Vcat of the
organic ELL element 8 1s excluded (FIG. 19). Furthermore,
the number of scanning lines becomes large.

Therefore, 1n the display apparatus 31, the signal levels of
the signal lines are sequentially set to a signal level indi-
cating the gray-scale level of each pixel with the fixed
potential Vois in between, and the writing signal WS and the
driving pulse signal DS are set so as to correspond to the
setting of the signal lines. As a result, when the threshold
voltage Vth of the transistor TR2 1s to be set 1n the signal
level holding capacitor C1, the gate side of the transistor
TR2 15 set to the fixed potential Vois via the signal line SIG.

As a result, 1n the display apparatus 31, a wiring pattern
for a fixed potential Vois to be supplied to the gate side of
the transistor TR2 can be omitted, and the number of wiring
patterns can be reduced in comparison with a known case.
Furthermore, the transistor TR4 related to the fixed potential
and the control signal AZ1 for controlling the on/off states
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of the transistor TR4 can be omitted. As a result, the number
of scanning lines can be reduced, and furthermore the
configuration of each pixel 33 can be simplified. As a result,
in the display apparatus 31, 1t 1s possible to efliciently
arrange pixels 33 at a high density and to provide a high-
definition display apparatus at a high yield.

As a result, in the display apparatus 31, 1n order that the
setting of the first to fifth periods are cyclically repeated,
cach pixel 33 of the pixel unit 32 1s driven by the horizontal
driving circuit 35 and the vertical driving circuit 34. During
the light-emission period T11, which 1s a first period, the
transistors TR1 and TR3 are set to an ofl state and an on state
in accordance with the writing signal WS and the driving
pulse signal DS, respectively. Then, the transistor TR2
drives the organic EL element 8 in accordance with an
clectric current value corresponding to the gate-source volt-
age Vgs resulting from by the potential difference across
both ends of the signal level holding capacitor C1 1n order
to cause the organic EL element 8 to emit light.

During the subsequent second period 112, the transistor
TR3 1s set to an off state 1n response to the driving signal DS,
and the light emission of the organic EL clement 8 1is
stopped.

Furthermore, during the subsequent third period T13, the
transistor TRS 1s set to an on state 1n accordance with the
control signal AZ2, and the other end of the signal level
holding capacitor C1 1is set to the fixed potential Vina.

During the subsequent fourth period T14, the transistor
TR1 1s set to an on state 1n response to the writing signal WS,
and one end of the signal level holding capacitor C1 1s set
to the fixed potential Vois. Furthermore, during the period of
time 1n which the predetermined fixed potential Vois 1s
repeated a plurality of times in the signal line SIG, the
transistor TR1 1s set to an on state in response to the writing,
signal WS. During the period of each fixed potential Vofis,
the driving pulse signal DS 1s made to rise, and the potential
difference across a ends of the signal level holding capacitor
C1 1s set to a voltage that 1s approximately equal to the
threshold voltage Vth of the transistor TR2. This makes 1t
possible to prevent variations 1n the light-emission lumi-
nance in each pixel.

As a result, in the display apparatus, the voltage between
the terminals of the signal level holding capacitor C1 1s
gradually brought closer to the threshold voltage Vth of the
transistor TR2 so that even 1f the wiring patterns related to
the fixed potential Vois and the transistor TR4 (FIG. 19) are
omitted, it 1s possible to reliably set the threshold voltage
Vth of the transistor TR2 in the signal level holding capaci-
tor C1 1 order to prevent varnations in the light-emission
luminance.

During the subsequent fifth period T15, the transistor TR1
1s set from an on state to an off state in response to the
writing signal WS, and the signal level Vsig of the signal
line SIG 1s set in one end of the signal level holding
capacitor C1. Thereafter, the transistor TR3 1s set to an on
state 1n response to the dniving pulse signal DS.

