-1 - DESCRIPTION AMPLIFIER, AMPLIFYING METHOD, AND FILTER
Technical Field [0001] The present invention relates to an amplifier, an
amplifying method, and a filter. Background Art [0002] In recent years,
with Soc (System on Chip) for wireless communication wherein an RE
(Radio Frequency) circuit and digital circuit are included in a single
CMOS (Complementary Metal Oxide Semiconductor) chip, there has
been developed a technology for fingr RE circuits and lower electric
power consumption, by employing analog discrete-time signal
processing technology such as current mode sampling with high-speed
clocks_,, switched _capgcitor cir%tgcg&%ﬁléﬁrth. [000_3] An example of a
technique to realize finer RF circuits and lower electric power

consumptigrkisingr & discietertime rparametticamplifier (MOSEET
parametric amplifier) configured of a MOSFET (Metal Oxide
Semiconductor Field effect transistor) is Patent Document 1. [0004]

Patent Document 1: US Patent Application Publication No. 2 -
Technical Field

(00017

The present invention relates to an ampiifier, an
amplifying method, and a filter.
Background Art
[0002]

In recent years, with Soc (System on Chip) for wireless
communication wherein an RF (Radio Freguency, cilrcult and
digital circult are included in a single CMOS (Complementary
Metal Oxide Semiconductor) chip, there has been developed a
technology for.finer RF circuits and iower electric power
consumption, by employing analog discrete-time signal
processing technology such as current mode sampling with
high=-speed clccks, switched capacitor circuits, and so forth.
[0003]

An example of a technigque to realize finer RF circuits
and lower electric power consumption using a discrete-time
parametric amplifier (MOSFET parametric amplifier)
configured cof a MOSFET (Metal Oxide Semiconductor Field
effect transistor) is Patent Document 1.

[0004]

Patent Document 1: US Patent Application Publication No.



2005/275026 Disclosure of Invention Technical Problem [0005] However,
with the above-described conventional MOSFET parametric amplifier, the
bias voltage and voltage signals input to the MOSFET parametric
amplifier are amplified together while still in a superimposed state.
Accordingly, the output signals of the MOSFET parametric amplifier are
unnecessarily great, and the output signals are difficult to handle, to the
extent that high voltage endurance needs to be provided to the
downstream components which receive the output signals. Also, when
the output signals of the MOSFET parametric amplifier are unnecessarily
200 yfeat >theé arrangement becomes unsuitable for finer circuits and lower
i e#ectric ower consumption. Further, in the event that the output signals
S o e T PEFAmetie amplifier are greater than the power source
TecMRaQS, tBe Gapagitance of the MOSFET decreases, resulting in distortion
of the signal waveforms of the output signals. [0006] The present
[00drivention has thus been made in light of the above problems, and it is an
object of the present invention to provide a new and improved amplifier,
amglifging Tmethod haric filted capablesof aimpifyingroferd lonal MOSFET

parametric amplifier, the bias voltage and voltage signals
input to the MOSFET parametric amplifier are amplified
together while still in a superimposed state. Accordingly,
the output signals of the MOSFET parametric amplifier are
unnecessarily great, and the output signals are difficult to
handle, to the extent that high voltage endurance needs to
be provided to the downstream components which receive the
output signals. Also, when the output signals of the MOSFET
parametric amplifier are unnecessarily great, the
arrangement becomes unsuitable for finer circuits and lower
electric power consumption. Further, in the event that the
output signals of the MOSFET parametric amplifier are
greater than the power source voltage, the capacitance of
the MOSFET decreases, resulting in distortion of the signal
waveforms of the output signals.
[0006]

The present invention has thus been made in light of
the above problems, and it is an object of the present
invention to provide a new and improved amplifier,

amplifying method, and filter, capable of amplifying, of



bias voltage and voltage signals input to an amplifier, the voltage signals.
Technical Solution [0007] In order to achieve the above object, according
to a first perspective of the present invention, an amplifier is provided,
comprising: a first variable capacitance device of which capacitance is
variable; a second variable capacitance device of which capacitance is
variable, electrically connected to the first variable capacitance device,
and of an inverse conductivity type frof the first variable capacitance
device; and a first input unit for selectively inputting a bias voltage and a
voltage signal to the first variable capacitance device and the second
blagalisplecgapaduante Hevite, Whareinsinithe evehtthat thenbias Hisliaget he
nd the voltage signal are input to the first variable capacitance device
VOlgﬁg?hg $8C6nd variable capacitance device, the capacitance of the first
recMariable eapagitance device and the second variable capacitance device
is taken as a first value, and wherein the voltage signal is amplified with
[00the capacitance of the first variable capacitance device and the second

variable capacitance device as a second value smaller than the first
value. §00B@8] -14> achieve the above object, according to a

first perspective of the present invention, an amplifier is
provided, comprising: a first variable capacitance device of
which capacitance is variable; a second variable capacitance
device of which capacitance is variable, electrically
connected to the first variable capacitance device, and of
an inverse conductivity type from the first variable
capaciltance device; and a first input unit for selectively
inputting a bias voltage and a veoltage signal to the first
variable capacitance device and the second variable
capacitance device, wherein, in the event that the bias
voltage and the voltage signal are input to the first
variable capacitance device and the second variable
capacitance device, the capacitance of the first variable
capacitance device and the second variable capacitance
device is taken as a first value, and wherein the voltage
signal is amplified with the capacitance of the first
variable capacitance device and the second variable
capacitance device as a second value smaller than the first
value.

