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7) ABSTRACT

A pixel circuit of an organic EL display includes a driving
transistor for transmitting a driving current to an organic EL
element. A first capacitor is connected between a gate and a
source of the driving transistor, and a second capacitor is
connected between the gate thereof and a boosting scan line.
Avoltage corresponding to a data current from a data line is
stored in the first capacitor in response to a select signal from
a selecting scan line. The voltage level of the boosting scan
line is changed so that the voltage of the first capacitor is
changed by coupling of the first and second capacitors. The
driving current corresponding to the changed voltage flows
to the organic EL element to emit light. As a result, the
current flowing to the organic EL element can be controlled
using a large data current, and the influence of the parasitic
capacitance components of the transistors or data lines can
be minimized.
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LIGHT-EMITTING DISPLAY, DRIVING METHOD
THEREOF, AND LIGHT-EMITTING DISPLAY
PANEL

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2003-0076002 filed on
Oct. 29, 2003 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to a light-emitting
display, a driving method thereof, and a light-emitting
display panel. More particularly, the present invention
relates to a current programming method in an active matrix
display using electroluminescence of an organic material.

[0004] (b) Description of the Related Art

[0005] An organic electroluminescent (EL) display is a
display that emits light by electrical excitation of fluorescent
organic compounds. Using the organic EL display, an image
is displayed by driving each of NxM organic luminescent
cells with voltage or current.

[0006] The organic luminescent cell has characteristics of
a diode, and in general is called an organic light-emitting
diode (OLED). The organic luminescent cell includes an
anode (indium tin oxide (ITO) or metal), an organic thin
film, and a cathode layer. As shown in FIG. 1, the organic
thin film is formed as a multi-layered structure including an
emission layer (EML), an electron transport layer (ETL),
and a hole transport layer (HTL) so as to increase lumines-
cence efficiency by balancing electron and hole concentra-
tions. In addition, it may also include an electron injection
layer (EIL) and a hole injection layer (HIL) separately.

[0007] Organic EL displays that have such organic lumi-
nescent cells are configured as a passive matrix configura-
tion or an active matrix configuration using thin film tran-
sistors (TFTs) or metal-oxide semiconductor field-effect
transistors (MOSFETS). In the passive matrix configuration,
organic luminescent cells are formed between anode lines
and cathode lines that cross (i.c., cross over) each other, and
the organic luminescent cells are driven by driving the anode
and cathode lines. In the active matrix configuration, each
organic luminescent cell is connected to a TFT usually
through a pixel electrode and is driven by controlling the
gate voltage of the corresponding TFT. The active matrix
method may be classified as a voltage programming method
and/or a current programming method depending on the
format of signals that are applied to the capacitor so as to
maintain the voltage.

[0008] Referring to FIGS. 2 and 3, a conventional organic
EL display of the voltage and current programming methods
will be described.

[0009] FIG. 2 illustrates a pixel circuit pursuant to the
conventional voltage programming method for driving an
organic EL element. FIG. 2 illustrates one of the NxM
pixels as an example. A p-channel transistor M1 is connected
to an organic EL element OLED to supply a current for
emission from a voltage source VDD, and the current of the
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transistor M1 is controlled by a data voltage applied through
a switching transistor M2. A capacitor C1 for maintaining
the applied voltage for a predetermined time is connected
between a source of the transistor M1 and a gate thereof. A
gate of the switching transistor M2 is connected to a scan
line S_, and a source thereof is connected to a data line D .

[0010] When the switching transistor M2 is turned on in
response to a seclect signal applied to the gate of the
switching transistor M2, a data voltage from the data line D
is applied to the gate of the transistor M1. The current I; gp,
corresponding to the voltage V4 charged between the gate
and the source of the transistor M1 by the capacitor Cl1,
flows to the drain of the transistor M1, and the organic EL
element OLED emits light corresponding to the current
Io1gp- In this case, the current I; xr, flowing to the organic
EL element OLED is expressed in Equation 1.

Equation 1:

B 2 B
lorrp = E(VGS -V i = E(VDD = Vpaza - [Vml)?

[0011] where Iy g is a current flowing to the organic EL
element OLED, V4 is a voltage between the source and the
gate of the transistor M1, V. is a threshold voltage at the
transistor M1, V4 15 a data voltage, and f3 is a constant.

[0012] As expressed in Equation 1, the current corre-
sponding to the applied data voltage is applied to the organic
EL element OLED, and the organic EL element emits light
with a brightness corresponding to the applied current. The
applied data voltage has multiple-stage values within a
predetermined range so as to display gray scales.

[0013] However, it is difficult for the conventional pixel
circuit of the voltage programming method to obtain a wide
spectrum of gray scales because of deviations of the thresh-
old voltage Vg of the TFT and electron mobility caused by
non-uniformity in the manufacturing process. For example,
for driving a TFT in the pixel circuit by supplying a 3V
voltage, the voltage is to be applied to the gate of the TFT
at 12 mV (=3V/256) intervals to express 8-bit (256) grays.
If the deviation of the threshold voltage at the TFT caused
by the non-uniformity of the manufacturing process is
greater than 100 mV, it becomes difficult to express a wide
spectrum of gray scales. It is also difficult to express a wide
spectrum of gray scales because p in Equation 1 becomes
differentiated due to deviation of the electron mobility.

[0014] However, if the current source can supply substan-
tially uniform current to the pixel circuit over the whole data
line, the pixel circuit of the current programming method
generates substantially uniform display characteristics even
when a driving transistor in each pixel has non-uniform
voltage-current characteristics.

[0015] FIG. 3 shows a conventional pixel circuit of the
current programming method for driving an organic EL
element, illustrating one of the NxM pixels as an example.
In FIG. 3, a transistor M1' is connected to an organic EL
element OLED to supply the current for emission to the
OLED, and the current of the transistor M1' is set to be
controlled by the data current applied through a transistor
M2'.
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[0016] First, when the transistors M2' and M3' are turned
on according to a select signal from a scan line S, the
transistor M1' is diode-connected, and the capacitor C1' is
charged by the data current I, .1, so that the gate voltage of
the transistor M1' is reduced and the current flows from the
source to the drain of the transistor M1'. When the capacitor
C1'is charged so that the drain current of the transistor M1'
is the same as the drain current of the transistor M2', i.e., the
data current I ..., the charging of the capacitor C1' is
stopped. As a result, a voltage corresponding to the data
current I, o, from the data line D__ is stored in the capacitor
C1'. Next, the select signal from the scan line S, becomes a
high level voltage to turn off the transistors M2' and M3', and
an emit signal from a scan line E becomes a low level
voltage to turn on the transistor M4'. Voltage is then supplied
from the voltage source VDD, and the current corresponding
to the voltage stored in the capacitor C1' flows to the organic
EL element OLED to emit light. In this case, the current
flowing to the organic EL element OLED is expressed in
Equation 2.