During the period 113, if the driving pulse signal DS 1s
made to rise before the writing signal WS 1s made to fall, it
1s possible to prevent variations 1n the light-emission lumi-
nance due to variations in the mobility of the transistor TR2.
Advantages of the Embodiments

According to the above-described configuration, the gate
voltage Vg of the transistor TR2 for driving the light-
emitting clement 8 1s set to the fixed potential Vois, and
variations in the light-emission luminance due to variations
in the threshold voltage Vth of the transistor TR2 are
corrected, so that the fixed potential Vois 1s supplied from
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the signal line SIG side. As a result, 1t 1s possible to reduce
the number of scanning lines and the number of wiring
patterns of fixed potentials in comparison with a known
case.

Furthermore, after the transistor TR3 1s set to an on state
in response to the driving pulse signal DS, the transistor TR1
1s set to an ofl state 1n response to the writing signal WS after
a predetermined period of time passes. As a result, 1t 1s
possible to prevent variations 1n the light-emission lumi-
nance due to variations in the mobility of the transistor TR2.

By forming all the transistors of the pixel circuit and the
driving circuit by N-channel transistors on an insulating
substrate with an amorphous silicon process, it 1s possible to
manufacture a display apparatus with simple and easy steps.
Second Embodiment

FIG. 13, 1in contrast with FIG. 1, 1s a block diagram
showing a display apparatus according to a second embodi-
ment of the present imnvention. A display apparatus 41 1s
configured 1n the same manner as the display apparatus 31
according to the first embodiment except that the configu-
ration for the control signal AZ2 differs.

In the display apparatus 41, a control signal generation
circuit 1s omitted 1 a vertical driving circuit 44, and a
control signal AZ2 1s generated by a write scanning circuit
44A. Here, as shown 1n FIG. 14, the write scanning circuit
44 A outputs, as a control signal AZ2, a writing signal WS2
to be output to the pixel 33 preceding by a plurality of lines
through the wiring to the scanning lines of the pixel unit 32.
Therefore, a writing signal WS for one line 1s output as a
writing signal from the write scanning circuit 44A to the
corresponding pixel 33, and also, 1s output as a control signal
AZ2 to the pixel 33 preceding by a plurality of lines.

As a result, 1n the display apparatus 41, the configuration
of the vertical driving circuit 44 1s simplified. Thus, the
display apparatus 41 can be configured to be a so-called
narrow Irame.

In the manner described above, the writing signal WS2 to
be output to the pixel 33 preceding by a plurality of lines 1s
used as a control signal AZ2. In the vertical driving circuit
44, 1n order that the control signal AZ2 and the writing signal
WS do not rise simultaneously during the period of time 1n
which the signal level of the signal line SIG 1s held at the
signal level Vsig corresponding to the pixel 33, the signal
level of the writing signal WS 1s made to rise during the
period of time 1n which the signal level of the signal line SIG
has been set to the fixed potential Vois. Thereafter, for a
fixed period of time, the signal level of the writing signal WS
1s made to fall during the period of time in which the signal
level of the signal line SIG 1s held at the signal level Vsig
corresponding to the pixel 33.

As aresult, 1n the display apparatus 41, the transistor TR1
1s made so as not to be turned on 1n a state 1n which the
transistor TRS has been set to an on state in response to the
control signal AZ2, thereby preventing variations in the
gate-source voltage Vgs of the transistor TR2 1n accordance
with the signal level Vsig corresponding to the pixel of the
signal line SIG.

That 1s, when the transistor TR1 1s turned on 1n a state 1n
which the transistor TRS has been set to an on state in
response to the control signal AZ2, the gate voltage of the
transistor TR2 1s charged to a signal level Vsig diflerent for
cach pixel. When the signal level of the signal line SIG
reaches the fixed potential VoiIs next, the gate-source voltage
Vgs of the transistor TR2 1s represented by the following
equation:

Ves=Vols—Vini+{((C1+C2)/(Cel+C1+C2))x(Vois-
Vsig)

(6)
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Therelore, 1n this case, the voltage between the terminals
of the signal level holding capacitor C1 immediately before
the threshold voltage Vth of the transistor TR2 that is set in
the signal level holding capacitor C1 1s varied 1n accordance
with the signal level Vsig of the signal line SIG.

