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An analog signal is input to an input terminal. An analog 
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(22) Filed: Oct. 30, 2008 ?rst transistor to a high-impedance state. 
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ANALOG SWITCH 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to an analog switch. 
[0003] 2. Description of the Related Art 
[0004] In order to disconnect a transmission path of an 
analog signal or in order to sWitch the transmission path, an 
analog sWitch is employed. In general, a transfer gate is often 
employed. The transfer gate includes an N-channel MOSFET 
(Metal Oxide Semiconductor Field Effect Transistor) and a 
P-channel MOSFET provided in parallel, such that both ter 
minals thereof are connected to each other to form a common 
I/O terminal. 
[0005] [Patent Document 1] 
[0006] Japanese Patent Application Laid Open No. S58 
13027 
[0007] [Patent Document 2] 
[0008] Japanese Patent Application Laid Open No. S58 
13028 

[0009] [Patent Document 3] 
[0010] Japanese Patent Application Laid Open No. 
H9-8625 

[0011] [Patent Document 4] 
[0012] Japanese Patent Application Laid Open No. 2006 
1 57132 
[0013] Let us consider an arrangement in Which an analog 
signal is transmitted via a transfer gate. In a state in Which the 
transfer gate is in the ON state, the high-level voltage (poWer 
supply voltage) is applied to the gate of the N-channel MOS 
FET, and the loW-level voltage (ground voltage or a negative 
poWer supply voltage) is applied to the gate of the P-channel 
MOSFET, thereby providing a ?xed voltage state. In this 
state, When an analog input signal that changes according to 
the passage of time is input via the input terminal of the 
analog sWitch, the gate-source voltages of the MOSFETs 
change according to the change in the input signal. 
[0014] The change in the gate-source voltages leads to a 
change in the ON resistances of the MOSFETs, leading to 
distortion in the Waveform of the analog signal at the output 
terminal. In a case in Which a signal Which must be transmit 
ted With loW distortion, such as an analog audio signal, analog 
video signal, etc., is transmitted via such an analog sWitch, 
such an arrangement leads to a problem of poor sound quality 
or poor image quality. 

SUMMARY OF THE INVENTION 

[0015] The present invention has been made in vieW of the 
aforementioned problems. Accordingly, it is a general pur 
pose of the present invention to provide an analog sWitch 
Which is capable of signal transmission With reduced signal 
distortion. 
[0016] l . An analog sWitch according to an embodiment of 
the present invention comprises: an input terminal via Which 
an analog signal is input; an output terminal via Which the 
analog signal is output; a ?rst N-channel MOSFET (Metal 
Oxide Semiconductor Field Effect Transistor) provided 
betWeen the input terminal and the output terminal; and a ?rst 
resistor provided betWeen the gate of the ?rst MOSFET and a 
?rst ?xed voltage terminal. 
[0017] With such an embodiment, the ?rst ?xed voltage 
terminal and the gate of the ?rst MOSFET are connected in a 
high-impedance state by means of the ?rst resistor. In this 
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state, When an analog signal is input via the input terminal, the 
input terminal and the gate are coupled by the gate-source 
capacitance (or the gate-drain capacitance), and accordingly, 
the gate voltage changes in phase With the input signal. As a 
result, such an arrangement suppresses ?uctuation in the gate 
source voltage of the ?rst MOSFET. This suppresses ?uctua 
tion in the ON-resistance, thereby reducing distortion in the 
analog signal. 
[0018] Also, the analog signal may be a signal that sWings 
betWeen a negative voltage and a positive voltage With the 
ground voltage as the midpoint. Also, in the ON state of the 
analog sWitch, the poWer supply voltage may be applied to the 
?rst ?xed voltage terminal. That is to say, the ?rst ?xed 
voltage terminal may be a poWer supply terminal. This analog 
sWitch requires only the poWer supply voltage Without involv 
ing a negative bias voltage, thereby providing a simple circuit 
con?guration. 
[0019] The analog sWitch according an embodiment may 
further include a second N-channel MOSFET Which is con 
nected in series With the ?rst MOSFET betWeen the input 
terminal and the output terminal, such that the gate thereof is 
connected to the gate of the ?rst MOSFET so as to form a 
common gate. 

