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SHIFT REGISTER AND ELECTRONIC
APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Applications No.
2000-162671, filed May 31, 2000; No. 2000-169002, filed
Jun. 6, 2000; and No. 2001-128909, filed Apr. 26, 2001, the
entire contents of all of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

The present invention relates to a shift register and an
electronic apparatus such as a display unit or an imaging
apparatus, using this shift register as a driver.

In an active matrix type liquid crystal display such as a
TFT liquid crystal display, each one line of display pixels
arranged in the matrix form is selected, and display data is
written in a pixel capacitance of the selected pixels, thereby
obtaining desired display.

In the TFT liquid crystal display, there are used a gate
driver for serially outputting a gate signal for pixel selection
to a gate of the TFT functioning as a pixel switching device,
and a drain driver for outputting a drain signal which serves
as image data during a gate selection period in parallel.
Since the drain driver which outputs usual moving image
data must be constituted by multiple complex transistors and
driven at a high speed, there is adopted a driver consisting of
monocrystal silicon or polysilicon which can reduce the size
of the transistors and has the high mobility.

On the other hand, since the structure of the gate driver is
not very complicated as the drain electrode and the gate
driver has a low driving frequency, it can be theoretically
driven by a driver consisting of amorphous silicon TFTs but
it has not been put into practical use.

Among the gate drivers constituted by multiple amor-
phous silicon TFTs, there are drivers having a threshold
value characteristic of each TFT being shifted with a lapse of
time, or those disadvantageously causing an erroneous
operation in the high-temperature environment.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to provide a shift
register which can obtain a correct circuit operation even at a
high temperature and obtain a stable operation in a long
period of time.

According to a first aspect of the present invention there is
provided a shift register,

each stage of the shift register comprising:

a first transistor which has a first control terminal, is
turned on by a signal on a predetermined level supplied
from one stage to the first control terminal, and outputs
the signal on a predetermined level from one end of a
first electric current path to the other end of the first
electric current path;

a second transistor which has a second control terminal, is
turned on in accordance with a voltage applied to a
wiring between the second control terminal and the
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2

other end of the first electric current path of the first
transistor, and outputs a first or second signal supplied
from outside to one end of a second electric current
path as an output signal from the other end of the sec-
ond electric current path;

a load for outputting a power supply voltage supplied
from outside;

a third transistor which has a third control terminal, is
turned on in accordance with a voltage applied to a
wiring between the third control terminal and the other
end of the first electric current path of the first
transistor, and outputs the power supply voltage sup-
plied from the outside through the load from one end of
a third electric current path to the other end of the third
electric current path so that the power supply voltage
outputted from the load is displaced to a voltage on a
predetermined level; and

a fourth transistor which has a fourth control terminal, is
turned on in accordance with a voltage applied to a
wiring between the fourth control terminal and the
load, and outputs a reference voltage to one end of a
fourth electric current path from the other end of the
fourth electric current path, one end of the fourth elec-
tric current path being connected to the other end of the
second electric current path of the second transistor,

a value (a channel-width/a channel-length of the fourth
transistor) being equal to or larger than another value (a
channel width of the second transistor/s channel length
of the second transistor).

According to a second aspect of the present invention,

there is provided a shift register

each stage of the shift register comprising:

a first transistor which has a first control terminal, is
turned on by a signal on a predetermined level supplied
from one stage to the first control terminal, and outputs
the signal on a predetermined level from one end of a
first electric current path to the other end of the first
electric current path;

a second transistor which has a second control terminal, is
turned on in accordance with a voltage applied to a
wiring between the second control terminal and the
other end of the first electric current path of the first
transistor, and outputs a first or second signal supplied
from outside to one end of a second electric current
path as an output signal from the other end of the sec-
ond electric current path;

a third transistor which has a third control terminal and
outputs a power supply voltage from one end of a third
electric current path to the other end of the third electric
current path;

a fourth transistor which has a fourth control terminal, is
turned on in accordance with a voltage applied to a
wiring between the fourth control terminal and the
other end of the first electric current path of the first
transistor, and outputs from one end of a fourth electric
current to the other end of the fourth electric current
path the power supply voltage supplied from the third
transistor so that the power supply voltage outputted
from the third transistor is displaced to a voltage on a
predetermined level;

a fifth transistor which has a fifth control terminal, is
turned on in accordance with a voltage applied to a
wiring between the fifth control terminal and the third
transistor, and outputs a reference voltage to one end of
a fifth electric current path from the other end of the
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fifth electric current path, one end of the fifth electric
current path being connected to the other end of the
second electric current path of the second transistor;
and

a sixth transistor which has a sixth control terminal and
resets a voltage applied to the wiring between the sec-
ond control terminal of the second transistor and the
first electric current path of the first transistor when
turned on by turning on the sixth control terminal by an
output signal of the other stage,

a value (a channel-width/a channel-length of the fifth
transistor) being larger than another value (a channel-
width/a channel-length of the first transistor).

According to a third aspect of the present invention, there

provided a shift register,

each stage of the shift register comprising:

a first transistor having a control terminal to which an
output signal of a stage on one side is supplied and one
end of an electric current path to which a first voltage
signal is supplied;

a second transistor having a control terminal to which an
output signal of a stage on the other side is supplied and
one end of an electric current path to which a second
voltage signal is supplied; and

a third transistor which has a control terminal being con-
nected to the other end of each electric current path of
the first and second transistors, is turned on or off by the
first or second voltage signal supplied to a wiring
between the control terminal and the other end of each
electric current path through the first or second
transistor, and outputs from the other end of the electric
current path a first or second clock signal supplied to
one end of the electric current path as an output signal
of that stage when turned on,

at least one of the first and second transistor being consti-
tuted so as to be capable of discharging electric charge
accumulated in the wiring by an output signal of the
stage on one side or the other side supplied to the con-
trol terminal.

According to a forth aspect of the present invention, there

provided an electronic apparatus comprising:

(A) a shift register including on each stage:

a first transistor which has a first control terminal, is
turned on by a signal on a predetermined level supplied
from one stage to the first control terminal, and outputs
the signal on a predetermined level from one end of a
first electric current path to the other end of the first
electric current path;

a second transistor which has a second control terminal, is
turned on in accordance with a voltage applied to a
wiring between the second control terminal and the
other end of the first electric current path of the first
transistor, and outputs a first or second signal supplied
from outside to one end of a second electric current
path as an output signal from the other end of the sec-
ond electric current path;

a third transistor which has a third control terminal and
outputs a power supply voltage from one end of a third
electric current path to the other end of the third electric
current path;

a fourth transistor which has a fourth control terminal, is
turned on in accordance with a voltage applied to a
wiring between the fourth control terminal and the
other end of the first electric current path of the first
transistor, and outputs from one end of a fourth electric
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current to the other end of the fourth electric current
path the power supply voltage supplied from the third
transistor so that the power supply voltage outputted
from the third transistor is displaced to a voltage on a
predetermined level;

a fifth transistor which has a fifth control terminal, is
turned on in accordance with a voltage applied to a
wiring between the fifth control terminal and the third
transistor, and outputs a reference voltage to one end of
a fifth electric current path from the other end of the
fifth electric current path, one end of the fifth electric
current path being connected to the other end of the
second electric current path of the second transistor;
and

a sixth transistor which has a sixth control terminal and
resets a voltage applied to the wiring between the sec-
ond control terminal of the second transistor and the
first electric current path of the first transistor by turn-
ing on the sixth control terminal by an output signal of
the other stage; and

(B) a drive device driven in accordance with the output
signal from the second transistor of the shift register,

a value (a channel-width/a channel-length of the fifth
transistor) being larger than another value (a channel-
width/a channel-length of the first transistor).

Additional objects and advantages of the invention will be

set forth in the description which follows, and in part will be
obvious from the description, or may be learned by practice
of'the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumentali-
ties and combinations particularly pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate presently
preferred embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion of the preferred embodiments given below, serve to
explain the principles of the invention.

FIG. 1 is a perspective view showing an external appear-
ance structure of a digital still camera according to a first
embodiment of the present invention;

FIG. 2 is a circuit diagram of the digital still camera illus-
trated in FIG. 1;

FIG. 3 is a block diagram showing a circuit structure of a
display portion illustrated in FIG. 2;

FIG. 4 is a view showing a circuit structure of a shift
register used as a gate driver;

FIG. 5 is an enlarged view showing the structure of each
stage of the shift register illustrated in FIG. 4;

FIG. 6 is a plane view of a TFT constituting the shift
register;

FIG. 7 is a cross-sectional view taken along the line VII—
VII of the TFT illustrated in FIG. 6;

FIG. 8 is a timing chart showing the operation of the shift
register illustrated in FIG. 4;

FIG. 9 is a view showing the circuit structure of another
shift register;

FIG. 10 is a block diagram showing the circuit structure of
a photosensor constructed by a double gate transistor;

FIG. 11 is a view showing the circuit structure of a shift
register used as a gate driver depicted in FIG. 3;

FIG. 12 is a timing chart showing the operation of the shift
register illustrated in FIG. 11;
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FIG. 13 is a view showing another circuit structure of the
shift register used as the gate driver depicted in FIG. 3;

FIG. 14 is a timing chart showing the operation of the shift
register illustrated in FIG. 13;

FIG. 15 is a view showing still another circuit structure of
the shift register used as the gate driver depicted in FIG. 3;

FIG. 16 is a timing chart showing the operation of the shift
register illustrated in FIG. 15;

FIG. 17 is another timing chart showing the operation of
the shift register illustrated in FIG. 15;

FIG. 18 is a view showing yet another circuit structure of
the shift register used as the gate driver depicted in FIG. 3;

FIG. 19 is a timing chart showing the operation of the shift
register illustrated in FIG. 18;

FIG. 20 is a view showing the circuit structure of a shift
register used as a gate driver illustrated in FIG. 3 in a second
embodiment according to the present invention;

FIG. 21 is a timing chart showing a forward operation of
the shift register illustrated in FIG. 20;

FIG. 22 is a timing chart showing a backward operation of
the shift register illustrated in FIG. 20;

FIG. 23A is a view showing a forward imaging state of the
digital still camera in the second embodiment according to
the present invention and FIG. 23B is a view showing a
displaying state of a display portion;

FIG. 24A is a view showing a backward imaging state of
the digital still camera in the second embodiment according
to the present invention and FIG. 24B is a view showing a
displaying state of the display portion;

FIG. 25 is another timing chart showing the forward
operation of the shift register illustrated in FIG. 20;

FIG. 26 is another timing chart showing the backward
operation of the shift register illustrated in FIG. 20;

FIG. 27 is a view showing a further circuit structure of the
shift register in the second embodiment according to the
present invention;

FIG. 28 is a timing chart showing a forward operation of
the shift register depicted in FIG. 27,

FIG. 29 is a timing chart showing a backward operation of
the shift register depicted in FIG. 27,

FIG. 30 is a view showing a still further circuit structure of
the shift register in the second embodiment according to the
present invention;

FIG. 31 is a timing chart showing the forward operation of
the shift register illustrated in FIG. 27; and

FIG. 32 is a timing chart showing the backward operation
of the shift register illustrated in FI1G. 27.

DETAILED DESCRIPTION OF THE INVENTION

First Embodiment

Preferred embodiments according to the present invention
will now be described with reference to the accompanying
drawings. FIG. 1 is a view showing an external appearance
structure of a digital still camera according to this embodi-
ment. As shown in the figure, this digital still camera is
constituted by a camera main body portion 201 and a lens
unit portion 202.

The camera main body portion 201 includes a display
portion 210 and a mode setting key 212a in the front part
thereof. The mode setting key 212a is a key used for switch-
ing between a recording mode for picking up an image and
recording it in a later-described memory and a reproduction

20

25

30

55

6

mode for reproducing the recorded image. The display por-
tion 210 is constituted by a liquid crystal display. This por-
tion functions as a view finder for displaying an image cap-
tured by a lens 202a before image pickup in the recording
mode (monitoring mode) and functions as a display for dis-
playing a recorded image in the reproduction mode. The
configuration of the display portion 210 will be described
later in detail.

The camera main body portion 201 includes on the top
face thereof a power supply key 211, a shutter key 212b, a
“+” key 212¢,a “~” key 212d, and a serial input/output termi-
nal 213. The power supply key 211 is used for turning on/off
the power supply of the digital still cameral by performing
the slide operation. The shutter key 212b, the “+” key 212¢
and the “-~” key 212d constitute the key input portion 212
together with the above-described mode setting key 212a.

The shutter key 212b is used for instructing recording of
an image in the recording mode and instructing determina-
tion of a selection content in the reproduction mode. The “+”
key 212c¢ and the “-"" key 212d are used to select image data
to be displayed on the display portion 210 from image data
recorded in the image memory in the recording mode or to
set conditions at the time of recording/reproduction. The
serial input/output terminal 213 is a terminal to which a
cable is inserted in order to transmit/receive data with
respect to an external device (such as a personal computer or
a printer).

The lens unit portion 202 includes the lens 202a for form-
ing an image to be picked up on a rear surface side of the
drawing. The lens unit portion 202 is attached so as to be
capable of swiveling 360 degrees around a shaft joined to the
camera main body portion 201 in the vertical direction.

FIG. 2 is a block diagram showing a circuit structure of
the digital still camera according to this embodiment. As
shown in the figure, this digital still camera includes: a CCD
(Charge Coupled Device) imaging device 220; an A/D
(Analogue/Digital) converter 221; a CPU (Central Process-
ing Unit) 222; a ROM (Read Only Memory) 223; a RAM
(Random Access Memory) 224; a compression/extension
circuit 225; an image memory 226; the above-described dis-
play portion 210; the key input portion 212; and the serial
input/output terminal 213. These members are connected to
each other through a bus 230. The CCD imaging device 220
and the A/D converter 221 are also connected to each other
through a dedicated line. An angle sensor 240 indicated by a
broken line is not included in this embodiment (see the later-
described second embodiment).

The CCD imaging device 220 has a plurality of imaging
pixels formed in the matrix and photoelectrically converts a
light ray image-formed by the imaging lens 202a to output
an electric signal according to the intensity of the light of
each pixel. The A/D converter 221 converts an analog elec-
tric signal outputted from the CCD imaging device 220 into
a digital signal to be outputted. The CPU 222 controls a
circuit in each portion of the digital still camera by executing
a program stored in the ROM 223 in accordance with an
input from the key input portion 212. The ROM 223 stores a
program executed by the CPU 222 as well as fixed data. The
RAM 224 is used as a work area when executing a program
by the CPU 222. In RAM 224 is provided a VRAM area for
developing image data to be displayed on the display portion
210. The compression/extension circuit 225 compresses
image data picked-up by the CCD imaging device when the
shutter key 212 is operated and converted into a digital sig-
nal by the A/D converter 221, and records this image data in
the image memory 226. The compression/extension circuit
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225 extends image data compressed and recorded in the
image memory 226 when a command for displaying the
picked-up image is issued from the key input portion 212.
The image memory 226 is constituted by a non-volatile stor-
age medium such as a flash memory from which data can not
be erased, and records image data picked-up and compressed
as described above. The image memory 226 may be consti-
tuted so as to be detachable from the digital still camera.

FIG. 3 is a block diagram showing the structure of a liquid
crystal display constituting the display portion 210. AS
shown in the figure, the liquid crystal display has a controller
150, a display area 151, a gate driver 152, and a drain driver
153. From the controller 150, a control signal group Gent is
supplied to the gate driver 152, meanwhile a control signal
group Dent and display data data are supplied to the drain
driver 153.

The controller 150 generates control signal groups Gent
and Dent in accordance with a control signal from the CPU
222 and supplies them to the gate driver 152 and the drain
driver, respectively. Further, the controller 150 reads image
data developed in the VRAM area in the RAM 224 and
supplies it to the drain driver 153 as display data (data) in
accordance with a control signal from the CPU 222.

The display area 151 is constituted by sealing liquid crys-
tal in a pair of substrates, and a plurality of TFTs 161 for
active drive are formed in the matrix on one substrate 19
with a-Si layer being used for a semiconductor layer. In each
TFT 161, a gate is connected to a gate line GL, a drain is
connected to a drain line DL, and a source is similarly con-
nected to each of pixel electrodes formed in the matrix. A
common electrode to which a predetermined voltage Vcom
is applied is formed on the other substrate, and the common
electrode, each pixel electrode and the liquid crystal therebe-
tween form a pixel capacitance 162. When the alignment
state of the liquid crystal varies by electric charge accumu-
lated in the pixel capacitance 162, the display area 151 con-
trols a quantity of light to be transmitted and then displays an
image.

The gate driver 152 is constituted by a shift register which
operates in accordance with a control signal group Gent
from the controller 150. The gate driver 152 sequentially
selects the gate line GL to output a predetermined voltage in
accordance with the control signal group Gent from the con-
troller 150. The shift register constituting the gate driver 152
will be described later in detail.

