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t . Field of the Invention  The present invention relates to the art of
electric circuits. Meanwhile, the invention belongs to a technical field of
a semiconductor device having an electric circuit as represented by a
source-follower circuit, a differential amplifier circuit, a sense
amplifier and an operational amplifier, a signal-line drive circuit and a
photoelectric converter element. 2. Description of the Related Art The
integrated circuit (IC), for broad use recently on a cellular phone or
personal digital assistant, is formed with transistors or resistors as many
as several hundreds of thousands to several millions on a silicon substrate
in a size of nearly a 5-mm square. This plays an important role in device
miniaturization and reliability 15 improvement, and device mass production.
In designing an electric circuit for use on an integrated circuit (IC) or
the like, it 20 25 is frequent cases to design an amplifier circuit having
a function to amplify a voltage or current of a signal small in amplitude.
The amplifier circuit is broadly used because of a circuit requisite for
eliminating strain occurrence to stably operate an electric circuit.
Herein, explained is the configuration and operation of a source-follower
circuit, as one example of amplifier circuit. At first, a configuration
example of source-follower circuit will be shown in Fig. 5A to explain an
operation in a steady state. Next, an operating point of the
source-follower circuit will be explained, by using Figs. 5B and SC.
Finally, an example of source-follower circuit different in configuration
from Fig. 5A will be shown in Figs. GA and 6B, to explain an operation in a
transient state. At first, a steady state operation is explained by using a
source-follower circuit in Fig. 5A. In Fig. 5A, 1 1 is an n-channel
amplifier transistor while 12 is an n-channel bias 30 transistor. Note
that, although the amplifier transistor 11 and bias transistor 12 in Fig.
~A is of an n-channel type, configuration may be by the use of p-channel
transistors. l-ler(:In, the amplifier transistor 1 1 and the bias
transistor 12 are assumably the same in characteristic and sire. for
simplification sake. It is further assumed that the current characteristic
of them is ideal. Namely, it is supposed that, even if the amplifier
transistor 1 i or bias transistor 12 is changed in its source-to-drain
voltage, there is no change in saturation-region current value. Meanwhile,
the amplifier transistor 11 has a drain region connected to a power line 13
and a source region connected to a drain region of the bias transistor 12.
The bias transistor 12 has a source region connected to a power line 14. 10
The gate electrode of the bias transistor 12 is applied by a bias potential
Vb. A power-source potential (high potential power) Vdd, is applied onto
the power line 13 while a ground potential (low potential power) VSS (= OV)
is applied onto the power line 14. In the source-follower circuit of Fig.
5A, the gate electrode of the amplifier 15 transistor 11 is made as an
input terminal so that an input potential V;n can be inputted to the gate
electrode of the amplifier transistor 11. Also, the source region of the
amplifier transistor 11 is made as an output terminal so that the potential
on the source region of the amplifier transistor 11 provides an output
potential Vo",. The gate electrode of the bias transistor 12 is applied by
a bias voltage Vb. When the bias transistor 12 operates in 20 a saturation
region, a current denoted by Ib assumably flows. At this time, because the
amplifier transistor 11 and the bias transistor 12 are in a series
connection, the same amount of current flows through the both transistors.
Namely, when a current Ib flows through the bias transistor 12, a current
Ib flows also through the amplifier transistor 11. Herein, determined is an
output potential Vo", in the source-follower circuit. 25 The output
potential Vo", is lower in value than the input potential V,n, by an amount
of the gate-to-source voltage VsS~ of the amplifier transistor 11. At this
time, the input potential V,n, the output potential Von, and the
gate-to-source voltage Vss~ have a relationship satisfying the following
Equation (1). Vuul = Vin ' Vgsl ... (1) 3U In the case the amplifier
transistor 11 is operating in the saturation region, in   



order to flow a current lb through the amplifier transistor 1 1 there is a
necessity that the gate-to-;ounce voltage V~,, of the ampOfier tranSlstol'
11 is equal to a bias potential V,, (gate-to-source voltage of the bias
transistor 12). It So, the following Equation (2) is held, However,
Equation (2) is held only when the amplifier transistor 1 1 and the bias 5
transis~or 12 operate in the saturation region. V~~, = V", - Vh ... (2)
Next explained is an operating point of the source-follower circuit by
using Figs. 5B and 5C showing a relationship of between a voltage and a
current of the amplifier transistor 11 and bias transistor 12. More
specifically, explanation is made on 10 a case that the gate-to-source
voltage Vss~ of the amplifier transistor 11 is same in value as the
gate-to-source voltage Vssz of the bias transistor 12, by using Fig. 5B.
Next explained is a case that the gate-to-source voltage Vsst of the
amplifier transistor 11 is different in value from the gate-to-source
voltage Vssz of the bias transistor 12 wherein, i_. for example, the bias
transistor 12 is operating in a linear region, by using Fig. 5C. 15 In Fig.
5B, the dotted line 21 shows a relationship between a voltage and a current
when the amplifier transistor 11 has a gate-to-source voltage Vssi of Vb.
The solid line 22 shows a relationship between a voltage and a current when
the bias transistor 12 has a gate-to-source voltage Vssz of Vb. Meanwhile,
in Fig. SC, the dotted line 21 shows a relationship between a voltage and a
current when the amplifier 20 transistor 11 has a gate-to-source voltage
Vsst of Vb. The solid line 22 shows a relationship between a voltage and a
current when the bias transistor 12 has a gate-to-source voltage Vssz of
Vh'. In Fig. 5B, the gate-to-source voltage VbSt of the amplifier
transistor 11 and the gate-to-source voltage Vbsz of the bias transistor 12
are in the same value, and further the 25 bias potential Vb and the
gate-to-source voltage Vssz of bias transistor 12 are in the same value.
Consequently, the gate-to-source voltage Vsst of the amplifier transistor
11 is in the same value as the bias potential Vb. Namely, this results in
Vs~, = Vssz = Vb. The amplifier transistor 11 and the bias transistor 12
are operating in the saturation region, as shown in Fig. 5B. At this time,
the input potential V,~ and the output potential Vo", have 30 a
relationship in a linear form.   On the other hand, m Fig. 5C. the;
gate-to-source voltage V,_,, of the ampl~lier Ll~~lrlvlslol' I 1 is in a
value different from the gate-to-source voltage: V~~= of bias transistor
12. Furthermore, the gate-to-source voltage V~,~ oI bias transistor 12 is
~n a same value a> the bias voltage Vh. Meanwhile, it is assumed that the
gate-to-source voltage Vs,i of 5 the amplifier transistor 11 is at the bias
voltage V,,'. Namely, this results in V~~~ = Vh alld i; Vbs; = Vh'. As
shown n Fig. 5C, the amplifier transistor 11 is operating in the saturation
region while the bias transistor 12 is operating in the linear region. At
this time, the input potential V,n, the output potential Vo~, and the bias
potential Vh' have a relationship satisfying the following Equation (3). IU
Vou~ = Vin - uh Provided that the current flowing upon operating of the
bias transistor 12 in the linear region is taken Ib', lb' < Ib is given.
Namely, by having Vh' < Vh, the both values of the input potential V,n and
current Ib' decrease. Thereupon, the bias potential Vh' also decreases. At
this time, the input potential V,n and the output potential Vo~, have a 15
non-linear relationship. Summarizing the above, in order to increase the
amplitude of the output potential Vo~t in the source-follower circuit in a
steady state, it is preferred to decrease the bias potential Vh. This is
because of the following two reasons. The first reason is that the output
potential Vo~, can be increased at a small bias 20 potential Vh, as shown
in Equation (2). The second reason is that, in the case of a great bias
potential Vh value, the bias transistor 12 readily operate in the linear
region at a decreased input potential V;n. In case the bias transistor 12
operates in the linear region, the input potential V,n and the output
potential V~u, are ready to have a non-linear relationship. 25
Incidentally, because the bias transistor 12 is required in a conduction
state, there is a need to provide a greater value of bias potential Vh than
a threshold voltage of the bias transistor 12. So far explained was the
operation in a steady state of the source-follower circuit. Subsequently,
explanation is made on the operation of the source-follower 3U circuit in a
transient state, by using Figs. 6A and 6B. -4   The source-follower circuit
shown in Figs. 6A and 6B has a configuration designed by adding a
capacitance element 15 to the circuit of Fig. 5A. The capacitance clement
15 has one terminal connected to the source region of the amplifier
transistor 11 and the other terminal connected to the power line l1. A
ground potential V5, is applied onto the power line 16. The capacitance
element 15 has a same potential difference at between its both electrodes
as the output potential V~~, of the source-follower circuit. Herein,
explained is the operation in a case of Vo", < V,~ - Vb, by using Fig. 6A.
Next explained is the operation in a case of Vo", > V,~ - V," by using Fig.
6B. 10 At first, explanation is made on the operation in a transient state
of the source-follower circuit in the case of Vo", < V,~ - Vb, by using
Fig. 6A. In Fig. 6A, when t = 0, the gate-to-source voltage Vssl of the
amplifier 



transistor 11 has a greater value than the gate-to-source voltage VsSz of
the bias transistor 12. Consequently, a great current flows through the
amplifier transistor 11 to 15 promptly hold charge on the capacitance
element 15. Thereupon, the output potential Vo", increases to decrease the
gate-to-source voltage V~S~ value of the amplifier transistor 11. As time
elapses (t = tl, t> > 0), the amplifier transistor 11 goes into a steady
state when its gate-to-source voltage VsS~ becomes equal to the bias
potential Vb. At this 20 time, the output potential Vo~,, the input
potential V", and the bias potential Vb have a relationship satisfying the
foregoing Equation (2). Summarizing the above, in the case of Vo~, < V,~ -
Vb, the gate-to-source voltage Vfis~ of the amplifier transistor 11 is
greater in value than the bias potential Vb. Accordingly, a great current
flows through the amplifier transistor 11, to promptly hold 25 charge on
the capacitance element 15. Hence, the time may be short that is required
for the capacitance element 15 to hold predetermined charge, in other words
the time required in writing a signal to the capacitance element 15. Next,
explanation is made on the operation in a transient state of the
source-follower circuit in the case of Vo", > V", - V,,, by using Fig. 6B.
30 In Fig. 6B, when t = 0, the gate-to-source voltage Vss~ of the amplifier
_5_   transistor 1 I has a smaller value than the threshold voltage of the
amplific~ transistor 1 1. Consequently, the amplifier transistor 11 is in a
non-conducUOn state. The charge stored on the capacitance element 1 ~ flows
in a diri:ct ion toward the ground potential V~s through the bias
transistor 12, finally being discharged. At this time, because the
gate-to-source voltage V52 of the bias transistor 12 is in the same value
as the bias potential Vh, the current flowing through the bias transistor
12 is Ib. As time elapses (t = tt, tl > 0), the output potential Vo",
decreases while the gate-to-source voltage Vss~ of the amplifier transistor
11 increases. When the gate-to-source voltage V~S~ of the amplifier
transistor 11 becomes equal to the bias 11) potential Vb, a steady state is
entered. At this time, the output potential V~u,, the input potential V",
and the bias potential Vb have a relationship satisfying the foregoing
Equation (2). Note that, in the steady state, the output potential Vo~~ is
kept at a constant value, and charge does not flow to the~capacitance
element 15. Thus, a current Ib flows through the amplifier transistor 11
and bias transistor 12. 15 Summarizing the above, in the case of Vo~~ > V~~
- Vh, the time for the capacitance element 15 to hold predetermined charge,
in other words the write time of a signal to the capacitance element 15,
relies upon the current Ib flowing through the bias transistor 12. The
current Ib relies upon a magnitude of the bias potential Vb. Accordingly,
in order to increase the current Ib and shorten the write time of a signal
to 20 the capacitance element 15, a necessity is raised to increase the
bias potential Vb. Incidentally, as a method of correcting for
threshold-voltage variation of a transistor, there is a method that
variation is observed by an output of a circuit a signal has been inputted
and thereafter the variation is inputted and fed back thereby carrying out
a correction (e.g. see Non-Patent Document 1). 25 [Non-Patent Document] H.
Sekine et al, "Amplifier Compensation Method for a Poly-Si TFT LCLV with an
Integrated Data-Driver", IDRC' 97, p. 45-48. The foregoing operation of the
source-follower circuit is to be carried out on an assumption the amplifier
transistor 11 and the bias transistor 12 have the same characteristic.
However, for the both transistors, variation occurs in the threshold 30
voltage or mobility due to gathering of the factors, such as of variation
in gate length (L), _p_   gate width (W) and gate insulating film
thicl<nesS or variation in channel-region crystal slam caused dui: to the
dilierence in fabrication proccas or SubsUate used. 1=or c;xample) it is
assumed, in Fig. ~A, that there is variation of 1 V provided that the
amplifier transistor 11 has a threshold of 3 V and the bias transistor 12
has a 5 threshold of 4 V. If so, in order to flow a current Ib, there is a
need to apply a voltage for the gate-to-source voltage Vss~ of the
amplifier transistor 11 lower by 1 V than the gate-to-source voltage V~Sz
of the bias transistor 12. Namely, V~y, = V~ - 1 results. If so, Vo", = V",
- Vss, = V;~ - Vb + 1 results. Namely, in case variation occurs even by 1 V
in the threshold voltage of the amplifier transistor 11 and bias transistor
12, variation is 10 also caused in the output potential Vo~~. The present
invention has been made in view of the above problems. It is a problem to
provide an electric circuit suppressing against the affection of transistor
characteristic variation. More specifically, it is a problem, in an
electric circuit having a function of current amplification, to provide an
electric circuit capable of supplying a 15 desired voltage while
suppressing against the affection of transistor characteristic variation.
SUMMARY OF THE INVENTION 



