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*Go0002* BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device. The semiconductor device
means any device which can function by using semiconductor characteristics. Further, the
present invention relates to a driving circuit of a display device. Additionally, the present
invention includes electronic equipment fabricated by using the driving circuit of the display
device. Note that, in the present specification, the display device includes a liquid crystal
display device obtained by using a liquid crystal element for a pixel, and a light emitting
display device obtained by using a self-luminous element such as an organic
electroluminescence (EL) element or the like. The driving circuit means a circuit for carrying
out a processing to input image signals to pixels arranged in the display device and to display
an image, and includes a pulse circuit such as a shift register or the like, and an amplifying
circuit such as an amplifier or the like.
2. Description of the Related Art

In recent years, a semiconductor device (a display device) in which a semiconductor
thin film is formed on an insulator, especially on a glass substrate, especially an active matrix
type display device using a thin film transistor (hereinafter referred to as a TFT) has come
into wide use remarkably. The a:t;/e matrix type display device using the TFT includes
hundreds of thousands to millions of pixels which are arranged so as to be formed into a

matrix shape. and an electric charge of each of the pixels is controlled by a TFT arranged in

cach of the pixels. so that an image 1s displaved.



Further, as a recent technique, a technique relating to a polysilicon TFT in which a
driving circuit is simultaneously formed using TFTs in a region around a pixel portion, in
addition to a pixel TFT constituting a pixel, has been developed, which greatly contributes to
the miniaturization of a device and the reduction in consumed electric power, and as a result
of that, the display device becomes an indispensable device for a display portion etc. of a
mobile information terminal an application field of which is remarkably expanded in recent
years.

As the semiconductor device (the driving circuit of the display device), a CMOS
circuit in which an N-type TFT and a P-type TFT are combined is usually employed. The
CMOS circuit is characterized by the following two points: a current flows only at an instant
when a logic is changed and a current does not flow during a period in which a certain logic is
held; and a current flows only at an instant when a logic is changed and there is only a minute
leak current during a period in which a certain logic is held (although the preferable leak
current is zero). The CMOS circuit has the foregoing two characteristics, thus the CMOS
circuit has advantages such that the consumed current in the whole circuit can be reduced, and
high speed driving can be excellently performed.

Note that, the term "logic" indicates an H level or an L level. Also, the term "logic
change" indicates that the H level is changed to the L level or the L level is changed to the H
level. -

As mobile electronic equipment_i-s— miniaturized and is reduced in weight, demand for
a display device using liquid crystal or self-luminous elements is rapidly increased, however,
from the viewpoint of the vield and the like, it is difficult to reduce the manufacturing cost to

the level sutticiently low. Itis casily supposcd that the demand is further rapidly increased in
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future, and accordingly, it is desired that the display device can be supplied more
inexpensively.

As a method of fabricating a driving circuit on an insulator, there is a common method
in which patterns of active layers, wiring lines and the like are formed through exposure
treatment and etching with a plurality of photomasks. However, the number of steps during
this processing directly influences the manufacturing cost, therefore it is ideal to manufacture
the device at the number of the steps as small as possible. Then, the driving circuit, which is
conventionally constituted by the CMOS circuit, is constituted by using TFTs the
conductivity type of which belongs to either of the N type or the P type. With this method, a
part of an ion doping step can be omitted, and the number of the photomasks can also be
decreased.

However, if the driving circuit is constructed by using TFTs the conductivity type of
which belongs to either of the N type or the P type, the following problem occurs. This
problem will be explained below.

Fig. 9A shows examples of a CMOS inverter (I) which is conventionally used in
general, and inverters (II) and (III) which are constituted by using TFTs of the polarity of any
one of the N type and the P type. The inverter (II) is a TFT load-type inverter, and the
inverter (III) is a resistance load-type inverter. Hereinafter, the respective operations will be
described. -

Fig. 9B shows a waveform of a signz:l‘i_nputted to the inverter. Here, it is assumed that
an input signal amplitude has VDD-GND (GND < VDD). Specifically, it is assumed that
GND =0 [V].

Note that, the toregoing term "VDD-GND" denotes a range from a potential denoted

by VDD to a potential denoted by GND  In the present specttication. a range of the potentials
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is referred by giving the symbol "-" in the middle of GND, VDD, and the like that denote
each of the potentials. For example, GND-VDD1 represents a range from the potential
denoted by GND to the potential denoted by VDD1. Also, in the present specification, as an
exception such as a gate-source voltage, there is a case where the symbol "-" is given in the
middle of a gate and a source. The gate-source voltage in this case denotes the voltage
generated between a gate electrode and a source of a transistor and does not denote the range
between the gate and the source.

A circuit operation will be explained. Note that, for clarification and simplification of
the explanation, it is assumed that the threshold voltages of N-type TFTSs constituting a circuit
are not irregular and are uniformly defined as VthN. Similarly, the threshold voltages of P-
type TFTs are uniformly defined as VthP.