More specifically, when the signal level Vsig of the signal
level SIG 1s a low voltage on the black side, the voltage
(Vsig—Vois) 1n equation (6) may take a negative value. In
this case, the gate-source voltage Vgs of the transistor TR2
becomes a voltage lower than the voltage (Vois—Vss).
Therefore, even 11 the fixed potential Voifs has been set so
that (Vols-Vss)>Vth, when the setting of the threshold
voltage Vth of the signal level holding capacitor C1 1s
started, the gate-source voltage Vgs of the transistor TR2
becomes smaller than or equal to the threshold voltage Vth.
Therefore, 1t 1s dithicult to correctly set the threshold voltage
Vth 1n the signal level holding capacitor C1. As a result, the
gate-source voltage Vgs of the transistor TR2 1n accordance
with the signal level Vsig corresponding to the pixel of the
signal line SIG varies.

According to the configuration shown in FIG. 13, by
using the writing signal WS2 to be output to the pixel 33
preceding by a plurality of lines as a control signal AZ2, 1t
1s possible to simplify the configuration of the vertical
driving circuit.

At this time, during the period of time in which the signal
level of the signal line SIG 1s held at the signal level Vsig
corresponding to the pixel 33, the writing signal WS 1s
generated so that the control signal AZ2 and the writing
signal WS do not rise simultaneously. As a result, 1t 1s
possible to reliably set the threshold voltage Vth of the
transistor TR2 1n the signal level holding capacitor 1n order
to reliably prevent vanations in the light-emission lumi-
nance due to variations in the threshold voltage Vith.
Third Embodiment
In the above-described embodiments, a case in which
light-emitting elements using an organic EL eclement are
driven with electric current has been described. The present
invention 1s not restricted to such a case and can be widely
applied to a display apparatus using various current-driven
light-emitting elements.

A display apparatus according to an embodiment of the
present invention has a thin-film device configuration as
shown 1 FIG. 29. FIG. 29 shows a schematic cross-
sectional structure of a pixel formed on an insulating sub-
strate. As shown 1n FIG. 29, the pixel includes a transistor
unit (one TFT 1s shown as an example) including a plurality
of thin-film transistors, a capacitance unit, such as a holding
capacitance, and a light-emission unit, such as an organic EL
clement. The transistor unit and the capacitance unit are
formed on a substrate with a TFT process, and the light-
emission unit, such as an organic EL element, 1s laminated
thereon. A transparent opposing substrate 1s bonded thereon
via a bonding agent so as to be formed as a flat panel.

As shown 1n FIG. 30, the display apparatus according to
the embodiment of the present imvention includes a flat
module-shaped display apparatus. For example, on an 1nsu-
lating substrate, a pixel array unit 1n which pixels formed of
an organic EL element, a thin-film transistor, a thin-film
capacitance, and the like are integrated 1n a matrix pattern 1s
provided. A bonding agent 1s applied in such a manner as to
surround the pixel array unit (pixel matrix unit), and an
opposing substrate, such as glass, 1s bonded thereon, thereby
forming a display module. A color filter, a protective film, a
light-shielding film, and the like may be provided on the
transparent opposing substrate as necessary. As a connector
for mputting or outputting signals from the outside to the
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pixel array unit, for example, a FPC (flexible printed circuit)
may be provided in the display module.

The display apparatus according to any of the above-
described embodiments of the present invention has a flat
panel shape and can be applied to displays of various
clectronic apparatuses, more specifically, displays of elec-
tronic apparatuses of various fields for displaying video
signals 1nput to or generated by the apparatus in a form of
image or video. Examples of such electronic apparatuses
include a digital camera, a notebook personal computer, a
mobile phone, and a wvideo camera. Hereinafter, these
examples are described.

FIG. 31 shows a television set to which the display
apparatus according to any of the embodiments of the
present invention 1s applied. The television set includes a
video display screen 11 formed of a front panel 12, a filter
glass 13, and the like. The television set 1s manufactured by
using the display apparatus according to any of the embodi-
ments of the present invention as the video display screen
11.