[0020] The analog signal may be an audio signal. Further 
more, a bypass ?lter con?gured of the ?rst resistor and the 
gate-source capacitance of the ?rst MOSFET may alloW a 
signal in the audio frequency band to pass through. 
[0021] An analog sWitch according to an embodiment may 
further include a ?rst capacitor provided betWeen the input 
terminal and the gate of the ?rst MOSFET. 
[0022] With such an arrangement, the gate and the input 
terminal are coupled by the ?rst capacitor, in addition to being 
coupled by the gate-source capacitance (gate-drain capaci 
tance) of the MOSFET. This improves the response of the 
gate voltage to the input voltage, thereby further reducing 
distortion in the analog signal. 
[0023] An analog sWitch according to an embodiment may 
further include a second capacitor provided betWeen the out 
put terminal and the gate of the ?rst MOSFET. 
[0024] With such an arrangement, the gate and the input 
terminal are coupled by the second capacitor, in addition to 
being coupled by the gate-source capacitance (gate-drain 
capacitance) of the MOSFET. This improves the response of 
the gate voltage to the input signal, thereby further reducing 
signal distortion. 
[0025] Also, the analog sWitch according an embodiment 
may further include a third MOSFET provided betWeen the 
?rst ?xed voltage terminal and the ?rst resistor, such that the 
gate voltage is controlled according to the ON/OFF operation 
of the analog sWitch. 
[0026] Also, the analog sWitch according to an embodi 
ment may further include a fourth MOSFET provided 
betWeen the node that connects the ?rst MOSFET and the 
second MOSFET and the ?rst resistor, such that the gate 
voltage thereof is controlled according to the ON/OFF opera 
tion of the analog sWitch. 
[0027] Also, the analog sWitch according to an embodi 
ment may further include a ?fth MOSFET provided betWeen 
the node that connects the ?rst MOSFET and the second 
MOSFET and the ground terminal, such that the gate voltage 
thereof is controlled according to the ON/OFF operation of 
the analog sWitch. 
[0028] Also, the analog sWitch according to an embodi 
ment may further include a ?rst diode in series With the ?rst 
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resistor between the gate of the ?rst MOSFET and the ?rst 
?xed voltage terminal, such that the cathode thereof is 
arranged on the gate side of the ?rst MOSFET. 
[0029] Also, the analog sWitch according to an embodi 
ment may further include: a sixth MOSFET Which is a 
P-channel MOSFET provided betWeen the input terminal and 
the output terminal; and a second resistor provided betWeen 
the gate of the sixth MOSFET and the second ?xed voltage 
terminal. 
[0030] Also, the analog signal may be a signal that sWings 
betWeen a negative voltage and a positive voltage With the 
ground voltage as the midpoint. In the ON state of the analog 
sWitch, the ground voltage may be applied to the second ?xed 
voltage terminal. That is to say, the second ?xed voltage 
terminal may be the ground terminal . Alternatively, a negative 
voltage may be applied to the second ?xed voltage terminal. 
[0031] Also, the analog sWitch according to an embodi 
ment may further include a seventh P-channel MOSFET 
Which is connected in series With the sixth MOSFET betWeen 
the input terminal and the output terminal, such that the gate 
thereof is connected to the gate of the sixth MOSFET so as to 
form a common gate. 

[0032] Another embodiment of the present invention also 
relates to an analog sWitch. The analog sWitch comprises: an 
input terminal via Which an analog signal is input; an output 
terminal via Which the analog signal is output; a ?rst MOS 
FET (Metal Oxide Semiconductor Field Effect Transistor) 
provided betWeen the input terminal and the output terminal; 
and an impedance element Which is provided betWeen the 
gate of the ?rst MOSFET and a ?rst ?xed voltage terminal, 
and Which charges/ discharges the gate of the ?rst MOSFET 
according to the voltage of the analog signal. 
[0033] Also, the analog signal may be an audio signal. 
Furthermore, an electroacoustic transducing device may be 
connected to the output terminal as a load. The “electroacous 
tic transducing device” represents a device Which converts an 
electronic analog signal into an acoustic Wave (sound), 
examples of Which include speakers, headphones, earphones, 
etc. Such an electroacoustic transducing device has a small 
impedance of from several Q to tens of Q. Thus, the above 
described analog sWitch, Which is capable of suppressing 
?uctuation in the ON-resistance of the MOSFET, is suitably 
employed. 
[0034] Yet another embodiment of the present invention 
relates to a selector circuit. The selector circuit includes the 
above-described multiple analog sWitches. The output termi 
nals of the multiple analog sWitches are connected so as to 
form a common output terminal. 

