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FIG. 5 
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SAMPLE-AND-HOLD CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a sarnple-and-hold 
circuit that stores the electric charge corresponding to an 
input voltage in a capacitor, and holds the potential thereof, 
and particularly to a sarnple-and-hold circuit that reduces the 
charge leakage due to the sWitches connected to the elec 
trode of the capacitor, and suppresses the reduction in the 
held voltage. 

[0003] 2. Description of the Related Art 

[0004] FIG. 4 is a circuit diagram for a capacitor array 
type D/A conversion circuit using a conventional sarnple 
and-hold circuit. 

[0005] This sarnple-and-hold circuit stores the charge cor 
responding to the voltage input from an input terminal VR 
in a capacitor C3, and holds the potential thereof. The held 
potential is arnpli?ed by an arnpli?er 10 connected to the 
capacitor C3, and the arnpli?ed voltage is output from an 
output terminal Vout to the outside. 

[0006] The capacitor that stores the charge corresponding 
to the voltage input from the outside and holds the potential 
thereof is referred to as a “hold capacitor”. 

[0007] The operation of this conventional capacitor array 
type D/A conversion circuit Will be described beloW. First, 
for initialization (reset), all of the one ends of the capacitors 
C1 to C3 are connected to the ground GND by sWitches 
SWO to SW2, and a N-channel MOS transistor TN1 is turned 
on. Then, the amount of the charges Which have been stored 
in the capacitor C0 to C3 becomes zero. 

[0008] NeXt, in response to the digital signals input as 
signals to be D/A converted, one ends of the capacitors CO 
to C2 are connected to a reference voltage terminal VR by 
the SWO to SW2 sWitches, and then a N-channel MOS 
transistor TN1 is turned off. Here, for example, When one 
end of the capacitor C0 is connected to the ground GND by 
the switch SW0, the one ends of the capacitors C1 and C2 
are connected to a reference voltage terminal VR by the 
sWitches SW1 and SW2, and the N-channel MOS transistor 
TN1 is turned off, a voltage output from the output terminal 
Vout is given by the folloWing equation. 

[0009] Where, C1 to C3 denotes the capacitances of the 
capacitors C1 to C3, respectively, and Q3 denotes the 
amount of the charge stored betWeen both ends of the 
capacitor C3. 

[0010] FIG. 5 is a circuit diagram for a sWitching corn 
parator using a sarnple-and-hold circuit in accordance With 
another conventional example. 

[0011] In FIG. 5, a sarnple-and-hold circuit is comprised 
of a capacitor C4, an inverter I1, and a N-channel MOS 
transistor TN3. By adding N-channel MOS transistors TN2 
and TN4 to such a sarnple-and-hold circuit, a sWitching 
comparator is formed. 

[0012] The operation of the sWitching cornparator shoWn 
in FIG. 5 Will be described using a timing chart shoWn in 
FIG. 6. 
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[0013] First, in a time period T1, the N-channel MOS 
transistors TN2 and TN3 are turned on, and the N-channel 
MOS transistor TN4 is turned off. The capacitor C4 is 
thereby initialiZed While an input voltage V1 is applied. 

[0014] Then, in a time period T2, the N-channel MOS 
transistors TN2 and TN3 are turned off, and the N-channel 
MOS transistors TN4 is turned on. As a result, the output of 
the inverter I1 varies in response to the potential difference 
betWeen the input voltage V1 and an input voltage V2. If V1 
is larger than V2, an “H” level, that is, a poWer supply 
voltage VDD is output from the inverter I1. On the other 
hand, if V1 is smaller than V2, an “L” level, that is, a GND 
level is output from the inverter I1. In this Way, the sWitching 
cornparator cornpares rnagnitudes betWeen an input voltages 
V1 and V2, and outputs an “H” level or an “L” level. 

[0015] Hereafter, after the time period T3, sirnilar opera 
tions to the above-described time periods T1 and T2 are 
repeated. 