The drain driver 153 sequentially fetches display data
(data) from the controller 150 in accordance with the control
signal group Dcnt from the controller. When display data
(data) corresponding to one line is accumulated, the drain
driver 153 outputs this data to the drain line DL in accor-
dance with the control signal group Dent from the controller
150, and accumulates it in the pixel capacitance 162 through
the TFT 161 (ON state) connected to the gate line GL
selected by the gate driver 152.

The gate driver 152 illustrated in FIG. 3 will now be
described in detail. FIG. 4 is a circuit diagram showing the
entire structure of the gate driver 152. Assuming that a num-
ber of stages of the gate driver 152 arranged in the imaging
device (a number of the gate lines GL) is n, the gate driver
152 is constituted by n stages RS(1) to RS(n) for outputting
gate signals, a dummy stage RS(n+1) and a dummy stage
RS(n+2) for controlling the stage RS(n) and the like. FIG. 4
shows the structure in which n is an even number not less
than 2.

As a control signal Gent from the controller, a signal CK1
is supplied to the odd-numbered stages RS(1), RS(3), . . .,
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8
RS(2t-1). A signal CK2 is supplied to the even-numbered
stages RS(2), RS(4), . . ., RS(2t). A constant voltage Vss is

supplied from the controller to each stage. The high level of
the signals CK1 and CK2 corresponds to +15 (V) and the
low level of the same corresponds to —15 (V). Furthermore,
the level of the constant voltage Vss corresponds to —15 (V).

To the first stage RS(1) is supplied a start signal Dst from
the controller. The high level and the low level of the start
signal Dst corresponds to +15 (V) and —-15 (V), respectively.
Output signals OUT1 to OUTn-1 are supplied from the
respective preceding stages RS(1) to RS(n-1) to the second
and the subsequent stages RS(2) to RS(n). Moreover, to each
stage RS(k) (k: an arbitrary integer from 1 to n) is supplied
an output signal OUTk+1 (however, a reset signal Dend in
case of the last stage RS(n)) from the following stage RS(k+
1) as a reset pulse. The output signals OUT1 to OUTn of the
respective stages RS(1) to RS(n) are outputted to a plurality
of gate lines GL of the imaging device 1.

FIG. 5 is a view showing the circuit structure of the
respective stages RS(1) to RS(n) of the gate driver 152. AS
shown in the figure, each stage has six TFTs (Thin Film
Transistors) 21 to 26 as a basic structure. Each of the TFTs
21 to 26 is constituted by an n channel MOS type field effect
transistor. In addition, silicon nitride film is used for a gate
insulating film and amorphous silicon film is used for a
semiconductor layer.

A gate electrode and a drain electrode of the TFT 21 in
each stage RS(k) are connected to a source electrode of the
TFT 25 in each preceding stage RS(k-1), and the source
electrode of the TFT 21 is connected to the gate electrode of
the TFT 22 in the same stage, the gate electrode of the TFT
25, and the drain electrode of the TFT 24. The drain elec-
trode of the TFT 22 is connected to the source electrode of
the TFT 23 and the gate electrode of the TFT 26, and the
constant voltage Vss is supplied to the source electrode of
the TFT 22 and the source electrode of the TFT 24. A power
supply voltage vdd is supplied to the gate electrode and the
drain electrode of the TFT 23; the signal CK1, to the drain
electrode of the TFT 25 in the odd-numbered stage; and the
signal CK2, the drain electrode of the TFT 25 in the even-
numbered stage. The source electrode of the TFT 25 in each
stage is connected to the drain electrode of the TFT 26, and
the constant voltage Vss is supplied to the source electrode
of'the TFT 26. An output signal OUTk+1 of the next stage is
inputted to the gate electrode of the TFT 24.

FIG. 6 is a schematic block diagram showing an example
of an inverted stagger type transistor applied suitably con-
structing to the respective TFTs 21 to 26 of the shift register
according to the embodiment of the present invention, and
FIG. 7 is a cross-sectional view taken along the line VII—
VII in FIG. 6.

The inverted stagger type transistor is constituted by: a
gate electrode 72 formed on an insulating substrate 19 made
of, e.g., glass in the display area 151 (FIG. 3); a gate insulat-
ing film 16 provided on the gate electrode 72 and the insulat-
ing substrate 19; a semiconductor layer 61 which is provided
s0 as to be opposed to the gate electrode 72 and consists of,
e.g., amorphous silicon; block insulating films 64a, 64b and
64c which are arranged in parallel so as to be separated from
each other on the semiconductor layer 61; an impurity dope
layer 69a which extends over one end portion of the block
insulating film 64a in the channel length direction and is
provided on the semiconductor layer 61; an impurity dope
layer 69b which extends over the other end portion of the
block insulating film 64a in the channel length direction and
one end of the block insulating film 64b in the channel
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length direction and is provided on the semiconductor layer
61; an impurity dope layer 69c which extends over the other
end portion of the block insulating film 64b in the channel
length direction and one end portion of the block insulating
film 64c in the channel length direction is provided on the
semiconductor layer 61; an impurity dope layer 69d which
extends over the other end portion of the block insulating
film 64c in the channel length direction and is provided on
the semiconductor layer 61; a source electrode 65 which is
provided on each of the impurity dope layer 69a, the impu-
rity dope layer 69b, the impurity dope layer 69c, and the
impurity dope layer 69d; a drain electrode 66; a source elec-
trode 67; a drain electrode 68; and an interlayer insulating
film 15 formed so as to cover the gate insulating film 16, the
block insulating films 64a, 64b and 64c, the source elec-
trodes 65 and 67 and the drain electrodes 66 and 68.

The gate electrode 72, and the source and drain electrodes
65 to 68 are made of material selected from chrome, a
chrome alloy, aluminium and an aluminium alloy. The impu-
rity dope layers 69a, 69b,69¢c and 69d are made of amor-
phous silicon in which n type impurity ions are doped. The
semiconductor layer 61 has a single layer structure existing
in an area indicated by hatching in the form of a grid.

Description will now be given as to the actions of the
respective TFTs 21 to 26 of this shift register. Since each
stage has substantially the same structure, the first stage
RS(1) is exemplified.

The start signal Dst is supplied to the gate and the drain
(electrode) of the TFT 21. The source (electrode) of the TFT
21 is connected to the gate (electrode) of the TFT 25, the
gate of the TFT 22 and the source of the TFT 24. The TFT 25
is turned on when a node of a wiring Ca(1) between the TFT
25 and the source of the TFT 21 is on the high level. The
clock signal CK1 is supplied to the drain of the TFT 25, and
the TFT 25 itself is turned on. Further, this signal is output-
ted as the output signal OUT1 of this stage RS(1) when the
TFT 26 is in the OFF state.

The power supply Vdd is supplied to the gate and the
source of the TFT 23. When the source potential is suffi-
ciently low with respect to the power source voltage Vdd, the
TFT 23 is turned on and outputs the power supply voltage
Vdd from the source. The voltage outputted from the source
of'the TFT 23 is supplied to the drain of the TFT 22, and the
TFT 23 functions as a load so that the power supply voltage
Vdd is supplied to the TFT 22. The TFT 22 is turned on
when the node of the wiring Ca(1) between the TFT 22 and
the source of the TFT 21 is on the high level. The TFT 22
then emits the power supply voltage Vdd supplied through
the TFT 23 from the wiring of the reference voltage Vss
which is a lower voltage.

When the TFT 22 is in the OFF state, the TET 26 is turned
on by the power supply voltage Vdd fed through the TFT 23
and sets the voltage level of the output signal OUT1 as the
reference voltage Vss. Furthermore, when the TFT 22 is in
the ON state, the TFT 26 is turned off, and the voltage level
of the clock signal CK1 becomes the voltage level of the
output signal OUT1 at this time. The TFT 24 is turned on by
an output signal OUT?2 of a subsequent stage RS(2), and the
potential of the node of the wiring Ca between the source of
the TFT 21, the gate of the TFT 25 and the gate of the TFT
22 changes to the reference voltage Vss.

The structure of the odd-numbered stages RS(2t+1) (t: an
integer of 1 to n/2) excluding the first stage is the same as
that of the first stage RS(1) except that the output signal
OUT(2t) of the preceding stage RS(2t) is supplied to the gate
and the drain of the TFT 21. The structure of the even-
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numbered stages RS(2t+2) (t: an integer of 0 to n/2) is the
same as that of the first stage RS(1) except that an output
signal OUT(2t+1) of the preceding stage RS(2t+1) is sup-
plied to the gate and the drain of the TFT 21 and the clock
signal CK2 is supplied to the drain of the TFT 25 instead of
the clock signal CK1. Moreover, although the reset signal
Dend fed to the gate of the TFT 24 of the last dummy stage
RS(n+2) is supplied from the controller 150, an output signal
OUT3 of the third stage RS(3) in the next scanning may be
used instead.

Description will now be given as to the specific design of
each stage of the shift register, especially how to set the
relative dimension of the TFTs 21 to 26.

In the semiconductor layer 61 of each of the TFTs 21 to
26, the channel area in which the drain electric current flows
is determined as a rectangle having two adjacent sides
defined by a channel length [, and a channel width W, a
rectangle having two adjacent sides defined by a channel
length L, and the channel width W, and an orthogon having
two adjacent sides defined by a channel length L; and the
channel width W, . Incidentally, as to an optimum value for a
later-described value (W/L) of the respective TFTs 21 to 26,
all the TFTs 21 to 26 which are roughly different from each
other do not need to have the same structure as that shown in
FIGS. 6 and 7, and a number of channel areas of the semi-
conductor layer 61 may be increased as a channel length L,
a channel length L, . . . . Further, in case of a TFT having a
small value (W/L), a number of the three channel areas con-
stituted by the channel length I, to the channel length [,
may be reduced to two or lower.

The drain electric current Ids flowing through this transis-
tor can be expressed by the following formula.

Ids (W /L +W /Lo + W /L3)=S(W/L)

Here, if L;=L,=L; is set, X(W/L)=3W /L, is obtained.

In the present invention, the relative value of the value
Z(W/L) of each of the TFTs 21 to 26 is optimized to realize
the shift register which does not erroneously operate even in
the high-temperature environment. In the following
description, the value 2(W/L) is simplified and written as the
value (W/L). Therefore, the value (W/L) means 2(W/L) as
described above if there are a plurality of channel areas.
Here, a signal on a voltage level whose high level and low
level largely differ from each other is supplied from outside
to the drains of the TFT 21 and the TFT 25, and this signal
must be outputted from their sources. Thus, the value (W/L)
of'their size is restricted in a given range.

Here, to the TFT 25 is supplied the clock signal CK1 or
the clock signal CK2 having a large voltage difference
between the low level and the high level, and on level (high
level) output signals OUT1 to OUTn must be outputted as
gate signals having rectangular waves with less noise.
Therefore, the level of the output signals OUT1 to OUTn
must be sufficiently increased in a short period of time.
Accordingly, the bootstrap effect must be generated to cause
the high drain electric current to flow in a short period of
time. Therefore, as (W/L), a larger value is desirable. In
addition, since the parasitic capacitances between the gate
and the source and between the gate and the drain of the TFT
25 must be increased in order to obtain the larger bootstrap
effect, the relatively larger size of the transistor is desirable
for the TFT 25.

On the other hand, although the start signal Dst having a
large voltage difference between the low level and the high
level or an output signal of the preceding stage is supplied to
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the TFT 21 and outputted to the wiring Ca, it is unnecessary
to increase the potential level of the node of the wiring Ca in
a short period of time as will be described later. Therefore, a
considerably large value is required for the TFT 25, but the
value for the TFT 21 does not have to be increased as the
value (W/L) for the TFT 25. Thus, when the TFT 21 is used
for the gate driver of the liquid crystal display, that TFT can
function even if its value is approximately %5 of that of the
TFT 25.

Since both the TFT 23 and the TFT 22 are used for switch-
ing of the TFT 26 and do not supply output signals, the high
drain electric current does not have to flow in a short period
of'time, and a steep and large potential change such as that in
the bootstrap effect is not observed in each terminal.
Therefore, the influence of the erroneous operation of the
shift register is small even if the value (W/L) of each of the
TFTs 23 and 22 is set smaller than that of each of the TFTs
21 and 25. It is, however, preferable that the TFT 23 has a
value (W/L) larger than %20 of the value of the TFT 25, and
more desirable that the TFT 23 has a value (W/L) which is
not less than Y5 of the value of the TFT 25.

Since the influence of the TFT 22 to the output signals
OUT1 to OUTn is smallest, it is desirable that the value
(W/L) of the TFT 22 is the smallest value among the values
(W/L) of the other TFTs 21 and 23 to 26.

The voltage of the TFT 26 must be forcibly changed from
the high level to the reference voltage Vss which is on the
low level so that the drain electric current can rapidly flow,
when the output signals OUT1 to OUTn are switched from
the ON level (high level) to the OFF level (low level). Thus,
the larger value (W/L) is desirable for the TFT 26.

Although it is desirable that the gate voltage of the TFT 25
in the OFF level period is on a constant low level, the noise
may be disadvantageously added to the gate signal (low level
of the output signals OUT1 to OUTn) in the OFF level
period, which are supplied to the gate line GL, due to a leak
electric current of the TFT 25 which is generated because the
gate voltage of the TFT 25 oscillates in accordance with an
amplitude of the low level and the high level of the clock
signal CK1 or CK2. Further, since the OFF level period of
each gate line GL is overwhelmingly longer than the ON
level period, the above-described action greatly affects the
liquid crystal display. It is, therefore, desirable to set the
value (W/L) of the TFT 26 equal to or above that of the TFT
25 in order to suppress the noise added to the gate line GL.
during the OFF level period and stabilize the low level volt-
age.

The TFT 21 sets the TFT 25 on the ON level (high level),
whereas the TFT 24 sets the TFT 25 on the OFF level (low
level). Thus, it is desirable that the value (W/L) of the TFT
24 is substantially equal to that of the TFT 21.

In order to prevent the malfunction of the shift register
even under high-temperature conditions, it is desirable to set
the values (W/L) of the TFTs 21 to 26 as high as possible.
However, the entire area of the shift register increases as the
values of the TFTs 21 to 26 are set higher. Therefore, taking
the environment conditions for use or the circuit arrange-
ment into consideration, setting each value (W/L) in the
above-described condition range can suffice. The relation-
ship between the value (W/L) of each of the TFTs 21 to 26
and the durable temperature will be further considered in
accordance with the later-described embodiment.

Description will now be given as to the operation of the
shift register according to this embodiment. FIG. 8 is a tim-
ing chart showing the operation of the shift register illus-
trated in FIG. 4.

In a period from a timing T0 to another timing T1, when
the start signal Dst rises to the high level, the TFT 21 of the
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first stage RS(1) is turned on, and this signal is outputted
from the drain of the TFT 21 to the source. As a result, the
node potential of the wiring Ca(1) of the first stage RS(1)
rises to the high level. Consequently, the gate voltages of the
TFT 25 and the TFT 22 rise to the high level, thereby turning
on the TFTs 25 and 22. Further, when the TFT 22 is turned
on, the power supply voltage Vdd fed through the TFT 23 is
no longer supplied to the gate of the TFT 26 and the TFT 26
is turned off. In this period, since the clock signal CK1 is on
the low level, it can be understood that the level of the output
signal OUT1 remains on the low level.

Subsequently, at the timing T1, when the clock signal
CK1 changes to the high level, this signal is outputted from
the drain of the TFT 25 of the first stage RS(1) to the source,
and the level of the output signal OUT1 varies to the high
level. At this time, since the potential of the wiring Ca(1)
raises to a high voltage due to the bootstrap effect, it reaches
to a saturation gate voltage of the TFT 25, and the output
signal OUT1 has the potential substantially equal to that of
the clock signal CK1 on the high level. Thereafter, when the
clock signal CK1 falls to the low level in a period from the
timing T1 to the next timing T2, the output signal OUT1
approximates the low level.

Furthermore, in the period from the timing T1 to the next
timing T2, the TFT 21 of the second stage RS(2) is turned on
by the output signal OUT1 of the first stage RS(1) which has
risen to the high level, and the potential of the node of the
wiring Ca(2) reaches the high level. As a result, the TFT 25
and the TFT 22 of the second stage RS(2) are turned on, and
the TFT 26 is turned off.

Subsequently, at the timing T2, when the clock signal
CK2 changes to the high level, this signal is outputted from
the drain of the TFT 25 of the second stage RS(2) to the
source, and the level of the output signal OUT2 changes to
the high level. At this time, since the potential of the node of
the wiring Ca(2) rises to a high voltage due to the bootstrap
effect, it reaches the saturation gate voltage of the TFT 25,
and the output signal OUT2 has the potential substantially
equal to that of the clock signal CK2 on the high level.
Moreover, when the output signal OUT2 on the high level is
supplied to the gate of the TFT 24 of the first stage RS(1), the
TFT 24 is turned on in the first stage RS(1), and the high
level voltage of the node of the wiring CA(1) becomes the
reference voltage Vss. Thereafter, when the clock signal
CK2 falls to the low level in a period from the timing T2 to
the next timing T3, the output signal OUT2 approximates
the low level.