(0008}



The above amplifier has a first variable capacitance device, and second
variable capacitance device, and a first input unit. The capacitance of the
first variable capacitance device is variable. Also, the second variable
capacitance device is of an inverse conductivity type from the first
variable capacitance device, and the capacitance thereof is variable. The
first input unit selectively inputs a bias voltage and a voltage signal to the
first variable capacitance device and the second variable capacitance
device. In the event that the bias voltage and the voltage signal are input
to the first variable capacitance device and the second variable
capaeitarices device | theicapdcitanee fSitaken asa fitst waluepand @ance
charge is accumulated. Then, the first variable capacitance device and
deviie el Farbs cHPACIBMEE devReTEHBES thélChbasitarde ramithest

inpffiStyalie to 8 smaller second value - so.8 to,output an ouipyt voltage
signal am'plifie%%y the V(%]tage signal being muﬁtlp iedaby fhie first value as

capl-thes seeord vale. Note;that the bias yoltage is;substantially not: .11 e

amplified, since the charge equivalent to the amplification amount is
capaeancelleckoutst thefirst vatiable capacitance devicetandithe segendf rom

variable capacitance device. [0009] Also, voltage for canceling the
th@aﬁﬁﬂﬁéaﬁﬁféﬁ%bﬁt8@9@Citance device, and the capacitance

thereof is variable. The first input unit selectively
inputs a bias voltage and a voltage signal to the first
variable capacitance device and the second variable
capacitance device. In the event that the bilas voltage and
the voltage signal are input to the first variable
capacitance device and the second variable capacitance
device, the capacitance 1is taken as a first value, and a
charge is accumulated. Then, the first variable capacitance
device and the second variable capacitance device reduce the
capacitance from the first value te a smaller second value,
S0 as to output an output voltage signal amplified by the
voltage signal being multiplied by the first value as to the
second value. Note that the bias voltage 1s substantially
not amplified, since the charge eguivalent to the
amplification amount isg cancelled out at the first variable
capacitance device and the second variable capacitance
device.

[0009]

Also, voltage for canceling the amplification amount of



the bias voltage may be impressed on the first variable capacitance
device and the second variable capacitance device. [0010] The charge
equivalent to the amplification amount of the amplified bias voltage can
be cancelled out at the first variable capacitance device and the second
variable capacitance device, by impressing power source voltage, for
example. [0011] Also, an arrangement may be made wherein the first
variable capacitance device and the 8econd variable capacitance device
are MOS varactors, for example, the first input unit has a first switch, for
example, the gate terminals of the first variable capacitance device and
thetHel sg8cond vadablexapacitanuerdevies! arseadte cdrinected to-theb fiest
switch, the source terminal and drain terminal of the first variable

C2PESAGARRe Helice ard dnhe Bttt A foWer ot fof Batplittig Bower

deviQLce voltage, or to the ground, via a second switch, for example, and

the source terminal and drain terminal of the second variable capacitance
[0odevice are connected to the power source, or to the ground, via a third

switch, for example, wherein, in the event of the second switch being

colihectet o dise pawer sdwrce, the third switdhi iSiconnectedstocthet of

ground, with the capacitance of - 6
the amplified bias voltage can be cancelled out at the first
varlable capacitance device and the second variable
capacitance device, by impressing power source voltage, for
example.
(00113

Alsc, an arrangement may be made wherein the first

variable capacitance device and the second variable
capacitance device are MOS varactors, for example, the first
input unit has a first switch, for example, the gate
terminals of the first variable capacitance device and the
second variable capacitance device are each connected to the
first switch, the source terminal and drain terminal of the
first variable capacitance device are connected to a power
source for outputting power source voltage, or to the ground,
via a second switch, for example, and the scurce terminal
and drain terminal of the second variable capacitance device
are connected te the power source, or to the ground, via a
third switch, for example, wherein, in the event of the

second switch being connected to the power source, the third

switch is connected to the ground, with the capacitance of



the first variable capacitance device and the second variable capacitance
device being taken as the first value, and in the event of the second
switch being connected to the ground, the third switch is connected to the
power source, with the capacitance of the first variable capacitance
device and the second variable capacitance device being taken as the
second value. [0012] The first variable capacitance device and the
second variable capacitance devicefare MOS varactors, for example,
having mutually inverse conductivity. Also, the first input unit has a first
switch, for example, and selectively inputs the bias voltage and the

the g sitpalisis the firstavdriable eapaditaptedslidd dand theosetond

igbl it device | d ith ing/closing of th
982 1y KGR e QLS ferhHalsof 6 18 vaieble apaciance SBvice - *e-

andnd the, second variable capacitance deviceare eagh conpecledda the, +ne

first switch. Also, the source terminal and drain terminal of the first
grovagble heapacitance Wevick are cooneetedda, for example;wepowerirce,
source for outputting power source voltage, or to the ground, via a

witBeddrl sviite: dnehthe sotirééterming andaraimd termipalaot theseeond
variable capacitance device are connected tq, for example, the power

p
AV SGicalor to the®Groud, Vixka tirdPswwitdn ¢ 7-ance device being

taken as the second value.
[0012]