Equation 2:

B .
lorep = E(VGS -Vt = Ipara

[0017] where Vg is a voltage between the source and the
gate of the transistor M1', V.7 is a threshold voltage at the
transistor M1', and p is a constant.

[0018] As expressed in Equation 2, because the current
I ., flowing to the organic EL element is matched with the
data current I, 4 in the conventional current pixel circuit,
an organic EL panel has substantially uniform characteristics
when a programming current source is uniform over the
organic EL panel. However, because the current [ pp
flowing to the organic EL element is a micro-current, it takes
a long time to charge the data line in order to control the
pixel circuit using the micro-current I, r,. For example, if
the load capacitance of the data line is 30 pico farads (pF),
it takes several milliseconds to charge the load of the data
line with the data current of about several tens to several
hundreds of nano amperes (nA). Taking a long time to
charge the data line is problematic because the charging time
is not sufficient (i.¢., too long) when considering the data line
time of several tens of micro seconds (us).

SUMMARY OF THE INVENTION

[0019] In exemplary embodiments of the present inven-
tion, is provided a light-emitting device for compensating
for a threshold voltage and electron mobility of a transistor
for fully charging a data line.

[0020] In one aspect of the present invention, is provided
a light-emitting display including a plurality of data lines for
transmitting data currents, a plurality of first scan lines for
transmitting select signals, a plurality of second scan lines
for transmitting first control signals, and a plurality of pixel
circuits respectively formed at a plurality of pixel areas
defined by the data lines and the first scan lines. Each said
pixel circuit includes a light-emitting element for emitting
light based on a driving current, which is applied thereto,
and a first switching element for transmitting a correspond-
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ing said data current from a corresponding said data lines in
response to a corresponding said select signal from a cor-
responding said first scan line. Each said pixel also includes
a first transistor for supplying the driving current applied to
the light-emitting element to emit light, and being diode-
connected while the corresponding said data current is
transmitted from the corresponding said data line, a first
storage element for storing a first voltage corresponding to
the corresponding said data current from the corresponding
said data line, and a second storage element coupled
between the first storage element and a corresponding said
second scan line, for converting the first voltage of the first
storage element into a second voltage through coupling to
the first storage element when the corresponding said first
control signal is switched from a first level to a second level.
The first transistor supplies the driving current correspond-
ing to the second voltage, and the light-emitting element
emits light with a brightness corresponding to the driving
current.

[0021] In one exemplary embodiment, each said pixel
circuit further includes a second switching element for
transmitting the driving current to the light-emitting element
in response to a corresponding one of second control signals.

[0022] In another exemplary embodiment, a period during
which the corresponding one of the second control signals
has a disable level includes a period during which the
corresponding said select signal has an enable level.

[0023] In still another exemplary embodiment, a period
during which the corresponding said first control signal has
a first level includes a period during which the correspond-
ing said select signal has an enable level.

[0024] In a further exemplary embodiment, a period dur-
ing which the corresponding one of the second control
signals has a disable level includes a period during which the
corresponding said first control signal has a first level.

[0025] In a yet further exemplary embodiment, the light-
emitting display further includes a first scan driver for
supplying the select signals to the first scan lines, and a
second scan driver for supplying the first control signals to
the second scan lines. The second scan driver includes a
buffer for determining a magnitude of a first level and a
second level of the first control signals and for outputting the
first control signals.

[0026] 1In a still further exemplary embodiment, the buffer
receives an input signal corresponding to the corresponding
said first control signal, and respectively outputs the first
level voltage and the second level voltage according to the
input signal and an inverted signal of the input signal to the
second scan lines.

[0027] In another aspect of the present invention, is pro-
vided a method for driving a light-emitting display having a
plurality of data lines for transmitting data signals, a plu-
rality of first scan lines for transmitting select signals, a
plurality of second scan lines for transmitting first control
signals, and a plurality of pixel circuits coupled to the data
lines, the first scan lines and the second scan lines. Each said
pixel circuit includes a first switching element for transmit-
ting a corresponding said data signal from a corresponding
said data line in response to a first level of a corresponding
said select signal, a transistor, a first storage element coupled
between a main electrode and a control electrode of the
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transistor, a second storage element coupled between the
control electrode of the transistor and a corresponding said
second scan line, and a light-emitting element for emitting
light based on a driving current from the transistor. The
driving method includes: charging a voltage corresponding
to the corresponding said data signal in the first storage
element by changing the corresponding said select signal
from a third level to the first level while maintaining the
corresponding said first control signal at the second level;
and changing the corresponding said select signal from the
first level to the third level so as to interrupt the correspond-
ing said data signal, and changing the voltage of the first
storage element by changing the corresponding said first
control signal from the second level to a fourth level.

[0028] In one exemplary embodiment, a period during
which the corresponding said first control signal has the
second level includes a period during which the correspond-
ing said select signal has the first level.

[0029] In still another aspect of the present invention, is
provided a light-emitting display panel comprising a plural-
ity of data lines for transmitting data currents, a plurality of
scan lines for transmitting select signals, and a plurality of
pixel circuits respectively formed at a plurality of pixel areas
defined by the data lines and the scan lines. Each said pixel
circuit includes a light-emitting element for emitting light
based on a driving current, which is applied thereto, a
transistor for supplying the driving current for emitting the
light-emitting element, and a first switching element for
transmitting a corresponding said data current from a cor-
responding said data line to the transistor in response to a
corresponding said select signal from a corresponding said
scan line. Each said pixel circuit also includes a second
switching element for diode-connecting the transistor, a first
storage element coupled between a first main electrode and
a control electrode of the transistor, and a second storage
element coupled between the control electrode of the tran-
sistor and a signal line for transmitting a first control signal.