In addition, in a period from the timing T2 to the next
timing T3, TFT 21 of the third stage RS(3) is turned on by
the output signal OUT?2 of the second stage RS(2) which has
risen to the high level, and the potential of the node of the
wiring Ca(3) changes to the high level. Consequently, the
TFTs 25 and 22 of the third stage RS(3) are turned on, and
the TFT 26 is turned off.

Subsequently, in the timing T3, when the clock signal
CK1 changes to the high level, this signal is outputted from
the drain of the TFT 25 of the third stage RS(3) to the source,
and the level of the output signal OUT3 varies to the high
level. At this time, since the potential of the wiring Ca(3)
rises to a high voltage due to the bootstrap effect, it reaches
to the saturation gate voltage of the TFT 25, and the output
signal OUT 3 has the potential substantially equal to that of
the clock signal CK1 on the high level. Additionally, when
the output signal OUT3 on the high level is supplied to the
gate of the TFT 24 of the second stage RS(2), the TFT 24 is
turned on in the second stage RS(2), and the high level volt-
age of the wiring Ca(2) is set as the reference voltage Vss.
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Subsequently, the output signals OUT1 to OUTn of the
respective stages similarly sequentially rise to the high level
in one scanning period Q until the timing Tn (next timing
T0). As described above, the high level potential of each of
the output signals OUT1 to OUTn is not gradually decreased
even if shifted to the next stage. Further, the start signal Dst
again rises to the high level after the one scanning period Q,
and the above-mentioned operation is thereafter repeated in
the stages RS(1) to RS(n).

Although the node of the wiring Ca(n) remains on the
high level after outputting the output signal OUTn on the
high level in the last stage RS(n) of the gate line GL, the TFT
24 of the last stage RS(n) is turned on by the output signal
OUTn+1 of the dummy stage RS(n+1) which commences to
be driven by the output signal OUTn, and the node of the
wiring Ca(n) changes to have the reference voltage Vss.
Similarly, the TFT 24 of the dummy stage RS(n+1) is turned
on by the output signal OUTn+2 of the dummy stage RS(n+
2), and the node of the wiring Ca(n+1) varies to have the
reference voltage Vss. Further, the node of the wiring Ca(n+
2) of the dummy stage RS(n+2) changes from the high level
to the reference voltage Vss, when the reset signal Dend on
the high level is supplied to the TFT 24 of the dummy stage
RS(n+2).

Although the above-described shift register ideally oper-
ates in accordance with the timing chart shown in FIG. 8, the
possibility of a malfunction of the shift register becomes
higher as the temperature increases because the characteris-
tic of the TFTs 21 to 26 changes as the temperature
increases. That is, there increases the possibility of occur-
rence of a malfunction or a disabled normal operation that
the potential of the wiring Ca which is in the floating state
between the gate of the TFT 25 and the source of the TFT 21
increases in synchronization with the clock signal CK1 or
CK2 and the TFTs 25 and 22 are turned on.

Description will now be given on how a malfunction of
the above-mentioned shift register affects an electronic
apparatus using this shift register. Although the above-
described shift register is used as a driver for, e.g., a liquid
crystal display or an imaging device, the case where the shift
register is used in the liquid crystal display will be explained
herein.

The gate driver 152 to which the shift register according to
this embodiment is applied sequentially selects the gate line
GL in accordance with the control signal group Gent from
the controller and outputs a predetermined voltage. This
control signal group Gent includes the clock signals CK1
and CK2, the start signal Dst, the power supply voltage Vdd
and the reference voltage Vss described above.

Description will now be given hereinafter on how the
operation of the liquid crystal display varies in the case
where the gate driver 152 to which the above shift register is
applied normally functions and in the case where the same
erroneously operates. In the following description, it is
assumed that the pixel TFT 161 and the drain driver 153 in
the display area 151 normally function without any malfunc-
tion.

When the gate driver 152 normally functions, the level of
the voltage outputted to the gate line GL from a plurality of
stages except a stage which should essentially output the
high level signal is suppressed to be lower than that of a
threshold voltage of the pixel TFT 161. The signal on the
high level is outputted to the gate lines GL one by one by the
output signals sequentially supplied from the respective
stages of the gate driver 152, and the pixel TFT 161 for the
corresponding one line is turned on.

The drain driver 153 fetches image data data supplied
from the controller in accordance with each line and outputs

20

25

30

35

40

45

50

55

60

65

14

a corresponding signal to each drain line DL in accordance
with a selection of the gate line GL. The signal outputted to
the drain line DL in this manner is written in the pixel
capacitance 162 through the pixel TFT 161 which is in the
ON state. Moreover, the orientation state of the liquid crystal
changes in accordance with the signal written in the pixel
capacitance varies and a quantity of light to be transmitted is
adjusted, thereby displaying an image on a screen of the
liquid crystal display.

On the other hand, when the gate driver 152 erroneously
operates as described above, the voltage outputted to the gate
line GL from a stage which essentially should not output the
high level signal approximates or exceeds the threshold volt-
age of the pixel TFT 161, and the pixel TFT 161 may acci-
dentally cause the drain electric current to flow. In this case,
the signal outputted from the drain driver 153 to the drain
line DL is also written in the pixel capacitance 162 in which
a signal should not be written through the pixel TFT 161, as
well as the pixel capacitance 161 in which a signal should be
essentially written. As a result, the orientation state of the
liquid crystal differs from the true orientation state, and an
image displayed on the liquid crystal display becomes difter-
ent from an image which should be primarily displayed.

As described above, in the shift register according to this
embodiment, by setting the value (W/L) of each of the TFTs
21 to 26 in a range of the above-described conditions, the
shift register can normally operate for a long time even under
the high-temperature conditions. Therefore, for example, in
the liquid crystal display in which this shift register is
applied as the gate driver 152, the noise of the output signal
fed to the pixel TFT 161 of the liquid crystal display can be
reduced, and data which should not be essentially written in
the pixel capacitance 162 can be prevented from being writ-
ten. This improves the grade of an image displayed on the
liquid crystal display.

As the value (W/L) of each of the TFTs 21 to 26 increases,
the shift register can normally operates even under the high-
temperature conditions. However, an area of the shift regis-
ter becomes large. Further, since the display area 151 and the
gate driver 152 are formed on the same substrate 19 in the
above-described liquid crystal display, an area of the liquid
crystal display device relatively becomes small. In
particular, when the TFTs 21 to 26 are amorphous silicon
TFTs, since one transistor size is large as compared with that
in case of polysilicon TFTs or monocrystal silicon
transistors, its influence necessarily becomes great.
Therefore, the largeness of the value (W/L) of each of the
TFTs 21 to 26 is restricted. The preferable balance of the
operation stability of the shift register and the value (W/L) of
each of the TFTs 21 to 26 will be considered in the later-
described embodiment.

In cases where the value (W/L) of the TFT 21 is fixed at
120 and the value (W/L) of the TFT 25 is fixed at 320 as
shown in Table 1, shift registers (A) to (J) having different
values (W/L) of the TFTs 22 to 24 and 26 were created as the
shift register of the gate driver 152 described in the above
embodiment. In this connection, W/L of the TFT 21 is deter-
mined as 120 because the shift register with the value (W/L)
of'the TFT 21 being 60 as a comparative example has a low
drive capability and its lower limit of the temperature at
which the malfunction occurs is lower than that of the shift
register with the value (W/L) of the TFT 21 being 120. Here,
the values (W/L) of the TFTs 21 and 25 are fixed for the
reason above-mentioned. Incidentally, it is desirable that the
shift register normally operates in the environment with a
temperature which is not more than 65° C.
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TABLE 1

DIMENSION RATIO OF
CHANNEL WIDTH/CHANNEL LENGTH (W/L)

SAMPLE TFT21 TFT22 TFT23 TFI24 TFT25 TFT26
A 120 24 32 120 320 320
B 120 36 48 120 320 480
C 120 48 64 120 320 640
D 120 12 16 120 320 320
E 120 48 64 120 320 320
F 120 24 24 120 320 320
G 120 24 40 120 320 320
o 120 24 48 120 320 320
I 120 24 32 80 320 320
7 120 24 32 120 320 320

Here, the channel lengths I, of all the TFTs 21 to 26 in the
table are set to 9 um. A considerable difference from the shift
register having the channel lengths [ being all 9 um was not
obtained even though the channel lengths L. of the TFTs 25
and 26 were set to 12 um and the channel lengths L of the
remaining TFTs 21 to 24 were set to 9 um.

Ten types of shift registers indicated as (A) to (J) in Table
1 were driven under the various temperature conditions, and
their temperature characteristics were examined. Table 2
shows its result. In Table 2, “G” represents that the shift
register normally operated for a long period of time under
that temperature condition, and “NG” represents that the
malfunction occurred when the shift register was driven for a
long period of time under that temperature condition or the
shift register did not operate.

TABLE 2
SAM- OUTER TEMPERATURE (° C.)

PLE 25 35 45 55 60 65 70 75 80 85 90
A G G G G G G G G NG NG NG
B G G G G G G G G G G G
C G G G G G G G G G
D G G G G G G NG NG NG NG
E G G G G G G G G G G G
F G G G G G G NG NG NG NG NG
G G G G G G G G G NG NG NG
H G G G G G G G G G G G
I G G G G G G NG NG NG NG NG
I G G G G G G G G G G G

From this result, the following respects can be derived.

As apparent from (A), (B) and (C) in Tables 1 and 2, the
value (W/L) of the TFT 26 can be set equal to or larger than
the value (W/L) of the TFT 25 in order to normally operate
the shift register up to the temperature 65° C. When the value
(W/L) of the TFT 26 is set larger than the value (W/L) of the
TFT 25, the shift register can normally operate up to 90° C.
depending on the values (W/L) of the TFTs 23 and 22, which
is more preferable.

As apparent from (A), (D) and (E) in Tables 1 and 2, the
value (W/L) of the TFT 23 can be set larger than %40 of the
value (W/L) of the TFT 25 in order to normally operate the
shift register up to 65° C. When the value (W/L) of the TFT
23 is set to approximately %5 of the value (W/L) of the TFT
25, the shift register can normally operate up to 90° C.,
which is more preferable.

As apparent from (A), (F), (G) and (H) in Tables 1 and 2,
setting the value (W/L) of the TFT 23 to be larger than the
value (W/L) of the TFT 22 can suffice the normal operation
of'the shift register up to 65° C. When the value (W/L) of the
TFT 23 is increased to be approximately twofold of the
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value (W/L) of the TFT 22, the shift register can normally
operate up to 90° C., which is more preferable.

As apparent from (A), (I) and (J) in Tables 1 and 2, setting
the value (W/L) of the TFT 24 to be larger than %5 of the
value (W/L) of the TFT 21 can suffice the normal operation
of'the shift register up to 65° C. When the value (W/L) of the
TFT 24 is increased to approximately %4 of that of the TFT
21, the shift register can preferably normally operate up to
90° C.

Further, when the value (W/L) of the TFT 21 is set smaller
than the value (W/L) of each of the TFTs 25 and 26 and
larger than the value (W/L) of each of the TFTs 23 and 22
and the value (W/L) of the TFT 24 is set smaller than the
value (W/L) of each of the TFTs 25 and 26 and larger than
the value (W/L) of each of the TFTs 23 and 22, the normal
operation can to be easily obtained, and the comprehensive
duration of life is long in the environment at the temperature
of 80° C.

The present invention is not restricted to the above-
described embodiment, and various modifications and appli-
cations are enabled. A modification of the above-described
embodiment which can be applied to the present invention
will now be described hereinafter.

Although the respective stages RS(1), RS(2), . . . of the
shift register are constituted by the six TFTs 21 to 26 in the
above-described embodiment, the similar advantages was
obtained with seven shift registers having the structure of
respective stages RS(1), RS(2), . . ., such as shown in FI1G. 9.
The value (W/L) of the TFT 27 added herein is 2, and the
voltage Vdd1 is determined to be equipotential with the
power supply voltage Vdd of the above-described embodi-
ment. Further, the configuration is similar to that of the shift
register shown in FIG. 4 except that the voltage Vdd2 is
lower than the voltage Vdd1. It is to be noted that the TFT 23
illustrated in FIG. 9 can be replaced with a resistance device
other than the transistor.

In the above-described embodiment, although the shift
register is constituted by combinations of the amorphous
silicon TFTs 21 to 26 which are the field effect transistors,
they may be substituted by polysilicon transistors other than
the amorphous silicon TFTs. Moreover, although the TFTs
21 to 26 constituting the shift register are of the n channel
type in the above example, all the TFTs may be of the p
channel type. At this time, the high and low levels of each
signal may be inverted from those in the case where the
TFTs which are of the n channel type are used.

In the above-described embodiment, although the gate
driver 152 of the liquid crystal display is exemplified as an
application example of the shift register, the shift register
can be also applied to a driver of any other display unit, e.g.,
an organic EL display unit or a plasma display panel. In
addition, the shift register can be applied as a driver for
driving a photosensor such as a fingerprint sensor in which a
plurality of pixels are vertically and horizontally arranged in
a predetermined order, as well as a display unit. In this case,
the grade of a picked-up image can be improved.
Additionally, the shift register is not only used as such a
driver but it can be also applied to the case where serial data
is converted into parallel data in a data processor.

FIG. 10 is a block diagram showing the structure of an
imaging apparatus having an imaging device, in which a
double gate transistor is applied as a photosensor. This imag-
ing apparatus is used as, for example, a fingerprint sensor
and constituted by a controller 70, an imaging area 71, a tope
gate driver 72, a bottom gate driver 73, and a drain driver 74.

The imaging area 71 is constituted by a plurality of double
gate transistors 81 arranged in the matrix form. A top gate
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electrode 91 of the double gate transistor 81 is connected to a
top gate line TFL; a bottom gate electrode 92, a bottom gate
line BGL; a drain electrode 93, a drain line DL; and a source
electrode 94, an earthed ground line GrL, respectively. A
back light for emitting a light ray having a wavelength range
for exciting the semiconductor layer of the double gate tran-
sistor 81 is mounted under the imaging area 71.

When the voltage applied to the top gate electrode 91 is
+25 (V) and the voltage applied to the bottom gate electrode
92 is 0 (V), the positive hole accumulated in the semicon-
ductor layer and the gate insulating film consisting of silicon
nitride arranged between the top gate electrode 91 and the
semiconductor layer is emitted, and the double gate transis-
tor 81 constituting the imaging area 71 is reset. The double
gate transistor 81 enters the photosensing state in which the
voltage between the source electrode 94 and the drain elec-
trode 93 is 0 (V), the voltage applied to the top gate electrode
91 is -15 (V), the voltage applied to the bottom gate elec-
trode 92 is 0 (V) and the positive hole in a pair of the positive
hole and the electron generated by incoming radiation of the
light to the semiconductor layer is accumulated in the semi-
conductor layer and the gate insulating film. A quantity of
the positive hole accumulated in this period depends on a
quantity of light.

In this photosensing state, although the back light emits
the light toward the double gate transistor 81, the bottom
gate electrode 92 positioned below the semiconductor layer
of the double gate transistor 81 prevents transmission of the
light as it stands, the sufficient carrier is not generated in the
semiconductor layer. At this time, when a finger is put on the
insulating film above the double gate transistor 81, the light
reflected by the insulating film and the like is less likely to be
incident upon the semiconductor layer of the double gate
transistor 81 directly below recessions of the finger
(corresponding to grooves defining a fingerprint shape).

As described above, when a quantity of the incident light
is small, a sufficient quantity of the positive hole is not accu-
mulated in the semiconductor layer, the voltage applied to
the top gate electrode 91 is —15 (V) and a voltage applied to
the bottom gate electrode 92 become +10 (V), a depletion
layer spreads in the semiconductor layer, and the n channel
is pinched off, resulting in the high resistance of the semi-
conductor layer. On the other hand, the light reflected by the
insulating film and the like is incident upon the semiconduc-
tor layer of the double gate transistor 81 directly below con-
vex portions (protrusions between grooves of a finger) of the
finger in the photosensing state, and a sufficient quantity of
positive holes is accumulated in the semiconductor layer. In
this state, when such a voltage is applied, the accumulated
positive hole is attracted to the top gate electrode 91 and
held. As a result, the n channel is formed on the bottom gate
electrode 92 side of the semiconductor layer, resulting in the
low resistance of the semiconductor layer. A difference in
resistance value of the semiconductor layer in the reading
state appears as a change in potential of the drain line DL.