When a signal as shown in Fig. 9B is inputted to the CMOS inverter in the state that
the potential of the input signal is at the H level (VDD), a P-type TFT 901 is turned OFF and
an N-type TFT 902 is turned ON, so that the potential of an output node comes to have the L
level (GND). On the contrary, when the potential of the input signal is at the L level, the P-
type TFT 901 is turned ON and the N-type TFT 902 is turned OFF, so that the potential of the
output node comes to have the H level (Fig. 9C).

Next, the operation of the TFT load-type inverter (II) will be described. Similarly a
case where a signal as shown-in Fig. 9B is inputted will be considered. First, when the input
signal is at the L level, an N-type TFT 904 is tumt;(TOFF. On the other hand, a load TFT 903
always operates under saturation condition, therefore the potential of an output node is raised
in a direction of the H level. On the other hand, when the input signal is at the H level, the N-

tvpe TFT 904 1s turned ON. Here, the current capacity ot the N-type TFT 904 s made
4



i

10

sufficiently higher than that of the load TFT 903, so that the potential of the output node is
lowered in a direction of the L level.

Also with respect to the resistance load-type inverter (III), similarly, if the ON
resistance value of an N-type TFT 906 is made sufficiently lower than that of a load resistor
905, when an input signal is at the H level, the N-type TFT 906 is turned ON, so that the
potential of an output node is lowered in a direction of the L level. When the input signal is at
the L level, the N-type TFT 906 is turned OFF, so that the potential of the output node is
raised in a direction of the H level.

However, when the TFT load type inverter or the resistance load-type inverter is used,
there is a problem as described below. Fig. 9D shows an output waveform of the TFT load-
type inverter. When the output is at the H level, the potential becomes lower than VDD by
the amount denoted by numeral 907. In the load TFT 903, when a terminal of an output node
side is a source, and a terminal of a power source VDD side is a drain, a gate electrode and a
drain region are connected to each other. Therefore, the potential of the gate electrode at this
time is VDD. Also, under the condition allowing the load TFT in an ON state, the gate-
source voltage of the TFT 903 is larger than VthN, resulting in that the potential of the output
node rises to at most a value (VDD - VthN) obtained by subtracting VthN from VDD. That is,
the value denoted by numeral 907 is equal to VthN. Further, according to the ratio of the
current capacity of the load TFT 903 to that of the N-type TFT 904, when the output potential
is at the L level, the potential becomes higher than GN_IS_by the amount denoted by numeral
908. In order to make this sufficiently close to GND, the current capacity of the N-type TFT
904 has to be set sufficiently high as compared with the load TFT 903. Similarly, Fig. 9E
shows an output wavetorm of the resistance load tvpe inverter. According to the ratio of the

resistance value ot the toad resistor 905 to the ON resistance ot the N-tvpe TFT 906. the
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potential becomes high by the amount indicated by numeral 909. That is, when the inverter
constituted by the TFTs of only one polarity shown here is employed, amplitude attenuation
of the output signal occurs relative to the amplitude of the input signal. In order to form the

driving circuit, the output has to be obtained without attenuating the amplitude.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above problem, and an object of
the invention is to provide a semiconductor device (a driving circuit of a display device)
which can be fabricated at low costs by using TFTs of only one polarity of either of an N type
or a P type to reduce manufacturing steps and which can obtain an output without amplitude
attenuation.

In the foregoing TFT load-type inverter (I1I) shown in Fig. 9A, consideration will be
given to a condition under which the amplitude of the output signal normally takes VDD-
GND. First, in a circuit as shown in Fig. 1A, when the potential of an output signal comes to
have the L level, a resistance value between the power source GND and an output node has
only to be sufficiently low as compared with a resistance value between the power source
VDD and the output node so that the potential is caused sufficiently close to GND. That is,
an N-type TFT 101 has only to be in an OFF state during a period in which an N-type TFT
102 is in an ON state. Second, when the potential of the output signal comes to have the H
level, in order to cause the potential equal to VDD, an absollzgvalue of a gate-source voltage
of the N-type TFT 101 has only to always exceed VthN. That is, in order to satisfy the
condition under which the H level of the output node becomes VDD. the potential of the gate
clectrode ot the N-type TFT 101 has to be set higher than a value (VDD + VthN) obtained by

adding the potential of the power source VDD to that ot the thieshold value VIhN. The power
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source supplied to the circuit includes only two kinds such as VDD and GND. Therefore, if
there is no third power source having a potential higher than VDD, the condition can not be
satisfied.