[0035] Such an embodiment offers a multiplexer Which 
provides signal transmission With loW distortion. 
[0036] Yet another embodiment of the present invention 
also relates to a selector circuit. The selector circuit includes 
the above-described multiple analog sWitches. The input ter 
minals of the multiple analog sWitches are connected so as to 
form a common input terminal. 

[0037] Such an embodiment offers a demultiplexer Which 
provides signal transmission With loW distortion. 
[0038] 2. Yet another embodiment of the present invention 
also relates to an analog sWitch. The analog sWitch comprises: 
an input terminal via Which an analog sWitch is input; an 
output terminal via Which the analog signal is output; a ?rst 
N-channel MOSFET (Metal Oxide Semiconductor Field 
Effect Transistor) provided betWeen the input terminal and 
the output terminal; and a ?rst diode provided betWeen the 
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gate of the ?rst MOSFET and a ?rst ?xed voltage terminal, 
such that the cathode thereof is arranged on the gate side of 
the ?rst MOSFET. 
[0039] With such an embodiment, the ?rst ?xed voltage 
terminal and the gate of the ?rst MOSFET are connected in a 
high-impedance state by means of the ?rst diode. In this state, 
When an analog signal is supplied via the input terminal, the 
input terminal and the gate are coupled by the gate-source 
capacitance (or the gate-drain capacitance), thereby changing 
the gate voltage in phase With the input signal. As a result, 
such an arrangement suppresses ?uctuation in the gate-source 
voltage of the ?rst MOSFET. This suppresses ?uctuation in 
the ON-resistance, thereby reducing distortion in the analog 
signal. 
[0040] In the ON state of the analog sWitch, the poWer 
supply voltage may be applied to the ?rst ?xed voltage ter 
minal. That is to say, the ?rst ?xed voltage terminal may be 
the poWer supply terminal. Such an analog sWitch requires 
only the poWer supply voltage Without involving a negative 
bias voltage, thereby providing a simple circuit con?guration. 
[0041] An analog sWitch according to an embodiment may 
further include a second MOSFET Which is an N-channel 
MOSFET connected in series With the ?rst MOSFET 
betWeen the input terminal and the output terminal, such that 
the gate thereof is connected to the gate of the ?rst MOSFET 
so as to form a common gate. 

