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SHIFT REGISTER AND IMAGE DISPLAY
APPARATUS CONTAINING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a shift register, and
more particularly, to a shift register for use as a scanning-line
driving circuit for an image display apparatus or the like,
which is formed by field effect transistors of the same
conductivity type only.

[0003] 2. Description of the Background Art

[0004] Animage display apparatus (hereinafter referred to
as a “display apparatus™) such as a liquid crystal display
includes a display panel with a plurality of pixels arrayed in
a matrix. A gate line (scanning line) is provided for each row
of pixels (pixel line), and gate lines are sequentially selected
and driven in a cycle of one horizontal period of a display
signal, so that a displayed image is updated. As a gate-line
driving circuit (scanning-line driving circuit) for sequen-
tially selecting and driving pixel lines, i.e., gate lines, a shift
register for performing a shift operation that makes a round
in one frame period of a display signal can be used.
[0005] To reduce the number of steps in the manufacturing
process of a display apparatus, such shift register used as the
gate-line driving circuit is preferably formed by field effect
transistors of the same conductivity type only. Accordingly,
various types of shift registers formed by N- or P-type field
effect transistors only and display apparatus containing such
shift registers have been proposed (e.g., Japanese Patent
Application Laid-Open Nos. 2004-246358 and 2006-
24350). As a field effect transistor, a metal-oxide-semicon-
ductor (MOS) transistor, a thin film transistor (TFT), or the
like is used.

[0006] A shift register used for the gate-line driving circuit
is formed of a plurality of shift registers provided for each
pixel line, i.e., each gate line connected in cascade (cascade-
connected). For ease of description, each of a plurality of
shift registers constituting the gate-line driving circuit will
be called “a unit shift register” throughout the present
specification.

[0007] A typical unit shift register includes, in the output
stage, an output pull-up transistor (pull-up MOS transistor
Q1) connected between an output terminal (first gate voltage
signal terminal GOUT in the aforementioned IJP2004-
246358) and a clock terminal (first power clock CKV) and
an output pull-down transistor (pull-down MOS transistor
Q2) connected between the output terminal and a reference
voltage terminal (gate-off voltage terminal VOFF).

[0008] In such shift register, the output pull-up transistor
is turned on and the output pull-down transistor is turned off
in response to a predetermined input signal (output signal
GOUT [N—1] from a preceding stage), and a clock signal
input to the clock terminal in this mode is transmitted to the
output terminal, and an output signal is then output. During
a period in which the above-mentioned input signal is not
input, the output pull-up transistor turns off and the output
pull-down transistor turns on, so that the voltage level
(hereinafter briefly called “level”) at the output terminal is
kept at the L (low) level.

[0009] A display apparatus employing amorphous silicon
TFTs (a-Si TFTs) as shift registers of a gate-line driving
circuit easily achieves large-area display with great produc-
tivity, and is widely used as the screen of a notebook PC, a
large-screen display apparatus, etc.
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[0010] Conversely, an a-Si TFT tends to have its threshold
voltage shifted in the positive direction when the gate
electrode is continuously positive-biased (dc-biased), result-
ing in degraded driving capability (current-flowing capabil-
ity). Particularly, a shift register of a gate-line driving circuit
carries out an operation of positively dc-biasing the gate of
the output pull-down transistor for about one frame period
(about 16 ms), during which the output pull-down transistor
is degraded in driving capability. Then, the output pull-down
transistor cannot discharge unnecessary charges if supplied
to the output terminal resulting from noise or the like,
disadvantageously resulting in a malfunction of erroneous
activation of gate lines. It has been found that similar
problems occurs in an organic TFT, not only in a-Si TFT.
[0011] The unit shift register disclosed in the aforemen-
tioned JP2004-246358 swings its gate-to-source voltage in a
certain cycle during a period in which the output pull-down
transistor is on. This prevents the gate of the output pull-
down transistor from being dc-biased, minimizing the shift
in threshold voltage (which may also be called “Vth shift™)
of the output pull-down transistor, which eliminates the
aforementioned malfunction. To achieve such operation, the
unit shift register disclosed in the aforementioned JP2004-
246358 swings an output voltage of a power supply which
charges the gate of the output pull-down transistor in a
certain cycle.

[0012] A control device for a general-purpose gate-line
driving circuit having conventionally been used (hereinafter
referred to as “a driving control device™) does not have a
power supply output that swings in a certain cycle. There-
fore, a driving control unit meeting special specifications is
necessary in order to achieve the technique disclosed in the
aforementioned JP2004-246358, which arises concern for
increased costs.

[0013] The aforementioned JP2006-24350 discloses a
technique for minimizing the Vth shift of an output pull-
down transistor (TdA) and the Vth shift of a transistor (T1A)
which pulls down the gate electrode of an output pull-up
transistor (Tu) in a unit shift register shown in FIG. 7. More
specifically, a capacitive element (C2) is connected between
a gate electrode node (Y) of these two pull-down transistors
(TdA, T1A) and a clock terminal (CK1), and the voltage at
the gate electrode node (Y) in a non-selected state of the
shift register is swung by the coupling through the capacitive
element (C2) in accordance with the level transition of clock
signals. With this technique, the threshold voltage of the two
pull-down transistors (TdA, T1A) finally comes close to an
intermediate value between the H and L levels of the gate
electrode node (Y) (when the clock signals have a duty ratio
of 50%).

[0014] To increase the display quality of a display device,
it is preferable that the gate line be stable in voltage in the
non-selected state. It is therefore preferable that the resis-
tance at the output node (output resistance) of the shift
register connected to the gate line be low. The on-state
resistance of the output pull-down transistor (TdA) is deter-
mined by the difference between its threshold voltage and H
level of the gate electrode node (Y). In other words, as the
difference between the threshold voltage and H level of the
gate electrode node (Y) increases, the driving capability
(current driving capability) of a transistor increases and the
output resistance decreases.

[0015] InFIG. 7 of the aforementioned JP2006-24350, the
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output pull-down transistor (TdA) is determined by the
relationship between the parasitic capacitance at the gate
electrode node and the coupling capacitance of the afore-
mentioned capacitive element (C2). As the parasitic capaci-
tance decreases relative to the coupling capacitance, the
potential at the H level can be increased. However, the
output pull-down transistor (TdA) needs to have a certain
channel width or larger in order to pull down the output
terminal (OUT) with a low resistance, and the gate electrode
node (Y) has a large parasitic capacitance. Therefore, to
increase the potential at the H level of the gate electrode
node (Y), the capacitive element (C2) needs to have a large
capacitance, which, however, in turn increases the circuit
area.

SUMMARY OF THE INVENTION

[0016] An object of the present invention is to control an
increase in circuit area of a shift register while preventing
malfunctions without using any special driving control
device, thereby achieving improved driving reliability.
[0017] According to the present invention, the shift reg-
ister includes an input terminal, an output terminal, a reset
terminal and a first clock terminal, first to fifth transistors,
first inverter circuit and a first buffer circuit. The first
transistor is configured to supply a first clock signal received
at the first clock terminal to the output terminal. The second
transistor is configured to discharge the output terminal. The
third transistor has a control electrode connected to the input
terminal and is configured to charge a first node connected
to a control electrode of the first transistor. The fourth
transistor has a control electrode connected to the reset
terminal and is configured to discharge the first node. The
fifth transistor has a control electrode connected to a pre-
determined second node and is configured to discharge the
first node. In the first inverter circuit, the first node serves as
an input node. The first buffer circuit is configured to receive
an output from the first inverter circuit and output a signal
to the second node.

[0018] Since the output from the first inverter circuit is
supplied to the second node through the first buffer circuit,
a voltage of large amplitude is supplied to the second node
at high speeds, thus allowing the output resistance of the
shift register to be reduced. The buffer circuit has a large
driving capability with a relatively small circuit area, thus
preventing an increase in circuit area. Further, it is unnec-
essary to use a special signal different from a conventional
one to drive the shift register.

[0019] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG.1 is a schematic block diagram illustrating the
configuration of a display apparatus according to the present
invention;

[0021] FIG. 2 is a block diagram illustrating an exemplary
configuration of a gate-line driving circuit using unit shift
registers according to the present invention;

[0022] FIG. 3 is a circuit diagram illustrating the configu-
ration of a conventional unit shift register;
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[0023] FIG. 4 is a timing chart of an operation of the
gate-line driving circuit shown in FIG. 2;

[0024] FIG. 5 is a block diagram illustrating another
exemplary configuration of a gate-line driving circuit using
unit shift registers according to the present invention;
[0025] FIG. 6 is a timing chart of an operation of the
gate-line driving circuit shown in FIG. 5;

[0026] FIG. 7 is a circuit diagram illustrating the configu-
ration of a unit shift register according to a first preferred
embodiment of the present invention;

[0027] FIG. 8 is a circuit diagram showing the connection
between the unit shift registers according to the first pre-
ferred embodiment connected in cascade;

[0028] FIG. 9 is a timing chart of an operation of the unit
shift register according to the first preferred embodiment;
[0029] FIG. 10 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a second
preferred embodiment of the present invention;

[0030] FIG. 11 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a third pre-
ferred embodiment of the present invention;

[0031] FIG. 12 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a fourth
preferred embodiment of the present invention;

[0032] FIG. 13 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a modification
of the fourth preferred embodiment;

[0033] FIG. 14 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a fifth preferred
embodiment of the present invention;

[0034] FIG. 15 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a sixth pre-
ferred embodiment of the present invention;

[0035] FIGS. 16A and 16B are circuit diagrams respec-
tively illustrating the configurations of clock conversion
circuits according to the sixth preferred embodiment;
[0036] FIGS. 17A and 17B are timing charts of operations
of the clock conversion circuits according to the sixth
preferred embodiment;

[0037] FIGS. 18A and 18B are circuit diagrams respec-
tively illustrating a modification of clock conversion circuits
according to the sixth preferred embodiment;

[0038] FIG. 19 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a seventh
preferred embodiment of the present invention;

[0039] FIG. 20 is a circuit diagram illustrating the con-
figuration of a unit shift register according to an eighth
preferred embodiment of the present invention;

[0040] FIG. 21 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a modification
of the eighth preferred embodiment;

[0041] FIG. 22 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a ninth
preferred embodiment of the present invention;

[0042] FIG. 23 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a tenth
preferred embodiment of the present invention;

[0043] FIG. 24 is a circuit diagram illustrating the con-
figuration of a unit shift register according to an eleventh
preferred embodiment of the present invention;

[0044] FIG. 25 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a modification
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[0045] FIG. 26 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a twelfth
preferred embodiment of the present invention;

[0046] FIG. 27 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a thirteenth
preferred embodiment of the present invention;

[0047] FIG. 28 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a fourteenth
preferred embodiment of the present invention;

[0048] FIG. 29 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a fifteenth
preferred embodiment of the present invention;

[0049] FIG. 30 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a sixteenth
preferred embodiment of the present invention;

[0050] FIG. 31 is a circuit diagram for explaining the
problems to be solved by a unit shift register according to a
seventeenth preferred embodiment of the present invention;
[0051] FIG. 32 is a circuit diagram illustrating the con-
figuration of a unit shift register according to the seventeenth
preferred embodiment;

[0052] FIG. 33 is a circuit diagram illustrating the con-
figuration of a unit shift register according to an eighteenth
preferred embodiment of the present invention;

[0053] FIG. 34 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a nineteenth
preferred embodiment of the present invention;

[0054] FIG. 35 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a twentieth
preferred embodiment of the present invention; and

[0055] FIG. 36 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a twenty-first
preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0056] Preferred embodiments of the present invention
will be described hereinbelow referring to the accompanied
drawings. To avoid repeated and redundant description,
elements having the same or equivalent functions are indi-
cated by the same reference characters in the drawings.

First Preferred Embodiment

[0057] FIG.1 is a schematic block diagram illustrating the
configuration of a display apparatus according to the present
invention. The overall configuration of a liquid crystal
display 10 is shown as an representative example of the
display apparatus.

[0058] The liquid crystal display 10 is provided with a
liquid crystal array part 20, a gate-line driving circuit
(scanning-line driving circuit) 30 and a source driver 40. As
will become apparent from the following description, a shift
register according to the present invention is mounted on the
gate-line driving circuit 30.

[0059] The liquid crystal array part 20 includes a plurality
of pixels 25 arrayed in a matrix. The columns of pixels
(hereinafter also referred to as “pixel lines™) are respectively
provided with gate lines GL,, GL,, #. . . (hereinafter also
generically referred to as a “gate line GL”), and the rows of
pixels (hereinafter also referred to as “pixel rows”) are
respectively provided with data lines DL, DL,, #. . .
(hereinafter generically referred to as a “data line DL”). FIG.
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1 representatively shows pixels 25 of the first and second
rows in the first column and corresponding gate line GL, and
data lines DL, and DL,.