[0030] In one exemplary embodiment, a period during
which the second control signal has a disable level includes
a period during which the first control signal has the first
level, and a period during which the first control signal has
the first level includes a period during which the select signal
has an enable level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 shows a conceptual diagram of an organic
EL element.
[0032] FIG. 2 shows a circuit of a conventional pixel

circuit pursuant to a voltage driving method.

[0033] FIG. 3 shows a circuit of a conventional pixel
circuit pursuant to a current programming method.

[0034] FIG. 4 shows a brief schematic diagram of an
organic EL display according to an exemplary embodiment
of the present invention.

[0035] FIG. 5 shows a circuit diagram of a pixel circuit
according to a first exemplary embodiment of the present
invention.

[0036] FIGS. 6 and 8 respectively show circuit diagrams
of a pixel circuit according to second and third exemplary
embodiments of the present invention.

May 5, 2005

[0037] FIGS. 7 and 9 respectively show driving wave-
form diagrams for driving the pixel circuits of FIGS. 6 and
8.

[0038] FIGS. 10 and 11 respectively show driving wave-
form diagrams according to fourth and fifth exemplary
embodiments of the present invention for driving the pixel
circuit of FIG. 8.

[0039] FIGS. 12 and 13 respectively show circuit dia-
grams of a pixel circuit according to sixth and seventh
exemplary embodiments of the present invention.

[0040] FIG. 14 shows a driving waveform diagram for
driving the pixel circuit of FIG. 13.

[0041] FIG. 15 shows a brief schematic diagram of an
organic EL display according to another exemplary embodi-
ment of the present invention.

[0042] FIG. 16 shows a schematic diagram of the scan
driver for driving the selecting scan line and the emitting
scan line of the pixel circuit shown in FIG. 8.

[0043] FIG. 17 shows a schematic diagram of the scan
driver for driving the boosting scan line of the pixel circuit
shown in FIG. 8.

[0044] FIG. 18 shows a driving timing diagram of the
scan drivers shown in FIGS. 16 and 17.

[0045] FIG. 19 shows another schematic diagram of the
scan driver for driving the boosting scan line of the pixel
circuit shown in FIG. 8.

DETAILED DESCRIPTION

[0046] In the following detailed description, only certain
exemplary embodiments of the present invention are shown
and described. As those skilled in the art would realize, the
described embodiments may be modified in various different
ways, all without departing from the spirit or scope of the
present invention. Accordingly, the drawings and descrip-
tion are to be regarded as illustrative in nature, and not
restrictive.

[0047] To clearly describe the various exemplary embodi-
ments of the present invention, one or more portions that are
not related to the description are omitted in the drawings.
Also, in the following description, like elements have like
reference numerals. Further, it should be understood that in
the following description, connecting of a first portion to a
second portion includes direct connecting of the first portion
to the second portion, as well as connecting of the first
portion to the second portion through a third portion pro-
vided between the first and second portions. Also, a refer-
ence numeral of a signal applied to a pixel circuit through
each scan line is matched with that of the scan line for ease
of description.

[0048] FIG. 4 shows a brief schematic diagram of an
organic EL display according to a first exemplary embodi-
ment of the present invention.

[0049] The organic EL display shown in FIG. 4 includes
an organic EL display panel 10, a data driver 20, and a scan
driver 30. The organic EL display panel 10 includes a
plurality of data lines D;-D,, extending in the longitudinal
direction, a plurality of scan lines S;-Sy and E,-Ey extend-
ing in the transverse direction; and a plurality of pixel
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circuits 11. The data lines D,-D,, transmit data currents for
displaying video signals to the pixel circuits 11, the selecting
scan lines S-Sy transmit select signals to the pixel circuits
11, and the emitting scan lines E;-E; transmit emit signals
to the pixel circuits 11. Each pixel circuit 11 is formed at a
pixel region defined by two adjacent data lines and two
adjacent scan lines.

[0050] To drive the pixel circuits 11, the data driver 20
applies the data currents to the data lines D;-D,,, and the
scan driver 30 sequentially applies a select signal and an
emit signal to the selecting scan lines S-Sy and the emitting
scan lines E,-Ey, respectively.

[0051] Next, one of the pixel circuits 11 of the organic EL
display according to the first exemplary embodiment of the
present invention will be described with reference to FIG. 5,
which shows a circuit diagram of a pixel circuit according to
a first exemplary embodiment of the present invention. For
ease of description, FIG. § only shows the pixel circuit
connected to the m™ data line D, and the n™ scan line S,

[0052] Asshown in FIG. 5, the pixel circuit 11 includes an
organic EL element OLED, a transistor M11, switches SW1,
SW2, and SW3, and capacitors C11 and C12. In this
exemplary embodiment, the transistor M11 may be, for
example, a p-channel transistor. The switch SW1 is con-
nected between the data line D and the gate of the transistor
M11, and transmits the data current Iy s, provided from the
data line D_, to the transistor M11 in response to the select
signal provided from the selecting scan line S,. The switch
SW2 is connected between the drain and the gate of the
transistor M11, and diode-connects the transistor M11 in
response to the select signal from the selecting scan line S,.

[0053] The transistor M11 has a source connected to the
voltage source VDD, and a drain connected to the switch
SW3. The gate-source voltage of the transistor M11 is
determined in relation to the data current Iy, ,ra, and the
capacitor C11 is connected between the gate and the source
of the transistor M11 to help maintain the gate-source
voltage of the transistor M11 for a predetermined time. The
capacitor C12 is connected between the selecting scan line
S, and the gate of the transistor M11 to help control the
voltage at the gate of the transistor M11. The switch SW3
applies the current flowing to the transistor M11 to the
organic EL element OLED in response to the emit signal
provided from the scan line E . The organic EL element is
connected between the switch SW3 and a cathode voltage,
and the organic EL element emits light matched with the
current flowing to the transistor M11. The cathode voltage is
a voltage lower than the voltage VDD, for example, a
ground voltage or a negative voltage when the transistor
M11 is a p-channel transistor.

[0054] In this exemplary embodiment, the switches SW1,
SW2, and SW3 are depicted as general switches. These
switches may be transistors, for example, or any other
suitable switching devices. Referring to FIGS. 6 and 7, an
exemplary embodiment for realizing the switches SW1,
SW2, and SW3 using p-channel transistors will be described
in detail.