Then, in the present invention, means as described below is devised. As shown in Fig.
1B, a capacitance 103 is provided between the gate and the source of the N-type TFT 101.
The gate electrode of the N-type TFT 101 has some potential and is brought into a floating
state, and then the potential of the output node is raised, resulting in that with the rise of the
potential of the output node, the potential of the gate electrode of the N-type TFT 101 is also
raised by capacitance coupling with the capacitance 103. When this effect is used, it becomes
possible to make the potential of the gate electrode of the N-type TFT 101 higher than VDD,
more accurately, than the value (VDD + VthN) obtained by adding the potential of the power
source VDD and the potential of the threshold value VthN. Thus, the potential of the output
node is allowed to be raised sufficiently to VDD.

Note that, with respect to the capacitance 103 shown in Fig. 1B, a capacitance portion
may be actually fabricated, or a parasitic capacitance between the gate and the source of the
TFT 101 may be used.

The structure of the present invention will be described hereinbelow.

A semiconductor device according to the present invention is characterized by
comprising: a first transistor having a first impurity region connected to a first power source;
a second transistor having a first impurity region connected to a second power éo];rce; a third
transistor having a first impurity region connected to the first power source: and a fourth
transistor having a first impurity region connected to the second power source. wherein: the
tust to fourth transistors have a same conductivity type: a second impurity region of the first

transistor and a second impurity region of the second transistor are connected to one terminal
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of a capacitance; a second impurity region of the third transistor, a second impurity region of
the fourth transistor, and a gate electrode of the first transistor are connected to the other
terminal of the capacitance; a gate electrode of the second transistor and a gate electrode of
the fourth transistor are connected to an input signal line; and a gate electrode of the third
transistor is connected to the first power source.

A semiconductor device according to the present invention is characterized by
comprising: a first transistor having a first impurity region connected to a first power source;
a second transistor having a first impurity region connected to a second power source; a third
transistor having a first impurity region connected to the first power source; a fourth transistor
having a first impurity region connected to the second power source; and a capacitance,
wherein: the first to fourth transistors have a same conductivity type; a second impurity region
of the first transistor and a second impurity region of the second transistor are connected to
one terminal of the capacitance; a second impurity region of the third transistor, a second
impurity region of the fourth transistor, and a gate electrode of the first transistor are
connected to the other terminal of the capacitance; a gate electrode of the second transistor
and a gate electrode of the fourth transistor are connected to a first input signal line; and a

gate electrode of the third transistor is connected to a second input signal line.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are views for explaining the operation principle of a semic;)r;ductor
device (a driving circuit of a display device) of the present invention.

Figs. 2A to 2D are views showing an inverter of a basic mode of a semiconductor
device (a driving circuit ot a display device) of the present invention and waveforms of its

inpulroutput signals.
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Figs. 3A to 3C are views showing connection examples in which an inverter of a basic
mode of a semiconductor device (a driving circuit of a display device) of the present
invention is used by connecting a plurality of stages thereof.

Figs. 4A to 4D are views showing a level shifter shown as an example of a
semiconductor device (a driving circuit of a display device) of the present invention and
waveforms of its input/output signals.

Figs. 5A and 5B are views for explaining the operation of a level shifter and showing
a structural example of the level shifter, respectively.

Fig. 6 is a view showing a structural example of a two-input type level shifter in a case
where-an inversion signal is included.

Fig. 7 is a schematic view showing a display device fabricated by applying the present
invention.

Figs. 8A to 8G are views showing examples of electronic equipment to which a
semiconductor device (a driving circuit of a display device) of the present invention is applied.

Figs. 9A to 9E are views showing structures of a conventional CMOS inverter and
load type inverters, and waveforms of respective input/output signals.

Figs. 10A and 10B are views for explaining input signals and circuit operations of a

four-TFT type inverter and a three-TFT type inverter.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 2A shows an embodiment of a semiconductor device (a driving circuit of a
display device) of the present invention, which is a circuit functioning as an inverter. The
circunt 1s constituted by N-type TFTs 201 to 204, and a capacitance 205, and a portion

surrounded by a dotted line frame 206 is equivalent to the circuit shown in Fig. 1A. A portion
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surrounded by a dotted line frame 210 forms an output amplitude compensating circuit. The
output amplitude compensating circuit 210 is formed for bringing a floating state to a gate
electrode of the N-type TFT 203, and as long as the same function is obtained, the circuit is
not limited to the structure of Fig. 2A.

In the circuit of Fig. 2A, an input signal is inputted to gate electrodes of the N-type
TFT 202 and the N-type TFT 204. The N-type TFT 201 functions as a load, and an output
given from a circuit constituted by the N-type TFTs 201 and 202 is inputted to the gate
electrode of the N-type TFT 203. Note that, in Fig. 2A, an output node given from the circuit
constituted by the N-type TFTs 201 and 202 is referred as a.