[0060] FEach pixel 25 has a pixel switching device 26
disposed between a corresponding data line DL and a pixel
node Np, and a capacitor 27 and a liquid crystal display
device 28 connected in parallel between the pixel node Np
and a common electrode node NC. The crystal orientation in
the liquid crystal display device 28 changes depending on
the voltage difference between the pixel node Np and
common electrode node NC, and in response to this change,
the display luminance of the liquid crystal display device 28
changes. Accordingly, the luminance of each pixel 25 can be
controlled by a display voltage transmitted to the pixel node
Np through the data line DL and pixel switching device 26.
In other words, an intermediate voltage difference between
a voltage difference corresponding to the maximum lumi-
nance and a voltage difference corresponding to the mini-
mum luminance is applied between the pixel node Np and
common electrode node NC, so that an intermediate lumi-
nance can be obtained. Therefore, by setting display volt-
ages stepwise, gray scale luminance can be obtained.

[0061] The gate-line driving circuit 30 sequentially selects
and drives a gate line GL in a predetermined scanning cycle.
Each pixel switching device 26 has its gate electrode con-
nected to a corresponding gate line GL.. While a certain gate
line GL is selected, the pixel switching device 26 is brought
into the conducting state in each pixel 25 connected to the
selected gate line GL, whereby the pixel node Np is con-
nected to a corresponding data line DL. Then, the display
voltage transmitted to the pixel node Np is held by the
capacitor 27. Generally, the pixel switching device 26 is
constructed from a TFT formed on a substrate of the same
insulator as the liquid crystal display device 28 (a glass
substrate, a resin substrate or the like).

[0062] The source driver 40 is intended to output display
voltages set stepwise by a display signal SIG which is an
N-bit digital signal, to the data lines DL. As an example, the
display signal SIG is assumed to be a 6-bit signal containing
display signal bits DB0 to DB5. With such 6-bit display
signal SIG, 2°7%* levels of gray can be displayed in each
pixel 25. Further, a display of approximately 260 thousand
colors can be achieved by forming one color display unit by
three pixels of R (Red), G (Green) and B (Blue).

[0063] As shown in FIG. 1, the source driver 40 includes
a shift register 50, data latch circuits 52, 54, a gradation
voltage generating circuit 60, a decoder circuit 70 and an
analog amplifier 80.

[0064] In the display signal SIG, the display signal bits
DBO0 to DBS5 corresponding to the display luminance of
respective pixels 25 are serially generated. In other words,
each of the display signal bits DB0 to DB5 with each timing
indicates the display luminance of any one pixel 25 in the
liquid crystal array part 20.

[0065] The shift register 50 gives an instruction to the data
latch circuit 52 to capture the display signal bits DB0 to DB5
in synchronization with timing when the settings of the
display signal SIG are changed. The data latch circuit 52
sequentially captures serially-generated display signals SIG
to latch display signals SIG for one pixel line.

[0066] A latch signal LT input to the data latch circuit 54
is activated with timing when display signals SIG for one
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response to this, the data latch circuit 54 captures the display
signals SIG for one pixel line latched by the data latch circuit
52 at that time.

[0067] The gradation voltage generating circuit 60 is
formed by 63 resistor dividers connected in series between
a high voltage VDH and a low voltage VDL, for generating
64 levels of gradation voltages V1 to V64, respectively.
[0068] The decoder circuit 70 decodes display signals SIG
latched by the data latch circuit 54, and based on the result
of decoding, selects voltages to be respectively output to
decoder output nodes Nd,, Nd,, #. . . (generically referred to
as a “decoder output node Nd”) from among the gradation
voltages V1 to V64, and outputs the selected voltages.
[0069] As aresult, display voltages (selected from among
the gradation voltages V1 to V64) corresponding to the
display signals SIG for one pixel line latched by the data
latch circuit 54 are output to the decoder output node Nd at
the same time (in parallel). FIG. 1 representatively shows
the decoder output nodes Nd, and Nd, corresponding to the
data line DL, of the first row and the data line DL, of the
second row, respectively.

[0070] The analog amplifier 80 outputs analog voltages
corresponding to the display voltages output from the
decoder circuit 70 to the decoder output nodes Nd,, Nd,, #.
. ., to the data lines DL, DL, #. . . , respectively.

[0071] The source driver 40 repeatedly outputs the display
voltages corresponding to a series of display signals SIG for
one pixel line to the data line DL in a predetermined
scanning cycle, and the gate-line driving circuit 30 sequen-
tially drives the gate lines GL.;, GL,, #. . . in synchronization
with the scanning cycle. Accordingly, image display based
on the display signals SIG is provided on the liquid crystal
array part 20.

[0072] While FIG. 1 shows an example of the liquid
crystal display 10 with the gate-line driving circuit 30 and
source driver 40 formed integrally with the liquid crystal
array part 20, the source driver 40 may be provided as an
external circuit of the liquid crystal array part 20.

[0073] FIG. 2 shows the configuration of the gate-line
driving circuit 30. The gate-line driving circuit 30 includes
a plurality of unit shift registers SR, SR,, SR;, SR,, #. . .
connected in cascade (hereinafter, the unit shift registers
SR, SR, #. .. will generically be called a “unit shift register
SR”). The unit shift register SR is provided one each for one
pixel line, i.e., one gate line GL.

[0074] A clock generator 31 shown in FIG. 2 is intended
to input three phase clock signals CLK1, CLK2 and CLK3,
shifted in phase with one another, to the unit shift register SR
of the gate-line driving circuit 30. These clock signals
CLK1, CLK2 and CLK3 are controlled to be sequentially
activated with timing synchronized with the scanning cycle
of the display apparatus.

[0075] Each unit shift register SR includes an input ter-
minal IN, an output terminal OUT, a first clock terminal
CK1 and a reset terminal RST. As shown in FIG. 2, either
one of the clock signals CLK1, CLK2 and CLK3 output
from the clock generator 31 is supplied to the first clock
terminal CK1 and reset terminal RST of each unit shift
register SR. The unit shift register SR has its output terminal
OUT connected to a gate line GL. That is, a signal output
from the output terminal OUT is a horizontal (or vertical)
scanning pulse for activating the gate line GL.

[0076] A start pulse SP corresponding to the head of each
frame period of an image signal is input to the input terminal

May 1, 2008

IN of the unit shift register SR, of the first stage. To the input
terminal IN of each of the unit shift registers SR of the
second and subsequent stages, an output signal from the
immediately preceding stage is input. In other words, the
input terminal IN of the unit shift register SR of the second
or subsequent stage is connected to the output terminal OUT
of the unit shift register SR of the immediately preceding
stage.

[0077] In the gate-line driving circuit 30 of such configu-
ration, each unit shift register SR transmits an input signal
received from the immediately preceding stage (output
signal from the immediately preceding stage) to a corre-
sponding gate line GL and to a unit shift register SR of the
immediately succeeding stage while shifting the input signal
in synchronization with the clock signals CLK1, CLLK2 and
CLK3 (operation of the unit shift register SR will be
described later in detail). As a result, a series of unit shift
registers SR serve as what is called a gate-line driving unit
for sequentially activating gate lines GL with timing based
on the predetermined scanning cycle.

[0078] For ease of description of the present invention, a
conventional unit shift register will now be described. FIG.
3 is a circuit diagram illustrating the configuration of the
conventional unit shift register SR. In the gate-line driving
circuit 30, the respective unit shift registers SR connected in
cascade have substantially the same configuration. The
configuration of one unit shift register SR will thus be
described below as a representative example. Transistors
constituting the unit shift register SR are all field effect
transistors of the same conductivity type, and are all
assumed to be N-type TFTs herein.

[0079] As shown in FIG. 3, the conventional unit shift
register SR includes a first power terminal S1 supplied with
a low supply voltage VSS and a second power terminal S2
supplied with a high supply voltage VDD, in addition to the
input terminal IN, output terminal OUT, first clock terminal
CK1 and reset terminal RST already shown in FIG. 2. In the
following description, the low supply voltage VSS will be
defined as a reference potential of the circuit (=0V); in
practical use, however, a reference potential is determined
with reference to a voltage of data written into pixels. For
example, the high supply voltage VDD may be set at 17V,
and the low supply voltage VSS may be set at —12V.
[0080] The output stage of the unit shift register SR
includes a transistor Q1 connected between the output
terminal OUT and first clock terminal CK1 and a transistor
Q2 connected between the output terminal OUT and first
power terminal S1. Hereinafter, a node connected to the gate
(control electrode) of the transistor Q1 will be referred to as
a “node N1”, and a node connected to the gate of the
transistor Q2 will be referred to as a “node N2”.

[0081] A capacitive element C1 is provided between the
gate and source of the transistor Q1 (i.e., between the output
terminal OUT and node N1). A diode-connected transistor
Q3 is connected between the node N1 and input terminal IN.
Transistors Q4 and Q5 are connected between the node N1
and first power terminal S1. The transistor Q4 has its gate
connected to the reset terminal RST, and the transistor Q5
has its gate connected to the node N2.

[0082] A diode-connected transistor Q6 is connected
between the node N2 and second power terminal S2. A
transistor Q7 is connected between the node N2 and first
power terminal S1, and has its gate connected to the node
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(current flowing capability) sufficiently higher than that of
the transistor Q6. In other words, the transistor Q7 has an
on-state resistance lower than that of the transistor Q6.
Accordingly, as the gate of the transistor Q7 rises in level,
the node N2 drops in level; conversely, as the gate of the
transistor Q7 drops in level, the node N2 rises in level. That
is, the transistors Q6 and Q7 constitute an inverter in which
the node N1 serves as an input node and the node N2 serves
as an output node. The inverter whose operation is defined
by the ratio between the on-state resistances of the transis-
tors Q6 and Q7 is called “a ratio inverter”. This inverter
serves as a “pull-down driving circuit” which drives the
transistor Q2 for pulling down the output terminal OUT.
[0083] A specific operation of the unit shift register SR
shown in FIG. 3 will now be described. Since the respective
unit shift registers SR constituting the gate-line driving
circuit 30 operate substantially in the same manner, the
operation of a unit shift register SR, of the n-th stage will be
described as a representative example.

[0084] For ease of description, it is assumed that the first
clock terminal CK1 of the unit shift register SR, receives the
clock signal CLK1 and the reset terminal RST receives the
clock signal CLK3. This case corresponds to, e.g., the unit
shift registers SR, and SR, shown in FIG. 2. Further, the
potential of the clock signals CLK1, CLK2 and CLK3 at the
H (High) level is assumed to be the high supply voltage
VDD, and the potential of the these clock signals at the L
(Low) level is assumed to be the low supply voltage VSS.
Threshold voltages of respective transistors constituting the
unit shift register SR are all assumed to have the same value,
Vth. An output signal G from a shift register SR, of the i-th
stage will be indicated by a reference character G,.

[0085] In the initial state, it is assumed that the node N1
is at the L level (VSS). Hereinafter, this state will be called
a “reset mode”. In the unit shift register SR shown in FIG.
3, the node N2 is at the H level (VDD —Vth) when the node
N1 is at the L level. It is also assumed that the first clock
terminal CK1 (clock signal CLK1), reset terminal RST
(clock signal CLK3) and input terminal IN (output signal
G | from the immediately preceding stage) are all at the L
level. In this reset mode, the transistor Q1 is off (cut-off
state) and the transistor Q2 is on (conducting state). Accord-
ingly, the output terminal OUT (output signal G,) is kept at
the L level regardless of the level at the first clock terminal
CK1 (clock signal CLK1). That is, the gate line GL,
connected to this unit shift register SR, is in the non-selected
state.

[0086] Starting from this mode, when the output signal
G, from the immediately preceding stage (or the start pulse
SP in the first stage) input to the input terminal IN of the unit
shift register SR,, rises to the H level, the transistor Q3 turns
on. At this time, the node N2 is at the H level, and thus, the
transistor Q5 is also on, but the node N1 rises in level
because the transistor Q3 is set to have a driving capability
sufficiently higher than that of the transistor Q5 and have an
on-state resistance sufficiently lower than that of the tran-
sistor Q5.

[0087] The transistor Q7 thereby starts conducting, caus-
ing the node N2 to drop in level. Then, the transistor Q5
increases in resistance, causing the node N1 to rapidly rise
in level to sufficiently turn on the transistor Q7. As a result,
the node N2 reaches the L level (VSS), the transistor Q5
turns off, and the node N1 reaches the H level (VDD —Vth).
In such mode where the node N1 is at the H level (herein-
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after this mode will be called a “set mode”), the node N2
reaches the L level, so that the transistor Q1 is on, and the
transistor Q2 is off. Thereafter, the output signal G,,_; from
the immediately preceding stage returns to the L level, but
the transistor Q3 turns off, which maintains the node N1 in
a floating state (with high impedance) at the H level,
whereby the set mode is maintained.

[0088] In the set mode, the transistor Q1 is on and the
transistor Q2 is off. Thus, when the clock signal CLK1 input
to the first clock terminal CK1 subsequently rises to the H
level, the output terminal OUT rises in level. At this time, the
node N1 is stepped up by a certain voltage by means of a
coupling through the capacitive element C1 and gate-to-
channel capacitance of the transistor Q1 (therefore, the node
N1 may also be called “a stepped-up node”™).