[0016] FIG. 7 is a circuit diagram for a successive corn 
parison type A/D conversion circuit using the above-de 
scribed sWitching cornparator. 

[0017] In this A/D conversion circuit, each of N-channel 
MOS transistors TN11, TN12, TN13, etc. corresponds to the 
N-channel MOS transistor TN4 of the above-described 
sWitching cornparator. The connection nodes in a ladder 
resistor comprising a plurality of resistors R are connected 
to the plurality of N-channel MOS transistors TN11, TN12, 
TN13 etc. Each of the plurality of N-channel MOS transis 
tors selectively selects the voltage produced by the ladder 
resistor. Herein, a capacitor C4 stores the charge given by 
the folloWing equation. 

[0018] Where, Vb denotes the input voltage of the inverter 
I1 When the capacitor C4 has been initialiZed. 

[0019] The operation of the A/D conversion circuit shoWn 
in FIG. 7 Will be described using a timing chart shoWn in 
FIG. 8. 

[0020] First, in a time period TO, the N-channel MOS 
transistors TN2 and TN3 are turned on, and all of the 
N-channel MOS transistors TN11, TN12, TN13, etc. are 
turned off. The capacitor C4 is thereby initialiZed While an 
analog signal Vin to be A/D converted is applied to. 

[0021] Then, in a time period T1, the N-channel MOS 
transistors TN2 and TN3 are turned off, and the N-channel 
MOS transistor TN11 is turned on. As a result, the output of 
the inverter I1 varies in response to the potential difference 
betWeen the input voltage Vin and a reference voltage VR1. 
If VR1 is smaller than Vin, an “H” level is output from the 
inverter I1. On the other hand, if VR1 is larger than Vin, an 
“L” level is output. In this manner, the sWitching cornparator 
cornpares rnagnitudes betWeen the input voltage Vin and the 
reference voltage VR1, and outputs an “H” level or an “L” 
level. 

[0022] NeXt, in a time period T2, the N-channel MOS 
transistors TN2 and TN3 are turned off, and the N-channel 
MOS transistor TN12 is turned on. As a result, the output of 
the inverter I1 varies in response to the potential difference 
betWeen the input voltage Vin and a reference voltage VR2. 
If VR2 is smaller than Vin, an “H” level is output from the 
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inverter I1. On the other hand, if VRl is larger than Vin, an 
“L” level is output. The switching comparator thus compares 
magnitudes betWeen an input voltage Vin and the reference 
voltage VR2, and outputs an “H” level or an “L” level. 

[0023] The same operation is performed for each time 
period after a time period T3. N-channel MOS transistors 
from a N-channel MOS transistor TN14 onWard are succes 
sively turned on, reference voltages from a voltage VR3 
onWard are successively input, and reference voltages are 
successively compared With the respective input voltages 
Vin. 

[0024] FIG. 9 is a circuit diagram for a sample-and-hold 
circuit in accordance With a third conventional example. 

[0025] In this sample-and-hold circuit, the voltage input 
from an input terminal Vin is ampli?ed by an ampli?er 11, 
and the ampli?ed voltage is output from an output terminal 
Vout. Also, the charge corresponding to the voltage input 
from the input terminal Vin are stored in a capacitor C5, and 
the potential is held by turning off a N-channel MOS 
transistor TN5. Even after the N-channel MOS transistor 
TN5 has been turned off, the held potential continues to be 
output. 

[0026] In this manner, in each of these ?rst to third 
conventional examples, the charge corresponding to the 
voltage input from the outside are stored in the capacitor, 
and thereby the potential thereof is held. HoWever, even if 
the sWitches connected to the capacitor is turned off, the 
charge stored in the capacitor leaks as leakage currents via 
the sWitches. 