The operation of the circuit will be described in sequence. Note that, power source
potentials are referred as VDD and GND, and the amplitude of an input signal is referred as
VDD (H level)-GND (L level). First, when the potential of the input signal is at the H level,
the N-type TFTs 202 and 204 are turned ON. Here, since a gate electrode and a drain region
are connected, the N-type TFT 201 operates in a saturated state, however, the current capacity
of the N-type TFT 202 is set sufficiently higher than the current capacity of the N-type TFT
201, resulting in that the potential of the node a is lowered to the GND. Accordingly, the N-
type TFT 203 is turned OFF, and the output of the L level appears at the output node.

Subsequently, when the potential of the input signal is at the L level, the N-type TFTs
202 and 204 are turned OFF. Thus, the potential of the node a is raised to the VDD side, and
when the potential becomes the value (Vdd - VthN) obtained by subtracting the threshold
value VthN from the power source VDD, the floating state is once obtained. On the other
hand. when the potential of the node a starts to rise, the N-type TFT 203 is turned ON before
long. and the potential of the output node 1s raised to the VDD side. When the node « is

brought nto the {loating state, the potential of the output node remains to continue its rise.
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Therefore, as the potential of the output node is raised, the potential of the node « in the
floating state also rises by the existence of the gate-source capacitance 205 of the N-type TFT
203. Accordingly, the potential of the node a is allowed to be higher than a value (VDD +
VthN) obtained by adding the power source VDD and the threshold value VthN. Thus, the
output of the H level appears at the output node, and the potential at this time becomes equal
to VDD.

By the above operation, the amplitude of the output signal can be obtained without
attenuation relative to the amplitude of the input signal. A method of raising the potential by
using the capacitance coupling that is conducted between two positions as stated above is
called a bootstrap method. Fig. 2B shows a waveform of the input signal of the circuit shown
in Fig 2A, Fig. 2C shows a waveform of the potential at the node a, and Fig. 2D shows a
waveform of the output signal. In Fig 2C, a potential denoted by numeral 208 is a potential
(VDD - VthN) which is lower than VDD by VthN, and the potential of the node o is raised by
the amount denoted-by numeral 207 through the bootstrap. As a result, as shown in Fig. 2D,
when the output node is at the H level, the potential rises to VDD, and the output signal
having the amplitude of VDD-GND can be obtained.

In the semiconductor device (the driving circuit of the display device) of the present
invention, although the amplitude compensation of the output signal that is carried out by the
bootstrap method is constructed as the base of the operation, at that time, it is assumed that
the gate electrode of the TFT using the capacitance coupling is in the floating state. Figs. 10A
and 10B show structural examples of circuits using the bootstrap method. Fig. 10A shows a
basic structure of a semiconductor device (a driving circuit of a display device) of the present
imvention, 1 which a node a 15 1n a floating state, to thereby raise the potential of the node a

by using a gate-source capacitance 1005 ot a TFT 1003. and then compensate the amplitude
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of an output signal by that. Fig. 10B shows a circuit constituted by three TFTs, and similarly,
in which a node 3 is in a floating state, to thereby raise the potential of the node B by using a
gate-source capacitance 1009 of the TFT 1007, and then compensate the amplitude of an
output signal by that.

Next, consideration will be given to the amplitude of an input signal and a power
source potential. Now, a power source potential at a high potential side is referred as VDD; a
power source potential at a low potential side, GND; the amplitude of an input signal (in),
VDD-GND; and inb, an inversion signal of the input signal. Here, consideration will be given
to the states of the node a and the node B in the case where the amplitudes of the signals in
and inb have respectively VDD3-GND. The power source GND, the power source VDD3,
the power source VDD, the threshold value VthN, and the value (VDD - VthN) obtained by
subtracting the threshold value VthN from the power source VDD satisfy the relation of GND
< VthN < VDD3 < (VDD - VthN). In Fig. 10A, when the signal inb is at the H level, the
potential of the gate electrode of the N-type TFT 1001 becomes VDD3. VthN < VDD3 is
satisfied, with the result that the N-type TFT 1001 is turned ON, the potential of the node « is
raised to the VDD side, and then the floating state is obtained when the potential becomes the
value (VDD3 - VthN) obtained by subtracting the threshold value VthN from the power
source VDD3. That is, if the H level of the signal inb exceeds VthN, the node a can be
securely brought into the floating state, and the operation of raising the potential of the gate
electrode of the N-type TFT 1003 is enabled by the bootstrap. On the other hand, in Fig. 10B,
the potential of the gate electrode of the N-type TFT 1006 is always VDD. Therefore, when
the signal inb is at the H level, the potential of the node B is raised to VDD3. However, now,
VDD3 < (VDD - VthN) 1s satisfied. resulting in that the N-type TFT 1006 always takes the

ON state irrespective of the potennal of the input signal. Thus, the node § does not enter the
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floating state. Accordingly, the potential of the node B can not be raised by the bootstrap.
That is, in the case of the circuit shown in Fig. 10B, in order that the node 8 enters the
floating state, there is a minimum condition under which at least the H level is not lower than
(VDD - VthN) when the L level of the signal inb is GND. Accordingly, it is disadvantageous
in view of low voltage driving and fluctuation in characteristics of TFTs.