The top gate drive 72 is connected to the top gate line TGL
in the imaging area 71 and selectively outputs a signal of +25
(V) or =15 (V) to each top gate line TGL in accordance with
the control signal group Tent from the controller 70. The top
gate driver 72 has the structure which is substantially the
same as that of the shift register constituting the gate driver
152, the top gate driver 72 and the bottom gate driver 73
shown in FIG. 4 or 10 except a difference in level of the
output signal, a difference in level of the input signal accord-
ing to the output signal and a difference in phase of output
signal and the input signal.

The bottom gate driver 73 is connected to the bottom gate
line BGL in the imaging area 71 and outputs a signal of +10
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(V) or 0 (V) to each bottom gate line BGL in accordance
with the control signal group Bent from the controller 70.
The bottom gate driver 73 has the structure which is substan-
tially the same as that of the shift register constituting the
gate driver 152, the top gate driver 72 and the bottom gate
driver 73 shown in FIG. 4 or 10 except a difference in level
of the output signal, a difference in level of the input signal
according to the output signal, and a difference in phase of
the output signal and the input signal.

The drain driver 74 is connected to the drain line DL in the
imaging area 71, and outputs a constant voltage (+10 (V)) to
all the drain lines DL in a later-described predetermined
period in accordance with the control signal group Dent
from the controller 70 in order to pre-charge the electric
charge. The drain driver 74 reads the potential of each drain
line DL which varies depending on whether a channel is
formed in accordance with incidence or non-incidence of the
light upon the semiconductor layer of the double gate tran-
sistor 81 in a predetermined period after pre-charge, and
supplies the obtained result to the controller 70 as image data
DATA.

The controller 70 controls the top gate driver 72 and the
bottom gate driver 73 in accordance with the control signal
groups Tent and Bent, respectively, and outputs a signal on a
predetermined level at a predetermined timing from the both
drivers 72 and 73. As a result, each line in the imaging area
71 sequentially enters the reset state, the photosensing state
and reading state. Further, the controller 70 causes the drain
driver 74 to read a change in potential of the drain line DL by
the control signal group Dent and sequentially fetches these
changes as the image data DATA.

FIG. 11 is a view showing the circuit structure of the shift
register applied as a gate driver 152, a top gate driver 72, and
a bottom gate driver 73 shown in FIGS. 3 and 10. As shown
in the figure, this shift register is constituted by n stages
RS(1) to RS(n) (n: an even number) whose number is equal
to that of the gate lines GL in the display area 151.

When applied as the gate driver 152, to this shift register
are supplied the clock signals CK1 and CK2, the power sup-
ply voltage Vdd, the reference voltage Vss (<Vdd), the start
signal Dst, and the reset signal Dend as the control signal
group Gent from the controller 150. Among these voltages
and signals, the power supply voltage Vdd and the reference
voltage Vss are supplied to all the stages RS(1) to RS(n); the
clock signal CK1, the odd-numbered stages RS(1),
RS@3), . . ., RS(n-1); the clock signal CK2, the even-
numbered stages RS(2), RS(4), . . ., RS(n); the start signal
Dst, only the first stage RS(1); and the reset signal Dend,
only the n-th stage RS(n).

The structures of the respective stages are substantially
the same. Thus, giving description as to the first stage RS(1)
as an example, the stage RS(1) has six TFTs 1 to 6 consisting
of a-Si semiconductor layers similar to the TFT 161. The
TFTs 1 to 6 are field effect transistors which area of the same
channel type (here, an n-channel type).

The start signal Dst is supplied to the gate of the TFT 1.
The power source voltage Vdd is supplied to the drain of the
TFT 1. The source of the TFT 1 is connected to the gate of
the TFT 2, the gate of the TFT 5, and the drain of the TFT 6.
The wiring surrounded by and connected with the source of
the TFT 1, the gate of the TFT 2, the gate of the TFT 5 and
the drain of the TFT 6 is referred to as a node Al (wirings
will be referred to as A2 to An in the second and the subse-
quent stages). When the start signal Dst raises to the high
level and the TFT 1 is turned on, the voltage which is equi-
potential with the power supply voltage Vdd is outputted
from the source, thereby applying the voltage to the node
Al.
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The clock signal CK1 is supplied to the drain of the TFT
2. When the TFT 2 is in the ON state, the level of the clock
signal CK1 is outputted as the output signal OUT1 from the
source to the first gate line GL substantially without any
change.

The power supply voltage Vdd is supplied to the gate and
the drain of'the TFT 4, and the TFT 4 is constantly in the ON
state. The TFT 4 functions as a load when supplying the
power supply voltage Vdd, and supplies the power supply
voltage Vdd to the drain of the TFT 5 substantially without
any change. The TFT 4 can be replaced with the resistance
device other than the TFT. The reference voltage Vss is sup-
plied to the source of the TFT 5. When the TFT 5 is turned
on, the electric charge accumulated between the source of
the TFT 4 and the drain of the TFT 5 is discharged and the
gate voltage of the TFT 3 is set as the reference voltage Vss.

The gate of the TFT 3 is connected to the source of the
TFT 4 and the drain of the TFT 5. When the TFT 5 is in the
OFF state, the TFT 3 is turned on by the power supply volt-
age vdd fed through the TFT 4. When the TFT 5 is in the ON
state, since the electric charge accumulated in the wiring
between source of the TFT 4 and the TFT 5 is discharged,
and the gate voltage of the TFT 3 falls to the low level,
thereby turning oft the TFT 3.

The output signal OUT2 of the second stage RS(2) which
is the subsequent stage is supplied to the gate of the TFT 6.
The drain of the TFT 6 is connected to the node Al, and the
reference voltage Vss is supplied to the source. When the
output signal OUT?2 rises to the high level, the TFT 6 is
turned on to discharge the electric charge accumulated in the
node Al.

The structure of the odd-numbered stages RS(3),
RS(5), . . ., RS(n-1) other than the first stage is the same as
that of the first stage RS(1) except that the output signals
OUT2,0UT4, ..., OUTn-2 of the preceding stages RS(2),
RS@4), . .., RS(n-2) are supplied to the gate of the TFT 1.

The structure of the even-numbered stages RS(2),
RS@4), . . ., RS(n-2) other than the n-th stage is the same as
that of the first stage RS(1) except that the output signals
OUT1,0UT3, . .., OUTn-3 of the preceding stages RS(1),
RS(@3), . . ., RS(n-3) are supplied to the gate of the TFT 1.
The structure of the n-th stage RS(n) is the same as that of
other even-numbered stages RS(2), RS(4), . . . , RS(n-2)
except that the reset signal Dend is supplied to the gate of the
TFT 6.

Moreover, the shift registers constituting the gate driver
152, the top gate driver 72 and the bottom gate driver 73 are
configured by combinations of the TFTs 1 to 6, and the TFTs
1 to 6 have substantially the same structure as that of the
TFT 161 included in the display area 151. Therefore, the
gate driver 152, the top gate driver 72 and the bottom gate
driver 73 can be collectively formed on the substrate on the
TFT 161 side of the display area 151 by the same process.

The operation of the digital still camera according to this
embodiment will now be described. Before explaining the
overall operation, the operation of the shift register constitut-
ing the above-described gate driver 152 will be first
explained with reference to a timing chart of FIG. 12. When
the shift register is used as the gate driver 152, respective
control signals are all supplied from the controller 150 as the
control signal group Gent.

In this timing chart, the high level of each of the clock
signals CK1 and CK2, the start signal Dst and the reset
signal Dend is equal to the power supply voltage Vdd. On
the other hand, the low level of these signals is equal to the
reference voltage Vss. One scanning period Q is one hori-
zontal period in the display portion 210.
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In addition, before starting the shift operation in accor-
dance with this timing chart (before T0), all of the output
signals OUT1 to OUTn are on the low level. Additionally, in
all of the stages RS(1) to RS(n), no electric charge is accu-
mulated in the nodes Al to An, and the TFTs 2 and 5 are in
the ON state while the TFT 3 is in the OFF state.

In a period from the timing T0 to another timing Ti, when
the start signal Dst rises to the high level, the TFT 1 of the
first stage RS(1) is turned on, and the power supply voltage
Vdd is outputted from the drain of the TFT 1 to the source.
As a result, the electric charge is accumulated in the node A1
of the first stage RS(1), and its potential rises to the high
level, thereby turning on the TFTs 2 and 5. When the TFT 5
is turned on, the electric charge accumulated between the
source of the TFT 4 and the drain of the TFT 5 is discharged,
thereby turning off the TFT 3. In this period, the TFT 2 of the
first stage RS(1) is turned on, but the clock signal CK1
remains on the low level. Thus, the level of the output signal
OUT1 remains as the low level.

Subsequently, in the timing T1, when the clock signal
CK1 changes to the high level, this signal is outputted from
the drain of the TFT 2 of the first stage RS(1) to the source,
and the level of the output signal OUT1 varies to the high
level. At this time, since the potential of the node Al
increases to approximately twofold of the power supply volt-
age Vdd by the so-called bootstrap effect and reaches the
saturation gate voltage of the TFT 2, the drain electric cur-
rent of the TFT 2 becomes a saturation electric current, and
the level of the output signal OUT1 rapidly becomes sub-
stantially equipotential with the high level of the clock signal
CK1. That is, the high level of the output signal OUT1
becomes nearly the power supply voltage Vdd. Thereafter, in
a period from the timing T1 to the timing T2, when the clock
signal CK1 falls, the output signal OUT1 shifts to the low
level.

Further, in a period from the timing T1 to the timing T2,
the TFT 1 of the second stage RS(2) is turned on by the
output signal OUT1 of the first stage RS(1) which has risen
to the high level. Consequently, outputting the power supply
voltage Vdd from the source of the TFT 1 of the second stage
RS(2) causes the potential of the node A2 to change to the
high level, and the TFTs 2 and 5 of the second stage RS(2)
are turned on, thereby turning off the TFT 3.

Subsequently, in the timing T2, when the clock signal
CK2 changes to the high level, this signal is outputted from
the drain of the TFT 2 of the second stage RS(2) to the
source, and the level of the output signal OUT?2 varies to the
high level. Consequently, the TFT 6 of the first stage RS(1)
is now turned on, and the electric charge accumulated in the
node Al is discharged through the TFT 6 to obtain the refer-
ence voltage Vss. Therefore, the output signal OUT1 main-
tains the low level state, and the TFTs 2 and 5 of the first
stage RS(1) are thereby turned off, and the TFT of the same
is turned on. Accordingly, the potential of the output signal
OUT1 surely becomes the reference voltage Vss, and this
state continues at least until the timing Tn+1. Thereafter,
when the clock signal CK2 falls in a period from the timing 2
to the timing T3, the output signal OUT2 {falls to the low
level.

Furthermore, in the period from the timing T2 to the tim-
ing T3, the TFT 1 of the third stage RS(3) is turned on by the
output signal OUT2 of the second stage RS(2) which has
risen to the high level. As a result, outputting the power
supply voltage vdd from the source of the TFT 1 of the third
stage RS(3) causes the potential of the node A3 to change to
the high level, and the TFTs 2 and 5 of the third stage RS(3)
are turned on, thereby turning off the TFT 3.
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Subsequently, in the timing T3, when the clock signal
CK1 changes to the high level, this signal is outputted from
the drain of the TFT 2 of the third stage RS(3) to the source,
and the level of the output signal OUT3 varies to the high
level. Consequently, the TFT 6 of the second stage RS(2) is
now turned on, and the electric charge accumulated in the
node A2 is discharged through the TFT 6 without using the
TFT 1 of the second stage RS(2) and the TFT 3 of the first
stage RS(1) to obtain the reference voltage Vss. Therefore,
the low level state of the output signal OUT1 is maintained,
and the TFTs 2 and 5 of the second stage RS(2) are thereby
turned off, meanwhile the TFT 3 is turned on. That is, since
the gate voltage of the TFT 2 falls to the low level and the
TFT 3 is turned on in the second stage RS(2), the potential of
the output signal OUT2 assuredly becomes the reference
voltage Vss, and this state continues at least until the timing
Tn+1. Thereafter, in a period from the timing T2 to the tim-
ing T3, when the clock signal CK1 falls, the level of the
output signal OUT3 becomes the low level.

In addition, in a period from the timing T3 to another
timing T4, the TFT 1 of the fourth stage RS(4) is turned on
by the output signal OUT3 of the third stage RS(3) which
has risen to the high level. As a result, outputting the power
supply voltage vdd from the source of the TFT 1 of the
fourth stage RS(4) causes the potential of the node A4 to rise
to the high level, and the TFTs 2 and 5 of the fourth stage
RS(4) are turned on, meanwhile the TFT 3 is turned off.

Thereafter, when the fourth and the subsequent stages
RS(4), RS(5), . . . perform the operation similar to the above
in accordance with each one scanning period Q, the output
signals OUT4, OUTS5, vary to the high level for each prede-
termined period in the one scanning period Q. Furthermore,
in a period from the timing Tn-1 to the timing Tn, the TFT 1
of the n-th stage RS(n) is turned on by the output signal
OUTn-1 of the n-1-th stage RS(n-1) which has risen to the
high level. As a result, outputting the power supply voltage
vdd from the source of the TFT 1 of the n-th stage RS(n)
causes the potential of the node An to change to the high
level, and the TFTs 2 and 5 of the n-th stage RS(n) are turned
on meanwhile the TFT 3 is turned off.

Subsequently, in the timing Tn, when the clock signal
CK2 rises to the high level, this signal is outputted from the
drain of the TFT 2 of the n-th stage RS(n) to the source, and
the level of the output signal OUTn changes to the high
level. Thereafter, when the clock signal CK2 falls until the
timing Tn+1, the output signal OUTn changes to the low
level.

Then, in the timing Tn+1, the level of the reset signal
Dend now changes to the high level. As a result, when the
TFT 1 of the n-th stage RS(n) is turned on, the electric
charge accumulated n the node A2 is discharged so that the
TFTs 2 and 5 of the second stage RS(2) are turned oft and
the TFT 3 is turned on. Further, no electric charge is accumu-
lated in the nodes Al to An in all of the stages RS(1) to
RS(n) until the start signal Dst on the high level is subse-
quently supplied, and the TFTs 2 and 5 are in the ON state
while the TFT 3 remains in the OFF state.

Description will now be given as to how the potentials of
the gate, the drain and the source of one TFT 1 change while
the output signal shifts from the first stage RS(1) to the n-th
stage RS(n) taking the TFT 1 of the third stage RS(3) for
instance. The lower three sections in FIG. 12 show changes
in potential level of the gate, the drain and the source of the
TFT 1 of the third stage RS(3).

As shown in the figure, the gate voltage of the TFT 1 rises
to the high level (substantially Vdd) only when the output
signal OUT?2 of the second stage RS(2) is on the high level in
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a period from the timing T2 to the timing T3. Since the
power supply voltage Vdd is constantly supplied to the drain
of'the TFT 1, the drain voltage is constantly the power sup-
ply voltage vdd. When the electric charge is accumulated in
the node A3 in the timing T2, the source voltage of the TFT 1
changes to a voltage level which is lower than vdd by its
threshold voltage. When the clock signal CK1 is on the high
level in a period from the timing T3 to the timing T4, the
source voltage reaches the level which is approximately two-
fold of the power supply voltage Vdd by the above-described
bootstrap effect. On and after change of the output voltage of
the fourth stage RS(4) to the high level in the timing T4, the
source voltage again falls to the low level.

As described above, the gate voltage of the TFT 1 of the
k-th stage RS(k) in one scanning of the shift register is con-
stantly on the low level (reference voltage Vss) except when
at least the start signal Dst or the output signal OUTk-1 of
the preceding stage once rises to the high level. Therefore,
the period in which the gate voltage of each TFT 1 is positive
relatively with respect to any lower voltage of the drain volt-
age and the source voltage is only a period in which the
clock signal CK1 or CK2 is once on the high level if the
clock signals CK1 and CK2, the start signal Dst and the reset
signal Dend are equal to each other, the high level voltage is
equal to the power supply voltage Vdd and the low level
voltage is equal to the reference voltage Vss.

Further, when the high level voltage of the clock signals
CK1 and CK2, the start signal Dst and the reset signal Dend
is a voltage attenuated by a parasitic capacitance between the
gate and the drain of the TFT 1, for example, it is lower than
the potential of the node A3 in the period from the timing T3
to the timing T4, the gate voltage of the TFT 1 is constantly
lower than the source voltage and the drain voltage of the
TFT. It is, therefore, possible to suppress shift of the gate
threshold voltage of the TFT 1 of the k-th stage RS(k) to be
positive.

As described above, in the shift register constituting the
gate driver 152 in this embodiment, the period in which the
gate voltage of the TFT 1 of each stage is positive relatively
with respect to the drain and source voltages is short. In
connection with the characteristic of the TFT, when the gate
voltage becomes positive relatively with respect to the drain
and source voltages, the threshold value characteristic is apt
to shift to be positive. However, even if the gate voltage
becomes negative relatively with respect to the drain and
source voltages, the threshold characteristic hardly shift to
be negative.