[0089] Accordingly, the gate-to-source voltage of the tran-
sistor Q1 is maintained higher than the threshold voltage
(Vth) even when the output terminal OUT rises in level, so
that the transistor Q1 is kept at a low impedance. This allows
the output signal G,, to quickly vary in level along with the
level of the clock signal CLK1. Further, when the gate-to-
source voltage of the transistor Q1 is sufficiently high, the
transistor Q1 operates in the non-saturated region (a non-
saturation operation), causing no loss by the threshold
voltage, which causes the output terminal OUT to rise to the
same level as the clock signal CLK1. Accordingly, the
output signal G,, is at the H level for a period in which the
clock signal CLK1 is at the H level, and activates the gate
line GL,, into the selected state. When the clock signal CLK1
returns to the L level, the output signal G,, quickly returns to
the L level following that, which causes the gate line GL,, to
be discharged to return to the non-selected state.

[0090] Thereafter, when the clock signal CLK3 input to
the reset terminal RST rises to the H level, the transistor Q4
is turned on, whereby the reset mode is brought about again
in which the node N1 is at the L level. Accordingly, the
transistor Q7 turns off, and the node N2 rises to the H level.
In other words, the unit shift register SR,, returns to the
above-described initial state.

[0091] Giving a summary of the above-described opera-
tion, the unit shift register SR, is in the reset mode unless a
signal (start pulse SP or output signal G,,_, from the imme-
diately preceding stage) is input to the input terminal IN, and
the transistor Q1 is kept off and the second transistor Q2 is
kept on, so that the output terminal OUT (gate line GL,)) is
kept at the L. level (VSS) with low impedance. When a signal
is input to the input terminal IN, the unit shift register SR,
is switched into the set mode. Since the transistor Q1 is on
and the second transistor Q2 is off in the set mode, the output
signal G,, is at the H level for a period in which the signal
input to the first clock terminal CK1 (clock signal CLK1) is
at the H level. Thereafter, when a signal (clock signal CLK3)
is input to the reset terminal RST, the original reset mode is
brought about.

[0092] With the multistage shift register (gate-line driving
circuit 30) in which a plurality of unit shift registers SR each
operating as described above are connected in cascade as
shown in FIG. 2, the input of the start pulse SP to the unit
shift register SR, of the first stage induces transmission of
the output signal G,, to unit shift registers SR,, SR, #. . . in
sequence while being shifted with timing synchronized with
the clock signals CLK1, CLK2 and CLK3 (cf. the timing
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drive the gate lines GL,, GL,, GL;, #. . . in sequence in a
predetermined scanning cycle.

[0093] While the above example shows the case in which
the plurality of unit shift registers SR operate on the basis of
three phase clock signals, two phase clock signals may be
used instead. FIG. 5 illustrates the configuration of the
gate-line driving circuit 30 in such case.

[0094] In this case, the gate-line driving circuit 30 is also
formed of a plurality of unit shift registers SR connected in
cascade. Specifically, each of the unit shift registers SR has
its input terminal IN connected to the output terminal OUT
of a unit shift register SR of the immediately preceding
stage, except that the input terminal IN of the unit shift
register SR, of the first stage receives a start pulse SP as an
input signal.

[0095] The clock generator 31 in this case outputs two
phase clock signals CLK and /CLK of opposite phases to
each other (whose active periods do not coincide with each
other). The clock signals CLK and /CLK are alternately
input to the first clock terminal CK1 of the respective unit
shift registers SR such that each unit shift register SR and its
immediately succeeding unit shift register SR receive clock
signals of opposite phases to each other. As shown in FIG.
5, each of the unit shift registers SR has its reset terminal
RST connected to the output terminal OUT of a unit shift
register SR of a succeeding stage (in this example, the
immediately succeeding stage).

[0096] The operation of the unit shift register SR in the
gate-line driving circuit 30 configured as shown in FIG. §
will be described. The operation of the unit shift register SR,
of the n-th stage will also be described herein as a repre-
sentative example. For ease of description, it is assumed that
the first clock terminal CK1 of the unit shift register SR,
receives the clock signal CLK. This case corresponds to,
e.g., the unit shift registers SR; and SR, shown in FIG. 5.
The potential of the clock signals CLK and /CLK at the H
level is assumed to be VDD, and the potential at the L level
is assumed to be VSS.

[0097] In the initial state, the reset mode is assumed in
which the node N1 is at the L level (VSS). At this time, the
node N2 is at the H level (VDD —Vth). It is also assumed
that the first clock terminal CK1 (clock signal CLK), reset
terminal RST (output signal G,,,, from the immediately
succeeding stage) and input terminal IN (output signal G,,_,
from the immediately preceding stage) are all at the L level.
[0098] Starting from that mode, the output signal G,,_,
from the immediately preceding stage (start pulse SP in the
case of the first stage), when raised to the H level, is input
to the input terminal IN of the unit shift register SR, to turn
on the transistor Q3, causing the node N1 to rise in level. The
transistor Q7 thereby starts conducting, causing the node N2
to drop in level. Then, the transistor Q5 increases in resis-
tance, causing the node N1 to rapidly rise in level, to
sufficiently turn on the transistor Q7. The node N2 in turn
reaches the L. level (VSS) to turn off the transistor QS5,
causing the node N1 to reach the H level (VDD —Vth). As
a result, the set mode is brought about in which the transistor
Q1 is on and the transistor Q2 is off.

[0099] Then, when the clock signal CLK rises to the H
level and the output terminal OUT rises in level, the node N1
rises in level by a certain voltage by the coupling induced by
the capacitive element C1 and gate-to-channel capacitance
of the transistor Q1. Therefore, the output signal G,, varies
in level along with the level at the first clock terminal CK1.
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During a period in which the clock signal CLK is at the H
level, the output signal G,, is also at the H level, causing the
gate line GL,, to be activated (brought into the selected
state). Thereafter, when the clock signal CLK returns to the
L level, the output signal G,, also returns to the L level,
causing the gate line GL,, to return to the non-selected state.
[0100] After the output signal G,, is transmitted to the unit
shift register SR, ,, the output signal G, therefrom
reaches the H level and is input to the reset terminal RST to
turn on the transistor Q4, causing the node N1 to drop to the
L level. The transistor Q7 accordingly turns off, causing the
node N2 to rise to the H level. That is, the unit shift register
SR,, returns to the reset mode in which the transistor Q1 is
off and the transistor Q2 is on.

[0101] As described, in the case of the gate-line driving
circuit 30 configured as shown in FIG. 5, the operation of
each of the unit shift registers SR is substantially the same
as in the configuration as shown in FIG. 2 except that the
reset terminal RST receives the output signal G,,_ ; from the
immediately succeeding stage.

[0102] With the multistage shift register (gate-line driving
circuit 30) in which a plurality of unit shift registers SR each
operating as described above are connected in cascade as
shown in FIG. 5, the input of the start pulse SP to the unit
shift register SRI of the first stage induces transmission of
the output signal G to unit shift registers SR,, SR, #. . . in
sequence while being shifted with timing synchronized with
the clock signals CLK and /CLK. The gate-line driving
circuit 30 can thereby drive the gate lines GL.;, GL,, GL,
#. . . in sequence in a predetermined scanning cycle.
[0103] In the configuration shown in FIG. 5, however, the
reset terminal RST receives the output signal G,,; from the
immediately succeeding stage. Accordingly, each of the unit
shift registers SR returns to the reset mode (i.e., the above-
described initial state) only after a unit shift register SR of
the immediately succeeding stage is operated at least once.
Each of the unit shift registers SR is not capable of carrying
out the normal operation as shown in FIG. 6 unless it
undergoes the reset mode. Therefore, the configuration
shown in FIG. 5 requires a dummy operation, prior to the
normal operation, to transmit a dummy input signal through
the unit shift registers SR from the first to the last stages.
Alternatively, a reset transistor may additionally be provided
between the node N2 of each of the unit shift registers SR
and second power terminal S2 (high supply voltage) to carry
out a reset operation of forcefully charging the node N2 prior
to the normal operation. In that case, however, a reset signal
line is additionally required.

[0104] The aforementioned problem of malfunction of the
conventional unit shift register SR will now be described in
detail. In the following description, each transistor consti-
tuting the unit shift register SR is assumed to be an a-Si TFT.
[0105] The lowermost part of the timing chart of FIG. 6
shows voltage waveforms at the node N2 of the unit shift
register SR, in the gate-line driving circuit 30 shown in FIG.
5. As described above, when a signal input to the input
terminal IN (start pulse SP or output signal G,,_, from the
immediately preceding stage) rises to the H level, the node
N2 drops to the L level, but immediately returns to the H
level by a signal input to the reset terminal RST (output
signal G,,; from the immediately succeeding stage) to be
kept at the H level for about one frame period (about 16 ms)
(although not shown, this behavior is also seen in the case
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Q5 is continuously positive-biased (dc-biased) for about one
frame period. Accordingly, when the unit shift register SR is
formed of a-Si TFTs, the threshold voltage of the transistors
Q2 and Q5 is shifted in the positive direction, thus resulting
in degraded driving capability.

[0106] When the transistor Q5 in the reset mode is
degraded in driving capability, charges occurred at the node
N1 due to the noise resulting from, for example, an overlap
capacitance between the gate and source/drain of the tran-
sistor Q1, and the like cannot be discharged quickly, which
may cause the node N1 to rise in level. In such case, the
transistor Q1 in the off state decreases in resistance, causing
charges to be unnecessarily supplied to the output terminal
OUT when the clock signal CLK rises to the H level.
Further, when the transistor Q2 has a degraded driving
capability at this time, charges at the output terminal OUT
occurred by the noise cannot be discharged quickly, causing
the output terminal OUT to rise in level. That is, a malfunc-
tion that the gate line which should be in the non-selected
state is brought into the selected state occurs, resulting in a
display malfunction of the liquid crystal display 10.
[0107] As described earlier, these problems can be solved
by using the driving method disclosed in the aforementioned
JP2004-246358, which, however, requires a driving control
unit meeting special specifications. Such driving control unit
meeting special specifications is not necessary by applying
the technique disclosed in the aforementioned JP2006-
24350 to the transistor Q2 to swing the level at the node N2
with a clock signal using a capacitive element. However, a
large capacitive element is required in order to sufficiently
rises the potential at the node N2 because the transistor Q2
has a large gate width, which arises concern for increased
circuit area. Hereinafter, a shift register according to the
present invention capable of solving such problems will be
described.

[0108] FIG. 7 is a circuit diagram illustrating the configu-
ration of a unit shift register SR according to the first
preferred embodiment of the present invention. In preferred
embodiments which will be described hereinafter, transis-
tors constituting the unit shift register SR are all field effect
transistors of the same conductivity type only. In the fol-
lowing description, they are all assumed to be an N channel
type transistor (N-type TFT). The N-type TFT is in the active
(on) state when its gate is at the H level, and in the
non-active (off) state at the L level. The present invention
may be applied to a unit shift register SR formed of P-type
transistors. The P-type transistor is in the active (on) state
when its gate is at the L level, and in the non-active (off)
state at the H level.

[0109] As shown in FIG. 7, the unit shift register SR
includes the transistor Q1 connected between the output
terminal OUT and first clock terminal CK1 and the transistor
Q2 connected between the output terminal OUT and first
power terminal S1. That is, the transistor Q1 is intended to
supply the clock signal input to the first clock terminal CK1
to the output terminal OUT, and the transistor Q2 is intended
to supply the low supply voltage VSS to the output terminal
OUT to discharge the output terminal OUT. Hereinafter, a
node connected to the gate (control electrode) of the tran-
sistor Q1 will be referred to as the node N1, and the gate
node of the transistor Q2 will be referred to as the node N2.
[0110] The capacitive element C1 is provided between the
gate and source of the transistor Q1, i.e., between the node
N1 and output terminal OUT. The capacitive element C1 is
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intended to increase the step-up effect at the node N1
following the rise in level at the output terminal OUT.
However, the capacitive element C1 may be omitted and
replaced by the gate-to-channel capacitance of the transistor
Q1 when it is sufficiently large.

[0111] The transistor Q3 having its gate connected to the
input terminal IN is connected between the node N1 and
input terminal IN (that is, the transistor Q3 is diode-con-
nected). The transistor Q4 having its gate connected to the
reset terminal RST and the transistor Q5 having its gate
connected to the gate of the transistor Q2 (node N2) are
connected in parallel to each other between the node N1 and
first power terminal S1. This configuration is similar to that
of the conventional unit shift register SR shown in FIG. 3.
[0112] In the conventional unit shift register SR shown in
FIG. 3, the inverter circuit (transistors Q7, Q8) in which the
node N1 serves as the input node and the node N2 serves as
the output node is used as the pull-down driving circuit for
driving the transistor Q2 in order to pull down the output
transistor Q2. The unit shift register SR according to the
present embodiment includes a pull-down driving circuit of
different configuration therefrom.