As stated above, in the case where the amplitude of an input signal is smaller than a
power source voltage, under a certain specific condition, there is a fear that the floating state
can not be given to the node § in the structure as shown in Fig. 10B. On the other hand, in the
structure of the present invention shown in Fig. 10A, there is a merit that enables the node a
to securely bring into the floating state.

The present invention having the structure as described above can provide a
semiconductor device which can be fabricated at low cost by using TFTs of only one polarity
of either of the N type or the P type to reduce the manufacturing steps and which can obtain
the output without amplitude attenuation.

Hereinafter, examples of the present invention will be described.

[Example 1]

In this example, circuits in which a plurality of stages of inverters are connected using
the present invention will be described with reference to Figs. 3A to 3C.

Fig. 3A shows a circuit in which a plurality of stages of inverters each of which is a
mode of a semiconductor device (a driving circuit of a display device) of the present
invention are connected. In the driving circuit of the display device or the like, such a circuit
ts often used as a buffer. In the semiconductor device of the present invention shown in Fig.
3A. manutacturing steps are reduced by using TFTs of only one polanty of either of the N

tvpe or the P otype. so that 1t can be fabricated at low cost.  Further. an output without
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amplitude attenuation can be obtained. However, in the case where the circuit as shown in
Fig. 3A is employed, the following point should be noted in view of consumed electric power
of the circuit.

In Fig. 3A, when an input signal is at the H level, an N-type TFT 302 is turned ON.
Here, an N-type TFT 301 functions as a load in which its gate and drain are short-circuited,
and always operates in saturation. Thus, when the N-type TFT 302 is turned ON, a through
current flows between VDD and GND. The same applies to TFTs 303, 304 and 305, 306 of
respective stages. As a result, consumed current becomes large.

As an example for avoiding such a problem, as shown in Fig. 3B, a method of using a
two-input type inverter can be mentioned. In the case of such a circuit, in TFTs arranged
between VDD and GND, polarities of input signals are always opposite to each other.
Therefore, an exclusive operation is carried out, so that a through current does not flow.

However, in the case where the circuit of Fig. 3B is used, it is necessary to prepare
two-phase signals of inversion and non-inversion as input signals.

Then, as the configuration of combination of both the semiconductor device shown in
Fig. 3A and the semiconductor device shown in Fig. 3B, as shown in Fig. 3C, the one-input
type inverter of the present invention is used for the first stage, and the two-input type
inverters are used for the second stage and the following. As the inputs of the second stage,
the output signal of the former stage is inputted as one of them, and the input signal of the
former stage is inputted as the other. Thus, the circuit can be used as a buffer which is of one-
input type and in which the through current is suppressed to a minimum.

In the semiconductor device of the present invention having the structure as described
above. since the manufacturing steps can be reduced by using the TFTs of only one polarity
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of either of the N type or the P type, it can be fabricated at low cost, and the output without
amplitude attenuation can be obtained.

[Example 2]

A semiconductor device (a driving circuit of a display device) of the present invention
can easily function as a level shifter by giving a potential which is different from an amplitude
potential of an input signal as a power source potential supplied to a circuit. An example will
be described below.

First, as power source potentials, three potentials such as GND, VDD1, and VDD2 are
considered, and it is assumed that they have the magnitude relation of GND < VDD1 < VDD2.
At this time, consideration will be given to a case where a signal having an amplitude of
GND-VDDI1 is inputted and is converted into a signal having an amplitude of GND-VDD?2,
and then the signal is extracted.

Fig. 4A shows an example. The structure of a circuit may be the same as the
embodiment and the example 1. The amplitude of an input signal has GND-VDD]1, and
potentials of power sources connected to ends of impurity regions of N-type TFTs 401 and
403 are referred as VDD2.

The operation of the circuit will be described. Fig. 4B shows a waveform of an input
signal. The signal having an amplitude of GND-VDD]1 is inputted to gate electrodes of N-
type TFTs 402 and 404. When-the input signal is at the H level, the N-type TFTs 402 and 404
are turned ON, the potential at a node « is loweredTo_the GND side, and the N-type TFT 403
is turned OFF. Thus, the potential at the output node comes to have the L level.