[0042] An analog sWitch according to an embodiment may 
further include a ?rst capacitor provided betWeen the input 
terminal and the gate of the ?rst MOSFET. 
[0043] With such an arrangement, the gate and the input 
terminal are coupled by the ?rst capacitor, in addition to being 
coupled by the gate-source capacitance (gate-drain capaci 
tance) of the MOSFET. This improves the response of the 
gate voltage to the input voltage, thereby further reducing 
signal distortion. 
[0044] Also, the analog sWitch according to an embodi 
ment may further include a second capacitor betWeen the 
output terminal and the gate of the ?rst MOSFET. 
[0045] With such an arrangement, the gate and the input 
terminal are coupled by the second capacitor, in addition to 
being coupled by the gate-source capacitance (gate-drain 
capacitance) of the MOSFET. This improves the response of 
the gate voltage to the input voltage, thereby further reducing 
signal distortion. 
[0046] Also, the analog sWitch according to an embodi 
ment may further include a third MOSFET provided betWeen 
the ?rst ?xed voltage terminal and the anode of the ?rst diode, 
such that the gate voltage is controlled according to the 
ON/OFF operation of the analog sWitch. 
[0047] Also, the analog sWitch according to an embodi 
ment may further include a fourth MOSFET provided 
betWeen the node that connects the ?rst MOSFET and the 
second MOSFET and the cathode of the ?rst diode, such that 
the gate voltage thereof is controlled according to the 
ON/OFF operation of the analog sWitch. 
[0048] Also, the analog sWitch according to an embodi 
ment may further include a ?fth MOSFET provided betWeen 
the node that connects the ?rst MOSFET and the second 
MOSFET and the ground terminal, such that the gate voltage 
thereof is controlled according to the ON/OFF operation of 
the analog sWitch. 
[0049] Also, the analog sWitch according to an embodi 
ment may further include a ?rst resistor provided in series 
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with the ?rst diode between the gate of the ?rst MOSFET and 
the ?rst ?xed voltage terminal. 
[0050] Such an arrangement further includes the resistor, 
thereby allowing the impedance between the gate and the ?rst 
?xed voltage terminal to be adjusted. Thus, the gain proper 
ties and the phase properties of the analog switch can be 
adjusted. 
[0051] Also, the analog switch according to an embodi 
ment may further include: a sixth MOSFET which is a 
P-channel MOSFET provided between the input terminal and 
the output terminal; and a second diode provided between the 
gate of the sixth MOSFET and a second ?xed voltage termi 
nal, such that the anode thereof is arranged on the gate side of 
the sixth MOSFET. 
[0052] Yet another embodiment of the present invention 
also relates to an analog switch. The analog switch comprises: 
an input terminal via which an analog signal is input; an 
output terminal via which the analog signal is output; a sixth 
MOSFET (Metal Oxide Semiconductor Field Effect Transis 
tor) which is a P-channel MOSFET provided between the 
input terminal and the output terminal; and a second diode 
provided between the gate of the sixth MOSFET and a second 
?xed voltage terminal, in the direction in which the anode 
thereof is arranged on the gate side of the sixth MOSFET. 
[0053] With such an embodiment, the second ?xed voltage 
terminal and the gate of the second MOSFET are connected in 
a high-impedance state by means of the ?rst diode. In this 
state, when an analog signal is supplied via the input terminal, 
the input terminal and the gate are coupled by the gate-source 
capacitance (or the gate-drain capacitance), thereby changing 
the gate voltage in phase with the input signal. As a result, 
such an arrangement suppresses ?uctuation in the gate- source 
voltage of the ?rst MOSFET. This suppresses ?uctuation in 
the ON-resistance thereof, thereby reducing distortion in the 
analog signal. 
[0054] In the ON state of the analog switch, the ground 
voltage may be applied to the second ?xed voltage terminal. 
That is to say, the second ?xed voltage terminal may be the 
ground terminal. Alternatively, the second ?xed voltage ter 
minal may be a negative voltage terminal. 
[0055] Also, the analog switch according to an embodi 
ment may further include a seventh P-channel MOSFET 
which is connected in series with the sixth MOSFET between 
the input terminal and the output terminal, such that the gate 
thereof is connected to the gate of the sixth MOSFET so as to 
form a common gate. 