[0113] The pull-down driving circuit of the unit shift
register SR according to the present embodiment includes an
inverter circuit in which the node N1 serves as the input
node and a buffer circuit receiving the output of the inverter
circuit and outputting a signal improved in driving capability
to the node N2. Referring to FIG. 7, the inverter circuit is
formed of the capacitive element C2 and transistor Q8
connected in series between the first clock terminal CK1 and
first power terminal S1. The transistor Q8 has its gate
connected to the node N1 serving as the input node of the
inverter circuit. The capacitive element C2 serves as a
capacitive load, and the transistor Q8 serves as a driver
element. The output node of the inverter circuit is a con-
nection node (hereinafter referred to as a “node N3”)
between the capacitive element C2 and the transistor Q8. As
is apparent from the above-described configuration, a clock
signal input to the first clock terminal CK1 is power for this
inverter circuit. The capacitive element C2 serves as a
coupling capacitance for coupling the clock signal to the
node N3.

[0114] The buffer circuit is formed of transistors Q9 and
Q10 connected in series between the first clock terminal
CK1 and first power terminal S1. The transistor Q9 is
connected between the first clock terminal CK1 and node
N2, and has its gate connected to the node N3. The transistor
Q10 is connected between the node N2 and first power
terminal S1, and has its gate connected to the node N1. Since
the node N1 is the input node and node N3 is the output node
of the inverter circuit, the transistors Q9 and Q10 serves as
a totem-pole buffer circuit for performing a push-pull opera-
tion. As is apparent from the above-described configuration,
power for this buffer circuit is also the clock signal input to
the first clock terminal CK1.

[0115] Further, the pull-down driving circuit according to
the present embodiment includes a transistor Q11 connected
between the node N2 and first power terminal S1 and having
its gate connected to a second clock terminal CK2. The
transistor Q11 is controlled by a clock signal input to the
second clock terminal CK2, and supplies the node N2 with
the low supply voltage VSS to thereby discharge the node
N2. The second clock terminal CK2 receives a clock signal
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(whose active periods do not coincide with each other).
When unit shift registers SR are driven by two phase clock
signals CLK and /CLK as shown in FIG. 5, for example, a
unit shift register SR receiving the clock signal CLK at the
first clock terminal CK1 receives the clock signal /CLK at
the second clock terminal CK2. In contrast, a unit shift
register SR receiving the clock signal /CLK at the first clock
terminal CK1 receives the clock signal CLK at the second
clock terminal CK2.

[0116] The operation of the unit shift register SR accord-
ing to the present embodiment shown in FIG. 7 will now be
described. The unit shift register SR shown in FIG. 7 is also
applicable to either of the gate-line driving circuits 30 shown
in FIGS. 2 and 5, the configuration shown in FIG. 5 is
employed herein.

[0117] The operation of a unit shift register SR, of the n-th
stage will also be described herein as a representative
example. FIG. 8 is a circuit diagram showing the connection
between the unit shift register SR,, of the n-th stage, the unit
shift register SR,,_, of the preceding (n—1)th stage and the
unit shift register SR, ; of the succeeding (n+1)th stage.
FIG. 9 is a timing chart of the operation of the unit shift
register SR,,, showing the mechanism in which the unit shift
register SR of the n-th stage keeps the output signal G,, at
the H level in the selected state of the gate line GL,, and at
the L level in the non-selected state. The operation of the unit
shift register SR according to the present embodiment
shown in FIG. 7 will now be described.

[0118] For simplification, description will be made assum-
ing that the clock signal CLK is input to the first clock
terminal CK1 of the unit shift register SR, and the clock
signal /CLK is input to the first clock terminal CK1 of the
unit shift registers SR, _, and SR, ;. An output signal G
from a shift register SR, of the i-th stage will be indicated by
a reference character G,. The potential of the clock signals
CLK and /CLK at the H level is assumed to be equal. The
potential at the H level is assumed to be the high supply
voltage VDD, and the potential at the L level is assumed to
be the low supply voltage VSS. Threshold voltages of
transistors constituting the unit shift register SR are all
assumed to have the same value, Vth.

[0119] In the initial state, the unit shift register SR, is
assumed to be in the reset mode in which the node N1 is at
the L level (VSS). It is also assumed that the first clock
terminal CK1 (clock signal CLK), second clock terminal
CK2 (clock signal /CLK), reset terminal RST (output signal
G, ; from the immediately succeeding stage), input termi-
nal IN (output signal G,,_, from the immediately preceding
stage) of the unit shift register SR, and output terminal OUT

(output signal G,) are all at the L level.

[0120] Referring to FIG. 9, when the clock signal /CLK
rises at time t;, the output signal G,,_; from the unit shift
register SR,,_, of the immediately preceding stage also rises
to the H level. Then, the transistor Q11 turns on, to pull
down the node N2 having been at the H level until just
before time t; (almost VDD —Vth) to drop to the L level
(VSS). The transistors Q2 and Q5 accordingly turn off. The
rise in the output signal G,,_, from the immediately preced-
ing stage to the H level causes the node N1 to be charged
through the transistor Q3 to reach the H level (VDD —Vth).
The transistors Q1, Q8 and Q10 accordingly turn on. The
nodes N2 and N3 thereby drop to the L level with low
impedance.
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[0121] Next, when the clock signal /CLK falls at time t,,
the output signal G,,_;, from the immediately preceding
stage also drops to the L level. Then, the transistor Q3 turns
off, causing the node N1 to be kept at VDD—Vth in the
floating state. The clock signal /CLK also drops to the L
level, to turn off the transistor Q11, however, the node N2 is
kept at the L level because the transistor Q10 is kept on.
[0122] When the clock signal CLK rises at time t;, the
output terminal OUT (output signal G,)) starts to rise in level
because the transistor Q1 is on and the transistor Q2 is off.
At this time, the node N1 rises in level by means of the
coupling through the gate-to-channel capacitance of the
transistor Q1 and capacitive element C1. Accordingly, the
transistor Q1 operates in the non-saturated region, raising
the output signal G,, to the H level (VDD) without causing
loss by the threshold voltage Vth of the transistor Q1. As a
result, the node N1 rises in level to reach as high as about
2XVDD—Vth.

[0123] In the pull-down driving circuit of the unit shift
register SR,,, the clock signal CLK rises to the H level at
time t;, causing power to be supplied to the inverter circuit
formed of the capacitive element C2 and transistor Q8 and
the buffer circuit formed of the transistors Q9 and Q10. At
this time, the transistor Q8 is on because the node N1 serving
as the input node of the inverter circuit is at the H level, and
the node N3 serving as the output node is kept at the L level.
Therefore, in the buffer circuit, the transistor Q9 is off and
the transistor Q10 is on, so that the node N2 serving as the
output node of the buffer circuit is also kept at the L level.
Accordingly, the transistors Q2 and Q5 are kept off.
[0124] More specifically, when the clock signal CLK rises,
the node N3 is going to rise in level by means of the coupling
through the capacitive element C2. Since the parasitic
capacitance at the node N3 is small, its level may rise to
come close to VDD, however, the rise is extremely instan-
taneous as shown in FIG. 9 because the transistor Q8 is on.
Further because the transistor Q10 is on, the node N2 rises
in level only slightly even if the transistor Q9 turns on for an
instant, and the node N2 is kept at the L level. Accordingly,
the transistors Q2 and Q5 are kept off, and charges at the
output terminal OUT and node N1 are hardly discharged
through the transistors Q2 and QS5, respectively.

[0125] The output signal G,, is output to the gate line GL,
and also input to the reset terminal RST of the unit shift
register SR, _; of the immediately preceding stage and the
input terminal IN of the unit shift register SR, , of the
immediately succeeding stage. Thus, when the output signal
G,, rises to the H level, the transistor Q4 turns on, and the
node N1 is discharged to drop to the L level in the unit shift
register SR,,_,, causing the transistors Q1, Q8 and Q10 to
turn off (that is, the unit shift register SR,,_, is brought into
the reset mode). In the unit shift register SR, ,, the tran-
sistor Q3 turns on, and the node N1 is charged to VDD —Vth,
causing the transistors Q1, Q8 and Q10 to turn on (that is,
the unit shift register SR, | is brought into the set mode).
[0126] When the clock signal CLK falls at time t,, the
output signal G,, accordingly falls to reach the L level (VSS)
at the same level as the clock signal CLK because the
transistor Q1 of the unit shift register SR,, is on. At this time,
the node N1 also drops in level by the coupling through the
capacitive element C1 and gate-to-channel capacitance of
the transistor Q1, so that the node N1 reaches VDD —Vth.
[0127] In the pull-down driving circuit, power is not
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clock signal CLK drops to the L level. At this time, however,
since the output of the inverter circuit (node N3) and output
of the buffer circuit (node N2) are both at the L level, the
nodes N2 and N3 are not changed in level even when the
CLK drops to the L level.

[0128] More specifically, when the clock signal CLK falls,
the node N3 is going to drop in level by means of the
coupling through the capacitive element C2. However, the
level drop at the node N3 is instantaneous as shown in FIG.
9 because the transistor Q8 is on. This level drop at the node
N3 occurs at the level lower than VSS, which does not affect
the operation of the transistor Q9 which is in the off state.
When the output signal G,, falls, the node N2 also drops
instantaneously to the negative side mainly by means of the
coupling through the gate-to-drain capacitance of the tran-
sistors Q2 and Q5. This level drop at the node N2 also occurs
at the level lower than VSS, which does not affect the
operation of the transistors Q2 and Q5 which are in the off
state, and hence, does not affect the operation of the shift
register.

[0129] When the clock signal /CLK rises and the output
signal G, , from the immediately succeeding stage also
rises at time ts, the transistors Q4 and Q11 of the unit shift
register SR, turn on. Then, the node N1 drops to the L level,
causing the unit shift register SR, to return to the reset mode.
The node N2 reaches the L level with low impedance.
[0130] When the clock signal /CLK falls and the output
signal G, , from the immediately succeeding stage also
falls at time t,, the transistors Q4 and Q11 turn off, bringing
both the nodes N1 and N2 into the L level with high
impedance.

[0131] When the clock signal CLK rises at time t,, power
is supplied to the inverter circuit and buffer circuit in the
pull-down driving circuit. At this time, because the node N1
serving as the input node of the inverter circuit is at the L
level, the transistor Q8 is off, and the node N3 serving as the
output node of the inverter circuit rises to the H level.
Accordingly, in the buffer circuit, the transistor Q9 turns on,
and the transistor Q10 turns off, causing the node N2 serving
as the output node of the buffer circuit to rise to the H level.
[0132] More specifically, when the clock signal CLK rises,
the node N3 is going to rise in level by means of the coupling
through the capacitive element C2. Since the transistor Q8
is off at this time, the node N3 rises to reach the H level.
When setting the capacitance of the capacitive element C2
sufficiently larger than that of the parasitic capacitance at the
node N3 (mainly, gate capacitance of the transistor Q9), the
node N3 reaches VDD approximately. This level rise at the
node N3 turns the transistor Q9 on. Since the transistor Q10
is off at this time, the node N2 rises to the H level (about
VDD—Vth). As a result, the transistors Q2 and Q5 of the
unit shift register SR, turn on.

[0133] On the other hand, the gate-to-drain overlap
capacitance of the transistor Q1 and the on-state resistance
of the transistor Q5 constitute a differentiation circuit, and
the node N1 thus rises in level following the rising of the
clock signal CLK. The level at the node N1 at this time
presents a spike waveform which rises instantaneously to a
certain level determined by dividing the H level (VDD) of
the clock signal CLK by: the capacitive component (gate-
to-drain overlap capacitance of the transistor Q1) which is
going to couple the clock signal CLK to the node N1 so as
to raise the node N1 in level; the parasitic capacitance at the
node N1 (gate-to-source capacitance of the transistor Q1,
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gate capacitances of the transistors Q8 and Q10, etc.); and
the capacitive element C1, and then falls at a certain time
constant. The on-state resistance of the transistor Q5 is set
sufficiently small, and the spike voltage prevents the tran-
sistor Q1 from turning on, so that the output terminal OUT
is kept at the L level.

[0134] When the clock signal CLK falls at time tg, power
is not supplied to the inverter circuit and buffer circuit in the
pull-down driving circuit. In the inverter circuit, when the
power supply (clock signal CLK) drops in level, a coupling
with sign reversed from time t, occurs through the capacitive
element C2, causing the node N3 serving as its output node
to drop to the L level. In the buffer circuit, the transistor Q9
turns off, but the node N2 serving as its output node is kept
in the floating state at the H level because the transistor Q10
is also off. Therefore, the transistors Q2 and Q5 are kept on.
[0135] Further, a negative spike voltage occurs at the node
N1 oppositely to the spike voltage at time t,, but the negative
level occurring at the node N1 is quickly discharged through
the transistor Q5 because the transistor Q5 is on, causing the
node N1 to return to VSS.

[0136] When the clock signal /CLK rises at time t,, the
transistor Q11 turns on, and the node N2 is discharged to
drop to the L level (VSS). The transistors Q2 and Q5
accordingly turn off. The output terminal OUT is thereby
brought into the high impedance state, but the output signal
G,, is stably kept at the L. level because the capacitance (gate
line capacitance) of the gate line GL connected to the output
terminal OUT is large.