[0055] FIG. 6 shows an equivalent circuit of a pixel circuit
according to a second exemplary embodiment of the present
invention, and FIG. 7 shows a driving waveform for driving
the pixel circuit of FIG. 6.
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[0056] Asshown in FIG. 6, the pixel circuit has a structure
which is substantially the same as that of the first exemplary
embodiment, except that transistors M12, M13, and M14 are
provided instead of the switches SW1, SW2, and SW3 in the
pixel circuit of FIG. 5. In this exemplary embodiment, the
transistors M12, M13, and M14 are p-channel transistors,
gates of the transistors M12 and M13 are connected to the
selecting scan line S, and a gate of the transistor M14 is
connected to the emitting scan line E .

[0057] An operation of the pixel circuit of FIG. 6 will be
described with reference to FIG. 7. When the transistors
M12 and M13 are turned on in response to a select signal
with a low level (an enable level) voltage applied through
the selecting scan line S,, the transistor M1 is diode-
connected, and the data current I o4 provided from the data
line D, flows to the transistor M11. Since the transistor M14
is turned off in response to an emit signal of a high level (a
disable level) applied from the emitting scan line E_, the
transistor M11 is electrically decoupled from the organic EL
element OLED.

[0058] In this case, the absolute voltage V4 between the
gate and the source (hereinafter, “gate-source voltage™) at
the transistor M11 and the current I\, flowing to the
transistor M11 satisfy Equation 3, and thus, the gate-source
voltage Vgg at the transistor M11 may be found from
Equation 4.

Equation 3:

B
Ipara = E(VGS - V)

[0059] where P is a constant, and Vi is a threshold
voltage at the transistor M11.

Equation 4:
2para
Ves= | —— +Vm
B

[0060] Next, when the select signal of the selecting scan
line S, is a high level (a disable level) voltage, and the emit
signal of the emitting scan line E_ is a low level (an enable
level) voltage, the transistors M12 and M13 are turned off,
and the transistor M14 is turned on. When the sclect signal
of the selecting scan line S, is switched to the high level
voltage from the low level voltage, the voltage at a common
node of the capacitor C12 and the scan line S, increases by
a level rise height of the select signal S,. Therefore, the gate
voltage Vg of the transistor M11 increases because of
coupling of the capacitors C11 and C12, and the increment
is expressed in Equation 5.

Equation 5:
AV C
AVg = stz
Cu+Cn
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[0061] where C,, and C,, are the capacitances of the
capacitors C11 and C12, respectively.

[0062] Inview of the increase in the gate voltage Vs of the
transistor M11, the current I; o, flowing to the transistor
MI11 is expressed in Equation 6. Since the gate-source
voltage Vg of the transistor M11 is reduced by the increase
at the gate voltage V; of the transistor M11, the drain current
Iorrp can be smaller than the data current I, 4. In addi-
tion, when the transistor M14 is turned on because the emit
signal of the emitting scan line E_ is a low level voltage, the
current Ly; o, of the transistor M11 is applied to the organic
EL element OLED to emit light.

Equation 6:
[ ’
lorep = g(VGS ~AVg-Vm)t = l;[ % —AVG]
[0063] By solving Equation 6 for the data current I xpa,

it can be seen that the data current I, 5, may be set to be
greater than the current Iy, gy flowing to the organic EL
element OLED as expressed in Equation 7. That is, because
the micro-current flowing to the organic EL element is
controlled using the big data current I, s, an amount of
time for charging the data line is sufficient.

Equation 7:

, B
Ipara = lorep + AVeN2Blowep + E(AVG)Z

[0064] In the second exemplary embodiment, the transis-
tor M12 is driven using the select signal from the scan line
S,, but the ratio C,,/(C,,+C,,) of the capacitors C11 and
C12 can be changed by the parasitic capacitance compo-
nents of the transistors M11, M12, and M13. However,
because the select signal has a constant voltage level, it is
difficult to appropriately cope with the variation of the ratio
C,,/(C4;+C;,) of the capacitors C11 and C12. Accordingly,
the increasing amount AV of the gate voltage Vg at the
transistor M11 is changed in Equation 6 so that the current
Io1gp 18 changed in Equation 7. That is, the current [o; gp
applied to the organic EL element OLED is different from
the desired current so that the brightness is changed.

[0065] The node of the capacitor C12 may be driven to the
signal line separate from the selecting scan line S,, which
will be described with reference to FIG. 8.

[0066] FIG. 8 shows a pixel circuit according to a third
exemplary embodiment of the present invention, and FIG. 9
shows a driving waveform diagram for driving the pixel
circuits of FIG. 8.

[0067] As shown in FIG. 8, the pixel circuit according to
the third exemplary embodiment has substantially the same
structure as that of the pixel circuit shown in FIG. 6, except
for the additional scan line B, connected to the node of the
capacitor C12 and the connecting state of the transistor M13.
The node of the capacitor C12 is connected to a boosting
scan line B, instead of the selecting scan line S,. As shown
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in FIG. 9, the boost signal from the boosting scan line B, has
the same waveform as the select signal from the selecting
scan line S,.

[0068] In addition, in the case in which the transistor M13
is connected between the gate and the drain of the transistor
M11 such as shown in FIG. 6, the gate voltage of the
transistor M11 may be influenced when the transistor M13
is turned off so that the voltages of the capacitors C11 and
C12 are changed. However, in the case in which the tran-
sistor M13 is connected to the data line D, such as shown
in FIG. 8, the gate voltage of the transistor M11 is less
influenced when the transistor M13 is turned off.

[0069] Further, the node voltage of the capacitor C12
increases by the increasing amount AVy, at the voltage of the
boost signal from the boosting scan line B, . The increasing
amount AV, at the gate voltage of the transistor M11 is
expressed as Equation 8. Accordingly, the increasing amount
AV7, at the voltage of the boost signal from the boosting scan
line B, is controlled depending on the parasitic capacitance
components of the transistors M11, M12, and M13, thereby
controlling the increasing amount AV at the gate voltage of
the transistor M11 to the desired amount. That is, the current
Iorep supplied to the organic EL element OLED can be
controlled to the desired current.

Equation 8:

AVgC
avg = VsCu
Cu+Cp2

[0070] In addition, when the selecting scan line S, is
connected to the capacitor C12 as shown in FIG. 6, the load
of the scan driver 30 for driving the selecting scan line S,
increases by the capacitor C12. However, in the case in
which the capacitor C12 is driven to the boosting scan line
B, separate from the selecting scan line S as shown in FIG.
8, the load of the scan driver 30 for driving the selecting scan
line S, can be reduced.