The present invention uses an electric circuit configured as in the
following, in 20 order to solve the foregoing problems. An electric circuit
shown in Fig. 3A is configured with a reference constant-current source 21,
a switching element 22 having a switching function (hereinafter, denoted as
SW 22), an n-channel transistor 23 and a capacitance element 24. The
transistor 23 has a source region connected to a power line 25 and a drain
25 region connected to the reference constant-current source 21. The
transistor 23 has a gate electrode connected to one terminal of the
capacitance element 24. The other terminal of the capacitance element 24 is
connected to the power line 25. The capacitance element 24 has a role to
hold a gate-to-source voltage Vss of the transistor 23. Meanwhile, the
power line 25 is applied with a ground potential VSS. 31) In Figs. 3A - 3C,
the transistor 23 is assumably of an n-channel type. This,   however, as
not limitative, i.c. configuration v possible with a p-channel type. The
electric circuit of Fig. 3A sets with a potential dif(erencc at between the
both electrodes of the capacitance element, i.c. a gate-to-source voltage
of a trawistor. such that a current t7owing between the source and the
drain of the transistor is equal to 5 a signal current hi,,,;, (referred
also to as a reference current) caused to flow by the reference
constant-current source. In Fig. 3A, the sw 22 is on. At this time, the
signal current h,~,d, set by the reference constant-current source 21,
flows in a direction toward the power line 25. At this time, the current
Id;,(~ is branched into I, and IZ to flow. Incidentally, the current Iddcd
10 satisfies Id~", = I~ + I2. In an instant a current begins to flow from
the reference constant-current source 21, no charge is held on the
capacitance element 24. Consequently, the transistor 23 is off.
Accordingly, this results in IZ = 0 and Idd,d = I~. Then, charge gradually
builds up on the capacitance element 24, to begin 15 causing a potential
difference at between the both electrodes of the capacitance elements 24.
When the potential difference at between the both electrodes becomes a
threshold voltage of the transistor 23, the transistor 23 turns on to give
IZ > 0. Because of Id;,~,, = It + IZ as in the foregoing, the current
remains flowing despite I~ gradually decreases (point A, Figs. 3C and 3D).
20 The potential difference at between the both electrodes of the
capacitance element 24 provides a gate-to-source voltage for the transistor
23. Consequently, charge storage is continued to the capacitance element 24
until the transistor 23 reaches a voltage (VGS) capable of flowing a signal
current as a desired current. Completing the charge storage (point B, Figs.
3C and 3D), the current I, ceases to flow. Furthermore, 25 because the
transistor 23 is on, Id;~,d = IZ results. Subsequently, the sw 22 is turned
off as shown in Fig. 3B. Because the VGS written in the foregoing operation
is held on the capacitance element 24, the transistor 23 is on.
Furthermore, a current equal to the signal current Id,,,~ flows through the
drain region of the transistor 23. At this time, by allowing the transistor
23 to operate in a 3t) saturation region, even if there is a change in the
source-to-drain voltage of the transistor   2;. the dram current of the
transistor 2~i can Clove without a c:hungc m tl~c vnlu~ tfmrc:oi. As m the
Coregoing, in order to cause a current same as a 5i~nal ~umnt set m the
reterence constant-current source to flow to a paruculac transistor, n
`~m~-to-source voltage may be set of that transistor. In the invention,
setting is possible by holding the 5 gate-to-source voltage of the
transistor due to a capacitance element connected to that transistor. By
utilizing the voltage held on the capacitance element, it is possible to
suppress against the affection of transistor characteristic variation. The
method of utilizing a voltage held on a capacitance element can use the
method shown in the below. The voltage held on a capacitance element is
held as it is, 10 and a signal voltage (e.g. video signal voltage) is
inputted to one terminal of the capacitance element. If doing so, the gate
electrode of the transistor is inputted by a voltage that the voltage held
on the capacitance element is added to the signal voltage. As a result, the
gate electrode of the transistor is inputted by a value having the voltage
held on the capacitance element added to the signal voltage. Namely, in the
invention, 15 even where characteristic variation occurs between
transistors, the transistor a signal voltage is to be inputted is inputted
by a value that a voltage held on each capacitance element each transistor
is connected is added to the signal voltage. Accordingly, an electric
circuit can be provided that is suppressed against the affection of the
characteristic variation between transistors. 20 Note that the mechanism
for adding a voltage held on a capacitance element to a signal voltage is
to be explained by the charge conservation law. The charge conservation law
represents a fact that the arithmetic sum in amount of positive electricity
and negative electricity is constant in total electricity amount. The
invention can use a transistor using any material or transistor processed
by 25 any means or manufacture method or transistor in any type. For
example, a thin-film transistor (TFT) may be used. The TFT may use a
semiconductor layer formed of any of amorphous, poly-crystal and single
crystal ones. As another transistor, the transistor may be the one
fabricated on a single-crystal substrate or transistor made on an SOI
substrate. Besides, the transistor may be formed of an organic material or
carbon nano 3U tube. Furthermore, MOS transistors or bipolar transistors
are also applicable. _c~   BRIEF DESCRIPTION OF TI IfDRAWINGS hig. 1 cs a
diagram explaining the operaUon of a voum:c-lollown cnc:uU of the present
invention; 5 Figs. 2A and 2B are diagrams expJaming the operalon of the
source-follower circuit of the invention; Figs. 3A to 3D are diagrams
explaining the configuration and operation of an 



electric circuit of the invention; Figs. 4A to 4H are figures of electronic
apparatus to which the invention is to 10 be applied; Figs. SA to SC are
diagrams explaining the operation of the source follower circuit; Figs. 6A
and 6B are diagrams explaining the operation of the source follower
circuit; 1S Figs. 7A and 7B are diagrams showing a source-follower circuit
of the invention; Figs. 8A and 8B are diagrams showing a source-follower
circuit of the Invention; Fig. 9 is a diagram showing a source-follower
circuit of the invention; 20 Fig. 10 is a diagram showing a differential
amplifier circuit of the invention; Fig. 11 is a diagram showing a
differential amplifier circuit of the invention; Figs. 12A and 12B are
diagrams showing an operational amplifier of the invention; Figs. 13A and
13B are diagrams showing an operational amplifier of the 2S invention;
Figs. 14A to 14C are diagrams showing a semiconductor device of the
invention; Fig. 15 is a diagram showing a pixel and bias circuit of the
semiconductor device of the invention; 30 Figs. 16A and 16B are diagrams
explaining the configuration of the electric - lU    circmt of the
invcnlion: I'y~. 1 ~ m a cdy~ram of a signal-line dove ciic:uU of the
Invention; 1-t~~ I~s as a cHagtatn of the wgnal-line drive circuO of the
mvi:nUOn; Fig 1 O na a (llalgralll eXplallllll~ the operation of the
signal-line drive circuit of the Invention; Figs. 2UA and 2UB are diagrams
showing a reference constant-current source; Figs. 21A to 21F are diagrams
showing a reference constant-current source; Figs. 22A to 22E are diagrams
showing a reference constant-current source; Figs. 23A and 23B are diagrams
showing a reference constant-current source; 1 U Fig. 24 is a diagram
showing a source-follower circuit of the invention; Figs. 25A and 25B are
diagrams showing a source-follower circuit of the invention; Figs. 26A an
26B are diagrams showing a source-follower circuit of the _ i;. IllVentlOn;
15 Fig. 27 is a diagram showing a source-follower circuit of the invention;
Figs. 28A and 28B are diagrams showing a source-follower circuit of the
invention; Fig. 29 is a diagram showing a source-follower circuit of the
invention; Fig. 30 is a diagram showing a differential amplifier circuit of
the invention; 20 Fig. 31 is a diagram showing a differential amplifier
circuit of the invention; Fig. 32 is a diagram showing a differential
amplifier circuit of the invention; Fig. 33 is a diagram showing a
differential amplifier circuit of the invention; Fig. 34 is a diagram
showing a differential amplifier circuit of the invention; Fig. 35 is a
diagram showing a differential amplifier circuit of the invention; 25 Fig.
36 is a diagram showing a differential amplifier circuit of the invention;
Fig. 37 is a diagram showing a differential amplifier circuit of the
invention; Figs. 38A and 38B are diagrams showing an operational amplifier
of the invention; Figs. 39A and 39B are diagrams showing an operational
amplifier of the 3() invention; -11   



I-y~. -111 ns n clt~t~oam oU a synnl-Ime dmw cacuit of thc: invcntton; I
y~. ~( i, a diayam of a synal-Itnc: clrtvc circuO of the tnvcnW tn; and Ip.
-12 m a clia`~ram vxplaimng the opcralon of the synal-Imp clrivc cm:uU of
the tnventton. DETAILED DESCRIPTION OF THE PREFERRED EMD07IMENTS
(Embodiment 1] This embodiment shows a source-follower circuit as an
example of an electric circuit of the present invention, the configuration
and operation of which will be 10 explained using Figs. 1, 2A and 2B. First
explained is a configuration of the source-follower circuit of the
invention, by using Figs. 1, 2A and 2B. In Figs. 1, 2A and 2B, 111 is an
n-channel amplifier transistor, and 112 is an - i: . n-channel bias
transistor. 113 and 114 are capacitance elements. Meanwhile, 115 - 118, 15
120, l27, 128 are elements having switching functions, which preferably use
semiconductor elements, such as analog switches, configured by transistors.
In this case, the semiconductor devices are merely switches and hence not
especially limited in their polarities. l26 is a reference constant-current
source having a capability to flow a 20 constant current. The reference
constant-current source 126 is configured by a semiconductor element of a
transistor or the like. In the present specification, a reference
constant-current source 126 configured by transistor will be explained in
its one example in Embodiment 6. This can be made reference to
conveniently. l23 - 125 are power lines, i.e. the power line 123 is applied
with a power source 2~ potential V~a~ while the power line 124 is with a
ground potential VSS. The power line 125 is applied with a power source
potential V~i~,~. The power source potential V~,~,t applied to the power
line 123 and the power source potential V~~,2 applied to the power line 125
may be the same or different in value. However, the power source potential
V~,~,Z applied to the power line 125 is required to be set at a value that
the reference 3() constant-current source 126 is allowed to normally
operate as a constant-current source. -l2   I~or exalllplc, where the
reference con,tant-~urr~n~ ,orircc 12~~ utilrics a saturation region of a W
rn,rstor to configure the current ~ourc:c, throe ra a need to wt at a value
in a r<rnge the U~ansW or is <rllowed to operate in the ~aturatu~n region.
Although this embodiment shows the Case the amplifier translstol 11 l and
bias i transistor 1 12 are of the n-channel type, the invention is not
limited to this, i.e. the both transistors may be of a p-channel type.
Otherwise, the both ti ansistors may be different in polarity to configure
a push-pull circuit. It is noted that, where a push-pull circuit is
configured, the both transistors function as amplifier transistors as shown
in Fig. 24. Hence, signal input is to the both transistors. LO The
amplifier transistor 111 has a drain region connected to the power line 123
through the switch 127, and a source region connected to the switches 117.
118 and to a drain region of the transistor 112. The amplifier transistor
111 has a gate electrode connected to one terminal of the capacitance
element 113. The other terminal of the - i:.. capacitance element 1l3 is
connected to the source region of the transistor 111 through 15 the switch
117. The capacitance element l13 has a role to hold a gate-to-source
voltage of the amplifier transistor l11. Note that, hereinafter, the
amplifier transistor 111 is denoted as the transistor 111. The bias
transistor 112 has a source region connected to the power line 124 and a
drain region connected to the switches 117, 118 and l20. The bias
transistor 112 has a 20 gate electrode connected to one terminal of the
capacitance element 114. The other terminal of the capacitance element l 14
is connected to the source region of the bias transistor 1l2. The
capacitance element 114 has a role to hold a gate-to-source voltage of the
bias transistor 112. Note that, hereinafter, the bias transistor 112 is
denoted as the transistor 112. 25 The switches 115 - 118, 120, 127, 128 are
controlled of conduction and non-conduction (on and off) depending upon an
input signal. However, in Figs. 1, 2A and 2B, the signal lines or the like
for input signals to the switches 115 - 1 18, 120, 127, 128 are omittedly
shown in order to simplify explanation. In the source-follower circuit of
Figs. l, 2A and 2B, the switch 1 lO has one 3() terminal serving as an
input terminal. Through the input terminal, an input potential V", 



- 13   (vignal voltage) as inputted to one terminal of tl~c capacitance
element 1 13. Meanwhac, the swutc:h I 1 ~ hav one 1C1171111a1 vcrvin~~ as
an output terminal. The potential on the source rc:g~on of the transistor
11 I provolcv an output potential V~"n. Explanation is now made on the cyci
anion of the source-tollower circuit of Figs. l, 2A and 2B. In Fig. 1, the
switches 115, I 17, l 20 and 128 arc turned on. The other switches than the
above are off. In this state, a signal current I~t~,~ set in the reference
constant-current source 126 flows toward the power line 124 through the
capacitance elements 113, 114. 10 In an instant a current begins to flow
from the reference constant-current source 126, no charge is being held on
the capacitance elements 1l3, 114. Consequently, the transistors 111, 112
are off. The current flows in a direction from the reference
constant-current source 126 toward the power line 124 through the switches
128, 115, 117 and further through the switch 120. 15 Charge are gradually
built up on the capacitance elements 113, 114 to begin causing a potential
difference at between the both electrodes of the capacitance 113, 114. When
the potential difference at between the both electrodes of the capacitance
element 113 reaches a threshold voltage V,h, of the transistor 111, the
transistor 111 turns on. Similarly, when the potential difference at
between the both electrodes of the 20 capacitance element l14 reaches a
threshold voltage V,h2 of the transistor 112, the transistor 112 turns on.
Then, charge storage is continued onto the capacitance element 113 so that
the gate-to-source voltage of the transistor 111 can flow a predetermined
signal current I~d,d. Also, charge storage is continued onto the
capacitance element 114 so that the 25 gate-to-source voltage of the
transistor 112 can flow a predetermined signal current I~d,d. As shown in
Fig. 2A, when the capacitance elements 113, 114 complete the
electric-charge storage into a steady state, the switches 115, 117, 120 are
turned from on to off while the other switches are maintained in the state
of Fig. 1. At this time, the signal current h,,,,,, sea by the reference
constant-current source 126 slow through the 3(l drain to source region of
the transistor 111 and further the drain to source region of the - 14
translator 112. Incldcntally. !t is assumed that the potential difference
is V,, at between the both electrodes of the capacitance clement I I.s
while the potential ditlerence is V~ at between the both electrodes of the
capacUancc clement 114. Subsequently, the switches 1 1 G, 1 18, 127 are
turned on, as shown in Fig. 2B. The other switches than the above are all
turned off. At this time, an input potential V,n - is inputted from the
input terminal to one terminal ut the capacitance element 113 through the
switch 11G. By the charge conservation law, the gate electrode of the
transistor 111 is applied by a value (V~ + V,n) that the input potential
V,n is added to the gate-to-source voltage Vd of the transistor 111. 