[0137] Thereafter, the operations from time tg to t, are
repeated until the output signal G,,_; of the unit shift register
SR,,_; of the immediately preceding stage rises to the H
level in the next frame period. Therefore, in the unit shift
register SR, the level at the gates of the transistors Q2 and
Q5 (node N2) is swung during the non-selected period of the
gate line GL,, to rise to the H level (VDD) in synchronization
with the rising of the clock signal CLK and drop to the L
level (VSS) in synchronization with the rising of the clock
signal /CLK.

[0138] That is, the gate of the transistor Q2 discharging the
output terminal OUT and the gate of the transistor Q5
discharging the node N1 are both prevented from being
continuously biased, and the shift in their threshold voltage
(Vth shift) is minimized, which suppresses degradation in
driving capability. Accordingly, the transistor Q5 is capable
of quickly discharging charges at the node N1 caused by
noise or the like in the reset mode, and the resistance of the
transistor Q1 is kept high. Further, the transistor Q2 is
prevented from degrading in driving capability, which mini-
mizes the resistance at the output terminal OUT (output
resistance) in the non-selected state, so that the voltage of
the gate line in the non-selected state is stabilized more, and
the display device is improved in display quality.

[0139] The control signals (start pulse SP, clock signals
CLK, /CLK) used in the above-described operations are
signals that can be output from a general-purpose driving
control device, which are not unusual ones. That is, a special
driving control device is not required in the present embodi-
ment in order to operate the unit shift register SR.

[0140] The pull-down driving circuit of the unit shift
register SR according to the present embodiment includes
the inverter circuit with a capacitive load and buffer circuit
operating upon receipt of the output of the inverter circuit.
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formed of the transistors Q9 and Q10, and therefore has a
high driving capability with a relatively small circuit area.
The buffer circuit is thus capable of supplying a voltage of
large amplitude to the gates of the transistors Q2 and Q5
(node N2), which achieves reduction in output resistance
and pull-down resistance at the node N1 in the shift register
while suppressing an increase in circuit area.

[0141] In the above description, there is a certain interval
between the period during which the clock signal CLK is at
the H level and the period during which the clock signal
/CLK 1is at the H level, however, this interval may be
omitted. That is, two-phase clocks will do in which the clock
signal /CLK rises at the same time when the clock signal
CLK rises, and the clock signal /CLK falls at the same time
when the clock signal CLK falls. Second preferred embodi-
ment

[0142] FIG. 10 is a circuit diagram illustrating the con-
figuration of a unit shift register SR according to a second
preferred embodiment of the present invention. In this
drawing, elements having similar functions as those shown
in FIG. 7 are indicated by the same reference characters.
This unit shift register SR is similar to the circuit shown in
FIG. 7 except that the transistor Q10 has its gate connected
to the output terminal OUT, rather than the node N1.
[0143] The operation of a unit shift register SR,, according
to the present embodiment is almost similar to that described
in the first preferred embodiment. In the first preferred
embodiment, the transistor Q10 turns on in the period during
which the node N1 is at the H level (from time t, to time ts
in FIG. 9) to bring the node N2 into the L. level, however, in
the present embodiment, the transistor Q10 turns on in the
period during which the output signal G, is at the H level
(from time t; to time t,). That is, the transistor Q10 accord-
ing to the present embodiment operates to prevent the node
N2 from rising in level by means of the gate-to-drain overlap
capacitance of the transistor Q2 when the output signal G,
rises, thus preventing the transistor Q2 from turning on. The
output signal G,, at the H level is thereby prevented from
dropping.

[0144] The period during which the transistor Q10 is on is
shorter than in the first preferred embodiment. In the case of
driving the unit shift register SR by the two-phase clock
signals CLK and /CLK as shown in FIG. 8, the transistor
Q11 turns on to bring the node N2 into the L. level even when
the transistor Q10 does not turn on at the same time when the
node N1 reaches the H level. Therefore, the operation of the
unit shift register SR of the present embodiment is substan-
tially the same as in the first preferred embodiment.
[0145] In the unit shift register SR shown in FIG. 10, The
gate capacitance of the transistor Q10 does not become the
parasitic capacitance at the node N1. Accordingly, the para-
sitic capacitance at the node N1 can be reduced, and the
step-up level at the node N1 at the time when the output
signal G,, is output can be raised. As a result, the rising rate
of the output signal G,, can be increased.

Third Preferred Embodiment

[0146] FIG. 11 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a third pre-
ferred embodiment of the present invention. In this drawing,
elements having similar functions as those shown in FIG. 7
are indicated by the same reference characters. The gate
node of the transistor Q8, i.e., the input node of the inverter
circuit is defined as a “node N1A”. While the gate of the
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transistor Q1 (node N1) and node N1A are directly con-
nected in the first preferred embodiment (FIG. 7), a transis-
tor Q12 with its gate connected to the node N1A is diode-
connected between the nodes N1 and N1A in the unit shift
register SR shown in FIG. 11. Further, a transistor Q13 with
its gate connected to the input terminal IN is diode-con-
nected between the node N1A and input terminal IN.
[0147] In the unit shift register SR, according to the
present embodiment, the node N1 is charged to the H level
(VDD—Vth) through the transistor Q3 when the output
signal G,,_, from the immediately preceding stage is input,
while the node N1A is also charged to the H level (VDD —
Vth) through the transistor Q13.

[0148] The diode-connected transistor Q12 having its
anode positioned on the node N1A side and its cathode
positioned on the node N1 side serves as a one-way switch-
ing device with its forward direction directed to the node N1
from the node N1A. When the node N1 rises in level by the
rising of the output signal G,, the diode formed of the
transistor Q12 is in the reverse-bias state, so that current
does not flow from the node N1 to the node N1A. That is,
charging from the node N1 to the node N1A is blocked.
Thus, in the process in which the node N1 rises in level by
the rising of the output signal G,, the gate capacitances of
the transistors Q8 and Q10 do not become the parasitic
capacitance at the node N1. Therefore, the parasitic capaci-
tance at the node N1 when the node N1 rises in level is
reduced, allowing the step-up level at the node N1 to be
higher than in the first preferred embodiment, so that the
step-up level at the node N1 when the output signal G,, is
output can be raised. As a result, the rising rate of the output
signal G,, can be increased.

[0149] The gate of the transistor Q10 may be connected to
the output terminal OUT by applying the second preferred
embodiment to the present embodiment. Fourth preferred
embodiment

[0150] FIG. 12 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a fourth
preferred embodiment of the present invention. In this
drawing, elements having similar functions as those shown
in FIG. 7 are indicated by the same reference characters. In
the present embodiment, the transistor Q8 in the circuit
shown in FIG. 7 is replaced by transistors Q8A and Q8B
connected in series between the node N3 and first power
terminal S1. The gates of the transistors Q8A and Q8B serve
as the input node of the buffer circuit, and both connected to
the node N1. Defining a connection node between the
transistors Q8A and Q8B as a “node N4”, a transistor Q14
with its gate connected to the node N3 is provided between
the node N4 and first clock terminal CK1.

[0151] That is, in the unit shift register SR according to the
present embodiment, the inverter circuit of the pull-down
driving circuit is what is called a Schmitt trigger circuit in
which the capacitive element C2 serves as a loading ele-
ment, the transistors Q8A and Q8B serve as driver elements
and the transistor Q14 serves as a control element of the
threshold voltage of the inverter circuit.

[0152] In the unit shift register SR according to the first
preferred embodiment, as shown in FIG. 9, a spike voltage
occurs at the node N1 in the positive direction when the
clock signal CLK rises during a period in which the output
signal G,, is kept at the L level (in the non-selected state of
the gate line GL,,; at time t and thereafter). When this spike
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i.e., the threshold voltage of the inverter circuit, the transis-
tor Q8 turns on, and the node N3 drops in level. Then, the
transistor Q9 does not turn on sufficiently, which lowers the
H level of the node N2, so that the transistor Q5 fails to turn
on sufficiently. As a result, the spike voltage further
increases in level in a vicious circle, which may finally cause
the node N1 to reach such a level that the transistor Q1 turns
on.

[0153] In contrast, according to the present embodiment,
the use of Schmitt trigger type inverter as the inverter circuit
increases the threshold voltage of the inverter circuit to
prevent the node N2 from dropping in level by the spike
voltage. This solves the above-mentioned problems.

[0154] In the present embodiment, a Schmitt trigger cir-
cuit is used as the inverter circuit, but may also be used as
the buffer circuit. FIG. 13 shows such modification. More
specifically, the transistor Q10 is replaced by transistors
Q10A and Q10B connected in series between the node N2
and first power terminal S1. The transistors Q10A and Q10B
have their gates both connected to the node N1. A connec-
tion node between the transistors Q10A and Q10B is con-
nected to the node N4. The threshold voltage of the buffer
circuit thereby increases, so that the influence by the spike
voltage at the node N1 can be minimized.

[0155] The gates of the transistors Q10A and Q10B may
be connected to the output terminal OUT by applying the
second preferred embodiment to the first preferred embodi-
ment. Alternatively, a circuit formed of the transistors Q12
and Q13 shown in FIG. 11 may be connected between the
node N1 and input node of the inverter circuit (gates of the
transistors Q8A and Q8B) by applying the third preferred
embodiment. Fifth preferred embodiment

[0156] FIG. 14 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a fifth preferred
embodiment of the present invention. In this drawing, ele-
ments having similar functions as those shown in FIG. 7 are
indicated by the same reference characters. In the present
embodiment, a transistor Q15 is further provided between
the output terminal OUT and first power terminal S1 in the
circuit shown in FIG. 7, and the gate of the transistor Q15
is connected to the second clock terminal CK2. That is, the
transistor Q15 is controlled by a clock signal input to the
second clock terminal CK2 and discharges (pulls down) the
output terminal OUT.

[0157] In the circuit shown in FIG. 7, the level at the node
N2 during the non-selected period of the unit shift register
SR, is swung to rise to the H level in synchronization with
the rising of the clock signal CLK and drop to the L level in
synchronization with the rising of the clock signal /CLK, as
shown in FIG. 9. In other words, the transistor Q2 is on from
the rising of the clock signal CLK to the rising of the clock
signal /CLK to keep the output terminal OUT at the L level
with low impedance, and in a period other than that period,
the transistor Q2 turns off to keep the output terminal OUT
at the L level with high impedance (floating state).

[0158] In contrast, in the unit shift register SR, according
to the present embodiment, the transistor Q15 is kept on
during a period in which the clock signal /CLK input to the
second clock terminal CK2 is at the H level, bringing the
output terminal OUT into the L level with low impedance.
This achieves the effects of reducing the period in which the
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output terminal OUT is at the L level with high impedance
in the non-selected period, thus stabilizing the L. level of the
output signal G,,.

Sixth Preferred Embodiment

[0159] As described, according to the fifth preferred
embodiment, the period in which the output terminal OUT
is at the L level with high impedance in the non-selected
period can be reduced. However, in the case where there is
a certain interval between the period in which the clock
signal CLK is at the H level (active period) and the period
in which the clock signal /CLK is at the H level as in the
example shown in FIG. 9, there is a certain period in which
the output terminal OUT is at the L level with high imped-
ance in the non-selected period. For instance, in the unit shift
register SR, shown in FIG. 14, there is a period in which the
node N2 and clock signal /CLK are both at the L level as
shown in FIG. 17A between the rising of the clock signal
CLK and the rising of the clock signal /CLK, and the
transistors Q2 and Q15 are both off in that period. The output
terminal OUT is thus brought into the high impedance state.
[0160] FIG. 15 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a sixth pre-
ferred embodiment of the present invention. In this drawing,
elements having similar functions as those shown in FIGS.
7 and 14 are indicated by the same reference characters. In
the present embodiment, the transistor Q15 has its gate
connected to an inverter circuit 32 formed of transistors Q16
and Q17 in the circuit shown in FIG. 14.

[0161] Defining the gate node of the transistor Q15 as a
“node N5”, the transistor Q16 is diode-connected between
the node N5 and second clock terminal CK2 in the inverter
circuit 32. The transistor Q17 is connected between the node
N5 and first power terminal S1, and has its gate connected
to the first clock terminal CK1. As understood from this
configuration, the first clock terminal CK1 serves the input
node and the node N5 serves as the output node of the
inverter circuit 32, and power is supplied thereto by the
clock signal input to the second clock terminal CK2.
[0162] Inthe inverter circuit 32, the transistor Q16 charges
the node N5 in accordance with the clock signal input to the
second clock terminal CK2, and the transistor Q17 dis-
charges the node N5 in accordance with the signal input to
the first clock terminal CK1. As a result, a signal appears at
the node N5 which reaches the H level (VDD —Vth) in
synchronization with the rising of the clock signal input to
the second clock terminal CK2 and reaches the L level
(VSS) in synchronization with the rising of the clock signal
input to the first clock terminal CK1, as shown in FIG. 17B.
In other words, the node N5 receives a signal having a
waveform complementary to the voltage waveform at the
node N2 in the non-selected state.

[0163] In this manner, the inverter circuit 32 generates a
clock signal having a waveform complementary to the
voltage waveform at the node N2 in the non-selected state
using the clock signals for driving the unit shift register SR.
Hereinafter, the inverter circuit 32 will be called a “clock
conversion circuit”.