[0056] Yet another embodiment of the present invention 
also relates to an analog switch. The analog switch comprises: 
an input terminal via which an analog signal is input; an 
output terminal via which the analog signal is output; a ?rst 
MOSFET (Metal Oxide Semiconductor Field Effect Transis 
tor) provided between the input terminal and the output ter 
minal; and an impedance element which is provided between 
the gate of the ?rst MOSFET and a ?rst ?xed voltage termi 
nal, and which charges/discharges the gate of the ?rst MOS 
FET according to the voltage of the analog signal. 
[0057] Also, the analog signal may be an audio signal. 
Furthermore, an electroacoustic transducing device may be 
connected to the output terminal as a load. The “electroacous 
tic transducing device” represents a device which converts an 
electronic analog signal into an acoustic wave (sound), 
examples of which include speakers, headphones, earphones, 
etc. Such an electroacoustic transducing device has a small 
impedance of from several Q to tens of Q. Thus, the above 
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described analog switch, which is capable of suppressing 
?uctuation in the ON-resistance of the MOSFET, is suitably 
employed. 
[0058] Yet another embodiment of the present invention 
relates to a selector circuit. The selector circuit includes the 
above-described multiple analog switches. The output termi 
nals of the multiple analog switches are connected so as to 
form a common output terminal. 
[0059] Such an embodiment offers a multiplexer which 
provides signal transmission with low distortion. 
[0060] Yet another embodiment of the present invention 
also relates to a selector circuit. The selector circuit includes 
the above-described multiple analog switches. The input ter 
minals of the multiple analog switches are connected so as to 
form a common input terminal. 
[0061] Such an embodiment offers a demultiplexer which 
provides signal transmission with low distortion. 
[0062] It is to be noted that any arbitrary combination or 
rearrangement of the above-described structural components 
and so forth is effective as and encompassed by the present 
embodiments. 
[0063] Moreover, this summary of the invention does not 
necessarily describe all necessary features so that the inven 
tion may also be a sub-combination of these described fea 
tures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0064] Embodiments will now be described, by way of 
example only, with reference to the accompanying drawings 
which are meant to be exemplary, not limiting, and wherein 
like elements are numbered alike in several Figures, in which: 
[0065] FIG. 1 is a circuit diagram which shows a principal 
part of the con?guration of an analog switch according to a 
?rst embodiment; 
[0066] FIG. 2 is a time chart which shows the operation 
states of the analog switch shown in FIG. 1; 
[0067] FIG. 3 is a circuit diagram which shows a con?gu 
ration of an analog switch according to a ?rst modi?cation of 
the ?rst embodiment; 
[0068] FIG. 4 is a circuit diagram which shows a con?gu 
ration of an analog switch according to a second modi?cation 
of the ?rst embodiment; 
[0069] FIG. 5 is a circuit diagram which shows a con?gu 
ration of an analog switch according to a third modi?cation of 
the ?rst embodiment; 
[0070] FIGS. 6A and 6B are circuit diagrams which show 
the con?gurations of analog switches according to a fourth 
modi?cation of the ?rst embodiment; 
[0071] FIG. 7 is a circuit diagram which shows a con?gu 
ration of an analog switch according to a ?fth modi?cation of 
the ?rst embodiment; 
[0072] FIGS. 8A and 8B are block diagrams which show 
the con?gurations of selector circuits using the analog 
switches; 
[0073] FIG. 9 is a circuit diagram which shows the princi 
pal part of the con?guration of the analog switch according to 
a second embodiment; 
[0074] FIG. 10 is a time chart which shows the operation 
states of the analog switch shown in FIG. 9; 
[0075] FIG. 11 is a circuit diagram which shows a con?gu 
ration of an analog switch according to a ?rst modi?cation; 
[0076] FIG. 12 is a circuit diagram which shows a con?gu 
ration of an analog switch according to a second modi?ca 
tion; 
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[0077] FIG. 13 is a circuit diagram Which shows a con?gu 
ration of an analog switch according to a third modi?cation; 
[0078] FIGS. 14A and 14B are circuit diagrams Which 
shoW the con?gurations of analog sWitches according to a 
fourth modi?cation; 
[0079] FIG. 15 is a circuit diagram Which shoWs a con?gu 
ration of an analog sWitch according to a ?fth modi?cation; 
and 
[0080] FIGS. 16A and 16B are block diagrams Which shoW 
the con?gurations of selector circuits using the analog 
sWitches. 

DETAILED DESCRIPTION OF THE INVENTION 

[0081] The invention Will noW be described based on pre 
ferred embodiments Which do not intend to limit the scope of 
the present invention but exemplify the invention. All of the 
features and the combinations thereof described in the 
embodiment are not necessarily essential to the invention. 

[0082] In the present speci?cation, the state represented by 
the phrase “the member A is connected to the member B” 
includes: a state in Which the memberA and the member B are 
physically and directly connected to each other; and a state in 
Which the member A and the member B are indirectly con 
nected to each other via another member that does not affect 
the electric connection therebetWeen. In the same Way, the 
state represented by the phrase “the member C is provided 
betWeen the memberA and the member B” includes a state in 
Which these members are indirectly connected to each other 
via another member that does not affect the electric connec 
tion therebetWeen, in addition to the state in Which the mem 
berA and the member C, or the member B and the member C 
are directly connected. 