10 The output potential V~", is at a potential on the source region of the
transistor 111. Namely, this corresponds to a value that the gate-to-source
voltage Vas (= Vd) is subtracted from the gate potential (V,n + V;,) of the
transistor 111. Incidentally, after the switch 128 is turned off and the
switch 127 turned on, the i_. signal current I~d,;, also ~ flows through
the transistor 111. This is because that the 15 gate-to-source voltage Vas
(= V~) of the transistor 112 is added with a voltage required to flow the
signal current I~",a. Accordingly, the gate-to-source voltage Vas of the
transistor 111 is also added with a voltage required to flow the signal
current Iddtd. The required voltage is the voltage denoted by Vd.
Consequently, it can be seen that the gate-to-source voltage Vas of the
transistor 111 has the same value as V;,. Summarizing, 20 the following
Equation (4) is held. Vont = (Vin ~' V~) - un = um ... (4) As shown in
Equation (4), the output potential V~n, is the same in value as the input
potential V,n, and not dependent upon the transistor characteristic.
Consequently, should characteristic variation occur in the transistor 111
and transistor 112, it can be 2~ suppressed from having an effect upon the
output potential Von,. Although the electric circuit of Figs. 1, 2A and 2B
is a source-follower circuit, there is no provision of an input terminal
for inputting a bias potential. This is because, at between the
gate-to-source of the transistor 112, predetermined charge is already held
on the capacitance element 114 to llow the signal current h,,,,,, set by
the reference 30 constant-current source 12G. - IS    f3ccau5c the
invention can suppress acainst the alfccUon of characteristic variation of
the tranaiatow 1 I l and 1 I2, there na no nei;d to dcpn the transistorv l
1 1 and I 12 with the name value of gate Icngtlt ( L) and gate w~iclth ( W
j. Them is no problem if variation occurs. In this specification, the
operaUon to hold predetermined charge on a - capacitance element is
referred to as a setttn~ operation. In this embodiment, the operation in
Figs. 1 and 2A corresponds to a setting operation. Also, the operation to
input an input potential V", and take out an output potential V~~, is
referred to as an output operation. In this embodiment, the operation of
Fig. 2B corresponds to an output 10 operation. Incidentally, although the
electric circuit of Figs. 1, 2A and 2B has a connection in the order of the
power line 125, the reference constant-current source 126 and the switch
128, the invention is not limited to this. For example, the connection -
i',. may be in the order of the power line 125, the switch 128 and the
reference 15 constant-current source 126 by reversing the reference
constant-current source 126 and the switch 128. Meanwhile, the reference
constant-current source 126 may be arranged as shown in Fig. 7A or 7B.
Explanation will be made on the electric circuit configurations shown in
Figs. 7A and 7B. The electric circuit of Fig. 7A or 7B has the same circuit



20 elements as those of the electric circuit of Figs. 1, 2A and 2B,
excepting that the power line 125 is not provided. The power line 123 is
applied with a power-source potential V~d while the power line 124 is with
a ground potential V,~. The operation of the source-follower circuit of
Fig. 7A or 7B is similar to the operation of the source-follower circuit of
Figs. 1, 2A and 2B, and hence omittedly explained in this 25 embodiment. In
Fig. 7A, the switch 127 is arranged between the drain region of the
transistor 112 and the power line 124. The switch 128 is arranged, parallel
with the switch 127, between the drain region of the transistor 112 and the
power line l24. Finally, the reference constant-current source 126 is
arranged between the drain region of the 3U transistor l12 and the switch
128 or between the switch 128 and the power line l24. Fig. -16   7A chows a
case oC the: arrangement at between the dram region of the transistor 1 12
and the switch 12t. In Fy. 7A, thv awOchcs l27 and l2b arc both connected
to the ground potential V~,. However. the invention is not limited to thw.
These may be connected to different 5 power Lines in a manner such that, in
Fig. 1, the switch 127 is connected to the power-source potential V~,~~ and
the switch W d is to the power-source potential Va~2. For example, the
switch 127 may be connected to the ground potential V5~ as in Fig. 7A while
the switch l28 be connected to a newly-arranged ground potential VSS2. The
ground potential VSS and the ground potential VSSZ may be at the same value
or different lU values. In Fig. 7B, the switch 127 is arranged at between
the source region of the transistor 111 and the drain region of the
transistor-112. The switch 128 is arranged in parallel with the switch 127.
Finally, the reference constant-current source 126 is i'. arranged between
the source region of the transistor 111 and the switch 128 or between 15
the switch 128 and the drain region of the transistor 112. Fig. 7B shows a
case of an arrangement at between the source region of the transistor 111
and the switch 128. Although, in Fig. 7B, the switch 118 is connected to
the source region of the transistor 111 and to the drain region of the
transistor 112 through the switch 127, the invention is not limited to
this. The switch 1l8 may be connected to the drain region of 20 the
transistor 1l2 and to the source region of the transistor 111 through the
switch 127. However, it is preferred that the switch 118 is connected to
the source region of the transistor 111 and to the drain region of the
transistor l12 through the switch 127. This is because that, in the case
the switch 118 is connected to the drain region of the transistor 112 and
to the source region of the transistor 11l through the switch 127, if 25
there is an on-resistance through the switch 127, it has an effect upon the
output potential Vo", to lower the output potential V~,u,. Meanwhile, Fig.
8A shows a source-follower circuit that, in the electric circuit of Figs.
l, 2A and 2B, a switch 119 is arranged between the drain region of the
transistor 111 and the power line l24 without arranging a transistor 112,
capacitance element 114 3U and switch 120. The operation of the
source-lollower circuit of Fig. 8A is similar to the _17_  



i~or~guing cyuraUon of hy~. 1, ~,A and 2B excepting that the switch 1 lO is
on during a setting opcraoon and oCl during an output operatuon. hence
om~ttecily explained in this embodiment. In Fig. 8r1, the switches l27, 128
and the current source 126 are connected to S the power-source potential
V~,i, similarly to Fig. 1. However, the switches 127, 128 and the current
source 126 may be connec,t~u to another element, such as the ground
potential VS~, as shown in Figs. 7A and 7B. Fig. 25A shows, as an example,
a case that the switches 127, 128 and the current source 126 are connected
to the ground potential Vss. 10 Herein, Fig. 25A shows a source-follower
circuit in a case not provided with the transistor l12. However, the
transistor 1l2, in its nature, is a circuit to be operated as a current
source for providing a bias in the source-follower circuit. Accordingly,
the current source 126 in Fig. 25A may be operated as a current source to
provide a bias in - i~. place of the transistor 112. Namely, the current
source 126 may be used as a current 15 source to set the transistor 111
during a setting operation and as a current source to supply a bias in the
source-follower circuit during an output operation, instead of being used
during a setting operation but not used during an output operation. In this
case, there is no need for switching at between setting and output
operations, thus eliminating the necessity of the switches 127, 128. The
circuit diagram, in this case, is shown in Fig. 20 26A. Meanwhile, there is
shown, in Fig. 27, a circuit diagram that the current source of Fig. 26A is
realized by a transistor. Next, the operation will be shown. In Fig. 27,
the switches 115, 117 are turned on. The other switches than the above are
turned off. In this state, the signal current I,,;,,,, set in the
transistor 112 flows in 25 a direction toward the power line 124 through
the capacitance element 113. The magnitude of the signal current Id,,,;, is
determined by a bias voltage Vb applied to the gate of the transistor 112
and a characteristic of the transistor 112. Accordingly, if there should be
a plurality of circuits of Fig. 27, there is a possibility of variation in
the characteristic of the transistor 112 in the plurality of circuits. In
such a case, even if the 30 same voltage Vb is applied to the gate of each
transistor 112, the magnitude of signal -18   current 1,,,,," is different
between the circuits. At the instant of Mowing current loin the: transistor
1 12, no charge is stored on the capacitance clement 1 13. Consequcntl v,
the U anststor 1 1 1 is off. The current Mows m a direction toward the
power line l24 tram the transistor 1l2 through the switches 115, 117.
Charge is gradually built up tin the capacitance element 113, and a
potential difference begins to occur at between the both electrodes of the
capacitance element 113. When the potential difference at between the
electrodes of the capacitance element 113 becomes a threshold voltage V,h1
of the transistor 111, the transistor 111 turns on. 10 Then, charge storage
is continued to the capacitance element 113 such that the gate-to-source
voltage of the transistor 111 becomes a voltage capable of flowing a
predetermined signal current I,,~,d. As shown in Fig. 28A, when the
capacitance element 1l3 is completed of _ 1;.. charge storage into a steady
state, the switches 115, 117 are turned from on to off while 1~ the other
switches than these are kept in the state of Fig. 27. At this time, the
signal current Id;,,d flowed from the transistor 112 flows from the drain
to source region of the transistor 111. Incidentally, it is assumed that
the potential difference at between the both electrodes of the capacitance
element 113 is V;,. If the circuit of Fig. 27 should exist in plurality,
there is a possibility that the 20 transistors 111, 112 have characteristic
variation between the circuits. In this case, the magnitude of the signal
current Id;,,~ differs from circuit to circuit. Similarly, the potential
difference V;, at between the both electrodes of the capacitance element
113 is also differs from circuit to circuit. Subsequently, as shown in Fig.
28B, the switches 116, 118 are turned on. The 2~ other switches than the
above are a11 turned off. At this time, an input potential V", is 