[0164] The transistor Q15 of the unit shift register SR
according to the present embodiment is driven by the clock
conversion circuit 32 to turn on in accordance with the rising
of the clock signal input to the second clock terminal CK2
and to turn off in accordance with the clock signal input to
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state, the transistors Q2 and Q15 do not turn on at the same
time, but alternately turn on. As a result, there is no period
in which the nodes N2 and N5 are both at the L level, which
allows the output terminal OUT to be always kept at the L
level with low impedance.

[0165] It is not necessary to provide the clock conversion
circuit 32 for each of cascade-connected unit shift registers
SR, but one clock conversion circuit 32 may be shared by a
plurality of unit shift registers SR. For instance, in the case
of'a shift register driven by the two-phase clock signals CLK
and /CLK, a first clock conversion circuit 32A (FIG. 16A) in
which the gates of the transistors Q16 and Q17 are supplied
with the clock signals /CLK and CLK, respectively, and a
second clock conversion circuit 32B (FIG. 16B) in which the
gates of the transistors Q16 and Q17 are supplied with the
clock signals CLK and /CLK, respectively, may be provided
one each. In such case, the clock conversion circuit 32A is
shared by a plurality of unit shift registers SR whose first
clock terminals CK1 are supplied with the clock signal CLK,
and the clock conversion circuit 32B is shared by a plurality
of unit shift registers SR whose first clock terminals CK1 are
supplied with the clock signal /CLK. This significantly
reduces an increase in circuit area as compared to the case
of providing the clock conversion circuit 32.

[0166] The configurations of the clock conversion circuits
32A and 32B are not limited to those shown in FIGS. 16A
and 16B. For instance, as shown in FIGS. 18A and 18B, the
source of the transistor Q17 may be connected to the drain
of the transistor Q16, and may be supplied with a clock
signal of opposite phase to that input to the gate (whose
active periods do not coincide with each other). In such case,
a state equivalent to that the gate of the transistor Q17 is
negatively biased to the source is brought about in the off
state of the transistor Q17. The threshold voltage of the
transistor Q17 having been shifted in the positive direction
thereby returns in the negative direction and is restored. As
a result, the Vth shift of the transistor Q17 is minimized, thus
suppressing the degradation in driving capability. This
allows a small transistor to be used as the transistor Q17,
which contributes to reduction in circuit area.

Seventh Preferred Embodiment

[0167] In cascade-connected unit shift registers SR, each
of which is configured as shown in FIG. 7, the output signal
G is input to the gate and drain of the transistor Q3 of the
immediately succeeding stage (cf. FIG. 8). In other words,
the node N1 of each unit shift register SR is charged using
the output signal G from the immediately preceding stage.
The node N1 has a relatively large parasitic capacitance
because the gate of the transistor Q1 of large size is
connected thereto. Thus, the rising rate of the output signal
G is likely to be reduced by the time constant based on the
parasitic capacitance.

[0168] FIG. 19 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a seventh
preferred embodiment of the present invention. In this
drawing, elements having similar functions as those shown
in FIG. 7 are indicated by the same reference characters. In
the present embodiment, the transistor Q3 in the circuit
shown in FIG. 7 has its drain connected to the second power
terminal S2 supplied with the high supply voltage VDD.
[0169] In the unit shift register SR shown in FIG. 19, the
node N1 is charged by the power supply which supplies the
high supply voltage VDD, and the output signal G is
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supplied only to the gate of the transistor Q3. This reduces
the load on the output signal G in each unit shift register SR,
and increases the rising rate of the output signal G. Further,
the charging rate of the node N1 can also be increased,
allowing the node N1 to be charged to a sufficiently high
level. The rising rate of the output signal G is further
increased for this reason as well.

Eighth Preferred Embodiment

[0170] In the unit shift register SR,, shown in FIG. 19,
there is a period in which the transistor Q5 turns oft while
the clock signal CLK is at the L level in the non-selected
period of the gate line GL,, (in which the node N2 is at the
L level). At this time, the node N1 is at the L. level with high
impedance. When a power supply supplying the potential
VDD is connected to the drain of the transistor Q3 as shown
in FIG. 19, optical leakage current flows from the second
power terminal S2 to the node N1 through the transistor Q3
under the influence of external light incident into the display
device or backlit light of a display panel, so that the node N1
rises in level when it is in the high impedance state.
[0171] When the node N1 rises in level in such a manner,
and the clock signal CLK at the first clock terminal CK1
rises, the node N1 further rises in level by means of the
coupling through the gate-to-drain overlap capacitance of
the transistor Q1. When the transistor Q1 thereby turns on,
a malfunction that the output signal G,, reaches the H level
occurs. The present embodiment presents a unit shift register
SR capable of solving this problem.

[0172] FIG. 20 is a circuit diagram illustrating the con-
figuration of the unit shift register SR according to the eighth
preferred embodiment of the present invention. In this
drawing, elements having similar functions as those shown
in FIG. 19 are indicated by the same reference characters. In
the present embodiment, a circuit formed of transistors Q18
to Q21 are added to the circuit shown in FIG. 19. The circuit
formed of transistors Q18 to Q21 brings the node N1 into the
L level with low impedance during a period in which the first
clock terminal CK1 is at the H level in the non-selected
period of the gate line GL,,.

[0173] As shown in FIG. 20, the transistor Q18 is con-
nected between the node N1 and first power terminal S1.
Defining the gate node of the transistor Q18 as a “node N6”,
the transistor Q19 is connected between the node N6 and
second power terminal S2, and has its gate connected to the
second clock terminal CK2. The transistor Q20 is connected
between node N6 and first power terminal S1, and has its
gate connected to the input terminal IN. The transistor Q21
is also connected between the node N6 and first power
terminal S1, and has its gate connected to the first power
terminal S1.

[0174] The transistor Q20 is set to have an on-state
resistance sufficiently smaller than that of the transistor Q19.
That is, the transistors Q19 and Q20 constitute a ratio type
inverter in which the transistor Q19 serves as the loading
element and the transistor Q20 serves as a driver element.
Therefore, when the output signal G,,_; from the immedi-
ately preceding stage rises to the H level in the unit shift
register SR, for example, the clock signal /CLK at the
second clock terminal CK2 also rises to the H level, so that
the transistors Q19 and Q20 both turn on, however, the node
N6 serving as the output node of the inverter circuit drops to
the L level.
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[0175] In the non-selected period of the gate line GL,, the
output signal G,,_, is at the L. level and the transistor Q20 is
off. Thus, the level at the node N6 of the unit shift register
SR, is swung to be at the L level between the rising of the
clock signal CLK and the rising of the clock signal /CLK
and to be at the H level between the rising of the clock signal
/CLK and the rising of the clock signal CLK. In other words,
the signal waveforms at the nodes N2 and N6 are comple-
mentary to each other in the non-selected period of the gate
line GL,,, so that the transistors Q5 and Q18 alternately turn
on to bring the node N1 into the L level with low impedance.
This prevents the level rise at the node N1 resulting from
optical leakage current. Further, this prevents the gate of the
transistor Q18 from being continuously biased, which also
achieves the effect of minimizing its Vth shift.

[0176] When the output signal G,,_, from the immediately
preceding stage rises to the H level, the transistor Q20 turns
on. Since the transistor Q20 has an on-state resistance
sufficiently smaller than that of the transistor Q19 as
described above, the node N6 is pulled down to the L level
regardless of whether the transistor Q19 is on or off. The
transistor Q18 accordingly turns off, and the node N1 is
charged through the transistor Q3 to rise to the H level.
[0177] Thereafter, when the output signal G,,_, from the
immediately preceding stage returns to the L level, the clock
signal /CLK also drops to the L level at the same time, so
that the node N6 is kept at the L level. Further, even during
a period in which the output signal G,, is at the H level, the
transistor Q21 turns on by the clock signal CLK, so that the
node N6 is kept at the L. level, and the transistor Q18 is kept
off. That is, the transistor Q18 is continuously off in the
charging period of the node N1 and selected period of the
gate line GL.,,. Thus, the circuit formed of the transistors Q18
to Q21 does not affect the operation of the unit shift register
SR,, of outputting the output signal G,,. The unit shift register
SR,, according to the present embodiment is therefore
capable of performing a similar operation as the circuit
shown in FIG. 19.

[0178] As described, in the present embodiment, the tran-
sistor Q18 is kept off during the period in which the signal
input to the input terminal IN is at the H level (active
period), and in the period other than the active period, turns
on in accordance with the rising of the clock signal input to
the second clock terminal CK2 and turns off in accordance
with the rising of the clock signal input to the first clock
terminal CK1.

[0179] While the transistor Q19 shown in FIG. 20 has its
drain connected to the power supply supplying the potential
VDD similarly to the drain of the transistor Q3, they may be
connected to different power supplies. Alternatively, as
shown in FIG. 21, the drain of the transistor Q19 as well as
the gate may be connected to the second clock terminal CK2
(that is, the transistor Q19 may be diode-connected between
the node N6 and second clock terminal CK2). In that case,
the node N6 is charged by the clock signal input to the
second clock terminal CK2, but the same operation as
described above is performed, so that similar effects can be
obtained.

Ninth Preferred Embodiment

[0180] FIG. 22 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a ninth
preferred embodiment of the present invention. In this
drawing, elements having similar functions as those shown
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in FIG. 20 are indicated by the same reference characters. In
the present embodiment, the transistor Q21 in the circuit
shown in FIG. 20 is replaced by a transistor Q21A connected
between the node N6 and second clock terminal CK2. The
transistor Q21A has its gate connected to the node N6 (that
is, the transistor Q21A is diode-connected). The transistor
Q19 is diode-connected between the node N6 and second
clock terminal CK2 as illustrated in FIG. 21 as a modifica-
tion.

[0181] In the unit shift register SR, according to the
present embodiment, the transistor Q19 turns on when the
clock signal /CLK is at the H level to charge the node N6 to
be brought into the H level, while the transistor Q21A turns
on when the clock signal /CLK is at the L. level to discharge
the node N6 to be brought into the L level (Vth). During the
period in which the output signal G,,_,; from the immedi-
ately preceding stage is at the H level (active period), the
transistor Q20 turns on to keep the node N6 at the L level.
That is, the transistor Q18 according to the present embodi-
ment is kept off in the active period of the signal input to the
input terminal IN and turns on/off in the period other than
the active period in response to the clock signal input to the
second clock terminal CK2 (to turn on in the active period
of that clock signal).

[0182] Since the first clock terminal CK1 and second
clock terminal CK2 receive clock signals of opposite phases
to each other, the transistor Q21A, as a result, operates
almost similarly to the transistor Q21 shown in FIG. 20.
Therefore, similar effects can be obtained.

Tenth Preferred Embodiment

[0183] FIG. 23 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a tenth
preferred embodiment of the present invention. In this
drawing, elements having similar functions as those shown
in FIG. 20 are indicated by the same reference characters. In
the present embodiment, the transistors Q19 and Q21A in
the circuit shown in FIG. 22 are replaced by a capacitive
element C3. That is, the capacitive element C3 and transistor
Q20 constitute an inverter circuit with a capacitive load.
[0184] The capacitive element C3 capacitively couples the
second clock terminal CK2 and node N6. Thus, the capaci-
tive element C2 of the unit shift register SR,,, for example,
raises the node N6 in level at the rising of the clock signal
/CLK, and pulls down the node N6 in level at the falling of
the clock signal /CLK. As a result, the capacitive element C3
operates similarly to the transistors Q19 and Q21A shown in
FIG. 22.

[0185] That is, in the present embodiment, the transistor
Q18 is kept off in the active period of the signal input to the
input terminal IN, and in the period other than the active
period, turns on/off in accordance with the clock signal input
to the second clock terminal CK2 (to turn on in the active
period of that clock signal). Therefore, the unit shift register
SR according to the present embodiment operates almost
similarly to that of the eighth preferred embodiment, and
achieves similar effects.

Eleventh Preferred Embodiment

[0186] FIG. 24 is a circuit diagram illustrating the con-
figuration of a unit shift register according to an eleventh
preferred embodiment of the present invention. In this
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in FIG. 20 are indicated by the same reference characters. In
the present embodiment, the transistor Q18 in the circuit
shown in FIG. 20 has its source connected to the input
terminal IN and its gate (node N6) connected to the second
clock terminal CK2.

[0187] According to the unit shift register SR, of the
present embodiment, the gate of the transistor Q18 (clock
signal /CLK) is at the H level during a period in which the
output signal G,,_, from the immediately preceding stage
rises to the H level to cause the node N1 to be charged
through the transistor Q3, but the source (output signal G,,_,
from the immediately preceding stage) is also at the H level.
Thus, the transistor Q18 does not turn on, and the node N1
is charged to the H level. During the non-selected period
after the output signal G,,_, from the immediately preceding
stage drops to the L level, the source of the transistor Q18
drops to the L level. Thus, the transistor Q18 turns on every
time the clock signal /CLK rises to the H level, to bring the
node N1 into the L level with low impedance.