[0071] In FIG. 9, the driving timings for the select signal,
the emit signal, and the boost signal are substantially the
same as one another. In other embodiments, however, their
driving timings may be different.

[0072] First, the driving waveform according to a fourth
exemplary embodiment of the present invention will be
described with reference to FIG. 10. FIG. 10 shows a
driving waveform diagram according to the fourth exem-
plary embodiment of the present invention for driving the
pixel circuit of FIG. §.

[0073] The transistor M14 is turned off, while the transis-
tors M12 and M13 are turned on in response to the select
signal of the selecting scan line S_ and the data current Iy ip
is transmitted to the transistor M11. If the transistor M14 is
turned on and the current flows to the organic EL element
OLED while the data current is transmitted to the transistor
M11, the current corresponding to the difference between the
data current I,y and the current flowing to the organic EL.
element OLED flows to the drain of the transistor M11. As
a result, a voltage corresponding to this current is stored in
the capacitor C11. Meanwhile, since the loads connected to
the selecting scan line S, are different from those connected
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to the emitting scan line E_ in FIG. 9, the rising time of the
select signal may be different from the falling time of the
emit signal. Therefore, in the case in which the pulse end of
the emit signal is later than the pulse end of the select signal
as shown in FIG. 10, the transistor M14 is not turned on
while the transistor M12 is turned on.

[0074] In addition, since the programming of the data
current [, 15 completed after the node voltage of the
capacitor C12 has increased if the pulse end of the boost
signal from the boosting scan line B, is faster than the pulse
end of the select signal, the advantage obtained by raising
the node voltage of the capacitor C12 is removed. Therefore,
in the case in which the pulse end of the select signal
transmitted to the selecting scan line S, is faster than the
pulse end of the boost signal transmitted to the boosting scan
line B, as shown in FIG. 10, the node voltage of the
capacitor C12 increases after the voltage corresponding to
the data current I, 14 has been stored in the capacitor C11.

[0075] Further, if the pulse beginning of the boost signal
is later than the pulse beginning of the select signal, the
voltage of the capacitor C11 may be changed because the
node voltage of the capacitor C12 is reduced while the
voltage corresponding to the data current I, i, is stored in
the capacitor C11. Since the operation for storing the voltage
to the capacitor C11 should be performed again if the voltage
of the capacitor C11 is changed, the time during which the
voltage is stored in the capacitor is insufficient. Therefore, as
shown in FIG. 10, in the case in which the pulse beginning
of the select signal transmitted to the selecting scan line S,
is later than the pulse beginning of the boost signal trans-
mitted to the boosting scan line B_, the voltage correspond-
ing to the data current Iy, oy is stored to the capacitor C11
after the node voltage of the capacitor C12 is reduced.

[0076] Next, the driving waveform according to a fifth
exemplary embodiment of the present invention will be
described with reference to FIG. 11. FIG. 11 shows a
driving waveform diagram according to the fifth exemplary
embodiment of the present invention for driving the pixel
circuit of FIG, 8.

[0077] In the driving timing shown in FIG. 9, the pulse
end of the emit signal may be faster than the pulse end of the
boost signal since the loads connected to the boosting scan
line B, are different from the loads connected to the emitting
scan line E . Then, the current flows to the organic EL
element OLED during the period between the pulse end of
the emit signal and the pulse end of the boost signal before
the node voltage of the capacitor C12 increases, so that the
organic EL element is stressed. Repeating of this operation
may shorten the life span of the organic EL element.
However, as shown in FIG. 11, if the pulse end of the boost
signal transmitted to the boosting scan line B, is faster than
the pulse end of the emit signal transmitted to the emitting
scan line E_, the current flows to the organic EL element
after the node voltage of the capacitor C12 increases.

[0078] Inaddition, if the pulse beginning of the emit signal
is later than the pulse beginning of the boost signal, the
current corresponding to the reduced node voltage of the
capacitor C12 flows to the organic EL element OLED during
the period between the pulse beginning of the boost signal
and the pulse beginning of the emit signal, so that the
organic EL element is stressed. If this stress is repeated, the
life span of the organic EL element may be shortened.
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However, as shown in FIG. 11, in the case in which the pulse
beginning of the emit signal is faster than the pulse begin-
ning of the boost signal, the node voltage of the capacitor
C12 is reduced after the transistor M14 is turned off.

[0079] In the second to the fifth exemplary embodiments
of the present invention, the transistors M12, M13, and M14
are p-channel transistors. In other embodiments, however,
the transistors M12, M13, and M14 may be replaced by
n-channel transistors or any suitable combination of p-chan-
nel and n-channel transistors. When the transistors M12,
M13, and M14 are replaced by n-channel transistors, the
select signal and the emit signal have an inverse format of
those shown in FIGS. 7, 9, 10, and 11.

[0080] In particular, in the case in which the transistors
M12 and M13 are p-channel transistors and the transistor
M14 is replaced by an n-channel transistor, or the transistors
M12 and M13 are replaced by n-channel transistors and the
transistor M4 is a p-channel transistor, the emitting scan line
E, may be eliminated. This exemplary embodiment will be
described with reference to FIG. 12. FIG. 12 shows a circuit
diagram of a pixel circuit according to a sixth exemplary
embodiment of the present invention.

[0081] As shown in FIG. 12, the pixel circuit according to
the sixth exemplary embodiment of the present invention
has a similar structure as that of the pixel circuit of FIG. 8,
except that the selecting scan line S, is connected to a gate
of a transistor M24, which is an n-channel transistor. That is,
the gate of the transistor M24 is connected to the selecting
scan line S, instead of the emitting scan line E,. Other than
that, transistors M21, M22, M23, M24, capacitors C21, C22
and the organic EL element OLED are interconnected
together in substantially the same manner as the correspond-
ing elements of FIG. 8. The transistor M24 is turned off
when the select signal from the selecting scan line S,
becomes a low level, and the transistor M24 is turned on
when the select signal becomes a high level. Therefore, the
operation of the pixel circuit according to the sixth exem-
plary embodiment is substantially the same as that of the
pixel circuit according to the third exemplary embodiment.