inputted from the input terminal through the switch 11C to one terminal of
the capacitance element 113. By the charge conservation law, the gate
electrode of the transistor 111 is applied by a value (V;, + V,~) that the
input potential V;~ is added to the gate-to-source voltage V~. 3t) The
output potential V,",, is at a potential on the source region of the
transistor _ ~ c~ _   I 1 1. Namely. the output potential V",n cot responds
to a value that the gale-to-source voltage V;,) (= V,,) is subtracted from
the ~,~mi: potential (V", + V,,) of the transistor 1 I 1. The signal
current I,,,,,,, continues to f low through the tran5mtor I I 1. Thm is
because the gate: voltage Vt, of the transistor 112 remains at the same
value. 5 Accordingly, the gate-to-source voltage V~~ of the transistor I 11
is also being applied by a voltage required for the uausistor 11 I to flow
the signal current I,t;,c,,. The required voltage is a voltage denoted by
Vd. Accordingly, it can be seen that the gate-to-source voltage Vss of the
transistor 111 is in the same value as V~. Summarizing the above, Equation
(4) is also held herein. lU As shown in Equation (4), the output potential
V~~, is in the same value as the input potential V,~, and not dependent
upon the transistor characteristic. Consequently, if there is
characteristic variation on the.transistors 111 and 112, it is possible to
suppress against an effect of characteristic variation upon the output
potential Vo",. If the circuit of Fig. 27 should exist in plurality, there
is a possibility that the 1 S characteristic of the transistor 112 or 111
varies between the circuits. In such a case, the magnitude of signal
current I~~,~ and the electrode-to-electrode potential difference V on
capacitance element 113 are different between the circuits. However, as
shown in Equation (4), the output potential Vo~, is in the same value as
the input potential V",, and not dependent upon the magnitude of signal
current Ira,;, and the electrode-to-electrode 20 potential difference V;,
on the capacitance element 113. Namely, where the circuit of Fig. 27 is
exists in plurality, even if the characteristic of the transistor 112 or
111 varies between the circuits, the affection thereof can be relaxed.
Because the invention can suppress the affection of characteristic
variation of the transistors 1l1 and 112, there is no need to design the
transistors 111 and 112 with 25 the same value of gate length (L) and gate
width (W). There is no problem if variation occurs. Next, comparison is
made between a case to supply a current from an outside of the
source-follower circuit as shown in Fig. 1 and a case to carry out also a
setting operation by using a bias current source to the source-follower
circuit as shown in Figs. 3U 26A and 26B. _2U_   Cowicl~r~ng at f first
circuit conliguraUon, the mrangemc:nt of Figs. 2OA and 2O13 is simpler and
hence advantageous. f'arOcularly, m the case of arranging a plurality of
source-follower circuits. O is mope advantageous. However, the arrangement
of Figs. 2(A and 2OB where there are a plurality of source-follower
circuits, the current flowing ~ through each circuit possibly differs in
value due to the variation in the current source or the like. As a result,
the input voltage and output voltage, when a steady state is reached, are
equal on every source-follower circuit. However, there possibly occurs a
case that transient characteristic is different between the source-follower
circuits. On the other hand, in the case of Fig. 1, circuit configuration
is more 10 complicated because of the necessity to supply a current from an
outside of the source-follower circuit. Particularly, where a plurality of
source-follower circuits are arranged, the circuit configuration thereof is
further complicated. In the case that the current source 126 of Fig. 1
should be arranged one and the source-follower circuit is arranged in
plurality, it is impossible to carry out setting operations simultaneously
on 15 all the source-follower circuits. Consequently, operation timing is
complicated. Otherwise, in the case that the current source 126 of Fig. 1
is provided in the same number as the source-follower circuits, the current
sources 126 desirably have no variations. However, in the case there are a
plurality of source-follower circuits, even if 20 the source-follower
circuits have variations in characteristic, there occurs no variation in
the value of the current flowing through the source-follower circuit. This
is because the current value is determined by the current source 126
provided outside the source-follower circuit. Therefore, there encounters
no variation in transient characteristic, besides steady state
characteristic, between the source-follower circuits. 25 In this manner, in
the invention, even if there is a characteristic variation occurring
between transistors, the transistor, to be inputted by a signal voltage of
an input potential V,~ or the like, is inputted, without exception, by a
value that the gate-to-source voltage of the transistor is added with the
signal voltage. Accordingly, it is possible to provide an electric circuit
suppressed against the affection of characteristic 



30 variation between transistors. -21    [W nbodiment 2~ Tl~e
source-lollowcr circuit of Figv. I. 2A and 2B .showed the configuration mth
the n-channel amplifier transistu~ l 1 1 and the n-channel bias lransisto~
112. Next, 5 this embodiment shows, in Fig. y, a source-follower circuit
configured wtth a p-channel amplifier circuit 1=W and a p-channel bias
transistor 131, the configuration of which will be explained. Note that the
operation of the source-follower circuit of Fig. 9 is similarly to the
operation of the source-follower circuit of Figs. 1, 2A and 2B explained in
Embodiment 1 and hence omittedly explained in this embodiment. 10 In Fig.
9, 131 is a p-channel bias transistor while 132 is a p-channel amplifier
transistor. 133 and 134 are capacitance elements. Meanwhile, 135, 136, l38
- 142 are elements having switching functions, which preferably use
semiconductor elements, such as analog switches, configured by transistors.
_ i_. 146 is a reference constant-current source having a capability to
flow a 15 constant current. The reference constant-current source 146 is
configured by a semiconductor element, such as a transistor. In the present
specification, the reference constant-current source 146 configured by a
transistor will be explained in its one example in Embodiment 6. This can
be made reference to conveniently. 143 - 145 are power lines. The power
line 143 is applied with a power-source 20 potential Vd~l while the power
line 144 is applied with a ground potential VSS. The power line 145 is
applied with a power source potential Vd~Z. Incidentally, the power source
potential V~,~, applied to the power line 143 and the power source voltage
V~,d2 applied to the power I ine 145 may be the same or different in value.
However, the power source potential V~1~,~ applied to the power line 145 is
required to be set at a value 25 that the reference constant-current source
146 is allowed to normally operate as a constant-current source. For
example, where the reference constant-current source 146 utilizes a
saturation region of a transistor to configure the current source, there is
a need to set at a value that the transistor is allowed to operate in the
saturation region. Although this embodiment shows the case the amplifier
transistor l32 and bias 30 transistor 131 are of the p-channel type, the
invention is not limited to this, i.e. the both -22   l mistors may he
dilfcrcnt m polarity to con(~y~me a pu~l~-pull c:neun. fhc hiav transistor
1 3 I has m~u~ cc i yon c:onnmt~cl to the pawcr I i nc: I -13 through the
switch I 3( and a dI'alll 1-tt~T,l()n C'.()Illll:(:ILd to the wmc:hcs 1 s>.
1:v5. I 4? -hhc bias transistor 131 has a gate electrode connected to one
tcrmmal 01 the capacitance S element 133. The other terminal of the
capacitance element 133 is connected to the power line 143 through the
switch l36. The capacitance element l33 has a role to hold a gate-to-source
voltage of the bias transistor 131. The amplifier transistor 132 has a
drain region connected to the power line 144 and a source region connected
to switches l38, 142. The amplifier transistor 132 has a 10 gate electrode
connected to one terminal of the capacitance element 134. The other 



terminal of the capacitance element 134 is connected to the source region
of the amplifier transistor 132 through the switch 142. The capacitance
element 134 has a role to hold a gate-to-source voltage of the amplifier
transistor l32. The switches 135, 136, 138 - 142 are controlled of
conduction and 15 non-conduction (on and off) according to an input signal.
However, in Fig. 9, the signal lines or the like for inputting signals to
the switches 135, l36, 138 - 142 are omittedly shown in order to simplify
explanation. In the source-follower circuit of Fig. 9, the switch 141 has
one terminal serving as an input terminal. Through the input terminal, an
input potential V,~ (signal voltage) 20 is inputted to one terminal of the
capacitance element 134. Meanwhile, the switch 138 has one terminal serving
as an output terminal. The potential on the source region of the amplifier
transistor 132 provides an output potential V~~,. Although the electric
circuit shown in Figs. 1, 2A and 2B is a source-follower circuit, there is
no provision of an input terminal for inputting a bias potential. This is
25 because predetermined charge is already held on the capacitance element
114 to flow the signal current I~;,,~ set by the reference constant-current
source 126 through the gate to source of the transistor l31. Because the
invention can suppress against the affection of characteristic variation of
the bias transistor l31 and amplifier transistor l32, there is no need to
3() design the bias transistor 13l and amplifier transistor 132 with the
same value of gate _Zj_   length (L) and time wwith (W). Thmc iwc, ~rohl~n~
il vamWon occum Although the connectron m Fig. 9 is m the ordm of tl~e powm
line 1-1~, the reference constant-current source 14l and the ~w mch 1 s~).
the mvent~con i~ not limned to this. T'he connection may be m the order of
the power line 14>, the Swltcl7 139 and the 5 reference constant-current
source 14G by reversing the reference constant-current source 14G and the
switch 139.  Meanwhile, by referring to the foregoing Embodiment 1 and
Figs. 7A and 7B, the reference constant-current source 146 may be arranged
at between the switch l40 and the power line 144. Furthermore, the
reference constant-current source 14G may be 10 arranged at between the
switch 138 and the switch l42. Fig. 8B shows a source-follower circuit in a
case not provided with the bias transistor l31, the capacitance element l33
and the switch 135. The operation of the source-follower circuit of Fig. 8B
is similar to the foregoing operation of Figs. 1, 2A and 2B in Embodiment
1, and hence omittedly explained in this embodiment.  15 In Fig. 8B, the
switch 13G, the switch 139 and the current source 146 are connected to the
power-source potential V~~, similarly to Fig. 1. However, the switch 136,
the switch 139 and the current source 146 may be connected to another power
line or element, such as the ground potential Vss, as in Figs. 7A or 7B.
Fig. 25B shows, as an example, a case that the switch 136, the switch 139
and the current source 14G are 20 connected to the ground potential VSS.
Herein, Fig. 8B shows the source-follower circuit in the case the
transistor 13l is not provided. However, the transistor 131, in its nature,
is a circuit to be operated as a current source for providing a bias in the
source-follower circuit. Accordingly, the current source 146 in Fig. 8B may
be operated as a current source for providing a bias in 25 place of the
transistor 131. Namely, the current source 14G may be used as a current
source to set the transistor l32 during a setting operation and as a
current source to supply a bias in the source-follower circuit during an
output operation, instead of being used during a setting operation but not
used during an output operation. In such a case, there is no need for
switching between a setting operation and an output operation, thus 30
eliminating the necessity of the switches 13G, 139. The circuit diagram, in
this case, is -24   shown in Fig. 2OI3 In Fig. 29 is shaven a circua
diagram tn a c:as~ that the c:unent source 14(i of Frg. 



2OB is real ved by a a ansistor. The op~~ m mo of the source-f of lower
circuit of Fig. 2c) is similar to the foregoing operation of F'i`~. 27 or
28 in Embodiment 1. and hence 5 omittedly explained in this embodiment.
This embodiment can be desirably combined with Embodiment 1. [Embodiment 3]
The foregoing Embodiments l, 2A and 2B explained the source-follower 10
circuits to which the invention is applied. However, the invention is
applicable to various circuits, including a differential amplifier circuit,
a sense amplifier and an operation amplifier. This embodiment explains an
operating circuit the invention is applied, by using Figs. 10 to 13. First
explained is a differential amplifier circuit the invention is applied, by
15 using Fig. 10. Fig. 10 corresponds to a case arranged with a reference
constant-current source 268 besides the native circuit similarly to Fig. 1.
The differential amplifier circuit carries out an operation on a difference
between an input potential V,~, and an input potential V",2, to output an
output potential Vo~,. In the differential amplifier circuit of Fig. 10,
272, 273 are p-channel 20 transistors while 274, 275 and 286 are n-channel
transistors. 276, 277 and 278 are capacitance elements. Meanwhile, switches
2G5, 266, 278-284, 288, 502 and 503 are elements having switching
functions, which preferably use semiconductor elements, such as
transistors. The semiconductor elements are not especially limited in
polarity. 268 is a reference constant-current source having a capability to
flow a 25 constant current. The reference constant-current source 268 is
configured by a semiconductor element, such as a transistor. In the present
specification, the reference constant-current source 2G8 configured by a
transistor will be explained in its one example in Embodiment 6. This can
be made reference to conveniently. 267, 271 and 2O1 are power lines. The
power line 271 is applied with a power 3(1 source potential V~,~tt while
the power line 291 is with a ground potential V~~. The power -25   lint:
2h7 is applied with a power source putcUml V,i,i-. The t~cw~er source
ponrnti<cl V,i,n applied to the power line ? 71 and the pow cr source
potcJnual V,n= applmd to the power line 2O 7 may be the same or ddferent tn
value, Howw~~, I he pow~ct source potential V~~i~ applied to the power line
26 7 s required to be Set at a valor that the reterence 5 constant-current
source 268 is allowed to normally operate as a constant-current source. For
example, where the reference constant-current source 268- utilizes a
saturation region of a transistor to configure the current source, there is
a need to set at a value that the transistor is allowed to operate in the
saturation region. In the differential amplifier circuit of Fig. 10, the
switch 28l has one terminal 10 serving as an input terminal. An input
potential V",, is inputted to one terminal of the capacitance element 276.
Meanwhile, the switch 284 has one terminal serving as an input terminal. An
input potential V,~2 is inputted to one terminal of the capacitance element
277. Also, the transistor 275 has a drain region made as an output terminal
so that the potential on the drain region of the transistor 275 provides an
output potential 15 Vo~,. The transistor 272 has a drain region connected
to the power line 27l and a source region connected to a drain region of
the transistor 274 through the switch 502. The transistor 273 has a drain
region connected to the power line 271 and a source region connected to a
drain region of the transistor 275 through the switch 503. The 20 gate
electrode of the transistor 272 and the date electrode of the transistor
273 are connected together. Incidentally, resistances may be arranged in
place of the transistors 272 and 273. This is because, in the differential
amplifier circuit as in Fig. 10, 272, 273 are parts called active loads to
be operated as resistances. Consequently, the parts of active loads in Fig.
10 may be configured by usual resistance elements as in Fig. 30. 25 The
transistor 274 has a drain region connected to the power line 271 through
the switch 502 and transistor 272, and a source region connected to one
terminal of the capacitance element 276 through the switch 282. The
transistor 274 has a gate electrode connected to the other terminal of the
capacitance element 27(i. The capacitance element 276 plays a role to hold
a gale-to-source voltage of the transistor 274 when 30 carrying out a
setting operation. -26   