In other words, since the characteristic of the TFT 1 rarely
changes even if the shift register of this embodiment is used
for a long time, there hardly occurs the case that the TFT 1 is
not turned on with the timing at which the TFT 1 should be
essentially turned on and the electric charge can not be accu-
mulated in the nodes Al to An. Therefore, the shift register
can stably operate for a long period of time, thereby improv-
ing the durability.

Further, a failure of the display portion 210 in which the
shift register is applied as the gate driver 152 is of course
eliminated, which improves the durability of the digital still
camera including this portion.

In this embodiment, the gate driver 152 applied to the
liquid crystal display constituting the display portion 210
has a structure shown in FIG. 11, and is configured by the
shift register which operates in accordance with the timing
chart shown in FIG. 12 by the control signal outputted from
the controller 150. However, the shift register applicable as
the above-described gate driver 152 is not restricted thereto.

FIG. 13 is a view showing the circuit structure of another
shift register applicable as the gate driver 152, the top gate
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driver 72 and the bottom gate driver 73. Giving description
as to a difference from the shift register shown in FIG. 11,
the clock signal CK1 is supplied to the drain of the TFT 1 in
the odd-numbered stages RS(1), RS(3), . . ., RS(n-1), and
the clock signal CK2 is supplied to the same in the even-
numbered stages RS(2), RS(4), . . ., RS(n), respectively. The
high level voltage of the clock signals CK1 and CK2, the
start signal Dst and the reset signal Dend is equal to the
power supply voltage Vdd, and the low level voltage of the
same is equal to the reference voltage Vss.

A difference in operation of the shift register shown in
FIG. 13 from the shift register illustrated in FIG. 11 will now
be described with reference to the timing chart of FIG. 14. In
a period from the timing T0 to another timing T1, when the
start signal Dst rises to the high level and the TFT1 of the
first stage RS(1) is turned on, the clock signal CK2 supplied
to the drain of the TFT 1 rises to the high level, thereby
accumulating the electric charge in the node Al.

In a period from the timing T1 to the next timing T2, when
the output signal OUT1 of the first stage RS(1) rises to the
high level and the TFT 1 of the second stage RS(2) is turned
on, the clock signal CK1 supplied to the drain of the TFT 1
changes to the high level, thus accumulating the electric
charge in the node A2. Thereafter, in a period from the tim-
ing Tn-1 to the timing Tn, when the output signal OUTn-1
of the n—1-th stage RS(n-1) rises to the high level and the
TFT 1 of the n-th stage RS(n) is turned on, the clock signal
CK2 fed to the drain of the TFT 1 similarly changes to the
high level and the electric charge is accumulated in the node
An.

As indicated by the lower three sections in FIG. 14,
explaining a change in potential level of the gate, the drain
and the source of the TFT 1 in this shift register by taking the
third stage RS(3) for instance, only when the output signal
OUT?2 of the second stage RS(2) is on the high level in the
period from the timing T2 to the timing T3, the potential is
on the high level (substantially Vdd). The drain voltage is on
the high level (substantially vdd) only when the clock signal
CK2 is on the high level. When the electric charge is accu-
mulated in the node A3 in the timing T2, the source voltage
changes to a voltage level which is lower than Vdd by its
threshold voltage. Further, while the clock signal CK1 is on
the high level in a period from the timing T3 to the timing
T4, the source voltage changes to a level which is approxi-
mately twofold of the power supply voltage Vdd.

Here, if the period in which the drain voltage of the TFT 1
is higher than the gate voltage is sufficiently long, the gate
threshold voltage is shifted to be negative, and the potential
of the node A is increased by the leak electric current in the
OFF state, which may possibly provoke a malfunction.
However, in this shift register, the period in which the drain
voltage of the TFT 1 is on the high level is shorter than that
of the shift register illustrated in FIG. 11. That is, the period
in which a difference in potential between the gate and the
drain and between the source and the drain of the TFT 1 is
short. Therefore, the voltage stress applied to the TFT 1 is
smaller than that in the shift register depicted in FIG. 11, and
the leak electric current is also small. Moreover, the device
characteristic of the TFT 1 is hardly deteriorated, and hence
a failure is hardly produced even if the shift register is used
for a long time.

FIG. 15 is a view showing the circuit structure of still
another shift register applicable as the gate driver 152, the
top gate driver 72 and the bottom gate driver 73. Giving
description as to a difference from the shift register shown in
FIG. 11, a voltage signal V1 is supplied. The high level of
the voltage signal V1 is lower the level of the power supply
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voltage Vdd, but it is a level capable of accumulating in the
nodes Al to An the electric charge which is sufficient for
turning on the TFTs 2 and 5. On the other hand, the low level
of the voltage signal V1 is the same as the reference voltage
Vss. The high level voltage of the clock signals CK1 and
CK2, the start signal Dst and the reset signal Dend is equal to
the power supply voltage Vdd, and the low level voltage of
the same is equal to the reference voltage Vss.

A difference in operation of the shift register shown in
FIG. 15 from the shift register depicted in FIG. 11 will now
be described with reference to the timing chart in FIG. 16. In
the operation according to this timing chart, the voltage sig-
nal V1 is constantly maintained on the high level.

In a period from the timing T0 to another timing T1, when
the start signal Dst changes to the high level and the TFT 1 of
the first stage RS(1) is turned on, the voltage signal V1 is
outputting from the drain of the TFT 1 to the source, thereby
accumulating the electric charge in the node Al. At this time,
although the potential of the node A1 is lower than that of the
voltage signal V1, which is lower than the power supply
voltage Vdd, by the threshold voltage of the TFT 1, it is
higher than the threshold voltage of the TFTs 2 and 5. As a
result, the TFTs 2 and 5 are turned on and the TFT 3 is
turned off in the first stage RS(1). Further, in the timing T1,
when the clock signal CK1 rises, the level of the output
signal OUT1 becomes the high level.

Thereafter, in a period from the timing Tn~-1 to the timing
Tn, the output signal OUTn-1 of the n-1-th stage RS(n-1)
rises to the high level and the TFT 1 of the n-th stage RS(n)
is turned on similarly. Consequently, the electric charge
capable of providing the potential lower than the voltage
signal V1 by the threshold voltage of the TFT 1 is accumu-
lated in the node An, and the TFTs 2 and 5 are turned on and
the TFT 3 is turned off in the n-th stage RS(n). Furthermore,
in the timing Tn, when the clock signal CK2 rises, the level
of the output signal OUTn becomes the high level.

Description will now be given as to how the potential of
the gate, the drain and the source of one TFT 1 changes in
this shift register by taking the TFT 1 in the third stage RS(3)
for instance with reference to the lower three sections in
FIG. 16. AS shown in the drawing, the gate voltage of the
TFT 1 is substantially equal to the power supply voltage Vdd
only when the output signal OUT2 of the second stage RS(2)
is on the high level in a period from the timing T2 to the
timing T3.

The drain voltage of the TFT 1 is maintained on a level of
the voltage signal V1, namely, a level which is slightly lower
than the power supply voltage Vdd. When the electric charge
is accumulated in the node A3 in the timing T2, the source
voltage of the TFT 1 changes to the voltage level lower than
the voltage signal V1 by its threshold voltage. Moreover, this
source voltage changes to the level higher than the voltage
signal V1 by nearly the power supply voltage Vdd, when the
clock signal CK1 is on the high level in a period from the
timing T3 to the timing T4.

That is, the level of the source voltage of the TFT 1 at this
time is slightly higher than the power supply voltage Vdd but
sufficiently lower than a voltage which is twofold of the
power supply voltage Vdd. Therefore, in the TFT 1, a differ-
ence in potential between the gate and the drain when the
gate is on the OFF level becomes smaller, and a difference in
potential between the gate and the source when the source
voltage is maximum also becomes smaller. Similarly, the
gate voltage of the TFT 2, the gate voltage of the TFT 5, and
the drain voltage of the TFT 6 do not become large as those
in the shift register shown in FIG. 11. Thus, the large voltage
stress is not applied to the TFTs 1, 2, 5 and 6, and the device
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characteristic of the TFT 1, 2, 5 and 6 is hardly deteriorated
as compared with the shift register depicted in FIG. 11.
Therefore, a failure hardly occurs even if the shift register is
used for a long time.

The shift register shown in FIG. 15 can also operate in
accordance with the timing chart illustrated in FIG. 17. In
the operation according to this timing chart, the voltage sig-
nal V1 changes to the high level only in a period in which
either the clock signal CK1 or CK2 is on the high level.
Description will be given as to a difference of the operation
according to this timing chart from the operation according
to the timing chart depicted in FIG. 16.

Only when the start signal Dst is on the high level in a
period from the timing T0 to another timing T1, the voltage
signal V1 rises to the high level, and the electric charge is
accumulated in the node Al. Only when the output signal
OUT1 is on the high level in a period from the timing T1 to
another timing T2, the voltage signal V1 changes to the high
level, and the electric charge is accumulated in the node A2.
Thereafter, in a period from the timing Tn-1 to the timing
Tn, only when the output signal OUTn-1 is on the high
level, the voltage signal V1 similarly rises to the high level,
thereby accumulating the electric charge in the node An.

In case of this operation, as shown in the lower three
sections in FIG. 17 by taking the third stage RS(1) for
instance, a period in which a difference in potential between
the gate and the drain and between the source and the drain
of the TFT 1 is shorter than that in case of the operation
illustrated in FIG. 16, and the voltage stress applied to the
TFT 1 is small. Therefore, since the device characteristic of
the TFT 1 is hardly deteriorated as compared with the case
of the operation shown in FIG. 16, a failure hardly occurs
even if the shift register is used for a long time.

FIG. 18 is a view showing the circuit structure of shift
registers applicable as the gate driver 152, the top gate driver
72 and the bottom gate driver 73. Explaining a difference
from the shift register illustrated in FIG. 13, a clock signal
CK1' is supplied to the drain of the TFT 1 in the odd-
numbered stages RS(1), RS(3), . . ., RS(n-1), and a clock
signal CK2' is supplied to the same in the even-numbered
stages RS(2), RS(4), . . ., RS(n), respectively. The high level
of'the clock signals CK1' and CK2' is lower than the level of
the power supply voltage Vdd but it can accumulate in the
nodes Al to An the electric charge which is sufficient for
turning on the TFTs 2 and 5.

A difference in operation of the shift register shown in
FIG. 18 from the shift register depicted in FIG. 13 will now
be described with reference to the timing chart in FIG. 19.
When the start signal Dst changes to the high level in a
period from the timing T0 to the timing T1, the clock signal
CK2' rises to the high level, and the electric charge is accu-
mulated in the node Al. When the output signal OUT1
changes to the high level in a period from the timing T1 to
the timing T2, the clock signal CK1' rises to the high level,
and the electric charge is accumulated in the node A2.
Thereafter, when the output signal OUTn-1 rises to the high
level in a period from the timing Tn-1 to the timing Tn, the
clock signal CK1' rises to the high level and the electric
charge is accumulated in the node An.

As shown in the lower three sections in FIG. 19 by taking
the TFT 1 of the third stage RS(3) for instance, the source
voltage of each TFT 1 is slightly higher than the power sup-
ply voltage Vdd even when the source voltage is on the
maximum level, but it is sufficiently lower than a voltage
which is twofold of the power supply voltage Vdd. Similarly,
the gate voltage of the TFT 2, the gate voltage of the TFT 5
and the drain voltage of the TFT 6 do not become as large as
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those of the shift register shown in FIG. 13. Accordingly, the
large voltage stress is not applied to the TFTs 1, 2, 5 and 6.
Moreover, a period in which a difference in potential
between the gate and the drain and between the source and
the drain of the TFT 1 is generated is shorter than that in the
shift register shown in FIG. 15. Since the device characteris-
tic of the TFTs 1, 2, 5 and 6 is hardly deteriorated as com-
pared with the shift registers shown in FIGS. 13 and 15, a
failure is hardly produced even if the shift register is used for
a long time.

Second Embodiment

A digital still camera according to this embodiment is
substantially the same as that according to the first embodi-
ment but different from the foregoing embodiment in that an
angle sensor 240 indicated by a dotted line in FIG. 2 is
provided. In addition, a sift register applied as the gate driver
152 in the display portion 210 is different from the first
embodiment, and a shift register which can shift an output
signal in both forward and backward directions is used in
this embodiment. Additionally, in this regard, signals output-
ted as the control signal group Gent from the controller 150
are also different slightly.

The angle sensor 240 detects an angle of a lens unit por-
tion 202 with respect to a camera main body portion 201. A
detection signal of the angle sensor 240 is inputted to a CPU
222, and the CPU 222 supplies to a display portion 210 a
control signal which indicates that a display scanning direc-
tion (shift operation direction of the shift register applied as
the gate driver 152) is either the forward direction or the
backward direction in accordance with this detection signal.

FIG. 20 is a view showing a circuit configuration of the
shift register applied as the gate driver 152 in this embodi-
ment. This shift register is also constituted by n stages RS(1)
to RS(n) whose number is equal to that of gate lines GL. in a
display area 151, and each of the stages RS(1) to RS(n) is
composed of six TFTs 1 to 6 as similar to the shift register
illustrated in FIG. 11. Here, the TFTs 1 to 6 are all likewise n
channel type field effect transistors.

Giving description on a difference of the shift register
shown in FIG. 20 from that illustrated in FIG. 11, a voltage
signal V1 is supplied to the drain of the TFT 1 in each of the
stages RS(1) to RS(n) instead of the power supply voltage
vdd. A voltage signal V2 is supplied to the source of the TFT
6 in each of the stages RS(1) to RS(n) in place of the refer-
ence voltage Vss.

A control signal D1 is fed to the gate of the TFT 1 in the
first stage RS(1) instead of the start signal Dst. A control
signal D2 is supplied to the gate of the TFT 6 in the n-th
stage RS(n) in place of the reset signal Dend. Levels of the
voltage signals V1 and V2 differ depending on the forward
operation and the backward operation, and the timing in
which the control signals D1 and D2 rise to the high level
differ depending on the forward operation and the backward
operation.

The operation of the digital still camera according to this
embodiment will now be described. Explanation will be first
given as to the operation of the shift register constituting the
above-mentioned gate driver 152 in accordance with the
case of forward shift and the case of backward shift with
reference to the timing charts of FIGS. 21 and 22.

It is to be noted that the high level of the clock signals
CK1 and CK2, the voltage signals V1 and V2, and the con-
trol signals D1 and D2 is equal to the power supply voltage
Vdd in these timing charts. On the other hand, the low level
of these signals is equal to the reference voltage Vss. One
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scanning period Q corresponds to one horizontal period in
the display portion 210.

Further, before starting the shift operation according to
these timing charts (before T0), all of the output signals
OUT1 to OUTn are on the low level. Further, in any of the
stages RS(1) to RS(n), no electric charge is accumulated in
the nodes Al to An, and the TFTs 2 and 5 are in the ON state
while the TFT 3 is in the OFF state.

FIG. 21 is a timing chart showing the operation in case of
the forward shift. In this case, the level of the voltage signal
V1 is maintained on the high level equal to the power supply
voltage Vdd, and the level of the voltage signal V2 is main-
tained on the low level equal to the reference voltage Vss.
Furthermore, the control signal D1 rises to the high level
only in a fixed period from the timing T0 to the timing T1.
The control signal D2 rises to the high level only in a fixed
period from the timing Tn to the timing Tn+1.

That is, in the first embodiment, when the control signal
D1 and the control signal D2 are replaced with the start
signal Dst and the reset signal Dend, respectively, the opera-
tion equal to that of the shift register explained in conjunc-
tion with the timing chart of FIG. 12 can be obtained.
Therefore, the output signals OUT1 to OUTn sequentially
rise to the high level and are shifted for each fixed period in
one scanning period Q.

On the other hand, FIG. 22 is a timing chart showing the
operation in case of the backward shift. In this case, the level
of'the voltage signal V1 is maintained on the low level equal
to the reference voltage Vss, and the level of the voltage
signal V2 is maintained on the high level equal to the power
supply voltage Vdd. Further, the control signal D2 rises to
the high level only in a fixed period from the timing T0 to the
timing T1. The control signal D1 rises to the high level only
in a fixed period from the timing Tn to the timing Tn+1.

In a period from the timing T0 to the timing T1, when the
control signal D2 rises to the high level, the TFT 6 of the n-th
stage RS(n) is turned on, and the voltage signal V2 on the
high level is outputted from the source of the TFT 6 to the
source. As a result, the electric charge is accumulated in the
node An of the n-th stage RS(n), and the TFTs 2 and 5 are
turned on while the TFT 3 is turned off. Since the TFT 2 of
the n-th stage RS(n) is turned on but the clock signal CK2
remains on the low level in this period, the output signal
OUT2 remains on the low level.

Subsequently, in the timing T1, when the clock signal
CK2 rises to the high level, this signal is outputted from the
drain of the TFT 2 of the n-th stage RS(n) to the source, and
the output signal OUTn rises to the high level. Thereafter,
when the clock signal CK2 falls until the timing T2, the
output signal OUTn changes to the low level.