When the input signal is at the L level. the N-type TFTs 402 and 404 are turned OFF,
and the potential at the node a is raised to the VDD2 side. Accordingly. the N-type TFT 403

is turned ON. and the potential of the output node nses. On the other hand. at the node a.
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when the potential becomes the value (VDD?2 - absolute value of threshold voltage of the N-
type TFT 403) obtained by subtracting the absolute value of the threshold voltage of the N-
type TFT 403 from the power source VDD?2, it is brought into the floating state. Thereafter,
as the potential of the output node rises, the potential of the node a is further raised by a
capacitance coupling 405 existing between the gate and source of the N-type TFT 403, and
then takes a potential higher than VDD2 (Fig. 4C). Thus, the potential of the output node
comes to have the H level, and the signal having the amplitude of GND-VDD?2 is outputted (a
solid line of Fig. 4D).

As the reason why the circuit shown in this example can be easily used as the level
shifter, it is possible to mention a point that a signal input of a low voltage amplitude is not
applied to gate electrodes of the TFTs 401 and 403 connected to the high potential side power
source (VDD2). In a two-input type circuit shown in Fig. 5A, even if a signal of a low
voltage amplitude is inputted to a TFT 501 connected to a high potential side power source
(VDD?2), the potential of a node  can rise at most to the vicinity of VDD1. Accordingly, a
TFT 503 can not be sufficiently turned ON as well, and the gate electrode potential of the
TFT 503 can not be raised by using capacitance coupling, so that a normal operation thereof
can not be achieved.

Thus, in the case where heavy load is applied immediately after the level shifter
shown in this example and a strueture such as a buffer is required. as shown in Fig. 5B, it is
necessary that two stages of one-input type circuils_;;e used and all amplitudes of input
signals thereafter are made high voltage amplitudes. In Fig. 5B, TFTs to which a signal of a
low voltage amplitude is inputted are limited to TFTs of a portion surrounded by a dotted line
lrame 306. and when two stages of one-input type circuits are connected, signals of high
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voltage amplitudes are inputted to two inputs (inputs to gate electrodes of TFTs 507 and 508)
of a third stage, so that the normal operation can be carried out.

In the case where signals for performing amplitude conversion include inverted
signals, a structure may be adopted in which mutual output signals are used as inverted inputs
of a next stage. Fig. 6 shows an example. Input signals are denoted by "in" and "inb", and
are respectively inputted to gate electrodes of TFTs 602 and 614. The output of a first stage
level shifter 650 is inputted to second stage TFTs 606 and 617, and the output of a first stage
level shifter 660 is inputted to second stage TFTs 605 and 618. Both of the signals inputted to
the second stage are ones of high voltage amplitudes, therefore, subsequent level shifters
normally function as buffers, and then output signals "out" and "outb" are obtained from the
final stage.

In the semiconductor device of the present invention having the structure as described
above, the manufacturing steps can be reduced by using the TFTs of only one polarity of
either of the N type or the P type, resulting in that it can be fabricated at low cost, and the
output without amplitude attenuation can be obtained.

[Example 3]

In this example, a description will be given on an example in which a display device is
fabricated by using a semiconductor device (a driving circuit of a display device) of the
present invention. -

Fig. 7 is a schematic view of a display device. A sougsignal line driving circuit 701,
a gate signal line driving circuit 702, and a pixel portion 703 are fabricated so as to be
integrated on a substrate 700. In the pixel portion. a portion surrounded by a dotted line 710
tHustrates one pixel. The example of Fig. 7 shows a pixel of a liquid crystal display device,

and onc TFT (hereinafter referred to as a pixel TFT) controls an electric charge applied to one
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electrode of a liquid crystal element. Signal inputs to the source signal line driving circuit
701 and the gate signal line driving circuit 702 are supplied from the outside through a
flexible print circuit (FPC) 704.

The substrate having the pixel TFT and the driving circuits may be manufactured in
accordance with a known method, for example, as disclosed in U.S. Patent 5,889,291 issued
to Koyama et al. Also, it is possible to crystallize a semiconductor film for an active layer of
the TFTs by utilizing a metal element for promoting crystallization although other known
methods can be used for crystallization. Such a method of using the metal element is
disclosed, for example, in U.S. Patent 5,643,826 issued to Ohtani et al. The entire disclosures
of these U.S. patents 5,889,291 and 5,643,826 are incorporated herein by reference.

The display device shown in this example is constructed by using the semiconductor
device (the driving circuit of the display device) of the present invention, and the driving
circuits constituting the whole display device including the pixel portions are fabricated by
using only TFTs (for example, N-type TFTs) of one polarity same as that of the pixel TFT.
Thus, an ion doping step for giving the P type to a semiconductor layer can be omitted, and
this can contribute to a reduction in manufacturing cost and an improvement in yield.

Although the polarity of the TFT constituting the display device of this example is the
N type, according to the present invention, needless to say, it becomes possible to constitute
the driving circuit and the pixel TFTs by using only P-type TFTs. In this case, an ion doping
ste'f;) to be omitted is one for giving the N type to a semiconductor layer. Also, the present
invention can be applied to not only the liquid crystal display device but also any device as
long as it is fabricated by integrally forming a driving circuit on an insulator.