The ttanarstor 27~ ha, a dram region connected to the power line 272
through the snitch ~(la and transistor 27s, and a source rcgmn connected to
one terminal of the capacitance element 277 through the watch 2~ ;. -hhe
transistor ?7~ has a gate electrode connected to the other terminal of the
capacitance element 277. The capacitance 5 element 277 plays a role to hold
a gate-to-source voltage of the transistor 275 when carrying out a setting
operation. The transistor 286 has a drain region connected to the source
region of the transistor 274 and to the source region of the transistor
275. The transistor 286 has a source region connected to one terminal of
the capacitance element 287. The gate 10 electrode of the transistor 28G is
connected to the other terminal of the capacitance element 287. The
capacitance element 287 plays a role to hold a gate-to-source voltage of
the transistor 286. Predetermined charge is held onto the capacitance
elements 276, 277 and 287 by the use of the reference constant-current
source 268. However, predetermined 15 charge cannot be held, at one time,
onto the three capacitance elements 276, 277 and 287. For this reason, it
is carried out under control such that one of the switches 265 and 266 is
turned on. For example, when the switch 265 is turned on, the switch 266 is
turned off. Then, predetermined charge is held onto the capacitance
elements 277, 287. Similarly, the switch 2G5 is turned off and the switch
266 is turned on. Then, 20 predetermined charge is held onto the
capacitance elements 27G, 287. Incidentally, the explanation of the
operation during holding predetermined charge on the capacitance elements
276, 277 and 287 by using the reference constant-current source 2G8 is
similar to that of Embodiment 1, and hence omittedly explained in this
embodiment. 25 After completing the holding of predetermined charge on the
capacitance element 276, an input potential V,~, is inputted to one
terminal of the capacitance element 276. Also, after completing the holding
of predetermined charge on the capacitance element 277, an input potential
V,n~ is inputted to one terminal of the capacitance element 277 to carry
out an output operation. The operation in this case is 3U similar to that
of Embodiment 1 and hence omittedly explained in this embodiment. -27
Next, explanaUOn rs made cn a cillcrc:nUal amplilici mcun to which is
applied a circuit that 'cl Settlrl~ Upelal1011 IS C:elr-r'il.'H om by
uUlmn!~ a current source: possessed by til(: r7artrv~ Cll(:rllt as m Fry .
7O and ~%. by umn~ Fur 3l. Fig. 10 used a current supplied, as a current
during a setting operation, trom the 5 current source 268. In Fig. 31, a
.Setting operaUOn is made by using the transistor 280. The transistor 286
operates as a current source, which-determines a magnitude of current
depending upon a bias voltage Vh applied to the gate thereof. Next
described is the operation. First, as shown in Fig. 32, the switches 504,
279, 282 are turned on while the other switches than those are turned off.
Thereupon, a 1(7 current flows toward the transistor 274, thus allowing a
setting operation for the transistor 274. Next, as shown in Fig. 33, the
switches 505, 280, 283 are turned on while the other switches than those
are turned off) Thereupon, a current flows toward the transistor 275, thus
allowing a setting operation for the transistor 275. This completes the
setting operation. Consequently, as shown in Fig. 34, the switches 502,
503, 281, 15 284 are turned on while the other switches are turned off.
Then, a normal operation is carried out. Incidentally, it is possible to
omit the switch 504 by turning on the switch 502 during a setting operation
of the transistor 274. Meanwhile, the voltage to be applied to the gate of
the transistor 286 may be 20 changed upon between a setting operation and a
usual operation (output operation). Usually, the transistor 274 and the
transistor 275, in many cases, have nearly the same amount of flowing
current in the differential amplifier circuit. Accordingly, in the case of
carrying out a setting operation, the setting operation rs preferably done
under the condition approximate to that of a usual operation (output
operation). This provides for 25 higher accuracy. Accordingly, by adjusting
the voltage to be applied to the gate of the transistor 286, it is
preferred to flow a current in a half amount of that of a usual operation
(output operation) during a setting operation. Consequently, Fig. 35 SNOWS
d diagram in a case that a transistor 506 is arranged parallel with the
transistor 28(i as another method for obtaining the similar 30 effect. The
transistor 506 is desirably in a size made the same as the transistor 286.
-28   



During a wual oprWuon. tlo: gate of the tranwtoi ~()t~ is applccd by a
voltage same as shat of the transistor 2<5~~. Dur mg a scaun ~ opei aOOn, a
cue rent m not allowed to flow through the transiato~ >(>O. Fig. 36 shows a
circuit diagram m a case the; magnitude of a current is changed 5 upon
between a usual operation and a setting operation by the switch 5U7, as a
circuit similar to that of Fig. 3~. During a setting operation, the switch
~U7 is turned off thereby reducing the amount of current to a half. During
a usual operation, the switch 507 is turned on. This can carry out a
setting operation in a state approximate to a state of an actual operation,
thus enhancing the effect of setting operation. 10 Subsequently,
explanation is made on a case that the transistor constituting the
differential amplifier circuit of Fig. 10 has an opposite conductivity
type, by using Fig. 11. In the differential amplifier of Fig. 11, reference
numerals 272, 273 are n-channel transistors while reference numerals 274,
275 and 286 are p-channel 1~ transistors. The switch 281 has one terminal
as an input terminal to input an input potential V,~1 to one terminal of
the capacitance element 276. Also, the switch 284 has one terminal as an
input terminal to input an input potential V,~2 to one terminal of the
capacitance element 277. The potential on the source region of the
transistor 275 provides an output potential Vo",. 20 Incidentally, the
differential amplifier circuit of Fig. 11 is similar in configuration and
operation to the differential amplifier circuit of Fig. 10 excepting that a
power source potential V~~" is applied to the power line 291, a power
source potential Vd~2 is applied to the power line 267 and a ground
potential VSS is applied to the power line 271, and hence omittedly
explained. 25 Incidentally, the differential amplifier circuit of Fig. 10
or 11 is different in position arranging the reference constant-current
source 268. The invention is not limited in position arranging the
reference constant-current source 268 but requires to satisfy the following
condition. It was mentioned in the foregoing that holding predetermined
charge on the 30 capacitance elements 276, 277, 287 by using the reference
constant-current source 268 _ 2c~ _   i~ under control of the SwOch~S 26>
and 2~~(~ Namely. when the calacUance clement 276 holds predeter mined chat
ge under control of the vwUcltcs 2lo and ?hb, there is a need not to tl~w a
current to the capacitance clement 277 and transistor 27~. Srmilarly, when
the capacrtance element 277 holds predetcrmrned charge, there is a need not
to 5 flow a current to the capacitance element 276 and transistor 274.
Namely, there is a need to arrange the reference constant-current source
26t1 and the switches 265. 266, in order for the two capacitance elements
276, 277 not to simultaneously hold predetermined charge. Also, there is a
necessity to additionally arrange switches as required. 10 Considering the
above, the arrangement position of the reference constant-current source
268 and switches 265, 26G is not limited to the point shown in Fig. 10 or
11. For example, in Fig. 11, the switch 265 may be arranged between the
power line 271 and the source region of the transistor 272 while the switch
2G6 be between the power line 271 and the source region of the transistor
273. Also, the switch 15 265 may be arranged between the drain region of
the transistor 272 and the switch 279 while the switch 266 be between the
drain region of the transistor 273 and the switch 280. Next, Fig. 37 shows
a case that the transistor configuring the differential amplifier circuit
of Fig. 31 has an opposite conductivity type. This is also similar in 20
configuration and operation to the differential amplifier circuit of Fig.
31, and hence omittedly explained herein. Incidentally, the current value
in the current-source part, in Fig. 37, can be similarly controlled by
providing an arrangement as in Fig. 35 or 36. Although this embodiment
showed the electric circuit of Fig. lU or 11 as a 25 differential amplifier
circuit, the invention is not limited to this. It is possible to use it as
another operating circuit, such as a sense amplifier, by properly changing
the voltage to be inputted as an input potential V;"t and input potential
V",~. Next, an operational amplifier the invention is applied is explained,
by using Figs. 12A, 12 B, 13A and 13B. Fig. 12A shows circuit symbols
concerning an 



30 operational amplifier while Fig. 12B shows a circuit configuration of
the operational -30   amplifier Ii ua noUecf that there me variow
opcratteonal-ampltftet cttcutt configurations. C~onaequentlv. In t-'t:;~.
l?A anti I213. clever tlicci m a cave that a dtfterential amplif ier
circuit is combined with a source-follower ctrcutt, as the simplest case.
Hence, the 5 operational-amplifier circuit configuration is not limited to
Figs. 12A and 12B. The operational amplifier is defined- in its
characteristic by a relationship between an input potential V,~1 and input
potential V",~ and an output potential V~"l. More specifically, the
operational amplifier has a function to multiply an amplification degree A
on a difference between an input potential V,~, and an input potential V;
~Z, to 10 output an output potential Vo~,. In the operational amplifier
shown in Fig. 12B, a switch 281 has one terminal as an input terminal to
input an input potential V,~, to one terminal of a capacitance element 27G.
A switch 284 has one terminal as an input terminal to input an input
potential V,~2 to one terminal of a capacitance element 277. The potential
on a source 15 region of a transistor 292 provides an output potential
Vo~,. In the circuit of Fig. 12B, the region surrounded by the dotted line
shown at 305 has the same configuration as the differential amplifier
circuit of Fig. 10. Furthermore, the region surrounded by the dotted line
shown at 306 is the same as the source-follower circuit of Figs. 1, 2A and
2B. Hence, the detailed configuration of the operational 20 amplifier of
Fig. 12B is omittedly explained. In Fig. 12B, the current source 2G8 is
commonly used by the differential amplifier circuit 305 and the
source-follower circuit 30G. Accordingly, Figs. 38A and 38B show an
operational amplifier in a case that the region surrounded by the dotted
line shown at 305 uses the same configuration as the 25 differential
amplifier circuit of Fig. 31 while the region surrounded by the dotted line
shown at 30G uses the same configuration as the source-follower circuit of
Fig. 27. Meanwhile, Figs. 13A and 13B show an operational amplifier in a
case the transistor 299 is a p-channel transistor. Namely, this corresponds
to a case using a push-pull circuit. Fig. 13B is the same in configuration
as the operation amplifier of Fig. 30 12B excepting that a capacitance
element 300, at one terminal, is connected to the drain -3l   region of the
tlan;istol 27> throu~,l~ the .swntchm :~(I~'. ~'?~. L-l~m:~. the ~mhocdmcnt
omWc.dly:xplalns a ~iuallccl con(iguratmn. Figs. 39A and 3913 show an
cycr~ItlonU ampfltler in o case that the legion surrounded by the dolled
1111e shown at 30~ m Fig. 13t3 uses the same configuration as 5 the
differential amplitier circuit of Fig. 31. In Figs. 39A and 39I3, the
source-follower circuit part Is made as a push-pull circuit and hence a
bias current source does not exist. Consequently, the current of a current
source of the differential amplifier circuit is utilized as a current for
use in a setting operation of the source-follower circuit (push-pull
circuit). Namely, the transistor 286 is connectable to the push-pull
circuit. 10 Incidentally, this embodiment can be desirably combined with
Embodiment 1 or 2. 



[Embodiment 4] This embodiment explains the configuration and operation of
a semiconductor 15 device having a photoelectric element to which the
invention is applied, by using Figs. 14A-14C and 15. The semiconductor
device shown in Fig. 14A has a pixel region 702 having a plurality of
pixels arranged in a matrix form on a substrate 701. Around the pixel
region 702, there are provided a signal-line drive circuit 703 and first to
fourth scanning-line 20 drive circuits 704 - 707. Although the
semiconductor device of Fig. 14A has the signal-line drive circuit 703 and
the first to fourth scanning-line drive circuits 704 - 707, the invention
is not limited to this, i.e. the signal-line drive circuit and
scanning-line drive circuits are arbitrarily arranged in the number
depending upon a pixel configuration. Also, signals are externally supplied
to the signal-line drive circuit 703 25 and first to fourth scanning-line
drive circuits 704 - 707 through an FPC 708. However, the invention is not
Limited to this but the electric circuits other than the pixel region may
be use an IC to externally supply signals. First explained is a
configuration of the first scanning-line drive circuit 7U4 and second
scanning-line drive circuit 705, by using Fig. 14Q. The third scanning-line
drive 3(1 circuit 706 and the fourth scanning-line drive circuit 707
conform to the diagram of Fig. -32   14B, and hence omittedlv shown. T'he
Urw vc:anning-Imc: drive cm:uU 7()-1 has a shift ~cgWu:a~ 70O and a butter
71 (l. ~l-he second scann~n~-lme drme c:~rcuO 7(1> hm a .Shcit register 71
l and a boiler 7l2. Bnetly explain the operation, the shill regnstcc 7()~l,
711 acquennallv outputs sampling pulses according to a clock signal
(G-CLK), start pulse (Sl') and clock inversion signal (G-CLKb). Thereafter,
the pulse amplified by the buffer 710, 712 is inputted to scanning lines
and made in a selective state row by row. Incidentally, configuration may
be made such that a level shifter is arranged between the shift register
709 and the buffer 7l0 or between the shift register 711 and 10 the buffer
712. The arrangement of a level shifter circuit can increase voltage
amplitude. Next explained is the configuration of the signal-line drive
circuit 703, by using Fig. 14C. -. The signal-line drive circuit 703 has a
signal-output-line drive circuit 715, a 15 sample hold circuit 716, a bias
circuit 714 and an amplifier circuit 717. The bias circuit 714, in a pair
with an amplifier transistor of each pixel, forms a source-follower
circuit. The sample hold circuit 7l6 has a function to temporarily store a
signal, make an analog-digital conversion and reduce noise. The
signal-output-line drive circuit 715 has a signal output function to
sequentially output temporarily stored signals. The amplifier 20 circuit
717 has a circuit to amplify a signal outputted from the sample hold
circuit 716 and signal-output-line drive circuit 715. Incidentally, the
amplifier circuit 717 may not be arranged where no signal amplification is
required. Explanation is made on the configuration and operation of a
circuit of a pixel 713 arranged at i-th column and j-th row in the pixel
region 702 and a bias circuit 714 at 25 around the i-th column, by using
Fig. 1~. First explained is the configuration of the circuit of the pixel
713 arranged at i-th column and j-th row and the bias circuit 714 at around
the i-th column. The pixel of Fig. 15 has first to fourth scanning lines
Ga(j) - Gd(j), a signal line S(i) and a power line V(i), and also an
n-channel transistor 255, a photoelectric 30 converter element 257 and
switches 250 - 254. - 33   