Furthermore, in a period from the timing T1 to the timing
T2, the TFT 6 of the n—1-th stage RS(n-1) is turned on by
the output signal OUTn of the n-th stage RS(n) which has
risen to the high level. Consequently, outputting the voltage
signal V2 on the high level from the drain of the TFT 6 in the
n-1-th stage RS(n-1) causes the potential of the node An-1
to change to the high level, and the TFTs 2 and 5 are turned
on while the TFT 3 is turned off in the n-1-th stage RS(n-1).

Then, in the next timing T2, when the clock signal CK1
changes to the high level, this signal is outputted from the
drain of the TFT2 of the n—1-th stage RS(n-1) to the source,
and the level of the output signal OUTn-1 varies to the high
level. As aresult, the TFT 1 is now turned on in the n-th stage
RS(n), and the electric charge accumulated in the node An is
discharged, and the TFTs 2 and 5 are turned off while the
TFT 3 is turned on in the n-th stage RS(n). Thereafter, when
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the clock signal CK1 falls until the timing T3, the output
signal OUTn-1 falls to the low level.

Furthermore, in a period from the timing T1 to another
timing T2, the TFT 6 of the n-2-th stage RS(n-2) is turned
on by the output signal OUTn-1 of the n—-1-th stage RS(n-1)
which has risen to the high level. Consequently, when the
voltage signal V2 on the high level is outputted from the
drain of the TFT 6 in the n-2-th stage RS(n-2), the potential
of the node An-2 rises to the high level, and the TFTs 2 and
5 are turned on while the TFT 3 is turned off in the n-2-th
stage RS(n-2).

Thereafter, the n-2-th and preceding stages RS(n-2),
RS(n-3), . . . repeat the operation similar to the above in
accordance with each one scanning period Q toward the pre-
ceding stages, and the output signals OUTn-2, OUTn-3, ...
hence change to the high level in each predetermined period
within one scanning period Q. Moreover, in a period from
the timing Tn-1 to the timing Tn, the TFT 6 of the first stage
RS(1) is turned on by the output signal OUT?2 of the second
stage RS(2) which has risen to the high level. Consequently,
the electric charge is accumulated in the node A1 of the first
stage RS(1), and the TFTs 2 and 5 are turned on while the
TFT 3 is turned off.

Then, in the timing Tn, when the clock signal CK1
changes to the high level, this signal is outputted from the
drain of the TFT 2 of the first stage RS(1) to the source, the
level of the output signal OUT1 varies to the high level.
Thereafter, when the clock signal CK1 falls until the timing
Tn+1, the output signal OUT1 changes to the low level.

Subsequently, in the timing Tn+1, the level of the control
signal D1 changes to the high level. As a result, the TFT 1 of
the first stage RS(1) is turned on, which discharges the elec-
tric charge accumulated in the node Al, thereby turning off
the TFTs 2 and 5 and turning on the TFT 3 in the second
stage RS(2). Moreover, before the control signal D2 changes
to the high level, no electric charge is accumulated in the
nodes Al to An in all of the stages RS(1) to RS(n), thus
maintaining the TFTs 2 and 5 in the ON stage and the TFT 3
in the OFF state.

The operation of the entire digital still camera according
to this embodiment will now be described, but this is the
same as the first embodiment except the following point.
Explaining a difference from the first embodiment, the angle
sensor 240 detects an angle of the lens until portion 202 with
respect to the camera main body portion 201 and inputs the
detection signal to the CPU 222. The CPU 222 then supplies
to the display portion 210 a control signal according to the
received detection signal.

In the display portion 210, the controller 150 switches the
control signals D1 and D2 and the voltage signals V1 and V2
supplied as the control signal group Gent to the gate driver
152 so that the forward shift can be effected, when the con-
trol signal indicating that the imaging lens 202a of the lens
unit 202 is provided on the opposite side of the display por-
tion 210 is supplied from the CPU 222. When the control
signal indicating that the imaging lens 202a is provided on
the display portion 210 side is supplied from the CPU 222,
the controller 150 switches the control signals D1 and D2
and the voltage signals V1 and V2 fed as the control signal
group Gent to the gate driver 152 so that the backward shift
can be performed.

Description will now be given as to the operation when an
image is picked up by the digital still camera according to
this embodiment, especially the relationship between the
direction of the lens unit portion 202 and an image displayed
in the display portion 210 by giving a specific example.
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Here, it is assumed that the mode setting key 212a is set in
the recording mode and the CPU 222 supplies to the display
portion 210 a control signal for changing a scanning direc-
tion (shift direction of the shift register constituting the gate
driver 152) of the display area 151 in accordance with a
detection signal of the angle sensor 240.

As shown in FIG. 23 A, description will be first give on the
operation of the digital still camera when picking up an
image of an object which exists in front of a camera operator.
In this case, the camera operator swivels the imaging lens
202a of the lens unit portion 202 in such a manner that it is
situated on the same side as the display portion 210 of the
camera main body portion 201, namely, the lens unit portion
202 is positioned at substantially 0° with respect to the cam-
era main body portion 201 and picks up an image. At this
time, the scanning direction of the display area 151 by the
gate driver 152 is the forward direction.

In this state, as shown in FIG. 23 A, the arrangement of the
pixels P(1, 1) to P(n, m) in the display area 151 matches with
the original vertical and horizontal directions of the display
area 151. Further, the vertical and horizontal directions of
the lens unit portion 202 matches with the original vertical
and horizontal direction of an image. At this time, horizontal
scanning from the left to the right and vertical scanning from
the top to the bottom in FIG. 23A in accordance with the
image formed by the imaging lens 202a cause an electrical
signal to be outputted from each pixel of the CCD imaging
device 220, and the corresponding image data is developed
in the VRAM area of the RAM 224.

On the other hand, in the display portion 210, the devel-
oped image data is fetched in accordance with a direction
indicted by a horizontal arrow shown in FIG. 23B and out-
putted to the first to m-th drain lines DL in the display area
151 within one horizontal period. Furthermore, the gate
driver 152 sequentially selects the gate lines GL in the order
from the first to the n-th gate lines (order from the top line to
the lower lines in FIG. 23B) in the display area 151.

As a result, the image data corresponding to the signal
outputted from the pixel which is originally provided on the
top in the CCD imaging device 220 is displayed on the
essentially upper pixel in the display area 151 (upper side in
FIG. 23B), and the image data corresponding to the signal
outputted from the pixel which is originally provided on the
left side in the CCD imaging device 220 is displayed on the
essentially left pixel (left side in FIG. 23B) in the display
area 151. Therefore, as shown in FIG. 23B, an image whose
direction is equal to that of the picked-up image.

Subsequently, as shown in FIG. 24 A, description will now
be given as to the operation of the digital still camera when
an object is provided on the display portion 210 side, for
example, when a camera operator him/herself is an object. In
this case, the camera operator swivels the imaging lens 202a
of the lens unit portion 202 in such a manner that this lens
comes to the opposite side of the display portion 210 of the
camera main body portion 201, namely he/she swivels the
lens unit portion 202 so as to be positioned at substantially
180° with respect to the camera main body portion 201 in
order to pick up an image. At this time, the scanning direc-
tion of the display area 151 by the gate driver 152 is the
backward direction.

In this state, as shown in FIG. 24A, the arrangement of the
pixels P(1, 1) to P(n, m) in the display area 151 is opposite to
the original vertical and horizontal directions of the display
area 151. Moreover, the vertical and horizontal directions of
the lens unit portion 202 match with the vertical and hori-
zontal directions of an image. At this time, horizontal scan-
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ning from the right and left and vertical scanning from the
top to the bottom in FIG. 24A cause an electrical signal to be
outputted from each pixel of the CCD imaging device 220,
and the corresponding image data is developed in the VRAM
area of the RAM 224.

On the other hand, in the display portion 210, the devel-
oped image data is fetched in accordance with the direction
indicated by a horizontal arrow shown in FIG. 24B and out-
putted to the first to the m-th drain liens DL in the display
area 151 within one horizontal period. In addition, the gate
driver 152 sequentially selects the gate lines GL in the order
from the first to the n-th gate lines (order from the lowest
gate line to the upper gate lines in FIG. 24B) in the display
area 151.

Consequently, the image data corresponding to the signal
outputted from the pixel which is originally provided on the
top in the CCD imaging device 220 is displayed on the
essentially lower pixel (lower side in FIG. 24B) in the dis-
play area 151, and the image data corresponding to the sig-
nal outputted from the pixel which is originally provided on
the left in the CCD imaging device 220 is displayed on the
essentially right pixel (right side in FIG. 24B) in the display
area 151. Therefore, as shown in FIG. 24B, a mirror of the
picked-up image is displayed.

As described above, in the shift register applied as the gate
driver 152 in the digital still camera according to this
embodiment, the TFT 1 functions as a transistor for accumu-
lating the electric charge in the nodes Al to An and the TFT
6 serves as a transistor for discharging the accumulated elec-
tric charge in case of the forward operation. On the other
hand, in case of the backward operation, the TFT 1 functions
as a transistor for discharging the electric charge accumu-
lated in the nodes Al to An and the TFT 6 acts as a transistor
for accumulating the electric charge.

Since the TFTs 1 and 6 can have such functions, a number
of'the TFTs 1 to 6 constituting the respective stages RS(1) to
RS(n) can be equal to that in the shift registers applied as the
gate driver 152 in the first embodiment. Therefore, an area
can not be increased as compared with that in the first
embodiment, and the relative area of the image display
region can not be small even if the gate driver 152 is formed
on the same substrate as that of the display area 151.

In addition, by applying the shift register capable of per-
forming shift operation in both the forward direction and the
backward direction to the gate driver 152, a mirror image of
an image picked up by the CCD imaging device 220 can be
displayed on the display portion 210 by only controlling the
control signal group Gent supplied to the controller 150 to
the gate driver 152. That is, in the digital still camera accord-
ing to this embodiment, the mirror image can be displayed
on the display portion 210 without executing the compli-
cated control for reading the image data developed in the
VRAM area.

In this embodiment, the gate driver 152 has the structure
shown in FIG. 20 and is constituted by the shift register
which operates in accordance with the timing chart shown in
FIG. 21 or 22 by the control signal outputted from the con-
troller 150. In this embodiment, however, the method for
driving the shift register applicable as the gate driver 152 is
not restricted thereto, and the structure of the shift register is
not limited thereto.

FIGS. 25 and 26 are timing charts showing another opera-
tion of the shift register illustrated in FIG. 20. In case of the
forward operation, as shown in FIG. 25, the voltage signal
V2 is maintained on the low level as similar to the case in
FIG. 21, but the voltage signal V1 rises to the high level only
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when the clock signal CK1 or CK2 is on the high level. For
example, in the period from the timing TO0 to T1, when the
control signal D1 changes to the high level, the clock signal
CK1 also rises to the high level so that the TFT 1 is turned on
in the first stage RS(1), thereby accumulating the electric
charge in the node Al.

On the other hand, in case of the backward operation, as
shown in FIG. 26, the voltage signal V1 is maintained on the
low level as similar to the case in FIG. 22, but the voltage
signal V2 rises to the high level only when the clock signal
CK1 or CK2 is on the high level. For example, in the period
from the timing T0 to the timing T1, when the control signal
D2 changes to the high level, the clock signal CK2 also rises
to the high level, and the TFT 1 is turned on in the n-th stage
RS(n), thereby accumulating the electric charge in the node

In these cases, the period in which a difference in potential
between the gate and the drain and between the source and
the drain of each of the TFTs 1 and 6 becomes shorter than
that in case of operating in accordance with the timing charts
shown in FIGS. 21 and 22. As a result, the voltage stress
applied to the TFTs 1 and 6 can be reduced, and the charac-
teristic is hardly deteriorated, thereby resisting use for a long
time.

FIG. 27 is a view showing a circuit structure of a further
shift register applicable as the gate driver 152 in this embodi-
ment. Giving description as to a difference from the shift
register shown in FIG. 20, the voltage signal V2 is supplied
to the drain of the TFT 1 and the voltage signal V1 is sup-
plied to the source of the TFT 6 in the odd-numbered stages
RS(1), RS(3), . . ., RS(n-1). The voltage signal V1 is sup-
plied to the drain of the TFT 1 and the voltage signal V2 is
fed to the source of the TFT 6 in the even-numbered stages
RS(2), RS@), . .., RS(n).

The operation of the shift register shown in FIG. 27 will
now be described with reference to the timing charts in
FIGS. 28 and 29. In case of the forward operation, in a
period from the timing T0 to the timing T1, when the control
signal D1 rises to the high level, the TFT 1 of the first stage
RS(1) is turned on, and the electric charge is accumulated in
the node A1 by the voltage signal V2 which has risen to the
high level. In a period from the timing T1 to the timing T2,
when the clock signal CK1 changes to the high level, the
output signal OUT1 of the first stage RS(1) rises to the high
level. This turns on the TFT 1 of the second stage RS(2), and
the electric charge is accumulated in the node A2 by the
voltage signal V1 which has risen to the high level.

In a next period from the timing T2 to the timing T3, when
the clock signal CK2 changes to the high level, the output
signal OUT2 of the second stage RS(2) rises to the high
level. This turns on the TFT 1 of the third stage RS(3), and
the electric charge is accumulated in the node A3 by the
voltage signal V2 which has risen to the high level.
Additionally, the TFT 6 of the first stage RS(1) is turned on
by the output signal OUT2 which has risen to the high level.
At this time, since the voltage signal V1 is on the low level,
the electric charge accumulated in the node A1 is discharged.

Thereafter, similarly, in a period from the timing Tn to the
timing Tn+1, when the clock signal CK2 changes to the high
level, the output signal OUTn of the n-th stage RS(n) rises to
the high level. Consequently, the TFT 6 of the n—1-th stage
RS(n-1) is turned on. Further, since the voltage signal V1 is
on the low level, the electric charge accumulated in the node
An-1 is discharged. Then, in the timing Tn+1, the control
signal D2 varies to the high level, and the TFT6 of the n-th
stage RS(n) is turned on. At this time, since the voltage
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signal V2 is on the low level, the electric charge accumulated
in the node An is discharged.

On the other hand, in case of the backward operation, in
the period from the timing T0 to the timing T1, when the
control signal D2 rises to the high level, the TFT 6 of the n-th
stage RS(n) is turned on, and the electric charge is accumu-
lated in the node An by the voltage signal V2 which has risen
to the high level. In the period from the timing T1 to the
timing T2, when the clock signal CK2 changes to the high
level, the output signal OUTn of the n-th stage RS(n) rises to
the high level. As a result, the TFT 6 of the n-1-th stage
RS(n-1) is turned on, and the electric charge is accumulated
in the node An-1 by the voltage signal V2 which has risen to
the high level.

In the next period from the timing T2 to the timing T3,
when the clock signal CK1 changes to the high level, the
output signal OUTn-1 of the n—1-th stage RS(n-1) rises to
the high level. Consequently, the TFT 1 of the n-th stage
RS(n) is turned on, and the voltage signal V1 is on the low
level, thereby discharging the electric charge accumulated in
the node An.

Thereafter, similarly, in the period from the timing Tn to
the timing Tn+1, when the clock signal CK1 changes to the
high level, the output signal OUT1 of the first stage RS(1)
rises to the high level. As a result, the TFT 1 of the second
stage RS(2) is turned on, and the voltage signal V1 is on the
low level, thereby discharging the electric charge accumu-
lated in the node A2. Then, in the timing Tn+1, the control
signal D1 varies to the high level, and the TFT 1 of the first
stage RS(1) is turned on. At this time, since the voltage
signal V2 is on the low level, the electric charge accumulated
in the node A1 is discharged.

FIG. 30 is a view showing a circuit structure of a still
further shift register applicable as the gate driver 152 in this
embodiment. Giving description as to a difference from the
shift register illustrated in FIG. 20, the voltage signal is sup-
plied to the drain of the TFT 1 and the voltage signal V4 is
fed to the source of the TFT 6 in the odd-numbered stages
RS(1), RS(3), . . ., RS(n-1). In the even-numbered stages
RS(2), RS4), . . ., RS(n), the voltage signal V1 is supplied
to the drain of the TFT 1, and the voltage signal V3 is sup-
plied to the source of the TFT 6.

The operation of the shift register shown in FIG. 30 will
now be explained with reference to the timing charts of
FIGS. 31 and 32. If the voltage signal fed to the source of the
TFT 6 in the odd-numbered stages RS(1), RS(3), . . ., RS(n-
1) is substituted by V4 and the voltage signal fed to the
source of the TFT 6 in the even-numbered stages RS(2),
RS@4), . . ., RS(n) is substituted by V3, the operation of this
shift register is substantially the same as that of the shift
register illustrated in FIG. 27.