[Example 4]
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A semiconductor device (a driving circuit of a display device) of the present invention
can be applied to fabrication of a display device used for various electronic equipment. Such
electronic equipment includes a portable information terminal (electronic notebook, mobile
computer, portable telephone, etc.), a video camera, a digital camera, a personal computer, a
television, a portable telephone, and the like. Figs. 8A to 8G show examples of those.

Fig. 8A shows a liquid crystal display (LCD) which is constituted by a housing 3001,
a supporting stand 3002, a display portion 3003, and the like. The semiconductor device (the
driving circuit of the display device) of the present invention can be applied to the fabrication
of the display portion 3003.

Fig. 8B shows a video camera which is constituted by a main body 3011, a display
portion 3012, an audio input portion 3013, an operation switch 3014, a battery 3015, an image
receiving portion 3016, and the like. The semiconductor device (the driving circuit of the
display device) of the present invention can be applied to the fabrication of the display portion
3012.

Fig. 8C shows a notebook personal computer which is constituted by a main body
3021, a housing 3022, a display portion 3023, a keyboard 3024, and the like. The
semiconductor device (the driving circuit of the display device) of the present invention can
be applied to the fabrication of the display portion 3023.

Fig. 8D shows a portable information terminal which is constituted by a main body
3031, a S£y1us 3032, a display portion 3033, an operation button 3034?z_m external interface
3035, and the like. The semiconductor device (the driving circuit of the display device) of the
present invention can be applied to the fabrication of the display portion 3033.

Fig. 8E shows a sound reproducing system, specifically an on-vehicle audio apparatus,

wiuch s constituicd by a main body 3041, a display portion 3042, operation switches 3043
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and 3044, and the like. The semiconductor device (the driving circuit of the display device)
of the present invention can be applied to the fabrication of the display portion 3042.
Additionally, although the on-vehicle audio apparatus is illustrated in this example, the
invention can also be used for a portable or household audio apparatus.

Fig. 8F shows a digital camera which is constituted by a main body 3051, a display

portion (A) 3052, an eyepiece portion 3053, an operation switch 3054, a display portion (B)
3055, a battery 3056, and the like. The semiconductor device (the driving circuit of the
display device) of the present invention can be applied to the fabrication of the display portion
(A) 3052 and the display portion (B) 3055.
- Fig. 8G shows a portable telephone which is constituted by a main body 3061, an
audio output portion 3062, an audio input portion 3063, a display portion 3064, an operation
switch 3065, an antenna 3066, and the like. The semiconductor device (the driving circuit of
the display device) of the present invention can be applied to the fabrication of the display
portion 3064.

Note that, the examples set forth above are merely examples, and the present invention
is not limited to these applications.

According to the semiconductor device (the driving circuit of the display device) of
the present invention, it becomes possible to constitute a driving circuit of a display device
and a pixel portion of a display device by use of only TFTs of one conductivity type. Also,
fabricating steps of the display device are reduced, to thereby contribute to a reductio}l in cost
and an improvement in yield. As a result, the display device can be supplied more
inexpensively.  Further, by employing the present invention, the semiconductor device

capable of obtaining the output without amplitude attenuation can be provided.
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WHAT IS CLAIMED IS:

1. A semiconductor device comprising:

a first transistor having a first impurity region connected to a first power source;

a second transistor having a first impurity region connected to a second power source;

a third transistor having a first impurity region connected to the first power source;
and

a fourth transistor having a first impurity region connected to the second power source,
wherein:

- the first to fourth transistors have a same conductivity type;

a second impurity region of the first transistor and a second impurity region of the
second transistor are connected to one terminal of a capacitance;

a second impurity region of the third transistor, a second impurity region of the fourth
transistor, and a gate electrode of the first transistor are connected to the other terminal of the
capacitance;

a gate electrode of the second transistor and a gate electrode of the fourth transistor are
connected to an input signal line; and

a gate electrode of the third transistor is connected to the first power source.

2. A semiconductor device comprising:

a first transistor having a first impurity region connected to a first power source;

a second transistor having a first impurity region connected to a second power source;
a third transistor having a first impurity region connected to the first power source:
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a fourth transistor having a first impurity region connected to the second power source,
wherein:

the first to fourth transistors have a same conductivity type;

a second impurity region of the first transistor and a second impurity region of the
second transistor are connected to one terminal of a capacitance;

a second impurity region of the third transistor, a second impurity region of the fourth
transistor, and a gate electrode of the first transistor are connected to the other terminal of the
capacitance;

a gate electrode of the second transistor and a gate electrode of the fourth transistor are
connected to a first input signal line; and

a gate electrode of the third transistor is connected to a second input signal line.

3. A semiconductor device according to claim 2, wherein the second input signal line
is the signal line to which an inversion signal of a signal inputted to the first input signal line

is inputted.