[0027] Speci?cally, for example, in the ?rst conventional 
example shoWn in FIG. 4, even if the N-channel MOS 
transistor that constitutes a sWitch is in the OFF state With its 
gate voltage being 0 V, the charge stored in the capacitor C3 
leaks as leakage currents via the N-channel MOS transistor 
TN1. LikeWise, in the second conventional example shoWn 
in FIG. 5, the charge stored in the capacitor C4 leaks as 
leakage currents via the N-channel MOS transistor TN3 that 
is in the OFF state, and in the third conventional example 
shoWn in FIG. 9, the charge stored in the capacitor C5 leaks 
as leakage currents via the N-channel MOS transistor TN5 
that is in the OFF state. 

[0028] FIG. 10 is a diagram illustrating the leakage of the 
charge stored in the hold capacitor in the ?rst conventional 
example. 

[0029] In this diagram, the time period A is an initialiZa 
tion period that the charge is discharged and the next charge 
storage is prepared for. The time period B is a time period 
that the charge is stored and the potential is held, as Well as 
the voltage output to the outside. Herein, the charge stored 
in the hold capacitor leaks as leakage currents via the 
sWitches connected thereto, and decreases With time. As 
shoWn in FIG. 10, for example, the amounts corresponding 
to charge amounts ql or q2 become the loss portions due to 
the leakage currents ?oWing via the sWitches. Here, the 
difference in the amount of charge loss betWeen ql and q2 
is attributable to the difference in the characteristics betWeen 
transistors constituting the sWitches. 

[0030] In this Way, as the charge decreases, the held 
voltage also declines. 
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[0031] In the ?rst conventional example, under ideal con 
ditions that there is no leakage current, a voltage based on 
the above-described equation (1) is output. HoWever, as 
shoWn in FIG. 10, When the charge Q3 stored in the 
capacitor C3 decreases, an intended voltage Vout cannot be 
achieved. The difference betWeen the intended voltage and 
the voltage actually obtained corresponds to the above 
described amounts of the charge losses ql and q2. 

[0032] Here, in order to speed up circuit operations, if the 
capacity of the hold capacitor is reduced and/or the on 
resistances of the sWitches connected to the capacitor is 
decreased, such in?uences of leakage currents increase. 
Also, appropriate comparative operations in an A/D conver 
sion and the like cannot be carried out When attempting to 
elongate a voltage output period. 

[0033] To the contrary, in order to perform appropriate 
comparative operations, it is necessary to increase the capac 
ity of the hold capacitor, and/or to increase the on-resis 
tances of the sWitches. HoWever, this, in turn, prevents an 
initialiZation operation from being appropriately achieved. 
That is, it takes longer time than necessary time to discharge 
the charge stored in the hold capacitor, and/or to store 
enough charge in the hold capacitor up to the voltage input 
from the outside. 

[0034] Thus, in the conventional sample-and-hold circuits, 
the avoidance of the in?uences of leakage currents, and the 
achievement of a desired accuracy are gained at the expense 
of operation speed. 

SUMMARY OF THE INVENTION 

[0035] The present invention has been made With a vieW 
to solving the above-described problems associated With the 
conventional art. The purpose of the present invention is to 
prevent the electric charge stored in a hold capacitor from 
leaking as leakage currents via the sWitches connected to the 
hold capacitor, to suppress the reduction of the voltage held 
in the hold capacitor, and to thereby improve the perfor 
mance of the sample-and-hold circuit. 

[0036] In order to achieve the above-described purpose, 
the present invention provides a sample-and-hold circuit that 
has a capacitor for storing the voltage input from the outside 
as an electric charge, and holding the potential thereof, and 
has the sWitches connected to the capacitor. The sWitches are 
constituted of a plurality of sWitches that are connected in 
series With each other. In this sample-and-hold circuit, the 
potential difference betWeen the both ends of the sWitch 
(referred to as a ?rst sWitch or the input terminal side sWitch) 
connected to the side of the capacitor out of the plurality of 
sWitches, is set to Zero or substantially Zero, at least during 
the time period that the plurality of sWitches is in the OFF 
state. 

[0037] Preferably, the plurality of sWitches are connected 
in series With each other, and is simultaneously turned on or 
off. 