In case of the forward operation shown in FIG. 31,
however, the source voltage (voltages signals V3 and V4) of
the TFT 6 in each of the stages RS(1) to RS(n) is maintained
on the low level. Furthermore, in case of the backward
operation shown in FIG. 32, the drain voltage (voltage sig-
nals V1 and V2) of the TFT 1 of each of the stages RS(1) to
RS(n) is maintained on the low level. That is, in regard to the
TFT 1 in the forward operation and the TFT 6 in the back-
ward operation, a period in which a difference in potential is
produced between the gate and the drain and the source of
the drain is short. Thus, since the voltage stress applied to the
TFTs 1 and 6 can be reduced, the device characteristic of the
TFTs 1 and 6 is hardly deteriorated, and a failure is unlikely
to occur even in use for a long time.

In each shift register described in this embodiment, the
high level of the voltage signals V1 to V4 supplied to the
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drain of the TFT 1 or the source of the TFT 6 may be lower
than the power supply voltage Vdd if it is a voltage level
which can successfully turn on the TFTs 2 and 5 by the
electric charge accumulated in the nodes Al to An.
Therefore, the voltage stress applied to the TFTs 1 and 6 as
well as the TFTs 2 and 5 can be smaller than that in case of
operating the shift register in accordance with each of the
above-mentioned timing charts.

The long normal operation is enabled by setting respective
values (W/L) of the TFT 1, the TFT 2, the TFT 3, the TFT 4,
the TFT 5 and the TFT 6 as values (W/L) of the TFT 21, the
TFT 25, the TFT 26, the TFT 23, the TFT 22 and the TFT 24
shown in Tables 1 and 2.

Other Embodiments

The present invention is not restricted to the above-
described first and second embodiments, and various modi-
fications and applications of this invention are possible.
Other embodiments to which the present invention is applied
will be described hereinafter.

In the second embodiment, the direction of the shift
operation by the shift register applied as the gate driver 152,
namely, the forward direction or the backward direction is
automatically set in accordance with an angle of the lens unit
portion 202 with respect to the camera main body portion
201 detected by the angle sensor 240. Selection of the for-
ward operation or the backward operation may be, however,
determined by a user manipulating keys of the key input
portion 212.

The example where the shift register illustrated in FIGS.
11,13,15, 18, 20, 27 and 30 is applied as the gate driver 152
of the liquid crystal display has been described. However,
the shift register may be used as a driver for selecting lines in
a display unit other than the liquid crystal display, for
example, a plasma display, a field emission display, an
organic EL display. Moreover, such a shift register may be
also used as a driver for driving an imaging device having
imaging pixels being aligned in a predetermined arrange-
ment (for example, a matrix arrangement) as shown in FIG.
10.

The shift register shown in FIGS. 11, 13, 15, 18, 20, 27
and 30 may be applied to any use other than that as a driver
for driving an imaging device or a display device. For
example, such a shift register can be also applied to the case
where serial data is converted into parallel data in a data
processor and the like.

The TFTs 1 to 6 constituting the shift register described in
the first and second embodiments are all of the n channel
type. On the other hand, the p channel type TFTs can be also
used. For example, when the TFTs which are all of the p
channel type are used, inverting the high and low levels of
each signal from those of the n channel type TFTs can suf-
fice.

In the first and second embodiments, although description
has been given as to the example where the present invention
is applied to the digital still camera for picking up a still
image, the present invention can be also applied to a video
camera using a liquid crystal display and the like for a finder
for picking up a moving image and visually confirming an
image which is in the shooting process. When the direction
of the liquid crystal display can swivel with respect to the
imaging lens in the video camera, the shift register described
in the second embodiment can be used as the gate driver for
the liquid crystal display to display an mirror image.

As described above, in the shift register according to the
present invention, fluctuations in the characteristic of the
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first or second transistor is reduced, and the stable operation
is enabled for a long time.

Further, by adjusting the high level of the first and second
voltage signals and its period, a failure of the first and second
transistor hardly occurs, thereby enabling the stable opera-
tion for a long time.

Furthermore, when accumulation of the electric charge in
the wiring of either the first or second transistor and dis-
charge of the accumulated electric charge can be switched,
the shift operation in both the forward direction and the
backward direction is enabled.

Moreover, an electronic apparatus in which the shift regis-
ter according to the present invention is applied as the driver
can be superior in the durability.

In addition, by applying the shift register capable of per-
forming the shift operation in the both forward and back-
ward directions as the driver, an image whose vertical direc-
tion is inverted can be readily displayed.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in
its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. A shift register comprising a plurality of stages electri-
cally connected to each other, each of said stages compris-
ing:

a first transistor having a first control terminal, which is
turned on by a signal on a predetermined level supplied
from one stage to said first control terminal, and outputs
said signal on a predetermined level from one end of a
first electric current path to the other end of said first
electric current path;

a second transistor having a second control terminal,
which is turned on in accordance with a voltage applied
to a wiring between said second control terminal and
the other end of said first electric current path of said
first transistor, and outputs a first or second signal sup-
plied from outside to one end of a second electric cur-
rent path as an output signal from the other end of said
second electric current path;

a load for outputting a power supply voltage supplied
from outside;

a third transistor having a third control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said third control terminal and the other
end of said first electric current path of said first
transistor, and outputs said power supply voltage,
which is fed from outside through said load, from one
end of a third electric current path to the other end of
said third electric current path so that said power supply
voltage outputted from said load is displaced to a volt-
age on a predetermined level; and

a fourth transistor having a fourth control terminal, which
is turned on in accordance with a voltage applied to a
wiring between said fourth control terminal and said
load, has one end of a fourth electric current path, con-
nected to the other end of said second electric current
path of said second transistor, and outputs a reference
voltage from the other end of said fourth electric cur-
rent path to one end of said fourth electric current path,

a first value indicative of a channel-width/a channel-
length of said fourth transistor being equal to or larger
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than a second value indicative of a channel-width/a
channel-length of said second transistor.

2. The shift register according to claim 1, further compris-
ing a fifth transistor having a fifth control terminal which
resets a voltage applied to said wiring between said second
control terminal of said second transistor and the other end
of said first electric current path of said first transistor by
turning on said fifth control terminal by an output signal of
the other stage.

3. A shift register comprising a plurality of stages electri-
cally connected to each other, each of said stages compris-
ing:

a first transistor having a first control terminal, which is
turned on by a signal on a predetermined level supplied
from one stage to said first control terminal, and outputs
said signal on a predetermined level from one end of a
first electric current path to the other end of said first
electric current path;

a second transistor having a second control terminal,
which is turned on in accordance with a voltage applied
to a wiring between said second control terminal and
the other end of said first electric current path of said
first transistor, and outputs a first or second signal sup-
plied from outside to one end of a second electric cur-
rent path as an output signal from the other end of said
second electric current path;

a third transistor having a third control terminal, which
outputs a power supply voltage from one end of a third
electric current path to the other end of said third elec-
tric current path;

a fourth transistor having a fourth control terminal, which
is turned on in accordance with a voltage applied to a
wiring between said fourth control terminal and the
other end of said first electric current path of said first
transistor, and outputs from one end of a fourth electric
current path to the other end of said fourth electric cur-
rent path said power supply voltage supplied from said
third transistor so that said power supply voltage out-
putted from said third transistor is displaced to a volt-
age on a predetermined level; and

a fifth transistor having a fifth control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said fifth control terminal and said third
transistor, has one end of a fifth electric current path
being connected to the other end of said second electric
current path of said second transistor, and outputs a
reference voltage from the other end of said fifth elec-
tric current path to one end of said fifth electric current
path,

a first value indicative of a channel-width/a channel-
length of said third transistor being larger than 20 of a
second value indicative of a channel-width/a channel-
length of said second transistor.

4. The shift register according to claim 3, further compris-
ing a sixth transistor having a sixth control terminal, which
resets a voltage applied to said wiring between said second
control terminal of said second transistor and the other end
of said first electric current path of said first transistor by
turning on said sixth control terminal by an output signal of
the other stage.

5. A shift register comprising a plurality of stages electri-
cally connected to each other, each of said stages compris-
ing:

a first transistor having a first control terminal, which is

turned on by a signal on a predetermined level supplied
from one stage to said first control terminal, and outputs
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said signal on a predetermined level from one end of a
first electric current path to the other end of said first
electric current path;

a second transistor having a second control terminal,
which is turned on in accordance with a voltage applied
to a wiring between said second control terminal and
the other end of said first electric current path of said
first transistor, and outputs a first or second signal sup-
plied from outside to one end of a second electric cur-
rent path as an output signal from the other end of said
second electric current path;

a third transistor having a third control terminal, which
outputs a power supply voltage from one end of a third
electric current path to the other end of said third elec-
tric current path;

a fourth transistor having a fourth control terminal, which
is turned on in accordance with a voltage applied to a
wiring between said fourth control terminal and the
other end of said first electric current path of said first
transistor, and outputs from one end of a fourth electric
current path to the other end of said fourth electric cur-
rent path said power supply voltage supplied from said
third transistor so that said power supply voltage out-
putted from said third transistor is displaced to a volt-
age on a predetermined level;

a fifth transistor having a fifth control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said fifth control terminal and said third
transistor, has one end of a fifth electric current path
being connected to the other end of said second electric
current path of said second transistor, and outputs a
reference voltage from the other end of said fifth elec-
tric current path to one end of said fifth electric current
path; and

a sixth transistor having a sixth control terminal, which
resets a voltage applied to said wiring between said
second control terminal of said second transistor and
the other end of said first electric current path of said
first transistor by turning on said sixth control terminal
by an output signal of the other stage,

a first value indicative of a channel-width/a channel-
length of said fifth transistor being larger than a second
value indicative of a channel-width/a channel-length of
said first transistor.

6. The shift register according to claim 5, wherein a third
value indicative of a channel-width/a channel-length of said
second transistor is larger than said second value.

7. The shift register according to claim 5, wherein said
first value is larger than a fourth value indicative of a
channel-width/a channel-length of said sixth transistor.

8. The shift register according to claim 5, wherein a third
value indicative of a channel-width/a channel-length of said
second transistor is larger than a fourth value indicative of a
channel-width/a channel-length of said sixth transistor.

9. The shift register according to claim 5, wherein said
second value is larger than a fifth value indicative of a
channel-width/a channel-length of said third transistor.

10. The shift register according to claim 5, wherein a
fourth value indicative of a channel-width/a channel-length
of'said sixth transistor is larger than a fifth value indicative of
a channel-width/a channel-length of said third transistor.

11. The shift register according to claim 5, wherein said
second value is larger than a sixth value indicative of a
channel-width/a channel-length of said fourth transistor.

12. The shift register according to claim 5, wherein a
fourth value indicative of a channel-width/a channel-length
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of said sixth transistor is larger than a sixth value indicative
of'a channel-width/a channel-length of said fourth transistor.

13. A shift register comprising a plurality of stages electri-
cally connected to each other, each stage of said shift register
comprising:

a first transistor having a first control terminal to which an
output signal of a stage on one side is supplied and one
end of an electric current path to which a first voltage
signal is supplied;

a second transistor having a second control terminal to
which an output signal of a stage on the other side is
supplied and one end of an electric current path to
which a second voltage signal is supplied; and

a third transistor having a third control terminal being
connected to the other end of each electric current path
of said first and second transistors, which is turned on
or off by said first or second voltage signal supplied to a
wiring between said third control terminal and said first
or second transistor through said first or second
transistor, and outputs as an output signal of the corre-
sponding stage from the other end of an electric current
path a first or second clock signal supplied to one end of
said electric current path when turned on,

at least one of said first and second transistors discharging
electric charge accumulated in said wiring by an output
signal of a stage on one side or the other side supplied
to said first or second control terminal.

14. The shift register according to claim 13, wherein one
of said first and second transistors of a stage on one end in a
plurality of said stages is turned on when a first control sig-
nal is supplied from outside to said control terminal, and
electric charge is thereby accumulated in said wiring; and

the other one of said first and second transistors of a stage
on the other end in a plurality of said stages is turned on
when a second control signal is supplied from outside
to said control terminal, and electric charge accumu-
lated in said wiring is thereby discharged.

15. The shift register according to claim 13, wherein by
switching levels of said first and second voltage signals,
electric charge is accumulated in said wiring through one of
said first and second transistors, and electric charge accumu-
lated in said wiring can be discharged through the other one
of said first and second transistors.

16. The shift register according to claim 15, wherein lev-
els of said first and second voltage signals are switched in
such a manner than one of said first and second voltage
signals is maintained on a low level.

17. The shift register according to claim 13, wherein a
phase of said first clock signal and that of said second clock
signal are different from each other by 180°.

18. The shift register according to claim 13, wherein
respective transistors constituting each stage of a plurality of
said stages are field effect transistors which are of the same
channel type.

19. The shift register according to claim 13, further com-
prising:

a fourth transistor having a fourth control terminal con-
nected to the other end of each electric current path of
said first and second transistors, which has on and off
timings synchronized with said third transistor, and dis-
charges from the other end of an electric current path a
signal supplied from a voltage source to one end of said
electric current path through a load when turned on;
and

a fifth transistor having a fifth control terminal connected
to said voltage source through said load, which is
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turned on by a signal connected from said voltage
source when said fourth transistor is turned off, and has
one end of an electric current path connected to the
other end of an electric current path of said third tran-
sistor.

20. An electronic apparatus comprising:

(A) a shift register comprising in each stage:

a first transistor having a first control terminal, which is
turned on by a signal on a predetermined level supplied
from one stage to said first control terminal, and outputs
said signal on a predetermined level from one end of a
first electric current path to the other end of said first
electric current path;

a second transistor having a second control terminal,
which is turned on in accordance with a voltage applied
to a wiring between said second control terminal and
the other end of said first electric current path of said
first transistor, and outputs a first or second signal sup-
plied from outside to one end of a second electric cur-
rent path as an output signal from the other end of said
second electric current path;

a third transistor having a third control terminal, which
outputs a power supply voltage from one end of a third
electric current path to the other end of said third elec-
tric current path;

a fourth transistor having a fourth control terminal, which
is turned on in accordance with a voltage applied to a
wiring between said fourth control terminal and the
other end of said first electric current path of said first
transistor, and outputs from one end of a fourth electric
current path to the other end of said fourth electric cur-
rent path said power supply voltage supplied from said
third transistor so that said power supply voltage out-
putted from said third transistor is displaced to a volt-
age on a predetermined level;

a fifth transistor having a fifth control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said fifth control terminal and said third
transistor, has one end of a fifth electric current path
being connected to the other end of said second electric
current path of said second transistor, and outputs a
reference voltage from the other end of said fifth elec-
tric current path to one end of said fifth electric current
path; and

a sixth transistor having a sixth control terminal, which
resets a voltage applied to said wiring between said
second control terminal of said second transistor and
the other end of said first electric current path of said
first transistor by turning on said sixth control terminal
by an output signal of the other stage; and

(B) a drive device driven in accordance with said output
signals from said second transistors of said shift
register,

a first value indicative of a channel-width/a channel-
length of said fifth transistor being larger than a second
value indicative of a channel-width/a channel-length of
said first transistor.

21. The electronic apparatus according to claim 20,
wherein a third value indicative of a channel-width/a
channel-length of said second transistor is larger than said
second value.

22. The electronic apparatus according to claim 20,
wherein said first value is larger than a fourth value indica-
tive of a channel-width/a channel-length of said sixth tran-
sistor.

23. The electronic apparatus according to claim 20,
wherein a third value indicative of a channel-width/a
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channel-length of said second transistor is larger than a
fourth value of a channel-width/a channel-length of said
sixth transistor.

24. The electronic apparatus according to claim 20,
wherein said second value is larger than a fifth value indica-
tive of a channel-width/a channel-length of said third transis-
tor.

25. The electronic apparatus according to claim 20,
wherein a fourth value indicative of a channel-width/a
channel-length of said sixth transistor is larger than a fifth
value indicative of a channel-width/a channel-length of said
third transistor.

26. The electronic apparatus according to claim 20,
wherein said second value is larger than a sixth value indica-
tive of a channel-width/a channel-length of said fourth tran-
sistor.

27. The electronic apparatus according to claim 20,
wherein a fourth value indicative of a channel-width/a
channel-length of said sixth transistor is larger than a sixth
value indicative of a channel-width/a channel-length of said
fourth transistor.