,lltU~ugl~ the trnriwtor ?~~ was lh~ n-channel tvpc: tn thas emhooiimcnt,
the mvennon na not Umited to thw, ~.~. O may b~ a p-c:ha11111~I type.
Howcv~r, ic:aus~ the t<<<nsi.sto~ 25> anti tl transmtor 2U) lorm
mourc~-lollower circuit, the I~c~lh tranwUorS are preterably in the same
polar Uy. 5 The switches 250 - 254 are semiconductor elements having
switching functions, which preferably use transistors. The switches 251 and
252 are on-off controlled according to a signal inputted through the first
scanning line Ga(j). The switch 250 is on-off controlled according to a
signal inputted through the second scanning line Gb(j). The switch 253 is
on-off controlled according to a signal inputted 10 through the third
scanning line Gc(j)) The switch 254 is on-off controlled according to a
signal inputted through the fourth scanning line Gd(j). The transistor 255
has source and drain regions one of which is connected to a power line V(i)
and the other is connected to a signal line S(i) through the switch 250. _
~.. The transistor 255 has a gate electrode connected to one terminal of a
capacitance 15 element 256. The other terminal of the capacitance element
256 is connected to one terminal of a photoelectric converter element 257
through the switch 253. The other terminal of the photoelectric converter
element 257 is connected to a power line 258. The power line 258 is applied
with a ground potential VSS. The capacitance element 256 has a role to hold
a gate-to-source voltage of the transistor 255 during carrying out a 20
setting operation. The bias circuit 714 has a transistor 2G0, a capacitance
element 261 and a switch 25J. The transistor 260 has a source region
connected to a power line 264 and a drain region connected to the signal
line S(i). The power line 264 is applied with a ground potential VSS. The
transistor 260 has a gate electrode connected to one terminal 25 of the
capacitance element 261. The other terminal of the capacitance element 2G1
is connected to the power line 2b4. The capacitance element 261 has a role
to hold a gate-to-source voltage of the transistor 260 during carrying out
a setting operation. 247 is a reference constant-current source having a
capability to flow a constant current. The reference constant-current
source 247 is configured by a 30 semiconductor element such as a
transistor. In the present specification, the reference -34
constant-current source ~-1? ~c>nfi~;mecl by n transistor wall he explained
m its one exanaple in Cmhodrment (. l~Ill~ can he rnudc rclcrence to
conveniently. ~l'h~ hcrwcr line V(r) ns u>nncctcd wUh the power lrnc 245
through a switch 248, and with the reference constant-current source 247
through a switch 24c). The power line 245 is applied with a power-source
potential V~i,,i while the power line 246 is applied with a power-source
potential V~,,~. The power source potential V,,~" applied to the power line
245 and the power source potential V~,d~ applied to the power line 246 may
be the same or different in value. However, the power source potential Vdaa
applied to the power line 246 is required to be set at a value that the
reference constant-current 10 source 247 is allowed to normally operate as
a constant-current source. For example, where the reference
constant-current source 247 utilizes a saturation region of a transistor to
configure the current source, there is a need to set at a value that the
transistor is allowed to operate in the saturation region. i~. The
reference constant-current source 247 may be integrally formed with a 15
signal-line drive circuit on a substrate. Otheuwise, a constant current may
be inputted as 



a reference current externally of the substrate by using an IC or the like.
The arrangement position of the switches 248, 249 and reference
constant-current source 247 is not limited to the point shown in Fig. 15.
Taking the foregoing Embodiments 1 - 3 into consideration, arrangement may
be in the different 20 position, e.g. may be incorporated in the pixel 7l3.
In Fig. 15, the region surrounded by the dotted line shown at 719 and
region surrounded by the dotted line shown at 714 corresponds to a
source-follower circuit. Next explained briefly is the operation of the
circuit of the pixel 713 arranged at i-th column and j-th row and the bias
circuit 714 at around the i-th column. 25 At first, the switches 249 - 252
of the pixel 713 and the switch 259 of the bias circuit 714 are turned into
an on-state. The other switches than those are turned off. Thereupon, the
signal current h,;,,;, as set in the reference constant-current source 247
flows in a direction toward the power line 264 through the switches 249,
252, 25l and then the switch 250 and further the switch 259. 30 In the
instant a current begins to flow, no charge is held on the capacitance
c:lement~ 2i6, ?61. Cmveqnentlv, the tmnwstor~ 2~~. 26(l are oU(. T'In,
ehaye m ~raclually built up on the cnhacitunc:e el~mi:nt~ ?~O, 2O1 to cau~~
a hc~l~nual dcl lc:c enec W between the both elecaroolw of the c:uhaWance
element 250, 201. When the pomntial dillecencc m between the both
electrodes of the S capacitance clement 256, 261 reaches a threshold
voltage of the transistor 255, 26U, the transistors 255, 260 turn an. Then,
charge storage is continued on the. capacitance element 256 such that the
gate-to-source voltage of the transistor 255 becomes a voltage capable of
flowing a predetermined signal current l~~,d. Also, charge storage is
continued on the capacitance 10 element 26l such that the gate-to-source
voltage of the transistor 260 becomes a voltage capable of flowing a
predetermined signal current 1~,,,,,. After the capacitance elements 256,
261 complete the charge storage into a steady state, the switches 251, 252,
259 are turned off. The switches 249, 250 are kept i~. on. The other
switches than the above are all off. At this time, the signal current ldd,d
set 15 by the reference constant-current source 247 flows through the drain
to source region of the transistor 255 and further the drain to source
region of the transistor 260. Subsequently, in this state, the switches
24~, 250 and 253 in the pixel 713 are turned on while the other switches
than those are turned off. Thereupon, the gate electrode of the transistor
255 is inputted by a signal from 20 the photoelectric converter element 257
through the capacitance element 256. At this time, the gate electrode of
the transistor 255 is inputted by a value having the signal of from the
photoelectric converter element 257 added onto the voltage held on the
capacitance element 256. Namely, the signal to be inputted to the gate
electrode of the transistor 25S is a signal to be inputted to the gate of
the same 25 transistor in addition to the voltage held on the capacitance
element 256. Consequently, it is possible to suppress against the affection
of transistor characteristic variation. 



Then, the potential on the source region of the transistor 255 becomes an
output potential V"",. The output potential V"", is outputted, as a signal
having been read by the photoelectric converter element 257, onto the
signal line S(i) through the switch 30 25U. - 3 (~    Ncxl, the awitcl~ 254
is turned on while the other switches than (hose are turned ol~I, to
initialize the photoelectric conveOc~ clement 257. More specifically, the
charge held by the photoelectric converter element 2~7 is allowed to flow
toward the power line V(i) through the switch 254 sliCh that the potential
on an n-channel terminal of the 5 photoelectric converter element 257
becomes equal to the potential on the power line 258. From then on, the
above operation is repeated. The semiconductor device having the above
configuration can suppress against the affection of
transistor-characteristic variation. The invention can be desirably
combined with Embodiments 1 - 3. 10 [Embodiment 5] This embodiment explains
an example, different from Embodiments 3 and 4, of an electric circuit to
which the invention is applied, by using Figs. 16 to 19. In Fig. 16A, 310
is the source-follower circuit of Figs. 1, 2A and 2B. The 15 circuit
configuration and operation of the source-follower circuit 310 is similar
to that of Figs. 1, 2A and 2B, and omittedly explained in this embodiment.
The operation of the source-follower circuit 310 is to be roughly divided
with setting and output operations, as mentioned before. Incidentally,
setting operation is an operation to hold predetermined charge on a
capacitance element, which corresponds to 20 the operation in Figs. 1 and
2A. Meanwhile, output operation is an operation to input an input potential
V", to take out an output potential Vo",, which corresponds to the
operation in Fig. 2B. In the source-follower circuit 310, a terminal-a
corresponds to the input terminal while a terminal-b corresponds to the
output terminal. The switches 127, 116, 25 118 are controlled according to
a signal inputted through a terminal-c. The switches 115, 117, 120 are
controlled according to a signal inputted through a terminal-d. The switch
128 is controlled according to a signal inputted through a terminal-e. In
designing an electric circuit having a source-follower circuit 310, it is
preferred to arrange at least two source-follower circuits 31S, 316 as
shown in Fig. 16B. 3() One of the source-follower circuits 3l5, 316 is
preferably to carry out a setting operation _37_   



while the other is to carry out an output operation. 13c cave this can corm
om two opc:cations al the same Ome, there is no uselessness in operation
mthout requiring useless time. -thus, electric circuit operation can he
effected at high speed. In the case of an arrangement of only one
source-follower circuit, output operation is not effected during setting
operation. This results in an occurrence of useless time. Incidentally,
setting and output operations are not effected at the same time in the
source-follower circuits 315, 316. Accordingly, there is no need to arrange
one current source 126 in each of the source-follower circuits 315, 316.
Namely, one 10 current source 126 can be commonly used by the
source-follower circuits 315, 316. For example, in a design using a
source-follower circuit to a signal-line drive circuit, at least two
source-follower circuits are preferably arranged on each signal line. In a
design using a source-follower circuit to a scanning-line drive circuit, at
least two i.'.. source-follower circuits are preferably arranged on each
scanning line. In a design 15 using a source-follower circuit on the pixel,
at least two source-follower circuits are preferably arranged on each
pixel. In Fig. 16B, 311 - 314 are switches. When the switches 311, 312 are
on, the switches 313, 314 are off. When the switches 311, 312 are off, the
switches 313, 314 are on. In this manner, of the two source-follower
circuits 3l5, 316, one is cause to carry 20 out a setting operation while
the other is caused to carry out an output operation. Incidentally, the two
source-follower circuits 315, 316 may be controlled by controlling the
switches 11G, 118 possessed by the source-follower circuit 310 without
arranging the switches 311 - 314. Although, in this embodiment, the region
surrounded by the dotted line 315, 25 316 was assumed corresponding to the
source-follower circuit, the invention is not limited to this, i.e. the
differential amplifier circuit, operational amplifier or the Like shown in
Figs. 10 - 13 or the like may be applied. This embodiment explains the
configuration and operation of a signal-line drive circuit having at least
two source-follower circuits arranged based on each signal 30 lines, by
using Figs. 17 to 19. _3~_   Fig. 17 shows a signal-line drive circuit. The
signal-line drive circuit has a sift ~cgoater 321, a first latch circuU
322, a ~ec~nci latch circuit 323, a D/A converter circuit 324 and a signal
ampliticr circuit 32~. Incidentally, in the case that the t~rst latch
circuit 322 or second latch circuit 5 323 is a circuit capable of storing
analog data, the D/A converter circuit 324 in many i:, cases is to be
omitted. In the case that the data to be outputted onto the signal tine is
binary, i.e. digital amount, the D/A converter circuit 324 in many cases is
to be omitted. Meanwhile, the D/A converter circuit 324, in a certain case,
incorporates therein a gamma-correction circuit. In this manner, the
signal-line drive circuit is not limited to 10 the configuration of Fig.
17. Briefly explaining the operation, the shift register 321 is configured
using a plurality of columns of flip-flop circuits (FFs) or the like, to
input an input clock signal (S-CLK), a start pulse (S-SP) and a clock
inversion signal (S-CLKb). Sampling pulses are to be sequentially outputted
according to the timing of these signals. 15 The sampling pulse outputted
from the shift register 321 is inputted to the first latch circuit 322. The
first latch circuit 322 is inputted with a video signal, to hold the video
signal on each column according to the input timing of the sampling pulse. 