[0038] Also, preferably the ?rst sWitch is connected to one 
electrode (referred to as a charge storage electrode) in Which 
a charge is stored, out of both electrodes of the capacitor. 
Here, the other electrode (opposite electrode to the charge 
storage electrode) of the capacitor is provided With a pre 
determined potential. 
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[0039] Furthermore, it is preferable that the sample-and 
hold circuit in accordance With the present invention further 
includes an equipotential setting circuit that sets the poten 
tial of one end of the ?rst sWitch Wherein the other end 
thereof is connected to the capacitor so that the potential 
difference betWeen both ends of the sWitch becomes Zero or 
substantially Zero. 

[0040] Also, preferably, each of the plurality of sWitches 
or the hold capacitor is formed of a MOS transistor. 

[0041] Moreover, it is preferable that the equipotential 
setting circuit includes a differential ampli?er having a ?rst 
input terminal, a second input terminal, and an output 
terminal for outputting the voltage obtained by amplifying 
the potential difference betWeen the ?rst and second input 
terminals, and includes a sWitch (second sWitch) for con 
necting the interconnection node of the plurality of sWitches 
and the ?rst input terminal. In this equipotential setting 
circuit, it is further preferable that one end of the capacitor 
is connected to the second input terminal, While the other 
end thereof is connected to the output terminal, and that the 
interconnection node of the plurality of sWitches and the ?rst 
input terminal is connected by the second sWitch, during the 
time period that the plurality of sWitches is in the OFF state. 

[0042] In addition, the equipotential setting circuit pref 
erably has a buffer ampli?er that ampli?es the voltage at the 
interconnection node betWeen one end of the capacitor and 
the input terminal of the ampli?er, outputs the ampli?ed 
voltage to the output terminal thereof, and has an ampli? 
cation factor of “1”, and preferably has a sWitch that 
connects the interconnection node of these sWitches and the 
output terminal of the buffer ampli?er, during the time 
period that these plurality of sWitches is in the OFF state. 

[0043] The above and other objects, features, and advan 
tages of the present invention Will be clear from the folloW 
ing detailed description of the preferred embodiments of the 
invention in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1 is a circuit diagram for a capacitor array 
type D/A conversion circuit using a sample-and-hold circuit 
in accordance With a ?rst embodiment to Which the present 
invention is applied; 

[0045] FIG. 2 is a circuit diagram for a sWitching com 
parator using a sample-and-hold circuit in accordance With 
a second embodiment to Which the present invention is 
applied; 
[0046] FIG. 3 is a circuit diagram for a sample-and-hold 
circuit in accordance With a third embodiment to Which the 
present invention is applied; 

[0047] FIG. 4 is a circuit diagram for a capacitor array 
type D/A conversion circuit using a sample-and-hold circuit 
in accordance With a ?rst conventional eXample; 

[0048] FIG. 5 is a circuit diagram for a sWitching com 
parator using a sample-and-hold circuit in accordance With 
a second conventional eXample; 

[0049] FIG. 6 is a time chart shoWing the operations of the 
sWitching comparator shoWn in FIG. 5; 

[0050] FIG. 7 is a circuit diagram for a successive com 
parisonA/D conversion circuit using a sWitching comparator 
in accordance With a second conventional eXample; 
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[0051] FIG. 8 is a time chart illustrating the operations of 
the A/D conversion circuit shoWn in FIG. 7; 

[0052] FIG. 9 is a circuit diagram for a sample-and-hold 
circuit in accordance With a third conventional eXample; and 

[0053] FIG. 10 is a diagram illustrating the leakage of the 
charge stored in the hold capacitor in the ?rst conventional 
eXample. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0054] In the present invention, the sWitch connected to 
the hold capacitor comprises tWo sWitches that are con 
nected in series With each other, and that are simultaneously 
turned on or off. 

[0055] Hereinafter, the sWitches connected in series With 
each other are referred to as “series con?guration sWitches”. 

[0056] Even though the sWitches used in the sample-and 
hold circuit are thus constituted of tWo sWitches in series 
With each other, these sWitches can be used in the same 
manner as typical sWitches if they are simultaneously turned 
on or off. 