4. A semiconductor device according to claim 1, wherein the capacitance uses a

capacitance between the gate electrode of the first transistor and one of the impurity regions.

5. A semiconductor device according to claim 2, wherein the capacitance uses a

capacitance between the gate electrode of the first transistor and one of the impurity regions.

22



[y

6. A semiconductor device according to claim 1, wherein the capacitance is a
capacitance constituted by using any two materials of an active layer material, a material

forming the gate electrodes, and a wiring material.

7. A semiconductor device according to claim 2, wherein the capacitance is a
capacitance constituted by using any two materials of an active layer material, a material

torming the gate electrodes, and a wiring material.

8. A semiconductor device according to claim 1, wherein the one conductivity is an

N-channel type.

9. A semiconductor device according to claim 2, wherein the one conductivity is an

N-channel type.

10. A semiconductor device according to claim 1, wherein the one conductivity is a

P-channel type.

11. A semiconductor device according to claim 2, wherein the one conductivity is a

P-channel type.

12. A semiconductor device according to claim 1, wherein:

the one conductivity is an N-channel type:
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a potential at a time when the input signal is at an H level is equal to a third power
source potential, and a potential at a time when the input signal is at an L level is equal to a
fourth power source potential; and

a relation of a second power source potential the fourth power source potential < the

b third power source potential a first power source potential is satisfied.

13. A semiconductor device according to claim 2, wherein:
the one conductivity is an N-channel type;
a potential at a time when the input signal is at an H level is equal to a third power
10 source potential, and a potential at a time when the input signal is at an L level is equal to a
fourth power source potential; and
a relation of a second power source potential the fourth power source potential < the

third power source potential a first power source potential is satisfied.

) 14. A semiconductor device according to claim 1, wherein:
the one conductivity is a P-channel type;
a potential at a time when the input signal is at a H level is equal to a third power
source potential, and a potential at a time when the input signal is at a L level is equal to a
fourth power source potential; and
20 a relation of a first power source potential the fourth power source potential < the

third power source potential a second power source potential is satisfied.

5. A semiconductor device according to claim 2, wherein:

the one conductivity 1s a P-channel type:
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a potential at a time when the input signal is at a H level is equal to a third power
source potential, and a potential at a time when the input signal is at a L level is equal to a

fourth power source potential; and

a relation of a first power source potential the fourth power source potential < the

third power source potential a second power source potential is satisfied.

16. A semiconductor device according to claim 1, wherein the semiconductor device

is one selected from the group consisting of an inverter, a buffer, and a level shifter.

17. A semiconductor device according to claim 2, wherein the semiconductor device

is one selected from the group consisting of an inverter, a buffer, and a level shifter.

18. A semiconductor device according to claim 1, wherein the semiconductor device
is applied to an electronic equipment selected from the group consisting of a liquid crystal
display, a video camera, a notebook personal computer, a portable information terminal, an

on-vehicle audio apparatus, a digital camera and a portable telephone.

19. A semiconductor device according to claim 2, wherein the semiconductor device
is applied to an electronic equipment selected from the group consisting of a liquid crystal
display, a video camera, a notebook personal computer, a portable information terminal, an

on-vehicle audio apparatus, a digital camera and a portable telephone.

20 A display device having at least one driving circuit, the driving circuit

COMPrising:
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a first transistor having a first impurity region connected to a first power source;
a second transistor having a first impurity region connected to a second power source;
a third transistor having a first impurity region connected to the first power source;

and

a fourth transistor having a first impurity region connected to the second power source,

[y}

wherein:

the first to fourth transistors have a same conductivity type;

a second impurity region of the first transistor and a second impurity region of the
second transistor are connected to one terminal of a capacitance;

[0 a second impurity region of the third transistor, a second impurity region of the fourth
transistor, and a gate electrode of the first transistor are connected to the other terminal of the
capacitance;

a gate electrode of the second transistor and a gate electrode of the fourth transistor are
connected to an input signal line; and

[) a gate electrode of the third transistor is connected to the first power source.

21. A display device having at least one driving circuit, the driving circuit
comprising:
a first transistor having a first impurity region connected to a first power source;
20 a second transistor having a first impurity region connected to a second power source;
a third transistor having a first impurity region connected to the first power source;
a fourth transistor having a first impurity region connected to the second power source.
wherein:

the first to tourth transistors have a same conductivity type;
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a second impurity region of the first transistor and a second impurity region of the
second transistor are connected to one terminal of a capacitance;

a second impurity region of the third transistor, a second impurity region of the fourth
transistor, and a gate electrode of the first transistor are connected to the other terminal of the
capacitance;

a gate electrode of the second transistor and a gate electrode of the fourth transistor are
connected to a first input signal line; and

a gate electrode of the third transistor is connected to a second input signal line.
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