First Embodiment 

[0083] FIG. 1 is a circuit diagram Which shoWs a principal 
part of the con?guration of an analog sWitch 1011 according to 
a ?rst embodiment. The analog sWitch 1011 includes an input 
terminal P1, an output terminal P2, a ?rst resistor R1, and a 
capacitor C1. 
[0084] In the ON state, via the output terminal P2, the 
analog sWitch 10a outputs the input signal IN input via the 
input terminal P1. In the OFF state, the analog sWitch 1011 sets 
the output terminal P2 to a state in Which it is unrelated to the 
input signal IN, e. g., a high-impedance state or a state in 
Which the output terminal P2 is ?xed at a predetermined 
voltage. 
[0085] The input signal IN is an analog signal Which must 
be transmitted With loW distortion, examples of Which include 
an audio signal, a video signal, etc. Also, the input signal IN 
may be any one of other desired signals. Description Will be 
made beloW regarding an arrangement in Which the input 
signal IN has a Waveform that sWings betWeen a positive 
voltage and a negative voltage With the ground voltage (0 V) 
as the midpoint. 
[0086] A ?rst transistor M1 is an N-channel MOSFET, and 
is provided betWeen the input terminal P1 and the output 
terminal P2. For convenience of explanation, the terminal of 
the ?rst transistor M1 on the input terminal P1 side Will be 
referred to as the “source”, and the terminal thereof on the 
output terminal P2 side Will be referred to as the “drain”. 
[0087] The ?rst resistor R1 is provided betWeen the gate of 
the ?rst transistor M1 and a ?rst ?xed voltage terminal P3. 
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[0088] When the analog sWitch 10a is in the ON state, the 
poWer supply voltage Vdd is applied to the ?rst ?xed voltage 
terminal P3. When the analog sWitch 10a is to be sWitched to 
the OFF state, the ?rst transistor M1 should be sWitched to the 
OFF state. The sWitching method is not restricted in particu 
lar. For example, the ground voltage or a negative voltage may 
be applied to the ?rst ?xed voltage terminal P3. Alternatively, 
an arrangement may be made in Which a sWitching element 
may be provided in series With the ?rst resistor R1, and the 
bias voltage applied to the gate of the ?rst transistor M1 is 
disconnected by turning off the sWitching element. FIG. 1 
shoWs only a most basic con?guration of the analog sWitch 
10a, and does not shoW the con?guration Which alloWs the 
analog sWitch 10a to be sWitched betWeen the ON state and 
the OFF state. In other Words, FIG. 1 shoWs a circuit equiva 
lent to the analog sWitch 10a in the ON state. 
[0089] A ?rst capacitor C1 is provided betWeen the gate of 
the ?rst transistor M1 and the input terminal P1. The ?rst 
capacitor C1 may be provided in the form of a MIM (Metal 
Insulator Metal) capacitance. Also, the gate-source capaci 
tance of the ?rst transistor M1 may be used as the ?rst capaci 
tor C1. An arrangement in Which the ?rst capacitor C1 is 
formed in the form of a MIM capacitance has the advantage 
that the capacitance can be designed independent of the siZe 
of the ?rst transistor M1. In a case in Which the gate-source 
capacitance is used as the ?rst capacitor C1, the transistor siZe 
is designed so as to provide a desired capacitance. The capaci 
tance formed betWeen the input terminal P1 and the gate of 
the ?rst transistor M1 Will be referred to as the “?rst capacitor 
Cl” hereafter, regardless of Whether it is provided in the form 
of a MIM capacitance or a parasitic capacitance. 
[0090] In the same Way, a second capacitor may be pro 
vided betWeen the gate of the ?rst transistor M1 and the 
output terminal P2. It should be noted that the second capaci 
tor is provided in the form of the gate-drain capacitance of the 
?rst transistor M1, Which is not shoWn in FIG. 1. Further 
more, a MIM capacitance may be provided, in addition to the 
gate-drain capacitance. 
[0091] With regard to the analog sWitch 10a shoWn in FIG. 
1, the ?rst capacitor C1 and the ?rst resistor R1 form a bypass 
?lter betWeen the input terminal P1 and the gate of the ?rst 
transistor M1. The frequency band of the bypass ?lter should 
be designed such that it matches the frequency band of the 
analog signal IN. For example, in a case in Which the analog 
signal IN is an audio signal, the bandpass ?lter is designed so 
as to alloW an analog signal in the audio frequency band to 
pass through. As an example, the bypass ?lter is preferably 
designed With an R1 of around 100 M9, and a C1 of around 
100 pF. 
[0092] The above is a basic con?guration of the analog 
sWitch 1011 according to the embodiment. Next, description 
Will be made regarding the operation of the analog sWitch 10a 
shoWn in FIG. 1. FIG. 2 is a time chart Which shoWs the 
operation state of the analog sWitch 10a shoWn in FIG. 1. The 
vertical axis and the horiZontal axis in FIG. 2 are expanded or 
reduced as appropriate in order to facilitate understanding. 
Furthermore, simple Waveforms are shoWn in the draWing in 
order to facilitate understanding. 
[0093] In order to clarify the effects of the circuit shoWn in 
FIG. 1, let us consider the operation of a circuit Which does 
not include the ?rst resistor R1. For example, in a case in 
Which the ?rst resistor R1 is not provided to the gate of the 
transistor, as in conventional transfer gates, the gate voltage 
Vg of the ?rst transistor M1 is ?xed to the poWer supply 
