[0057] Also, in the present invention, the potential differ 
ence betWeen both ends of the sWitch (hereinafter, referred 
to as an input terminal side sWitch) connected to the input 
terminal of the above-described ampli?er, out of the 
sWitches that constitutes the series con?guration sWitches, is 
set to Zero, at least during the time period that the sWitches 
are in the OFF state. In order to set the potential difference 
to be Zero, there is provided an equipotential setting circuit 
that sets the potential of interconnection node of these 
sWitches that constitutes the series con?guration sWitches. 
The equipotential setting circuit generates the same voltage 
as the input terminal voltage of the ampli?er or the voltage 
close thereto, and applies them to the interconnection node 
of these sWitches. 

[0058] Then, one end of the input terminal side sWitch is 
a potential of the input terminal. The other end of the input 
terminal side sWitch eXhibits an equal voltage to that of the 
input terminal or the voltage close thereto by the equipo 
tential setting circuit. As a result, the potential difference 
betWeen both ends of the sWitch becomes Zero or a small 
voltage. 
[0059] The leakage currents ?oWing via the sWitch 
depends on the potential difference betWeen both ends of the 
sWitch. In the present invention, since the potential differ 
ence betWeen both ends of the sWitch becomes Zero or a 
small voltage, the leakage current ?oWing via the sWitch 
becomes Zero or a small current. In the case of the sWitch 
other than the input terminal side sWitch that constitutes the 
series con?guration sWitches, leakage currents ?oW as in the 
case of the conventional examples. HoWever, since these 
leakage currents are supplied by the equipotential setting 
circuit, there is no leakage of the charge stored in the hold 
capacitor. Hence, if such series con?guration sWitches are 
used as sWitches to be connected to the hold capacitor, the 
charge leakage from the capacitor via the sWitches Will be 
reduced. 

[0060] Thus, in the present invention, the charge stored in 
the capacitor can be prevented from leaking as leakage 
currents via the sWitches connected to the capacitor. It is, 
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therefore, possible to suppress a reduction in the held 
voltage due to the leakage of the charge stored in the 
capacitor, and to thereby improve the performance of the 
sample-and-hold circuit. 

[0061] FIG. 1 is a circuit diagram for a capacitor array 
type D/A conversion circuit using a sample-and-hold circuit 
in accordance With a ?rst embodiment to Which the present 
invention is applied. 

[0062] In this embodiment, the N-channel MOS transistor 
TN1 in the conventional eXample shoWn in FIG. 4 is 
replaced With the series con?guration sWitches that are 
constituted of N-channel MOS transistors TN1A and TN1B. 
In addition, this embodiment is provided With an equipo 
tential setting circuit comprising a N-channel MOS transis 
tor TN6 and an inverter I3. 

[0063] An ampli?er 10 is a differential ampli?er, and 
outputs a voltage in proportion to the potential difference 
betWeen the positive input terminal and negative input 
terminal to the output terminal. Since the ampli?er 10 is 
constructed of a negative feedback circuit, the potential 
difference betWeen the positive input terminal and negative 
input terminal thereof is signi?cantly small. The relationship 
betWeen the positive and negative input terminals, therefore, 
constitutes a state called “virtual short”. 

[0064] In this embodiment, during the time period that the 
series con?guration sWitches are in the OFF state, an “H” 
level is output from the inverter I3, and a N-channel MOS 
transistor TN6 comes into the ON state. Consequently, the 
potential at the interconnection node betWeen the tWo 
sWitches that constitute the series con?guration sWitches 
becomes equal to that of the positive input terminal of the 
ampli?er 10. Thereby, the potential at the interconnection 
node becomes substantially equal to the negative input 
terminal of the ampli?er 10 due to the above-described 
virtual short. Thus, substantially equal potentials are applied 
to the both ends of the N-channel MOS transistor TN1A. 