28. The electronic apparatus according to claim 20,
wherein said drive device includes a liquid crystal display
device.

29. The electronic apparatus according to claim 20,
wherein said drive device has a photosensor.

30. A shift register comprising a plurality of stages electri-
cally connected to each other, at least one of said stages
comprising:

a first transistor having a first control terminal, which is

turned on by a signal on a predetermined level supplied
from one stage to said first control terminal, and out-
puts a signal on a predetermined level from one end of a
first electric current path to the other end of said first
electric current path;

«

second tramsistor having a second control terminal,
which is turned on in accordance with a voltage applied
to a wiring between said second control tevminal and
the other end of said first electric current path of said
first transistor, and outputs a signal supplied from out-
side to one end of a second electric current path as an
output signal from the other end of said second electric
current path;

a load for outputting a power supply voltage supplied
from outside;

a third transistor having a thivd control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said third control terminal and the
other end of said first electric current path of said first
transistor, and outputs said power supply voltage,
which is fed from outside through said load, from one
end of a third electric current path to the other end of
said third electric current path so that said power sup-
ply voltage outputted from said load is displaced to a
voltage on a predetermined level; and

a fourth transistor having a fourth control tevminal, which
is turned on in accordance with a voltage applied to a
wiring between said fourth control terminal and said
load, has one end of a fourth electric current path,
connected to the other end of said second electric cur-
rent path of said second transistor, and outputs a refer-
ence voltage from the other end of said fourth electric
current path to one end of said fourth electric current
path;

wherein a first value indicative of a channel-width/a

channel-length of said fourth transistor is equal to or
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larger than a second value indicative of a channel-
width/a channel-length of said second transistor.

31. An electronic apparatus comprising:

(A) a shift register comprising a plurality of stages electri-
cally connected to each other, at least one of said stages
including:

a first transistor having a first control terminal, which is
turned on by a signal on a predetermined level supplied
from one stage to said first control terminal, and out-
puts a signal on a predetermined level from one end of a
first electric current path to the other end of said first
electric current path;

a second tramsistor having a second control terminal,
which is turned on in accordance with a voltage applied
to a wiring between said second control tevminal and
the other end of said first electric curvent path of said
first transistor, and outputs a signal supplied from out-
side to one end of a second electric current path as an
output signal from the other end of said second electric
current path;

a load for outputting a power supply voltage supplied
from outside;

a thivd transistor having a thivd control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said third control terminal and the
other end of said first electric current path of said first
transistor, and outputs said power supply voltage,
which is fed from outside through said load, from one
end of a third electric current path to the other end of
said third electric current path so that said power sup-
ply voltage outputted from said load is displaced to a
voltage on a predetermined level; and

a fourth transistor having a fourth control terminal, which
is turned on in accordance with a voltage applied to a
wiring between said fourth control terminal and said
load, has one end of a fourth electric current path,
connected to the other end of said second electric cur-
rent path of said second transistor, and outputs a refer-
ence voltage from the other end of said fourth electric
current path to one end of said fourth electric current
path; and

(B) a drive device driven in accovdance with said output
signal from said at least one second transistor of said
shift register;

wherein a first value indicative of a channel-width/a
channel-length of said fourth transistor is equal to or
larger than a second value indicative of a channel-
width/a channel-length of said second transistor.

32. A shift register comprising a plurality of stages electri-
cally connected to each other, at least one of said stages
comprising:

a first transistor having a first control terminal, which is

turned on by a signal on a predetermined level supplied
from one stage to said first control terminal, and out-
puts a signal on a predetermined level from one end of a
first electric current path to the other end of said first
electric current path;

a second tramsistor having a second control terminal,
which is turned on in accordance with a voltage applied
to a wiring between said second control tevminal and
the other end of said first electric curvent path of said
first transistor, and outputs a signal supplied from out-
side to one end of a second electric current path as an
output signal from the other end of said second electric
current path;
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a third transistor having a thivd control terminal, which
outputs a power supply voltage from one end of a third
electric current path to the other end of said third elec-
tric current path;

a fourth transistor having a fourth control tevminal, which
is turned on in accordance with a voltage applied to a
wiring between said fourth control terminal and the
other end of said first electric current path of said first
transistor, and outputs from one end of a fourth electric
current path to the other end of said fourth electric
current path said power supply voltage supplied from
said third transistor so that said power supply voltage
outputted from said third transistor is displaced to a
voltage on a predetermined level; and

a fifth transistor having a fifth control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said fifth control terminal and said
thivd transistor, has one end of a fifth electric current
path being connected to the other end of said second
electric current path of said second transistor, and out-
puts a reference voltage from the other end of said fifth
electric current path to one end of said fifth electric
current path;

wherein a first value indicative of a channel-width/a
channel-length of said third transistor is larger than Yo
of a second value indicative of a channel-width/a
channel-length of said second transistor.

33. An electronic apparatus comprising:

(A) a shift register comprising a plurality of stages electri-
cally connected to each other, at least one of said stages
including:

a first transistor having a first control terminal, which is
turned on by a signal on a predetermined level supplied
from one stage to said first control terminal, and out-
puts a signal on a predetermined level from one end of a
first electric current path to the other end of said first
electric current path;

a second transistor having a third control terminal, which
is turned on in accordance with a voltage applied to a
wiring between said second control terminal and the
other end of said first electric current path of said first
transistor, and outputs a signal supplied from outside to
one end of a second electric current path as an output
signal from the other end of said second electric current
path;

a third transistor having a thivd control terminal, which
outputs a power supply voltage from one end of a third
electric current path to the other end of said third elec-
tric current path;

a fourth transistor having a fourth control tevminal, which
is turned on in accordance with a voltage applied to a
wiring between said fourth control terminal and the
other end of said first electric current path of said first
transistor, and outputs from one end of a fourth electric
current path to the other end of said fourth electric
current path said power supply voltage supplied from
said third transistor so that said power supply voltage
outputted from said third transistor is displaced to a
voltage on a predetermined level; and

a fifth transistor having a fifth control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said fifth control terminal and said
thivd transistor, has one end of a fifth electric current
path being connected to the other end of said second
electric current path of said second transistor, and out-
puts a reference voltage from the other end of said fifth
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electric current path to one end of said fifth electric
current path; and

(B) a drive device driven in accovdance with said output

signal from said at least one second transistor of said
shift register;

wherein a first value indicative of a channel-width/a

channel-length of said third transistor is larger then Y20
of a second value indicative of a channel-width/a
channel-length of said second transistor.

34. A shift register comprising a plurality of stages electri-
cally connected to each other, at least one of said stages
comprising:

a first transistor having a first control terminal, which is

turned on by a signal on a predetermined level supplied
from one stage to said first control terminal, and out-
puts a signal on a predetermined level from one end of a
first electric current path to the other end of said first
electric current path;

«

second tramsistor having a second control terminal,
which is turned on in accordance with a voltage applied
to a wiring between said second control tevminal and
the other end of said first electric curvent path of said
first transistor, and outputs a signal supplied from out-
side to one end of a second electric current path as an
output signal from the other end of said second electric
current path;

«

thivd transistor having a third control terminal, which

outputs a power supply voltage from one end of a third

electric current path to the other end of said third elec-
tric current path;

a fourth transistor having a fourth control terminal, which
is turned on in accordance with a voltage applied to a
wiring between said fourth control terminal and the
other end of said first electric current path of said first
transistor, and outputs from one end of a fourth electric
current path to the other end of said fourth electric
current path said power supply voltage supplied from
said third transistor so that said power supply voltage
outputted from said third transistor is displaced to a
voltage on a predetermined level;

a fifth transistor having a fifth control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said fifth control terminal and said
thivd transistor, has one end of a fifth electric current
path being connected to the other end of said second
electric current path of said second transistor, and out-
puts a reference voltage from the other end of said fifth
electric current path to one end of said fifth electric
current path; and

a sixth transistor having a sixth control terminal, which
resets a voltage applied to said wiring between said
second control terminal of said second transistor and
the other end of said first electric curvent path of said
first transistor by turning on said sixth control terminal
by an output signal of the other stage;

wherein a first value indicative of a channel-width/a
channel-length of said fifth transistor is larger than a
second value indicative of a channel-width/a channel-
length of said first transistor.

35. An electronic apparatus comprising:

(A) a shift register comprising a plurality of stages electri-
cally connected to each other, at least one of said stages
including:

a first transistor having a first control terminal, which is

turned on by a signal on a predetermined level supplied



US RE40,673 E

43

from one stage to said first control terminal, and out-
puts a signal on a predetermined level from one end of a
first electric current path to the other end of said first
electric current path;

«

second tramsistor having a second control terminal,
which is turned on in accordance with a voltage applied
to a wiring between said second control tevminal and
the other end of said first electric current path of said
first transistor, and outputs a signal supplied from out-
side to one end of a second electric current path as an
output signal from the other end of said second electric
current path;

«

thivd transistor having a third control terminal, which
outputs a power supply voltage from one end of a third
electric current path to the other end of said third elec-
tric current path;

a fourth transistor having a fourth control tevminal, which
is turned on in accordance with a voltage applied to a
wiring between said fourth control terminal and the
other end of said first electric current path of said first
transistor, and outputs from one end of a fourth electric
current path to the other end of said fourth electric
current path said power supply voltage supplied from
said third transistor so that said power supply voltage
outputted from said third transistor is displaced to a
voltage on a predetermined level;

a fifth transistor having a fifth control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said fifth control terminal and said
thivd transistor, has one end of a fifth electric current
path being connected to the other end of said second
electric current path of said second transistor, and out-
puts a reference voltage from the other end of said fifth
electric current path to one end of said fifth electric
current path; and

a sixth transistor having a sixth control terminal, which
resets a voltage applied to said wiring between said
second control terminal of said second transistor and
the other end of said first electric current path of said
first transistor by turning on said sixth control terminal
by an output signal of the other stage; and

(B) a drive device driven in accordance with said output
signal from said at least one second transistor of said
shift register;

wherein a first value indicative of a channel-width/a
channel-length of said fifth transistor is larger than a
second value indicative of a channel-width/a channel-
length of said first transistor.

36. A shift register comprising a plurality of stages electri-

cally connected to each other, at least one of said stages
comprising:

a first transistor having a first control terminal to which a
signal of a stage on one side is supplied and one end of
an electric current path to which a first voltage signal
differing from said signal is supplied;

«

second transistor having a second control terminal to
which a signal of a stage on the other side is supplied
and one end of an electric current path to which a sec-
ond voltage signal is supplied; and

«

thivd transistor having a third control terminal being
connected to the other end of each electric current path
of said first and second transistors, which is turned on
or off by said first or second voltage signal supplied to a
wiring between said third control terminal and said
first or second transistor through said first or second
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transistor, and outputs as an output signal of the corre-
sponding stage from the other end of an electric current
path a clock signal supplied to one end of said electric
current path when turned on;

wherein at least one of said first and second transistors
discharges electric charges accumulated in said wiring
by a signal of a stage on one side or the other side
supplied to said first or second control terminal.

37. An electronic apparatus comprising:

(A) a shift register comprising a plurality of stages electri-
cally connected to each other, at least one of said stages
including:

a first transistor having a first control terminal to which a
signal of a stage on one side is supplied and one end of
an electric current path to which a first voltage signal
differing from said signal is supplied;

a second tramsistor having a second control terminal to
which a signal of a stage on the other side is supplied
and one end of an electric current path to which a sec-
ond voltage signal is supplied; and

a third transistor having a third control terminal being

connected to the other end of each electric current path
of said first and second transistors, which is turned on
or off by said first or second voltage signal supplied to a
wiring between said third control terminal and said
first or second transistor through said first or second
transistor, and outputs as an output signal of the corre-
sponding stage from the other end of an electric current
path a clock signal supplied to one end of said electric
current path when turned on;

wherein at least one of said first and second transistors
discharges electric charges accumulated in said wiring
by a signal of a stage on one side or the other side
supplied to said first or second control terminal; and

(B) a drive device driven in accovdance with said output
signal from said at least one third transistor of said
shift register.

38. A shift register comprising a plurality of stages electri-

cally connected to each other, at least one of said stages
comprising:

a first transistor having a first control terminal to which a
signal of a preceding stage is supplied and one end of a
first electric current path to which a first voltage signal
differing from said signal is supplied;

a second tramsistor having a second control terminal to
which a signal of a next stage is supplied and one end of
a second electric current path to which a second volt-
age signal is supplied; and

a third transistor having a third control terminal being
connected to the other end of each of the first and sec-
ond electric current paths of said first and second
transistors, which is turned on or off by said first or
second voltage signal supplied to a wiring between said
thivd control terminal and said first or second transistor
through said first or second transistor, and outputs as
an output signal of the corresponding stage from the
other end of a third electric current path a clock signal
supplied to one end of said electric current path when
turned on;

wherein at least one of said first and second transistors
discharges electric charges accumulated in said wiring
by a signal of said preceding stage or said next stage
supplied to said first or second control terminal.

39. An electronic apparatus comprising:

(A) a shift register comprising a plurality of stages electri-
cally connected to each other, at least one of said stages
including:
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a first transistor having a first control terminal to which a
signal of a preceding stage is supplied and one end of a
first electric current path to which a first voltage signal
differing from said signal is supplied;

a second transistor having a second control terminal to

which a signal of a next stage is supplied and one end of

a second electric current path to which a second volt-
age signal is supplied; and

a third transistor having a third control terminal being
connected to the other end of each of the first and sec-
ond electric current paths of said first and second
transistors, which is turned on or off by said first or
second voltage signal supplied to a wiring between said
thivd control terminal and said first or second transistor
through said first or second transistor, and outputs as
an output signal of the corresponding stage from the
other end of a third electric current path a clock signal
supplied to one end of said electric currvent path when
turned on;

wherein at least one of said first and second transistors
discharges electric charges accumulated in said wiring
by a signal of said preceding stage or said next stage
supplied to said first or second control terminal; and

(B) a drive device driven in accordance with said output
signal from said at least one third transistor of said
shift register.

40. A shift register comprising a plurality of stages electri-
cally connected to each other, at least one of said stages
comprising:

a first transistor having a first control terminal to which a
signal of a preceding stage is supplied and one end of a
first electric current path to which a first voltage signal
differing from said signal is supplied;

a second transistor having a second control terminal to

which a signal of a next stage is supplied an one end of

a second electric current path to which a second volt-
age signal is supplied;

a third transistor having a third control terminal being
connected to the other end of each of the first and sec-
ond electric current paths of said first and second
transistors, which is turned on or off by said first or
second voltage signal supplied to a wiring between said
thivd control terminal and said first or second transistor
through said first or second transistor, and outputs as
an output signal of the corresponding stage from the
other end of a third electric current path a clock signal
supplied to one end of said third electric current path
when turned on;

a fourth transistor having a fourth control tevminal, which
outputs a power supply voltage from one end of a fourth
electric current path to the other end of said fourth
electric current path;

a fifth transistor having a fifth control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said fifth control terminal and the other
end of said first electric current path of said first
transistor, and outputs from one end of a fifth electric
current path to the other end of said fifih electric cur-
rent path said power supply voltage supplied from said
fourth transistor so that said power supply voltage out-
putted from said fourth transistor is displaced to a volt-
age on a predetermined level; and

a sixth transistor having a sixth control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said sixth control tevminal and said
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fourth transistor, has one end of a sixth electric current
path being comnected to the other end of said third
electric current path of said third transistor, and out-
puts a reference voltage from the other end of said sixth
electric current path to one end of said sixth electric
current path;

wherein at least one of said first and second transistors
discharges electric charges accumulated in said wiring
by a signal of said preceding stage or said next stage
supplied to said first or second control terminal.

41. An electronic apparatus comprising:

(A) a shift register comprising a plurality of stages electri-
cally connected to each other, at least one of said stages
including:

a first transistor having a first control terminal to which a
signal of a preceding stage is supplied and one end of a
first electric current path to which a first voltage signal
differing from said signal is supplied;

a second tramsistor having a second control terminal to
which a signal of a next stage is supplied and one end of
a second electric current path to which a second volt-
age signal is supplied;

a third transistor having a third control terminal being
connected to the other end of each of the first and sec-
ond electric current paths of said first and second
transistors, which is turned on or off by said first or
second voltage signal supplied to a wiring between said
thivd control terminal and said first or second transistor
through said first or second transistor, and outputs as
an output signal of the corresponding stage from the
other end of a third electric current path a clock signal
supplied to one end of said third electric current path
when turned on;

a fourth transistor having a fourth control terminal, which
outputs a power supply voltage from one end of a fourth
electric current path to the other end of said fourth
electric current path;

a fifth transistor having a fifth control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said fifth control terminal and the other
end of said first electric current path of said first
transistor, and outputs from one end of a fifth electric
current path to the other end of said fifth electric cur-
rent path said power supply voltage supplied from said
fourth transistor so that said power supply voltage out-
putted from said fourth transistor is displaced to a volt-
age on a predetermined level; and

a sixth transistor having a sixth control terminal, which is
turned on in accordance with a voltage applied to a
wiring between said sixth control tevminal and said
fourth transistor, has one end of a sixth electric current
path being comnected to the other end of said third
electric current path of said third transistor, and out-
puts a reference voltage from the other end of said sixth
electric current path to one end of said sixth electric
current path;

wherein at least one of said first and second transistors
discharges electric charges accumulated in said wiring
by a signal of said preceding stage or said next stage
supplied to said first or second control terminal; and

(B) a drive device driven in accovdance with said output
signal from said at least one third transistor of said
shift register.