[0082] Alternatively, in the case in which the transistor
M24 is replaced by a p-channel transistor and the transistors
M22 and M23 are replaced by n-channel transistors, the
select signal transmitted to the selecting scan line S, has the
inverse format of that described in the sixth exemplary
embodiment. Since the operation of this exemplary embodi-
ment is easily understood, no further description will be
provided.

[0083] In the first to the sixth exemplary embodiments, the
transistor M11 (or M21) is a p-channel transistor. In other
embodiment, however, the transistor M11 (or M21) may be
an n-channel transistor. These exemplary embodiments will
be described with reference to FIGS. 13 and 14.

[0084] FIG. 13 shows a circuit diagram of a pixel circuit
according to a seventh exemplary embodiment of the present
invention, and FIG. 14 shows a driving waveform diagram
for driving the pixel circuit of FIG. 13.

[0085] Referring to FIG. 13, transistors M31, M32, M33
and M34 are n-channel transistors in the seventh exemplary
embodiment, and their connecting state is substantially
symmetric with the pixel circuit of FIG. 8. In detail, the
transistor M32 is connected between the data line D and a
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gate of the transistor M31, and a gate thereof is connected
to the scan line S,. The transistor M33 is connected between
a drain and a gate of the transistor M31, and the gate thereof
is connected to the selecting scan line S_. The source of the
transistor M31 is connected to the cathode voltage, and the
drain thereof is connected to the cathode of an organic EL
element OLED through the transistor M34. A capacitor C31
is connected between the gate and the source of the transistor
M31, and the organic EL element OLED is connected
between the transistor M34 and the voltage source VDD.
The gate of the transistor M34 is connected to the emitting
scan line E , and the node of a capacitor C32 is connected
to the boosting scan line B,

[0086] Since the transistors M32, M33, and M34 are
n-channel transistors, the select signal transmitted to the
selecting scan line S, and the emit signal transmitted to the
emitting scan line E, for driving the pixel circuit of FIG. 13
have an inverse format of the signals shown in FIG. 9, as
shown in FIG. 14. In addition, since the transistor M31 is an
n-channel transistor, the gate voltage V, of the transistor
M31 should be reduced in order to reduce the gate-source
voltage Vg of the transistor M31. Therefore, the boost
signal transmitted to the boosting scan line B, has an inverse
format of that shown in FIG. 9.

[0087] Since a detailed operation of the pixel circuit of
FIG. 13 may be easily understood from the description of
the third exemplary embodiment, no further description will
be provided. In addition, the alternatives described in the
above may be applicable to the pixel circuit of FIG. 13, so
no detailed description will be provided.

[0088] Next, as described in the third to seventh exem-
plary embodiments, when the boosting scan line B, is used
separately from the selecting scan line S,, an organic EL
display, having an organic EL display panel 10' and pixels
11", further includes a scan driver 40 for driving the boosting
scan line B,, as shown in FIG. 15. The scan drivers 30 and
40 will be described with reference to FIGS. 16 to 18.

[0089] FIG. 16 shows a schematic diagram of the scan
driver for driving the selecting scan line and the emitting
scan line of the pixel circuit shown in FIG. 8, and FIG. 17
shows a schematic diagram of the scan driver for driving the
boosting scan line of the pixel circuit shown in FIG. 8. FIG.
18 shows a driving timing diagram of the scan drivers shown
in FIGS. 16 and 17.

[0090] As shown in FIG. 16, the scan driver 30 for driving
the selecting scan lines and the emitting scan lines includes
N flip-flops FF,;, to FF;y, N NAND gates NAND,; to
NAND,, and 2N buffers BUF,; to BUF,y, and BUF,, to
BUF,. The output ends of the flip-flops FFy, to FF, _;) are
respectively connected to the input ends of the adjacent
flip-flops FF,, to FF,y such that the flip-flops FF,; to FF,
are operated as a shift register. In detail, the output end of the
first flip-flop FF,, is connected to the input end of the second
flip-flop FF,,, the output end of the second flip-flop FF,, is
connected to the input end of the third flip-flop FF, 5, and so
on. A start pulse VSP is inputted to the input end of the first
flip-flop FF,;.

[0091] The output of the flip-flop FF,, (n is an integer,
1=n=N) and a clip signal CLIP2 are inputted to the NAND
gate NAND, , and the output of the NAND gate NAND,
is inputted to the buffer BUF,,. The respective buffers
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BUF,; to BUF,., and BUF,; to BUF,y each include a
plurality of inverters, and the buffer shown in FIG. 16
includes two inverters. The output end of the buffer BUF,
is connected to the selecting scan line S,. In addition, the
output end of the flip-flop FF,, is directly connected to the
buffer BUF, , and the output end of the buffer BUF,  is
connected to the emitting scan line E_.

[0092] Referring to FIG. 17, the scan driver 40 for driving
the boosting scan line includes N flip-flops FF,, to FF,, N
NAND gates NAND,,, to NAND,, and N buffers BUF;; to
BUF,. As shown in FIG. 16, the output ends of the
flip-flops FF,, to FF,_,) are connected to the input ends of
the adjacent flip-flops FF,, to FF,, and the flip-flops FF,,
to FF,y; are operated as a shift register. The start pulse VSP
is inputted to the input end of the first flip-flop FF,;.

[0093] The output of the flip-flop FF,, and a clip signal
CLIP1 are inputted to the NAND gate NAND,,, and the
output of the NAND gate NAND,_ is inputted to the buffer
BUF;,. The buffer BUF,, includes two inverters for receiv-
ing the output of the NAND gate NAND, , one inverter for
receiving the output of the NAND gate NAND,_, and two
transmission gates TRANS, and TRANS, for setting the

level of the boost signal, and performs the buffer operation.

[0094] The first transmission gate TRANS; is connected
between a signal line V,_ for supplying the low level
voltage and the boosting scan line B,, and outputs the low
level voltage to the boosting scan line B, when the output of
the two inverters to which the output of the NAND gate
NAND, is inputted has a low level or the output of the one
inverter to which the output of the NAND gate NAND,_ is
inputted has a high level. The second transmission gate
TRANS is connected between the signal line Vi, for
supplying the high level voltage and the boosting scan line
B,, and outputs the high level voltage to the boosting scan
line B, when the output of the two inverters to which the
output of the NAND gate NAND,_ is inputted has a high
level or the output of the one inverter to which the output of
the NAND gate NAND,, is inputied has a low level.