[0065] In this Way, in this embodiment, during the time 
period that the charge is held in the hold capacitor, the 
leakage currents ?oWing through the N-channel MOS tran 
sistor TN1A that constitutes the series con?guration 
sWitches becomes substantially Zero. On the other hand, in 
the other N-channel MOS transistor TN1B that constitutes 
the series con?guration sWitches, since the currents ?oWing 
therethrough are supplied by a ground GND via the N-chan 
nel MOS transistor TN6 of the equipotential setting circuit, 
there is no leakage of the charge stored in the hold capacitor. 

[0066] Thus, in this embodiment, the charge stored in the 
capacitor can be prevented from leaking as leakage currents 
via the sWitches connected to the capacitor. It is, therefore, 
possible to suppress a reduction in the held voltage due to 
the leakage of the charge stored in the capacitor, and to 
thereby improve the performance of the sample-and-hold 
circuit, for eXample, to increase the conversion accuracy in 
the capacitor array type D/A conversion circuit thereof. 

[0067] FIG. 2 is a circuit diagram for a sWitching com 
parator using a sample-and-hold circuit in accordance With 
a second embodiment of the present invention. 

[0068] The N-channel MOS transistor TN3 in the conven 
tional eXample shoWn in FIG. 5 is a sWitch that stores charge 
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in a capacitor C4 and holds the charge. The stored charge 
leaks as leakage currents via this sWitch. 

[0069] In this embodiment, this N-channel MOS transistor 
TN3 in the conventional eXample is replaced With the series 
con?guration sWitches that are constituted of N-channel 
MOS transistor TN3A and TN3B. In addition, this embodi 
ment is provided With an equipotential setting circuit com 
prising a N-channel MOS transistor TN7 and an inverter I4. 

[0070] An ampli?er 12 is a differential ampli?er. The 
ampli?er ampli?es the potential difference betWeen the 
positive input terminal and negative input terminal thereof, 
and outputs the ampli?ed voltage to the output terminal 
thereof. Since the ampli?er 10 is constructed of a negative 
feedback circuit, and constitutes a buffer ampli?er of Which 
the ampli?cation factor is “1”, the potential difference 
betWeen the positive input terminal and negative input 
terminal thereof is signi?cantly small. The relationship 
betWeen the positive and negative input terminals, therefore, 
constitutes a state called “virtual short”, as described above. 

[0071] In this embodiment, during the time period that the 
series con?guration sWitches are in the OFF state, an “H” 
level is output from the inverter I4, and a N-channel MOS 
transistor TN7 comes in the ON state. Consequently, the 
potential at the interconnection node betWeen the tWo 
sWitches constituting the series con?guration sWitches 
becomes equal to that of the negative input terminal of the 
ampli?er 12. Thereby, the potential at the interconnection 
node becomes substantially equal to that of the positive 
input terminal of the ampli?er 12 due to the above-described 
virtual short. Thus, substantially equal potentials are applied 
to the both ends of the N-channel MOS transistor TN3A. 

[0072] In this manner, in this embodiment, during the time 
period that the charge is held in the hold capacitor, the 
leakage currents ?oWing through the N-channel MOS tran 
sistor TN3A that constitutes the series con?guration 
sWitches becomes substantially Zero. On the other hand, in 
the other N-channel MOS transistor TN3B that constitutes 
the series con?guration sWitches, since currents ?oWing 
therethrough are supplied by the ampli?er 12 of the equi 
potential setting circuit, there is no leakage of the charge 
stored in the hold capacitor. 

[0073] Thus, in this embodiment, the charge stored in the 
capacitor can be prevented from leaking as leakage currents 
via the sWitches connected to the capacitor. It is, therefore, 
possible to suppress a reduction in the held voltage due to 
the leakage of charge stored in the capacitor, and to thereby 
improve the performance of the sample-and-hold circuit. 

[0074] MeanWhile, this second embodiment may be used 
instead of the sample-and-hold circuit that constitutes the 
successive comparison A/D conversion circuit in FIG. 7, 
this sample-and-hold circuit described as a conventional 
eXample. 