In the first latch circuit 322, when video-signal holding is completed to
the last column, a latch pulse is inputted to the second latch circuit 323
during a horizontal 20 blanking period. Thus, the video signals held on the
first latch circuit 322 are transferred, at one time, to the second latch
circuit 323. Thereafter, the video signals held on the second latch circuit
323 are inputted, simultaneously in an amount of one row, to the D/A
converter circuit 324. The signal to be inputted from the D/A converter
circuit 324 is inputted to the signal amplifier circuit 325. 25 While the
video signal held on the second latch circuit 323 is being inputted to the
D/A converter circuit 324, the shift register 321 again outputs a sampling
pulse. From then on, the operation is repeated. Explanation is made on the
configuration of the signal amplifier circuit 325 at around i-th column to
(i + 2)-th column, or three, signal lines, by using Fig. 18. 30 The signal
amplifier circuit 325 has two source-follower circuits 315, 316 on _ 3c~ _
each column. Cach of the source-lollow~er circuits 31 ~. 31 O hay five
terminals, i r. terminal-a to terminal-c. The terminal-a corresponds to an
input terminal 01 the source follower circuit 31 ~, 316 while the
terminal-b corresponds to an output terminal of the source follower circuit
31~, 316. Meanwhile, the switches 127, 1 16, 118 are controlled ~ according
to a signal inputted through the terminal-c while the switches 115, 117.
120 are controlled according to a signal inputted through the terminal-d.
Furthermore, the switch 128 is controlled according to a signal inputted
through the terminal-e. In the signal amplifier circuit 325 shown in Fig.
18, a logic operator is arranged between the two signal lines, i.e. a
setting signal line 326 and a threshold signal line 327, 10 and the
source-follower circuit 315, 316. 329 is an inverter, 330 is an AND, 331
and 332 are inverters, and 333 is an AND. Inputted, to the terminal-c to
terminal-e, is either a signal outputted from the setting signal line 327
or a signal outputted from an output terminal of the logic operator. i'
Next explained are the signals to be outputted from the two lines, i.e.
setting 1~ signal line 326 and the threshold signal line 327, and the
signals to be inputted to the switches through the terminal-c to terminal-a
of the source-follower circuit 315, 316, by using Fig. 19. Note that the
switch the signal is to be inputted through the terminal-c to terminal-a is
turned on when a High signal is inputted and off when a Low signal is 2U
inputted. The signals as shown in Fig. 19 are inputted through the two
signal Lines, i.e. the setting signal line 326 and the threshold signal
line 328. Furthermore, a signal outputted from the setting signal line 326
is inputted, as it is, to the terminal-c of the source-follower circuit
315. A signal outputted from an output terminal of the AND 330 25 is
inputted to the terminal-d while a signal outputted from an output terminal
of the inverter 331 is inputted to the terminal-e. By doing so, the
source-follower circuit 315 can be controlled for any one of setting and
outputting operations. Also, a signal outputted from an output terminal of
the inverter 332 is inputted to the terminal-c of the source-follower
circuit 316. A signal outputted from an output 30 terminal of the AN D 333
is inputted to the terminal-d while a signal outputted from the - 40
~Cttlllg signal line ~i2(~ is inputted. as it is, to the terminal-e. By
doing so, the source-follower circuit 316 can be controlled for any one of
setting and outputting operations. Incidentally, in Figs. 16A and 16B, the
current source 12G is arranged in each 5 source-follower circuit.
Consequently, it is desired not to cause variation in value of the 



current flowing from the plurality of current sources 126 arranged in the
signal-line drive circuit. For this reason, it is possible not to cause
variation in current value by carrying out a setting operation to each
current source 126. This technique is described in the inventions of
Japanese Patent Application Nos. 2002-287997, 2002-288104, 10 2002-28043,
2002-287921, 2002-287948 and so on. Accordingly, by applying this technique
to the present application, it is possible to correct for the
characteristic variation in between the plurality of current sources 12G
arranged in the signal-line drive circuit. Description was so far made, in
Figs. 16A, 16B, 18 and 19, on the case using 15 the source-follower circuit
arranged with the current sources in addition to the native circuit as in
Fig. 1. Next shown is an example in a case using a source-follower circuit
as in Fig. 27 or 29. There is shown, in Fig. 40, a diagram corresponding to
Fig. 16A. A diagram corresponding to Fig. 18 is shown in Fig. 41, while a
diagram corresponding to Fig. 19 20 is shown in Fig. 42. The operation or
the like is similar to those so far described and hence omitted. As
compared with the case of Figs. 1G, 18 and 19, the current source 126 is
arranged in Fig. 16A whereas it is not arranged in Fig. 40. As a result,
circuit arrangement is easy, making possible to carry out layout in a
narrow area. Meanwhile, as already mentioned, Fig. 16A desirably has
further an additional circuit in order not to 25 cause variation in current
value between the current sources 126. This, however, is not required in
the circuit of Fig. 40. As a result, circuit arrangement is easy, making
possible to carry out layout in a narrow area. In addition, drive timing is
easier to provide. Incidentally, the signal-line drive circuit, in many
cases, has a plurality of 3() pixels connected at the end of each signal
line thereof. The pixel, in many cases, is to -41    change its slate
depending upon a voltage inputted through the signal line. 'this may be an
LCD or organic EL,. for example. Besides thevc, connection is poasihlc with
a variety of elements. This embodiment can be desirably combined with
Embodiments 1 - 4. 5 [Embodiment 6] The foregoing electric circuit or
semiconductor device of the invention is arranged with a reference
constant-current source having a capability to flow a constant current, to
carry out a setting operation by the use of the reference constant-current
10 source. The reference constant-current source is configured by a
semiconductor element, such as a transistor. Accordingly, this embodiment
explains the configuration of the reference constant-current source in the
case of configured by a transistor and a capacitance element, by using
Figs. 20 - 23. First explained is the scheme of a reference
constant-current source, by using 15 Figs. 20A and 20B. In Fig. 20A, 401 is
a reference constant-current source. The reference constant-current source
401 has a terminal-A, a terminal-B and a terminal-C. The terminal-A is
inputted by a setting signal. The terminal-B is supplied by a current from
a current feed line 405. Through the terminal-C, a current set by the
reference constant-current source 401 is supplied to the external. Namely,
the reference 20 constant-current source 401, under control of a set signal
inputted to the terminal-A, is supplied with a current at the terminal B,
to supply a current through the terminal-C. In Fig. 20B, 404 is a reference
constant-current source. The reference constant-current source 404 has a
plurality of reference constant-current sources. It is herein assumed that
there are provided two reference constant-current sources 402, 403. 25 The
reference constant-current source 402, 403 has terminals A - D. The
terminal-A is inputted by a setting signal. The terminal-B is supplied with
a current from the current feed line 405. Through the terminal-C, a current
set by the reference constant-current source 4U1 is supplied to the
external. The terminal D is inputted by a control signal outputted from a
control line 406. Namely, the reference constant-current source 4U2, 30 403
is under control of a setting signal inputted at the terminal-A and a
control signal -42   Inputted at the terminal-D, and supplied with a
current at the icrmmal-I3 to thcrchv supply a current at the terminal-C.
Next explained is the con(igurution of the rcletcncc constant-current
source 401 of Fig. 20A, by using Figs. 21A-21 F and 22A-22E. 5 Each of the
electric circuits shown in Figs. 21A-21 F corresponds to the reference
constant-current source 401. In Figs. 21A and 21B, the electric circuit,
having switches 54 - 56, an n-channel transistor 52 and a capacitance
element 53 for holding a gate-to-source voltage of the transistor 52 during
setting operation, corresponds to the reference 10 constant-current source
401. The electric circuits of Figs. 21A and 21B have the same circuit
elements but are different in connection relationship of between the
circuit elements. In Fig. 21C, the electric circuit, having switches 74,
75, n-channel transistors 72, 76 and a capacitance element 73 for holding a
gate-to-source voltage of the 15 transistor 72 during setting operation,
corresponds to the reference constant-current source 401. 



In Figs. 21D - 21F, the electric circuit, having switches 68, 70, n-channel
transistors 65, 66 and a capacitance element 67 for holding a
gate-to-source voltage of the transistor 65, 66 during setting operation,
corresponds to the reference 20 constant-current source 401. The electric
circuits of Figs. 21D - 21F have the same circuit elements but are
different in connection relationship of between the circuit elements.
Subsequently, explanation is brietly made on the operation of the reference
constant-current source 401 of Figs. 21A and 21B and the reference
constant-current 25 source 401 of Figs. 21D - 21 F. The operation of the
reference constant-current source 401 of Fig. 21C is similar to the
operation of Figs. 21A and 21B, and hence omittedly explained in this
embodiment. First explained is the operation of the reference
constant-current source 401 of Figs. 21A and 21B. In the electric circuit
of Figs. 21A and 21B, the switches 54, 55 are 3(l turned on according to a
signal inputted through the terminal-A. At this time, the switch - 43    56
is olf. Thereupon, a current is supplied from (hc current teal line 41)>
through the terminal-B, whereby predetermined charge ns held on the
capacitance element >~. Then, the switches 54, 55 are turned otl. At thin
ume. because prcdctcrmmcd charge is held on the capacitance element 53, the
transistor ~2 has a capability to slow a 5 current in a magnitude of a
signal current I,i",;,. Then, the switches 54, 55 are kept in off state and
the switch 56 is turned on. Thereupon, a predetermined current flows at the
terminal-C. At this time, because the gate-to-source voltage of the
transistor 52 is maintained at a predetermined gate-to-source voltage, a
drain current commensurate with the signal current I,,,,,r,, flows 10
through the drain region of the transistor 52. Incidentally, in the case of
the circuit of Figs. 21A and 21B, it is impossible to simultaneously carry
out an operation to hold predetermined charge on the capacitance element 53
and an operation to flow a predetermined current. Consequently, controlled
are the timing of holding predetermined charge onto the capacitance element
53 and the 15 timing of flowing a predetermined current, by the use of the
switches 54 - 56. Next explained is the operation of the reference
constant-current source 401 of Figs. 21D - 21F. In the electric circuit of
Figs. 21D - 21F, the switches 68; 70 are turned on according to a signal
inputted through the terminal-A. Thereupon, a current is supplied from the
current feed line 405 through the terminal-B, to store predetermined 20
charge on the capacitance element 67. At this time, because of connection
between the gate electrode of the transistor 65 and the gate electrode of
the transistor 66, the gate-to-source voltages of the transistors 65 and 66
are held by the capacitance element 67. Next, the switches 68, 70 are
turned off. At this time, because of holding 25 predetermined charge on the
capacitance element 67, the transistor 65, 66 has a 



capability to flow a current in a magnitude of signal current I,,~,".
Namely, because the gate-to-source voltage of the transistor 66 is held at
a predetermined gate-to-source voltage by the capacitance element 67, a
drain current commensurate with the signal current I,,;";, flows through
the drain region of the transistor 66. 3() Incidentally, in the case of the
circuit of Figs. 21 D - 21 F, it is possible to -44   wmultaneously carry
out an operation to hold predctcimined charge on the eapucUancc element 67
and an operation to flow a p~cclet~rmini;cl current. Meanwhile, in the case
oC the circuit of Figs. 21 D - 21 F, the size oi~ the transistors 65, 66 is
of importance. In the case the transistor 65 and the transistor 66 arc 5 in
the same size, there is a current flowing through the terminal-C in the
same value as the current to be supplied from the current feed line 405. On
the other hand, where the transistor 65 and the transistor 66 are different
in size, i.e. when the transistor 65 and the transistor 66 are different in
the value of W (gate width)/L (gate length), there is a difference between
the value of a current supplied from the current feed line 405 and the 10
value of a current flowing through the terminal-C. The difference relies
upon the W/L values of the respective transistors. Incidentally, in the
electric circuit of Fig. 21A - 21F, a current is flowing from the
terminal-C toward a ground potential VSS. Fig. 22 shows a circuit
configuration in a case that the transistors 52, 65, 66 have a p-channel
type of polarity wherein a current is 15 flowing from the terminal-C toward
a ground potential VSS. Incidentally, the direction of current flow is not
limited to the direction of from the terminal-C toward the ground potential
Vss as shown in Figs. 21A-21F and 22A-22E. In case the electric circuits of
Figs. 21A-21F has a ground potential VSS at the power-source potential Vdd
and further the transistors 52, 65, 66, 72 of the p-channel 20 type, a
current flows in a direction of from the power-source potential V~~ to the
terminal-C. Meanwhile, in the electric circuit of Fig. 22, in case the
ground potential V55 is at the power-source potential V~~, and further the
transistors 52, 65, 66 are of the n-channel type, a current flows in a
direction of from the power-source potential Vd~ to the terminal-C. 25 Next
explained is the reference constant-current source 402, 403 of Fig. 20B, by
using Figs. 23A and 23B. In the case of the circuit of Fig. 21A or 21B, it
was mentioned in the foregoing that simultaneous operations are impossible
between holding predetermined charge on the capacitance element and flowing
a predetermined current. Accordingly, a plurality of reference
constant-current sources are preferably 30 arranged as shown in Fig. 20B
whereby one reference constant-current source is - 45    operated to hold
predetermined charac onto thc: capacUancc elemen( ~,~~lolc (he oUhcr
reference conatant-current source is opc:ratecl l0 lJow a prcdetc~ mined
cup ~ ent. Namely. the reference constant-current sourecs ~l()2. =1().i of
Fig. 20l3 pre(eiahlv ose the circuit of Fig. 21 A or 21 B. S In Fig. 23A,
the circuit, hamng the switches 84 - 89. n-channel transistor ~2 and
capacitance element 83 for holding a gate-to-source voltage of the
transistor during setting operation, corresponds to the reference
constant-current source 402 or 403. The electric circuit of Fig. 23A is the
circuit of Fig. 21A or 21B. In Fig. 23B, the circuit, having the switches
94 - 97, transistors 92, 98 and 10 capacitance element 93 for holding a
gate-to-source voltage of the transistor 92 during setting operation,
corresponds to the reference constant-current source 402 or 403. The
electric circuit of Fig. 23B is the circuit of Fig. 21C. Incidentally, the
operation of the electric circuit of Figs. 23A or 23B is similar to the
operation of the electric circuit of Fig. 21A or 21B, and hence omiuedly
explained 