[0188] That is, in the present embodiment, the transistor
Q18 is kept off in the active period of the signal input to the
input terminal IN; and in the period other than the active
period, turns on/off in accordance with the clock signal input
to the second clock terminal CK2 (to turn on in the active
period of that clock signal). Therefore, the unit shift register
SR according to the present embodiment operates almost
similarly to that of the eighth preferred embodiment, and
achieves similar effects. This prevents a level rise caused by
optical leakage current in the non-selected state.

[0189] In the circuit shown in FIG. 24, there is a period in
which the node N1 is in the high impedance state between
the falling of the clock signal /CLK and the rising of the
clock signal CLK. To prevent the level rise at the node N1
in that period, the output signal from the clock conversion
circuit 32 shown in FIG. 16 or 18 may be input to the gate
of the transistor Q18 (node N6) (cf. FIG. 25).

[0190] Then, the transistor Q18 is kept off in the period
during which the signal input to the input terminal IN is at
the H level (active period) and, in the period other than the
active period, turns on in accordance with the rising of the
clock signal input to the second clock terminal CK2 and
turns off in accordance with the rising of the clock signal
input to the first clock terminal CK1, just the same as in the
eighth preferred embodiment. In other words, the transistor
Q18 operates complementarily to the transistor Q5 in the
non-selected period, which can eliminate a period in which
the node N1 is in the high impedance state.

Twelfth Preferred Embodiment

[0191] FIG. 26 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a twelfth
preferred embodiment of the present invention. In this
drawing, elements having similar functions as those shown
in FIG. 7 are indicated by the same reference characters. In
the present embodiment, the source of the transistor Q11 in
the circuit shown in FIG. 7 is connected to the first clock
terminal CK1, rather than the first power terminal S1.

[0192] In the unit shift register SR,, shown in FIG. 7, the
gate of the transistor Q11 is repeatedly positive-biased by
the clock signal /CLK, so that the Vth shift is likely to occur.
In contrast, in the unit shift register SR, according to the
present embodiment, the gate-to-source bias of the transistor
Q11 is changed between positive when the clock signal
/CLK is at the H level and negative when the clock signal

May 1, 2008

CLK is at the H level. This minimizes the Vth shift of the
transistor Q11, which achieves the effect that the node N2
can be discharged with low impedance.

[0193] The present embodiment may be applied to either
unit shift register SR in which the transistor Q11 has its
source connected to the first power terminal S1 among the
above-described preferred embodiments.

Thirteenth Preferred Embodiment

[0194] FIG. 27 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a thirteenth
preferred embodiment of the present invention. In this
drawing, elements having similar functions as those shown
in FIG. 7 are indicated by the same reference characters. In
the present embodiment, the transistors Q2 and Q5 in the
circuit shown in FIG. 7 have their sources connected to the
second clock terminal CK2, rather than the first power
terminal S1.

[0195] In the unit shift register SR, shown in FIG. 7, the
gates of the transistors Q2 and Q5 (node N2) are repeatedly
positive-biased in accordance with the rising of the clock
signal CLK as shown in FIG. 9, so that their Vth shifts are
likely to occur. In contrast, in the unit shift register SR,
according to the present embodiment, the gate-to-source
bias of the transistors Q2 and Q5 is changed between
positive when the clock signal CLK is at the H level and
negative when the clock signal /CLK is at the H level. This
minimizes the Vth shifts of the transistors Q2 and Q5, which
achieves the effect that the output terminal OUT and node
N1 can be discharged with low impedance.

[0196] In the present embodiment, the transistors Q2 and
Q5 have their sources both connected to the second clock
terminal CK2, by way of example, however, only one of the
sources may be connected to the second clock terminal CK2.
Further, the present embodiment may be applied to either
unit shift register SR in which the transistors Q2 and Q5
have their sources connected to the first power terminal S1
among the above-described preferred embodiments.

Fourteenth Preferred Embodiment

[0197] FIG. 28 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a fourteenth
preferred embodiment of the present invention. In this
drawing, elements having similar functions as those shown
in FIG. 20 are indicated by the same reference characters. In
the present embodiment, the transistor Q20 in the circuit
shown in FIG. 20 has its gate connected to the node N1,
rather than the input terminal IN.

[0198] In the unit shift register SR, according to the
present embodiment, when the output signal G,,_, from the
immediately preceding stage rises to the H level, the node
N1 is charged through the transistor Q3 to rise in level, to
thereby turn on the transistor Q20. Thereafter, the node N6
reaches the L level similarly to the case shown in FIG. 20,
and the transistor Q18 turns off, so that the node N1 rises to
the H level. That is, the transistor Q20 is controlled by the
voltage at its node N1, rather than being directly controlled
by the unit shift register SR, _ .

[0199] Therefore, the layout of wiring of the output signal
G is simpler than in the circuit shown in FIG. 20, which
contributes to reduction in circuit area. The present embodi-
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its input terminal IN connected to the gate of the transistor
Q20 among the above-described preferred embodiments.

Fifteenth Preferred Embodiment

[0200] FIG. 29 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a fifteenth
preferred embodiment of the present invention. In this
drawing, elements having similar functions as those shown
in FIG. 20 are indicated by the same reference characters. In
the present embodiment, the transistor Q21 in the circuit
shown in FIG. 20 has its source connected to the second
clock terminal CK2, rather than the first power terminal S1.
[0201] In the unit shift register SR, shown in FIG. 20, the
gate of the transistor Q21 is repeatedly positive-biased in
accordance with the rising of the clock signal CLK, so that
the Vth shift is likely to occur. In contrast, in the unit shift
register SR,, according to the present embodiment, the gate-
to-source bias of the transistor Q21 is changed between
positive when the clock signal CLK is at the H level and
negative when the clock signal CLK is at the H level. This
minimizes the Vth shift of the transistor Q21, which
achieves the effect that the node N6 can be discharged with
low impedance.

[0202] The present embodiment may be applied to either
unit shift register SR in which the transistor Q21 has its
source connected to the first power terminal S1 among the
above-described preferred embodiments.

Sixteenth Preferred Embodiment

[0203] FIG. 30 is a circuit diagram illustrating the con-
figuration of a unit shift register according to a sixteenth
preferred embodiment of the present invention. In this
drawing, elements having similar functions as those shown
in FIG. 20 are indicated by the same reference characters. In
the present embodiment, the transistor Q18 in the circuit
shown in FIG. 20 has its source connected to the first clock
terminal CK1, rather than the first power terminal S1.
[0204] In the unit shift register SR, shown in FIG. 20, the
gate of the transistor Q18 is repeatedly positive-biased in
accordance with the rising of the clock signal /CLK, so that
the Vth shift is likely to occur. In contrast, in the unit shift
register SR,, according to the present embodiment, the gate-
to-source bias of the transistor Q18 is changed between
positive when the clock signal /CLK is at the H level and
negative when the clock signal CLK is at the H level. This
minimizes the Vth shift of the transistor Q18, which
achieves the effect that the node N1 can be discharged with
low impedance.

[0205] The present embodiment may be applied to either
unit shift register SR in which the transistor Q18 has its
source connected to the first power terminal S1 among the
above-described preferred embodiments.

Seventeenth Preferred Embodiment

[0206] For instance, in the circuit shown in FIG. 7, a large
voltage is applied between the drain (node N1) and source
(first power terminal S1) of the transistor Q5 when the node
N1 rises in level in accordance with the rising of the output
signal G, which may cause leakage current to flow between
the drain and source depending on the breakdown voltage
characteristics of the transistor Q5, causing the stepped-up
node N1 to drop. As countermeasures, a transistor Q5A
connected to the node N2 is interposed between the source
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of the transistor Q5 and first power terminal S1 as shown in
FIG. 31 (that is, the transistors Q5 and Q5A are connected
in series between the node N1 and first power terminal S1),
to divide the voltage at the node N1 by the transistors Q5 and
Q5A).

[0207] However, the Vth shifts of the transistors Q5 and
Q5A cannot be minimized even by connecting the source of
the transistor Q5A to the second clock terminal CK2 apply-
ing the thirteenth preferred embodiment to the circuit shown
in FIG. 31. This is because a positive potential cannot be
applied to the source of the transistor Q5 (defined as a “node
N7”) because of the concurrent turning-off of the transistors
Q5 and Q5A in the circuit shown in FIG. 31 in the non-
selected period of the unit shift register SR, so that the gate
of the transistor Q5 cannot be negative-biased to the source.
The present embodiment shows the countermeasures.
[0208] FIG. 32 is a circuit diagram illustrating the con-
figuration of a unit shift register according to the seventeenth
preferred embodiment. In this drawing, elements having
similar functions as those shown in FIGS. 7 and 31 are
indicated by the same reference characters. In the present
embodiment, the transistor Q5A has its source connected to
the second clock terminal CK2 by applying the thirteenth
preferred embodiment to the circuit shown in FIG. 31.
Further, a transistor Q5B is connected between the connec-
tion node (node N7) between the transistors Q5 and Q5A and
the second clock terminal CK2 (source of the transistor
Q5A), and has its gate connected to the second clock
terminal CK2 (that is, the transistor Q5B is diode-con-
nected).

[0209] According to the present embodiment, the transis-
tors Q5 and Q5A both turn on when the clock signal CLK
is at the H level in the non-selected period of the unit shift
register SR, bringing the node N7 into the L level, so that
the gate and source of each of the transistors Q5 and Q5A
are positive-biased. When the clock signal /CLK is at the H
level, the transistors Q5 and Q5A both turn off, but the node
N7 rises to the H level (VDD —Vth) by the transistor Q5B,
so that the gate and source of each of the transistors Q5 and
Q5A are positive-biased. This achieves the effects of the
thirteenth preferred embodiment that the Vth shifts of the
transistors Q5 and Q5A are minimized and the node N1 can
be discharged with low impedance.

[0210] The transistor Q5B conducts when the clock signal
/CLK is at the H level, to bias the node N7 to the H level,
but non-conducts when the clock signal /CLK is at the L
level, thus not affecting the potential at the node N7.
Therefore, the transistor Q5B does not affect the operations
of the transistors Q5 and Q5A of discharging the node N1
and dividing and latching the voltage at the stepped-up node
N1.

[0211] The present embodiment may be applied to either
unit shift register SR in which the transistor Q5 has its
source connected to the first power terminal S1 among the
above-described preferred embodiments.

Eighteenth Preferred Embodiment

[0212] FIG. 33 is a circuit diagram illustrating the con-
figuration of a unit shift register according to an eighteenth
preferred embodiment of the present invention. In this
drawing, elements having similar functions as those shown
in FIGS. 20 and 23 are indicated by the same reference
characters. In the present embodiment, the output of an
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transistor Q20 is not directly supplied to the node N6, but a
buffer circuit formed of transistors Q22 and Q23 are inter-
posed therebetween in the circuit shown in FIG. 23.

[0213] The circuit formed of the capacitive element C3 and
transistor Q20 is an inverter circuit with capacitive load in
which the input terminal IN serves as its input node, and the
circuit formed of transistors Q22 and Q23 is a buffer circuit
receiving the output from the inverter circuit (potential at a
connection node (node N8) between the capacitive element
C3 and transistor Q20). The buffer circuit is a totem-pole
buffer circuit for performing a push-pull operation. This is a
ratioless type circuit, and has a great driving capability with
low power consumption. Therefore, the present embodiment
is effective when the node N1 needs to be discharged at high
speeds to be brought into the reset mode.

[0214] Asisunderstood from FIG. 33, the circuit formed of
the transistors Q8 to Q1 and capacitive element C2 and the
circuit formed of the transistors Q20 to Q23 and capacitive
element C3 have the same configuration, except that the con-
nection to the first and second clock terminals CK1 and CK2
is opposite to each other. Therefore, during the non-selected
period, a signal complementary to that at the node N2 occurs
at the node N6. During the period in which the signal input to
the input terminal IN is at the H level (active period), the
transistor Q21 turns on, to bring the node N6 into the L level.
[0215] That is, in the present embodiment, similarly to the
eighth preferred embodiment, the transistor Q18 is kept off
during a period in which the signal input to the input terminal
INis at the H level (active period), and in the period other than
the active period, turns on in accordance with the rising of the
clock signal input to the second clock terminal CK2 and turns
off in accordance with the rising of the clock signal input to
the first clock terminal CK1. Accordingly, the transistor Q18
operates complementarily to the transistor Q5 during the
non-selected period, so that there is no period in which the
node N1 is in the high impedance state.

[0216] The gates of the transistors Q20 and Q23 may be
connected to the node N1 by applying the fourteenth pre-
ferred embodiment to the circuit shown in FIG. 33.

Nineteenth Preferred Embodiment

[0217] FIG. 34 is a circuit diagram illustrating the configu-
ration of a unit shift register according to a nineteenth pre-
ferred embodiment of the present invention. In this drawing,
elements having similar functions as those shown in FIG. 7
are indicated by the same reference characters. In the present
embodiment, the transistor Q9 has its drain connected to a
third power terminal S3 supplied with a predetermined high
supply voltage VDDI1, rather than the first clock terminal
CK1.