[0075] FIG. 3 is a circuit diagram for a sample-and-hold 
circuit in accordance With a third embodiment of the present 
invention. 

[0076] The N-channel MOS transistor TN5 in the conven 
tional eXample shoWn in FIG. 9 is a sWitch that stores charge 
in a capacitor C5 and Which holds the charge. The stored 
charge leaks as leakage currents via this sWitch. 
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[0077] In this embodiment, this N-channel MOS transistor 
TN5 in the conventional example is replaced With the series 
con?guration sWitches constituted of N-channel MOS tran 
sistor TN5A and TN5B. In addition, this embodiment is 
provided With an equipotential setting circuit comprising a 
N-channel MOS transistor TN8 and an inverter I5. 

[0078] An ampli?er 13 is a differential ampli?er. The 
ampli?er 13 ampli?es the potential difference betWeen the 
positive input terminal and negative input terminal thereof, 
and outputs the ampli?ed voltage to the output terminal 
thereof. Since the ampli?er 13 is constructed of a negative 
feedback circuit, and constitutes a buffer ampli?er of Which 
the ampli?cation factor is “1”, the potential difference 
betWeen the positive input terminal and negative input 
terminal thereof is signi?cantly small. The relationship 
betWeen the positive and negative input terminals, therefore, 
constitutes a state called “virtual short”, as described above. 

[0079] In this embodiment, during the time period that the 
series con?guration sWitches are in the OFF state, an “H” 
level is output from the inverter I5, and a N-channel MOS 
transistor TN8 comes into the ON state. Consequently, the 
potential at the interconnection node betWeen the tWo 
sWitches constituting the series con?guration sWitches 
becomes equal to that of the negative input terminal of the 
ampli?er 13, and also becomes substantially equal to the 
positive input terminal of the ampli?er 13 due to the 
above-described virtual short. 

[0080] Thus, in this embodiment, during the time period 
that the charge is held in the hold capacitor, the leakage 
currents ?oWing through the N-channel MOS transistor 
TN5A that constitutes the series con?guration sWitches 
becomes substantially Zero. On the other hand, in the other 
N-channel MOS transistor TN5B that constitutes the series 
con?guration sWitches, since currents ?oWing therethrough 
are supplied by the ampli?er 13 of the equipotential setting 
circuit, there is no leakage of the charge stored in the hold 
capacitor. 

[0081] In this Way, in this embodiment, the charge stored 
in the capacitor can be prevented from leaking as leakage 
currents via the sWitches connected to the capacitor. It is, 
therefore, possible to suppress a reduction in the held 
voltage due to the leakage of charge stored in the capacitor, 
and to thereby improve the performance of the sample-and 
hold circuit. 

[0082] As is evident from the foregoing, in accordance 
With the present invention, the reduction in the held voltage 
due to the leakage of the charge stored in the capacitor can 
be suppressed, and thereby an improvement in the perfor 
mance of the sample-and-hold circuit can be achieved. 
Moreover, the elongation of the time period that charge can 
be held, alloWs operations at loWer speed, and eliminates the 
need for frequent refresh operations, and leads to reduced 
poWer consumption. 

[0083] While the present invention has been described 
With reference to What are at present considered to be the 
preferred embodiments, it is to be understood that various 
changes and modi?cations may be made thereto Without 
departing from the invention in its broader aspects and 
therefore, it is intended that the appended claims cover all 
such changes and modi?cations as fall Within the true spirit 
and scope of the invention. 
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What is claimed is: 
1. A sample-and-hold circuit, comprising: 

a capacitor for storing a voltage input from an outside as 
an electric charge, and holding a potential thereof; 

sWitches connected to said capacitor, said sWitches being 
constituted of a plurality of sWitches that are connected 
in series With each other, 

Wherein a potential difference betWeen both ends of a ?rst 
sWitch connected to a side of said capacitor out of the 
plurality of sWitches, being set to Zero or substantially 
Zero, at least during a time period that said plurality of 
sWitches is in the OFF state. 