FIG. 32 shows a digital camera to which the present
invention 1s applied. The upper part 1s a front view, and the
lower part 1s a back view. The digital camera includes an
image-capturing lens, a light-emission umt 15 for tlash, a
display unit 16, a control switch, a menu switch, a shutter 19,
and the like. The digital camera 1s manufactured by using the
display apparatus according to any of the embodiments of
the present mvention as the display unit 16.

FIG. 33 shows a notebook personal computer to which the
display apparatus according to any of the embodiments of
the present invention 1s applied. A main unit 20 of the
notebook personal computer includes a keyboard 21 that 1s
operated to input characters and so on. A main unit cover
includes a display unit 22 for displaying images. The note-
book personal computer 1s manufactured by using the dis-
play apparatus according to any of the embodiments of the
present invention as the display unit 22.

FIG. 34 shows a portable terminal device to which the
display apparatus according to any of the embodiments of
the present invention 1s applied. The left part shows an open
state, and the right part shows a closed state. The portable
terminal device includes an upper casing 23, a lower casing
24, a connection unit (hinge umt) 25, a display unit 26, a
subdisplay unit 27, a picture light 28, a camera 29, and the
like. The portable terminal device 1s manufactured by using
the display apparatus according to any of the embodiments
of the present mvention as the display unit 26 and the
subdisplay unit 27.

FIG. 35 shows a video camera to which the display
apparatus according to any of the embodiments of the
present invention 1s applied. The video camera includes a
main unit 30, a lens 34 for capturing an image data subject,
which 1s provided on the side facing the front side, an
image-capturing start/stop switch 35, a monitor 36, and the
like. The video camera 1s manufactured by using the display
apparatus according to any of the embodiments of the
present invention as the monitor 36.

It should be understood by those skilled i the art that
various modifications, combinations, subcombinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:

[1. A display apparatus comprising;

a pixel unit in which pixels are arranged in a matrix
pattern; and a driving circuit for driving the pixel unait,
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wherein each of the pixels includes

a capacitor;

a first transistor that 1s turned on/ofl 1n response to a
writing signal and via which one end of the capacitor 1s
connected to a signal line;

a second transistor;

a light-emitting element which 1s connected to the second
transistor;

a third transistor that 1s turned on/off in response to a
driving pulse signal and via which the drain of the
second transistor 1s connected to a power-supply volt-
age; and

a fourth transistor that 1s turned on/off in response to a
control signal and that sets the other end of the signal
level holding capacitor to a first fixed potential, and
wherein the driving circuit sequentially sets the signal
level of the signal line to a signal level and a second
fixed potential,

wherein during the period of time 1n which the signal level
of the signal line 1s set to the second fixed potential, sets
the third transistor to an on state.]

[2. The electronic apparatus including the display appa-

ratus according to claim 1.]

3. A display apparatus comprising:

a pixel unit in which pixels are arranged in a matrix
pattern; and

a driving circuit for driving the pixel unit,

wherein each of the pixels includes
a signal level holding capacitor,

a first transistor that is turned on/off in response to a
writing signal and via which one end of the signal
level holding capacitor is electrically connected to a
signal line;

a second transistor;

a light-emitting element which is electrically serially
connected to the second transistor:

a third transistor that is turned on/off in vesponse to a
driving pulse signal and via which a drain of the
second tramsistor is electrically connected to a
power-supply voltage; and

a fourth transistor that is turned on/off in response to
a control signal and that sets an other end of the
signal level holding capacitor and an anode elec-
trode of the light-emitting element to a first fixed
potential,

whevrein the driving circuit sequentially sets a signal level
of the signal line to a signal level potential and a
second fixed potential,

wherein a cathode electrode of the light-emitting element
is electrically connected to a third fixed potential,

wherein during a period of time in which the signal level
of the signal line is set to the second fixed potential, the
driving circuit sets the third transistor to an on state,
and

wherein during a period of time in which the third
transistor is turned off, the fourth transistor is turned
on two times.