[0095] Next, the operation of the scan drivers shown in
FIGS. 16 and 17 will be described with reference to FIG.
18.

[0096] First, the operation of the scan driver 30 will be
described. The start pulse VSP is sequentially outputted
through the flip-flops FFy; to FF;y. The output of the
respective flip-flops FF ; to FF, is operated together with
the clip signal CLIP2 through the respective NAND gates
NAND_ to NAND,, and is outputted as a signal having an
inverted level of and a shorter width than that of the start
pulse VSP, as shown in FIG. 18. These outputs of the
NAND gates NAND, to NAND,; are transmitted to the
selecting scan lines S, to Sy as the select signals through the
buffers BUF,; to BUF,y, respectively. In addition, the
outputs of the flip-flops FF,; to FF, are transmitted to the
emitting scan lines E, to Ey as the emit signals through the
buffers BUF,, to BUF,, respectively. When the start pulse
has a high level, the emit signals of the emitting scan lines
E, to E also have the high level, but the select signals of the
selecting scan lines S; to Sy outputted by the NAND gates
NANA,; to NAND, have a low level.

[0097] Next, the operation of the scan driver 40 will be
described. The start pulse VSP is sequentially outputted
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through the flip-flops FF,; to FF,y. The output of the
respective flip-flops FF,; to FF,y is operated together with
the clip signal CLIP1 through the respective NAND gates
NAND_ to NAND,, and is outputted as a signal having an
inverted level of and a shorter width than that of the start
pulse VSP. When the outputs of the NAND gates NAND,
to NAND,,, have a high level, the high level voltages are
respectively outputted from the buffers BUF;; to BUF,. by
the second transmission gates TRANS,. When the outputs of
the NAND gates NAND,, to NAND, have a low level, the
low level voltages are respectively outputted from the buff-
ers BUF;, to BUF;y by the first transmission gates
TRANS,.

[0098] When the width of the clip signal CLIP2 is wider
than that of the clip signal CLIP1 as shown in FIG. 18, the
period during which the boost signal transmitted to the
respective boosting scan line B, to By has the low level
includes the period during which the select signal transmit-
ted to the respective selecting scan line S; to Sy has the low
level. In addition, since the width of the emit signals
transmitted to the emitting scan lines E; to Ey are not
shortened by the clip signal CLIP2, the period during which
the emit signal has the high level includes the period during
which the boost signal has the low level.

[0099] Further, the number of the inverters in the buffers
BUF;, to BUF, may be different from the number of the
inverters shown in FIG. 17. This exemplary embodiment
will be described with reference to FIG. 19. FIG. 19 shows
another schematic diagram of a scan driver 40' for driving
the boosting scan line of the pixel circuit shown in FIG. §,
which can be used instead of the scan driver 40 of FIGS. 15
and 17.

[0100] The scan driver 40' shown in FIG. 19 has substan-
tially the same structure as that shown in the scan driver 40
of FIG. 17 except for the buffers BUF,,, to BUF ;. In detail,
the buffer BUF, includes three inverters for receiving the
output of the NAND gate NAND, , two inverters for
receiving the output of the NAND gate NAND,_, and two
transmission gates TRANS; and TRANS, for setting the
level of the boost signal.

[0101] The first transmission gate TRANS; is connected
between the signal line V,_, for supplying the low level
voltage and the boosting scan line B, and outputs the low
level voltage to the boosting scan line B, when the output of
the three inverters to which the output of the NAND gate
NAND_ is inputted has the high level. The second trans-
mlssmn gate TRANS, is connected between the signal line

Viign for supplying the high level voltage and the boosting
scan line B,, and outputs the high level voltage to the
boosting scan line B, when the output of the three inverters
to which the output of the NAND gate NAND,,_ is inputted
has the low level.

[0102] That s, since the input signal is inverted by the odd
number of inverters in FIG. 19, the operations of the
transmission gates TRANS, and TRANS, are opposite to
those of the transmission gates TRANS,; and TRANS,.
Since the scan driver 40' shown in FIG. 19 has the same
structure as that shown in FIG. 17 except for the buffers, the
detailed description for the operation thereof will be omit-
ted.

[0103] In FIGS. 16 to 19, the case in which the select
signal, the emit signal, and the boost signal are respectively
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the low level, the high level, and the low level with reference
to the pixel circuit shown in FIG. 8 is described, but the scan
drivers 30, 40 and 40' shown in FIGS. 16 to 19 are applicable
to the case in which the conductive types of the transistors
are changed and the levels of these signals are inverted.
However, the number of the inverters in the buffer may be
changed, or the scan drivers 30, 40 and 40' may be changed
depending on the levels of the signals. Since the detailed
structures and the detailed operations of these scan drivers
30, 40 and 40’ are easily understood from the embodiments
described in the above, no further description will be pro-
vided.

[0104] According to the present invention, since the cur-
rent flowing to the organic EL element can be controlled
using a large data current, the data line can be fully charged
during a single line time frame. Further, deviations of
threshold voltages of transistors and deviations of mobility
are compensated in the current flowing to the organic EL
element, and a light-emitting display of high resolution and
wide screen can be realized. In addition, the influence
according to the parasitic capacitance components of the
transistors or data lines can be minimized, and the loads of
the scan driver for driving the selecting scan lines can be
reduced.

[0105] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that this invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover
various modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.

What is claimed is:

1. A light-emitting display comprising a plurality of data
lines for transmitting data currents, a plurality of first scan
lines for transmitting select signals, a plurality of second
scan lines for transmitting first control signals, and a plu-
rality of pixel circuits respectively formed at a plurality of
pixel areas defined by the data lines and the first scan lines,
and coupled to the data lines, the first scan lines and the
second scan lines, each said pixel circuit comprising:

a light-emitting element for emitting light based on a
driving current, which is applied thereto;

a first switching element for transmitting a corresponding
said data current from a corresponding said data line in
response to a corresponding said select signal from a
corresponding said first scan line;

a first transistor for supplying the driving current applied
to the light emitting element to emit light, and being
diode-connected while the corresponding said data
current is transmitted from the corresponding said data
line;

a first storage element for storing a first voltage corre-
sponding to the corresponding said data current from
the corresponding said data line; and

a second storage element coupled between the first stor-
age element and a corresponding said second scan line,
for converting the first voltage of the first storage
element into a second voltage through coupling to the
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first storage element when the corresponding said first
control signal is switched from a first level to a second
level,

wherein the first transistor supplies the driving current
corresponding to the second voltage, and the light-
emitting element emits light with a brightness corre-
sponding to the driving current.