15 in this embodiment. This embodiment can be desirably combined with
Embodiment 1 - 5. [Embodiment 7] The electronic apparatus using the
electric circuit of the invention includes a 20 video camera, a digital
camera, a goggle-type display (head-mount display), a navigation system, an
audio reproducing apparatus (car audio unit, audio components, etc.), a
notebook personal computer, a game apparatus, a personal digital assistant
(mobile computer, cellular phone, portable game machine or electronic
book), and an image reproducing apparatus having a recording medium
(specifically, apparatus for 2S reproducing a recording medium such as a
Digital Versatile Disk (DVD) and having a display to display an image
thereof). Figs. 4A-4H show detailed examples of these electronic apparatus.
Fig. 4A is a light-emitting apparatus including a housing 3001, a support
base 3002, a display part 3003, a speaker part 3004 and a video-input
terminal 3005. The 30 present invention can be used in an electric circuit
configuring the display part 3()03. -46   Also, the It<,?hl-emitting
apparatus of Iig. 4A can he completed by thc~ invention. l3ccause the
light-cmtttmg apparatus is of a apontaneoua ~mmst~n type, a backlight is
not rc:clutted. Thus. the display pan can he made smaller In L111C1<IICSS
thal7 the liquid crystal display. Incidentally, the light-emitting
apparatus includes a display umt for 5 displaying all the pieces of
information for personal computers, TV broadcast reception, displaying
advertisement and so on. Fig. 4B is a digital still camera, including a
main body 3101, a display part 3102, an image receiving part 3103, an
operation key 3104, an external-connection port 3105 and a shutter 3106.
The invention can be used in an electric circuit configuring the 10 display
part 3102. Also, the digital still camera of Fig. 4B is to be completed by
the invention. Fig. 4C is a notebook personal computer, including a main
body 320l, a housing 3202, a display part 3203, a keyboard 3204, an
external-connection port 3205 ~.. and a pointing mouse 3206. The invention
can be used in an electric circuit configuring 15 the display part 3203.
Also, the light emitting device of Fig. 4C is to be completed by the
invention. Fig. 4D is a mobile computer, including a main body 3301, a
display part 3302, a switch 3303, an operation key 3304 and an infrared ray
port 3305. The invention can be used in an electric circuit configuring the
display part 3302. Also, the mobile 20 computer of Fig. 4D is completed by
the invention. Fig. 4E is a portable image reproducing apparatus having a
recording medium (specifically, DVD reproducing apparatus), including a
main body 3401, a housing 3402, a display part-A 3403, a display part-B
34(l4, a recording-medium (DVD or the like) reading part 3405, an operation
key 3406 and a speaker part 3407. The display 25 part-A 3403 is to display,
mainly, image information while the display part-B 3404 is to display,
mainly, character information. The invention can be used in an electric
circuit configuring the display parts A and B 3403, 3404. Incidentally, the
image reproducing apparatus having a recording medium includes a home-use
game apparatus. Also, the DVD reproducing apparatus of Fig. 4E is to be
completed by the invention. 3(l Fig. 4F is a goggle-type display
(head-mount display), including a main body -47   3~() I, a display par(
3>()2 and an arnt part ail) 3. I h~ mventtc>n um he u~eci in an electric
circuit conl tgut tng the display part 3>()?. :llao, tlo; goggle-type
display of Ftg. 4F iv to he completed by the invention. Fig. 4G is a video
camera, including a main body 36U1, a display part 3602, a housing 36U3, an
external-connection port 36U4, a remote-control receiving part 3605, - an
image receiving part 36U6, a battery 3607, a sound input part 36U~i. an
operation key 36U9, and eyepiece 3610. The invention can be used in an
electric circuit configuring the display part 3602. Also, the video camera
of Fig. 4G is to be completed by the invention. 10 Fig. 4H is a cellular
phone, including a main body 3701, a housing 3702, a 



display part 3703, a sound input part 3704, a sound output part 3705, an
operation key 3706, an external-connection port 3707 and an antenna 3708.
The invention can be used in an electric circuit configuring the display
part 37U3. Incidentally, the display part - i',. 3703 can suppress the
cellular phone from consuming current by displaying white 15 characters on
a black background. Also, the cellular phone of Fig. 4H is to be completed
by the invention. Incidentally, if light-emitting material will increase
light-emission brightness in the future, the light containing output image
information can be used, by magnifying and projecting by a lens or the
like, on a front or rear type projector. 20 Meanwhile, concerning the above
electronic apparatuses, there are increasing cases to display the
information distributed through an electronic communication line, such as
the Internet or CATV (cable television). Particularly, there are increased
occasions to display moving-image information. Because light-emitting
material has a very high response speed, the light-emitting device is
preferred for displaying moving 25 images. Meanwhile, it is desired for the
light-emitting device to display information such that a light-emitting
area is reduced to a possible less extent because the light-emitting area
consumes power. Accordingly, in the case of using a light-emitting device
in a display part, mainly for character information, of a personal digital
assistant 30 such as particularly a cellular phone or audio reproducing
apparatus, it is desired to -4i;   carte out driving such that character
rnlormatron is formed by a light-emitting part with non-cmrtttnf; part
provided as a background. A s clcacril~ed above, the present invention,
having an extremely broad scope of applicatron, c:an he used on an
electronic apparatus m every f>eld. Also, the electronic 5 apparatus of the
embodiment may use any configuration of the electric circuits and -
semiconductor devices shown in Embodiments 1 - 6. In order to cause a
particular transistor to flow a current same as a signal current set in the
reference constant-current source, a gate-to-source voltage may be set of
that transistor. In the invention, setting is possible by holding the
gate-to-source 10 voltage of the transistor due to a capacitance element
connected to that transistor. By utilizing the voltage held on the
capacitance element, it is possible to suppress against the affection of
transistor characteristic variation. The method of utilizing a voltage held
on a capacitance element can use the  i_. method shown in the below. The
voltage held on a capacitance element is held as it is, 15 and a signal
voltage (e.g. video signal voltage) is inputted to one terminal of the
capacitance element. If doing so, the gate electrode of the transistor is
inputted by a voltage that the voltage held on the capacitance element is
added to the signal voltage. As a result, the gate electrode of the
transistor is inputted by a value having the voltage held on the
capacitance element added to the signal voltage. Namely, in the invention,
20 even where characteristic variation occurs between transistors, the
transistor a signal voltage is to be inputted is inputted by a value that a
voltage held on each capacitance element each transistor is connected is
added to the signal voltage. Accordingly, an electric circuit can be
provided that is suppressed against the affection of the characteristic
variation between transistors. 



_ 4c~ _   What iv ciaimcd I~: 1. ~~n electric circuit tot outputting an
output potential at an output terminal on the basis ol' an input potential
inputted al a111 Input tel-Illlllal, the electric circuit comprising: 5 a
capacitance element for converting a current supplied from a constant
current source into a voltage; a transistor for supplying a current
dependent upon a converted voltage; a first switch connected between the
input terminal and a gate electrode of the transistor; and 10 a second
switch connected between a source electrode of the transistor and the
output terminal, whereby the capacitance element is connected between a
gate and a source of the transistor. - i;. 15 2. An electric circuit
according to claim 1, wherein the input voltage is a potential of a signal
supplied from a photoelechis converter element. 3. An electric circuit
according to claim 1, wherein an amount of a current flowing at between the
source and the drain of the transistor is the same as an amount of 20 a
current to be supplied from the constant current source. 4. An electric
circuit according to claim 1, wherein the electric circuit is configured
with one selected from a source-follower circuit, a differential amplifier,
an operational amplifier and an amplifier circuit. 25 5. An electric
circuit for outputting an output potential at an output terminal on the
basis of an input potential inputted at an input terminal, the electric
circuit comprising: first and second capacitance elements fog converting a
current supplied from a 30 constant current source into a voltage; -SU
first and vecmol l mentors for supplying a cm rent dependent upon a
converted voltage and connected In series; a first vwitch connected heOvccn
the Input IeI'lllinitl and a gate electrode of the first transistor; and a
aecond switch connected between a source electrode of the first transistor
and the output terminal, 



whereby the first capacitance element is connected between a gate and a
source of the first transistor and second capacitance element is connected
between a gate and a source of the second transistor. 10 6. An electric
circuit according to claim 5, wherein the input voltage is a potential of a
signal supplied from a photoelectric converter element. 7. An electric
circuit according to claim 5, wherein an amount of a current 1~ flowing at
between the source and the drain of the first and second transistors is the
same as an amount of a current to be supplied from the constant current
source. 8. An electric circuit according to claim 5, wherein the first and
second transistors are of a same conductor type. 20 9. An electric circuit
according to claim 5, wherein the electric circuit is configured with one
selected from a source-follower circuit, a differential amplifier, an
operational amplifier and an amplifier circuit. 25 10. An electric circuit
for outputting an output potential at an output terminal on the basis of an
input potential inputted at an input terminal, the electric circuit
comprising: first and second transistors arranged between first and second
power lines and connected in series; 30 a capacitance element for
converting into a voltage a current, caused by -~1    117ptItllllg a bias
poOcntlal to a ~~ate elecarode of the second transistor, l~lowmg at between
the first and second power lines; a first switch connected hetween the
input terminal and a gate electrode of the. first transistor; and S a
second switch connected between a source electrode of the first transistor
and the output terminal, whereby a current flows at between a source and a
drain of the. first transistor, in an amount dependent upon a charge held
between both electrodes of the capacitance element. 10 11. An electric
circuit according to claim 10, wherein the input voltage is a potential of
a signal supplied from a photoelectric converter element. i_. 12. An
electric circuit according to claim 10, wherein the first and second 15
transistors are of a same conductor type. 13. An electric circuit according
to claim 10, wherein the electric circuit is 



configured with one selected from a source-follower circuit, a differential
amplifier, an operational amplifier and an amplifier circuit. 2U 14. A
display device comprising: a driving circuit for outputting an output
potential at an output terminal on the basis of an input potential inputted
at an input terminal; a capacitance element for converting a current
supplied from a constant current 25 source into a voltage; a transistor for
supplying a current dependent upon a converted voltage; a first switch
connected between the input terminal and a gate electrode of the
transistor; and a second switch connected between a source; electrode of
the: transistor and the 3(l output terminal, _5?_   vvhcmhv the capacUancc
clement iv connected between a gate and a source of the transnsto~. I ~. A
display device according to claim 14, wherein the input voltage is a 5
potential of a signal supplied from a photoelectric converter element. 1 C.
A display device according to claim 14, wherein an amount of a current
flowing at between the source and the drain of the transistor is the same
as an amount of a current to be supplied from the constant current source.
10 17. A display device according to claim 14 wherein the driving circuit
according is configured with one selected from a source-follower circuit, a
differential amplifier, an operational amplifier and an amplifier circuit.
_ i;. 15 18. A display device according to claim 14 wherein the display
device is incorporated into an electronic apparatus selected from the group
consisting of a video camera, a digital camera, a goggle-type display, a
navigation system, an audio reproducing apparatus, a notebook personal
computer, a game apparatus, a personal digital assistant and an image
reproducing apparatus. 20 19. A display device comprising: a driving
circuit for outputting an output potential at an output terminal on the
basis of an input potential inputted at an input terminal; first and second
capacitance elements for converting a current supplied from a 25 constant
current source into a voltage; first and second transistors for supplying a
current dependent upon a converted voltage and connected in series; a first
switch connected between the input terminal and a gate electrode of the
first transistor; and 



30 a second switch connected between a source electrode of the first
transistor and   the output terminal. whereby the final capacitance element
us connected between a gale and a source of the firSl transi.~to~ and
~~cond capacitance element ua connected between a gate and a source of the
second transistor. 20. A display device according to claim 19, wherein the
input voltage is a potential of a signal supplied from a photoelectric
converter element. 21. A display device according to claim 19, wherein an
amount of a current 10 flowing at between the source and the drain of the
first and second transistors is the same as an amount of a current to be
supplied from the constant current source. 22. A display device according
to claim 19, wherein the first and second transistors are of a same
conductor type. 15 23. A display device according to claim 19, wherein the
driving circuit is configured with one selected from a source-follower
circuit, a differential amplifier, an operational amplifier and an
amplifier circuit. 20 24. A display device according to claim 19, wherein
the display device is incorporated into an electronic apparatus selected
from the group consisting of a video camera, a digital camera, a
goggle-type display, a navigation system, an audio reproducing apparatus, a
notebook personal computer, a game apparatus, a personal digital assistant
and an image reproducing apparatus. 25 25. A display device comprising: a
driving circuit for outputting an output potential at an output terminal on
the basis of an input potential inputted at an input terminal; first and
second transistors arranged between firs( and second power lines and 30
connected in series;   a cahacitancc clement for convcrtrng into a voltage
a current. caused by inputting a hiaa potenUal to a gale electrode: of Ihc
second transistor, Mowing at betv~cen the Brat amt second power lines; a
lirst switch connected between the input terminal and a gate electrode of
the 5 first transistor; and a second switch connected between a source
electrode of the first transistor and the output terminal, whereby a
current flows at between a source and a drain of the first transistor, in
an amount dependent upon a charge held between both electrodes of the
capacitance 10 element. 26. A display device according to claim 25, wherein
the input voltage is a potential of a signal supplied from a photoelectric
converter element. - i_. is 27. A display device according to claim 25,
wherein the first and second 



transistors are of a same conductor type. 28. A display device according to
claim 25, wherein the driving circuit is configured with one selected from
a source-follower circuit, a differential amplifier, an 20 operational
amplifier and an amplifier circuit. 29. A display device according to claim
25 wherein the display device is incorporated into an electronic apparatus
selected from the group consisting of a video camera, a digital camera, a
goggle-type display, a navigation system, an audio 25 reproducing
apparatus, a notebook personal computer, a game apparatus, a personal
digital assistant and an image reproducing apparatus. _5>_ .A.Aa.AL;
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