4. The display apparatus according to claim 3, wherein a
gate of the second transistor is electrically connected to the
one end of the signal level holding capacitor.

5. The display apparatus according to claim 3, wherein a
source of the second transistor is electrically connected to
the other end of the signal level holding capacitor.

6. The display apparatus according to claim 3, wherein a
gate of the second transistor is electrically connected to the
one end of the signal level holding capacitor, a source of the
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second transistor is electrically connected to the other end
of the signal level holding capacitor.

7. The display apparatus according to claim 3, wherein
the driving circuit includes a vertical drviving circuit and a
horizontal driving circuit.

8. The display apparatus accorvding to claim 7, wherein
the vertical driving circuit is configured to output the writing
signal, the driving pulse signal, and the control signal.

9. The display apparatus according to claim 7, wherein
the horizontal driving circuit is configured to sequentially
sets the signal level of the signal line to a gray-scale level
and the second fixed potential.

10. The display apparatus according to claim 3, wherein:

in a first period, the drviving circuit sets the first and fourth

transistors to an off state and sets the third transistor to
an on state;

in a second period after the first period, the driving circuit

sets the thivd transistor to an off state:

in a third period after the second period, the driving

circuit sets the fourth transistor to an on state and sets
the first transistor to an on state;

in a fourth period after the thivd period, the driving circuit

sets the first transistor to an on state, sets the fourth
transistor to an off state, sets the signal level of the
signal line to the second fixed potential, and sets the
third transistor to an on state; and

in a fifth period after the fourth period, the driving circuit

sets the first transistor to an off state and sets the signal
level of the signal line to the signal level potential.

11. The display apparatus according to claim 10, wherein
the driving circuit cyclically repeats the first to fifth periods.

12. The display apparatus according to claim 10, whevrein,
in the fifth period, the driving circuit sets the thivd transistor
to an on state, and sets the first transistor to an off state after
a predetermined period of time passes.

13. The display apparatus according to claim 10, whevrein,
in the fourth period, the dviving circuit sets the signal level
of the signal line to the second fixed potential in a plurality
of times.

14. The display apparatus according to claim 3, wherein
each of the first transistor, the second trvansistor, the thivd
transistor, and the fourth transistor is N-channel transistor.

15. The display apparatus according to claim 3, wherein
the pixel unit and the driving circuit are arranged on an
insulating substrate.

16. The display apparatus according to claim 15, wherein
the pixel unit and the driving circuit ave formed on the
insulating substrate with an amorphous silicon process.

17. The display apparatus according to claim 3, wherein
during the period of time in which the signal level of the
signal line is set to the second fixed potential, the driving
circuit sets the thivd transistor to an on state so as to set the

potential difference across the ends of the signal level

holding capacitor to a voltage approximately equal to a
threshold voltage of the second transistor.
18. The display apparatus according to claim 3, wherein
the signal level potential corresponds to a gray-scale level.
19. The display apparatus according to claim 18, wherein
a gate of the second transistor is electrically connected to
the one end of the signal level holding capacitor, a source of
the second transistor is electrically connected to the other
end of the signal level holding capacitor.
20. The display apparatus accovding to claim 18,
wherein.:
in a first period, the driving circuit sets the first and fourth
transistors to an off state and sets the thivd transistor to
an on state;
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in a second period after the first period, the driving circuit
sets the third transistor to an off state;

in a third period after the second period, the driving
circuit sets the fourth transistor to an on state and sets
the first transistor to an on state; 5

in a fourth period after the third period, the driving circuit
sets the first transistor to an on state, sets the fourth
transistor to an off state, sets the signal level of the
signal line to the second fixed potential, and sets the
third transistor to an on state; and 10

in a fifth period after the fourth period, the driving circuit
sets the first transistor to an off state and sets the signal
level of the signal line to the grav-scale level.

21. The display apparatus according to claim 20, wherein
the driving circuit cyclically vepeats the first to fifth periods. 15
22. An electronic apparatus including the display appa-

ratus according to claim 3.
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