2. The light-emitting display of claim 1, wherein the first
storage element is coupled between a first main electrode
and a control electrode of the first transistor, and the second
storage element is coupled between the control electrode of
the first transistor and the corresponding said second scan
line.

3. The light-emitting display of claim 1, wherein each said
pixel circuit further comprises a second switching element
for transmitting the driving current to the light-emitting
element in response to a corresponding one of second
control signals.

4. The light-emitting display of claim 3, wherein each said
pixel circuit further comprises a third switching element for
diode-connecting the first transistor in response to the cor-
responding said select signal.

5. The light-emitting display of claim 3, wherein the
corresponding one of the second control signals is the
corresponding said select signal, the first switching element
is a first conductive type of transistor, and the second
switching element is a second conductive type of transistor.

6. The light-emitting display of claim 3, further compris-
ing a plurality of third scan lines for supplying the second
control signals.

7. The light-emitting display of claim 3, wherein a period
during which the corresponding one of the second control
signals has a disable level includes a period during which the
corresponding said select signal has an enable level.

8. The light-emitting display of claim 3, wherein a period
during which the corresponding said first control signal has
a first level includes a period during which the correspond-
ing said select signal has an enable level.

9. The light-emitting display of claim 3, wherein a period
during which the corresponding one of the second control
signals has a disable level includes a period during which the
corresponding said first control signal has a first level.

10. The light-emitting display of claim 1, further com-
prising a first scan driver for supplying the select signals to
the first scan lines, and a second scan driver for supplying
the first control signals to the second scan lines,

wherein the second scan driver includes a buffer for
determining a magnitude of a first level and a second
level of the first control signals and for outputting the
first control signals.

11. The light-emitting display of claim 10, wherein the
buffer receives an input signal corresponding to the corre-
sponding said first control signal, and outputs a first level
voltage and a second level voltage according to the input
signal and an inverted signal of the input signal, respectively,
to the second scan lines.

12. The light-emitting display of claim 10, wherein the
first scan driver includes a first shift register for sequentially
outputting a first signal by shifting a start pulse, and a first
logic gate for controlling a width of the first signal using the
first signal and a first clip signal having a predetermined
cycle, thereby outputting a second signal corresponding to
the corresponding said select signal; and
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the second scan driver includes a second shift register for
sequentially outputting a third signal by shifting the
start pulse, and a second logic gate for controlling a
width of the third signal using the third signal and a
second clip signal having a predetermined cycle,
thereby outputting a fourth signal corresponding to the
corresponding said first control signal.

13. The light-emitting display of claim 12, wherein a
width of the first clip signal is wider that a width of the
second clip signal.

14. The light-emitting display of claim 13, wherein the
first scan driver outputs the first signal to be corresponding
to the second control signal.

15. A driving method of a light-emitting display having a
plurality of data lines for transmitting data signals, a plu-
rality of first scan lines for transmitting select signals, a
plurality of second scan lines for transmitting first control
signals, and a plurality of pixel circuits coupled to the data
lines, the first scan lines and the second scan lines, each said
pixel circuit including a first switching element for trans-
mitting a corresponding said data signal from a correspond-
ing said data line in response to a first level of a correspond-
ing said select signal, a transistor, a first storage element
coupled between a main electrode and a control electrode of
the transistor, a second storage element coupled between the
control electrode of the transistor and a corresponding said
second scan line, and a light-emitting element for emitting
light based on a driving current from the transistor, the
method comprising:

charging a voltage corresponding to the corresponding
said data signal in the first storage element by changing
the corresponding said select signal from a third level
to the first level while maintaining the corresponding
said first control signal at a second level; and

changing the corresponding said select signal from the
first level to the third level so as to interrupt the
corresponding said data signal, and changing the volt-
age of the first storage element by changing the corre-
sponding said first control signal from the second level
to a fourth level.

16. The driving method of claim 15, wherein a period
during which the corresponding said first control signal has
the second level includes a period during which the corre-
sponding said select signal has the first level.

17. The driving method of claim 15, wherein the light-
emitting display further includes a plurality of third scan
lines, the method further comprising:

electrically decoupling the light-emitting element from
the transistor by setting the corresponding said second
control signal to a fifth level when charging a voltage
corresponding to the corresponding said data signal in
the first storage element; and

electrically coupling the light-emitting element to the
transistor by setting the corresponding said second
control signal to a sixth level when changing the
voltage of the first storage element.

18. The driving method of claim 17, wherein a period
during which the corresponding said second control signal
has the fifth level includes a period during which the
corresponding said first control signal has the second level.

19. A light-emitting display panel comprising a plurality
of data lines for transmitting data currents, a plurality of scan
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lines for transmitting select signals, and a plurality of pixel
circuits respectively formed at a plurality of pixel areas
defined by the data lines and the scan lines, and coupled to
the data lines and the scan lines, each said pixel circuit
comprising;

a light-emitting element for emitting light based on a
driving current, which is applied thereto;

a transistor for supplying the driving current for emitting
the light-emitting element;

a first switching element for transmitting a corresponding
said data current from a corresponding said data line to
the transistor in response to a corresponding said select
signal from a corresponding said scan line;

a second switching element for diode-connecting the
transistor;

a first storage element coupled between a first main
electrode and a control electrode of the transistor; and

a second storage element coupled between the control
electrode of the transistor and a signal line for trans-
mitting a first control signal.

May 5, 2005

20. The display panel of claim 19, further comprising a
third switching element for transmitting the driving current
from the transistor to the light-emitting element in response
to a second control signal.

21. The display panel of claim 20, wherein the pixel
circuit operates in order of:

a first period during which the data current is transmitted
to the transistor by the corresponding said select signal,
and

a second period during which the data current is inter-
rupted, the first control signal is changed from a first
level to a second level, and the driving current is
transmitted to the light-emitting element in response to
the second control signal.

22. The display panel of claim 21, wherein a period during
which the second control signal has a disable level includes
a period during which the first control signal has the first
level, and

a period during which the first control signal has the first
level includes a period during which the select signal
has an enable level.
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