[0218] According to the present embodiment, the loading
capacitance of the clock signal (CLK or /CLK) input to the
first clock terminal CK1 decreases in each unit shift register
SR, which increases the rising and falling rates of the clock
signal. This achieves the effect of easily speeding up the clock
signal (i.e., increasing the frequencies) in order to make the
shift register operate at high speeds.

[0219] The potential VDD1 shall be a potential at which the
transistor Q9 operates in the saturated region when the node
N3 rises to the H level. In other words, defining the voltage at
the node N3 as V (N3), the potential VDD1 shall satisfy the
following relation:

VDD1ZV(N3)— Vih.
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[0220] The present embodiment may be applied to the unit
shift register SR according to each of the above-described
preferred embodiments. The potential VDD1 supplied to the
third power terminal S3 may be the same as the potential
VDD supplied to the second power terminal S2 in each of'the
above-described preferred embodiments. In that case, the
third power terminal S3 and second power terminal S2 can be
made of the same terminal, which can simplify the circuit.

Twentieth Preferred Embodiment

[0221] FIG. 35 is a circuit diagram illustrating the configu-
ration of a unit shift register according to a twentieth preferred
embodiment of the present invention. In the present embodi-
ment, the transistor Q2 is omitted from the unit shift register
SR according to the fifth preferred embodiment (FIG. 14).
[0222] The transistors Q2 and Q5 in the circuit shown in
FIG. 14 are both intended to discharge (pull down) the output
terminal OUT in the non-selected period, while they turn on
with different timing. Accordingly, even when the transistor
Q2 is omitted as shown in FIG. 35, the output terminal OUT
of the unit shift register SR, in the non-selected period is
repeatedly brought into the L level with low impedance at the
time when the clock signal /CLK reaches the H level, which
prevents the unit shift register SR, from malfunctioning.
[0223] The gate of the transistor Q5 serves as the output
node of the buffer circuit formed of the transistors Q9 and
Q10 similarly to each of the above-described preferred
embodiments. Therefore, in the present embodiment, the gate
of'the transistor Q5 is supplied with a voltage of large ampli-
tude, thus achieving the reduction of pull-down resistance at
the node N 1 of the unit shift register SR,.

[0224] Further, since the gate of the transistor Q2 is not
connected to the output node of the bufter circuit, the loading
capacitance on the output node is reduced. Therefore, the
transistors Q9 and Q10 may have smaller driving capability
than in the above-described preferred embodiments, allowing
size reduction of the transistors Q9 and Q10, which contrib-
utes to the reduction in area for forming the unit shift register
SR according to the present embodiment.

[0225] In other words, according to the present embodi-
ment, the transistor Q2 having its gate connected to the output
node of the buffer circuit is replaced by the transistor Q15
having its gate connected to the second clock terminal CK2 as
the pull-down transistor for the output terminal OUT. The
present embodiment may be applied to each of the above-
described preferred embodiments.

Twenty-First Preferred Embodiment

[0226] FIG. 36 is a circuit diagram illustrating the configu-
ration of a unit shift register according to a twenty-first pre-
ferred embodiment of the present invention. In the present
embodiment, the transistor Q15 in the circuit according to the
twentieth preferred embodiment (FIG. 35) has its source con-
nected to the first clock terminal CK1, rather than the first
power terminal S1.

[0227] In the unit shift register SR,, shown in FIG. 7, the
gate of the transistor Q15 is repeatedly positive-biased by the
clock signal /CLK, so that the Vth shift is likely to occur. In
contrast, in the unit shift register SR, according to the present
embodiment, the gate-to-source bias of the transistor Q15 is
changed between positive when the clock signal /CLK is at
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H level. This minimizes the Vth shift of the transistor Q15,
which achieves the effect that the node N2 can be discharged
with low impedance.

[0228] While the invention has been shown and described
in detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

What is claimed is:

1. A shift register comprising:

an input terminal, an output terminal, a reset terminal and
a first clock terminal;

a first transistor configured to supply a first clock signal
received at said first clock terminal to said output termi-
nal;

a second transistor configured to discharge said output
terminal;

a third transistor having a control electrode connected to
said input terminal and configured to charge a first node
connected to a control electrode of said first transistor;

a fourth transistor having a control electrode connected to
said reset terminal and configured to discharge said first
node;

a fifth transistor having a control electrode connected to a
predetermined second node and configured to discharge
said first node;

a first inverter circuit in which said first node serves as an
input node; and

a first buffer circuit configured to receive an output from
said first inverter circuit and output a signal to said
second node.

2. The shift register according to claim 1, further compris-

ing

a sixth transistor having a control electrode connected to a
second clock terminal supplied with a second clock sig-
nal of different phase from said first clock signal and
configured to discharge said second node.

3. The shift register according to claim 2, wherein

said sixth transistor is connected between said first clock
terminal and said second node.

4. The shift register according to claim 2, wherein

said second transistor is connected between said second
clock terminal and said output terminal, and

said fifth transistor is connected between said second clock
terminal and said first node.

5. The shift register according to claim 2, wherein

said fifth transistor is connected between said first node and
a predetermined third node, and

said shift register further comprising:

a seventh transistor connected between said third node and
said second clock terminal and having a control elec-
trode connected to said second node; and

an eighth transistor connected between said third node and
second clock terminal and having a control electrode
connected to said second clock terminal.

6. The shift register according to claim 1, wherein

said first inverter includes:

a ninth transistor having a control electrode connected to
said first node and configured to discharge an output
node of said first inverter circuit; and

a first capacitive element connected between said output
node of said first inverter circuit and said first clock
terminal.
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7. The shift register according to claim 1, wherein

said first buffer circuit includes:

atenth transistor having a control electrode connected to an
output node of said first inverter circuit and configured to
charge said second node; and

an eleventh transistor having a control electrode connected
to one of said first node and said output terminal, and
configured to discharge said second node.

8. The shift register according to claim 7, wherein

said tenth transistor is connected between said first clock
terminal and said second node.

9. The shift register according to claim 7, wherein

said tenth transistor is connected between a power terminal
supplied with a constant supply voltage and said second
node.

10. The shift register according to claim 1, further com-

prising:

a one-way switching element provided between said first
node and said input node of said first inverter circuit and
configured to block charging from said first node to an
input node of said first buffer circuit; and

a twelfth transistor having a control electrode connected to
said input terminal and configured to charge said input
node of said first inverter circuit.

11. The shift register according to claim 1, wherein

said first inverter circuit is a Schmitt trigger inverter.

12. The shift register according to claim 1, wherein

said second transistor has a control electrode connected to
said second node.

13. The shift register according to claim 12, further com-

prising

a thirteenth transistor configured to discharge said output
terminal in addition to said second transistor, wherein

said thirteenth transistor has a control electrode connected
to a third clock terminal receiving a third clock signal of
different phase from said first clock signal.

14. The shift register according to claim 12, further com-

prising

a thirteenth transistor configured to discharge said output
terminal in addition to said second transistor, wherein

said thirteenth transistor is driven to turn on in accordance
with a third clock signal of different phase from said first
clock signal and turn off in accordance with said first
clock signal.

15. The shift register according to claim 14, wherein

a circuit configured to drive said thirteenth transistor
includes:

a fourteenth transistor having a control electrode con-
nected to a third clock terminal receiving said third clock
signal, and configured to charge a control electrode of
said thirteenth transistor; and

a fifteenth transistor having a control electrode connected
to said first clock terminal, and configured to discharge
said control electrode of said thirteenth transistor.

16. The shift register according to claim 15, wherein

said fifteenth transistor is connected between said control
electrode of said thirteenth transistor and said third clock
terminal.

17. The shift register according to claim 12, wherein

said thirteenth transistor is connected between said output
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18. The shift register according to claim 1, wherein

said second transistor has a control electrode connected to
a third clock terminal receiving a third clock signal of
different phase from said first clock signal.

19. The shift register according to claim 18, wherein

said second transistor is connected between said output
terminal and said first clock terminal.

20. The shift register according to claim 1, wherein

said third transistor is diode-connected between said first
node and said input terminal.

21. The shift register according to claim 1, wherein

said third transistor is connected between a power terminal
supplied with a constant supply voltage and said first
node.

22. The shift register according to claim 1, further com-

prising

asixteenth transistor configured to discharge said first node
in addition to said fourth and fifth transistors, wherein

said sixteenth transistor is driven to keep off in an active
period of a signal input to said input terminal, and in a
period other than said active period, to turn on in accor-
dance with a fourth clock signal of different phase from
said first clock signal and to turn off in accordance with
said first clock signal.

23. The shift register according to claim 22, wherein

said sixteenth transistor is connected between said first
node and said first clock terminal.

24. The shift register according to claim 22, wherein

a circuit configured to drive said sixteenth transistor
includes:

a seventeenth transistor having a control electrode con-
nected to a fourth clock terminal receiving said fourth
clock signal, and configured to charge a fourth node
connected to a control electrode of said sixteenth tran-
sistor;

an eighteenth transistor having a control electrode con-
nected to said first clock terminal, and configured to
discharge said fourth node; and

a nineteenth transistor having a control electrode con-
nected to one of said input terminal and said first node,
and configured to discharge said fourth node.

25. The shift register according to claim 24, wherein

said eighteenth transistor is connected between said fourth
node and said fourth clock terminal.

26. The shift register according to claim 22, wherein

said sixteenth transistor is connected between said first
node and said input terminal, and

a circuit configured to drive said sixteenth transistor
includes:

a seventeenth transistor having a control electrode con-
nected to a fourth clock terminal receiving said fourth
clock signal, and configured to charge a fourth node
connected to a control electrode of said sixteenth tran-
sistor; and

an eighteenth transistor having a control electrode con-
nected to said first clock terminal, and configured to
discharge said fourth node.

27. The shift register according to claim 26, wherein

said eighteenth transistor is connected between said fourth
clock terminal and said fourth node.

18
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28. The shift register according to claim 22, wherein
a circuit configured to drive said sixteenth transistor

includes:

a second inverter circuit in which said input terminal serves

as an input node;

a second buffer circuit configured to receive an output from

said second inverter circuit and output a signal to a fourth
node connected to a control electrode of said sixteenth
transistor; and

a seventeenth transistor having a control electrode con-

nected to said first clock terminal, and configured to
discharge said fourth node,

said second inverter circuit includes:
an eighteenth transistor having a control electrode con-

nected to said input terminal, and configured to dis-
charge a fifth node serving as an output node of said
second inverter circuit; and

a second capacitive element connected between said fifth

node and said fourth clock terminal,

said second buffer circuit includes:
a nineteenth transistor having a control electrode con-

nected to said fifth node, and configured to charge said
fourth node; and

a twentieth transistor having a control electrode connected

to said input terminal, and configured to discharge said
fourth node.

29. The shift register according to claim 1, further com-
prising
a sixteenth transistor configured to discharge said first node

in addition to said fourth and fifth transistors, wherein

said sixteenth transistor is driven to keep off in an active

period of a signal input to said input terminal, and in a
period other than said active period, to turn on/off in
accordance with a fourth clock signal of different phase
from said first clock signal.

30. The shift register according to claim 29, wherein
said sixteenth transistor is connected between said first

node and said first clock terminal.

31. The shift register according to claim 29, wherein
a circuit configured to drive said sixteenth transistor

includes:

seventeenth transistor having a control electrode con-
nected to a fourth clock terminal receiving said fourth
clock signal, and connected between a fourth node con-
nected to a control electrode of said sixteenth transistor
and said fourth clock terminal;

an eighteenth transistor having a control electrode con-

nected to said fourth node, and connected between said
fourth node and said fourth clock terminal; and

a nineteenth transistor having a control electrode con-

nected to one of said input terminal and said first node,
and configured to discharge said fourth node.

32. The shift register according to claim 29, wherein
a circuit configured to drive said sixteenth transistor

includes:

a second capacitive element connected between a fourth

clock terminal receiving said fourth clock signal and a
fourth node connected to a control electrode of said
sixteenth transistor; and

a seventeenth transistor having a control electrode con-

nected to one of said input terminal and said first node,
and configured to disc}m% ﬁ%ﬁq@'ﬂg@ﬁ Ex. 1006
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33. The shift register according to claim 29, wherein

said sixteenth transistor has a control electrode receiving
said fourth clock signal, and connected between said
first node and said input terminal.

34. A shift register comprising a plurality of shift registers

connected in cascade, each being defined in claim 1.

35. An image display apparatus comprising a multistage
shift register formed of a plurality of shift registers connected
in cascade as a gate-line driving circuit, wherein

each stage of said multistage shift register includes:

an input terminal, an output terminal, a reset terminal and
a first clock terminal;

a first transistor configured to supply a first clock signal
received at said first clock terminal to said output termi-
nal;

a second transistor configured to discharge said output
terminal;
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a third transistor having a control electrode connected to
said input terminal and configured to charge a first node
connected to a control electrode of said first transistor;

a fourth transistor having a control electrode connected to
said reset terminal and configured to discharge said first
node;

a fifth transistor having a control electrode connected to a
predetermined second node and configured to discharge
said first node;

a first inverter circuit in which said first node serves as an
input node; and

a first buffer circuit configured to receive an output from
said first inverter circuit and output a signal to said
second node.
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