2. A sample-and-hold circuit in accordance With claim 1, 
Wherein said plurality of sWitches is connected in series With 
each other, said plurality of sWitches being simultaneously 
turned on or off. 

3. A sample-and-hold circuit in accordance With claim 1, 
Wherein said ?rst sWitch is connected to a charge storage 
electrode of said capacitor. 

4. A sample-and-hold circuit in accordance With claim 2, 
Wherein said ?rst sWitch is connected to a charge storage 
electrode of said capacitor. 

5. A sample-and-hold circuit in accordance With claim 1, 
further comprising: 

an equipotential setting circuit that sets the potential of 
one end of said ?rst sWitch Wherein another end thereof 
is connected to said capacitor so that the potential 
difference betWeen the both ends of said ?rst sWitch 
becomes Zero or substantially Zero. 

6. A sample-and-hold circuit in accordance With claim 2, 
further comprising: 

an equipotential setting circuit that sets the potential of 
one end of said ?rst sWitch Wherein another end thereof 
is connected to said capacitor so that the potential 
difference betWeen the both ends of said ?rst sWitch 
becomes Zero or substantially Zero. 

7. A sample-and-hold circuit in accordance With claim 1, 
Wherein each of said plurality of sWitches or said capacitor 
is formed of a MOS transistor. 

8. A sample-and-hold circuit in accordance With claim 2, 
Wherein each of said plurality of sWitches or said capacitor 
is formed of a MOS transistor. 

9. A sample-and-hold circuit in accordance With claim 5, 
Wherein said equipotential setting circuit comprising: 

a differential ampli?er having a ?rst input terminal, a 
second input terminal, and an output terminal for 
outputting a voltage obtained by amplifying the poten 
tial difference betWeen said ?rst and second input 
terminals; and 

a second sWitch for connecting an interconnection node of 
said plurality of sWitches and said ?rst input terminal, 

Wherein one end of said capacitor is connected to said 
second input terminal, the other end thereof is con 
nected to said output terminal, and the interconnection 
node of said plurality of sWitches and said ?rst input 
terminal are connected by said second sWitch, during 
the time period that said plurality of sWitches is in the 
OFF state. 

10. Asample-and-hold circuit in accordance With claim 6, 
Wherein said equipotential setting circuit comprising: 
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a differential ampli?er having a ?rst input terminal, a 
second input terminal, and an output terminal for 
outputting the voltage obtained by amplifying a poten 
tial difference betWeen said ?rst and second input 
terminals; and 

a second sWitch for connecting an interconnection node of 
said plurality of sWitches and said ?rst input terminal, 

Wherein one end of said capacitor is connected to said 
second input terminal, the other end thereof is con 
nected to said output terminal, and the interconnection 
node of said plurality of sWitches and said ?rst input 
terminal are connected by said second sWitch, during 
the time period that said plurality of sWitches is in the 
OFF state. 

11. A sample-and-hold circuit in accordance With claim 5, 
Wherein said equipotential setting circuit further comprising: 

a buffer ampli?er that ampli?es a voltage at an intercon 
nection node betWeen one end of said capacitor and the 
input terminal of said ampli?er, outputs the ampli?ed 
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voltage to the output terminal thereof, and has an 
ampli?cation factor of “1”; and 

a sWitch that connects the interconnection node of said 
plurality of sWitches and the output terminal of said 
buffer ampli?er, during the time period that said plu 
rality of sWitches is in the OFF state. 

12. Asample-and-hold circuit in accordance With claim 6, 
Wherein said equipotential setting circuit further comprising: 

a buffer ampli?er that ampli?es a voltage at an intercon 
nection node betWeen one end of said capacitor and the 
input terminal of said ampli?er, outputs the ampli?ed 
voltage to the output terminal thereof, and has an 
ampli?cation factor of “1”; and 

a sWitch that connects the interconnection node of said 
plurality of sWitches and the output terminal of said 
buffer ampli?er, during the time period that said plu 
rality of sWitches is in the OFF state. 

* * * * * 