The first variable capacitance device and the second
variable capacitance device are MO3 varactors, for exanmple,
having mutually inverse conductivity. Also, the first input
unit has a first switch, for example, and selectively inputs
the bias veoltage and the voltage signals to the first
variable capacitance device and the second variable
capacitance device in accordance with opening/cleosing of the
first switch. The gate terminals of the first variable
capacitance device and the second variable capacitance
device are each connected to the first switch., Also, the
source terminal and drain terminal of the first variable
capacitance device are connected to, for example, a power
gsource for outputting power scurce voltage, or to the ground,
via a second switch, and the source terminal and drain
terminal of the second variable capacitance device are
connected to, for example, the power source, or to the

ground, via a third switch.



0013] Here, in the event of the second switch being connected to the
power source, the third switch is connected to the ground, with the
capacitance of the first variable capacitance device and the second
variable capacitance device being taken as the first value. Also, in the
event of the second switch being connected to the ground, the third
switch is connected to the power source, with the capacitance of the first
variable capacitance device and the ‘second variable capacitance device
being taken as the second value. Due to the second switch and third
switch being operated so that the connection destinations are mutually
[COditrerent, the increase/decrease in capacitance of the
tuall -inyerse-conductivitygype first variable capacitance device and
e

sellgn varible tapatisice device BRTOMES i Safte. 10014] AR afted
to BHangement g‘&xlba?ef,“a@‘ﬁewt&%rﬂn@theJ{%tc%aE%’ggrgggg't%%e device

and the second variable capacitance device are aractors, for

groexample; the fitst inpubunit haviag adirshewitch; the squrcederminal and
drain terminal of the first variable capacitance device and the source

cap fetiniaal ehdidraircterainhl tfithessecond varidble bapaeitance:deriee are
each connected to the first switch, the gate terminal of the second
dev%gﬁaﬁg%ﬁﬁagﬁﬁﬁﬁaﬁg the first value. Also, in the event
of the second switch being connected to the ground, the
third switch 1is connected to the power source, with the
capacitance of the first variable capacitance device and the
second variable capacitance device being taken as the second
value. Due to the second switch and third switch being
operated s0 that the connection destinations are mutually
different, the increase/decrease in capacitance of the
mutually-inverse-conductivity-type first variable
capacitance device and second variable capacitance device
becomes the same.
[C014]

‘Also, an arrangement may be made wherein the first
variable capacitance device and the second variable
capacitance device are MOS varactors, for example, the first
input unit having a first switch, the source terminal and
drain terminal of the first variable capacitance device and
the source terminal and drain terminal of the second

variable capacitance device are each connected to the first

switch, the gate terminal of the second variable capacitance



device is connected to a power source for outputting power source
voltage, or to the ground, via a second switch, and the gate terminal of
the first variable capacitance device is connected to the power source, or
to the ground, via a third switch, wherein, in the event of the second
switch being connected to the power source, the third switch is
connected to the ground, with the capacitance of the first variable
capacitance device and the second varfable capacitance device being
taken as the first value, and wherein, in the event of the second switch
being connected to the ground, the third switch is connected to the power
dev gggrces withithe eapdcitance oftie firstvariablef eapacitancetdeviceoamnd: ©
the secand variable capacitance device being taken as the second value.

SOUFGR 5] Oriié fiFst variabie capactancd devide and tiée §8@6}1ds%?i€15re and
¢ he CARAGItANCE davice are Mﬁ)?j yaragtors, for sxan p!;eﬁps'%%vi'%% %%U(g%ce

inverse COI’]dUCtIVIty. Also, the first Input unit has a switch, and Is

is capabletigelestively ipputlingsbe-hias voltageand theyvoltage, signals o
the first variable capacitance device and the second variable capacitance

thigdvies it abecordance With operting/clostgtofdlie thirst switchdosaxample.
The source terminal and drain terminal of the first variable capacitance

oel gaviceHNIEdtiice QefrimaPaKE draif termfinaltorths Beeend Vakable -9

connected toe the ground, with the capacitance of the first
variable capacitance device and the second variable
capacitance device being taken as the first value, and
wherein, in the event of the second switch being connected
to the ground, the third switch is connected to the power
source, with the capacitance of the first variable
capacitance device and the second variable capacitance
device being taken as the second value.

[0015]

The first variable capacitance device and the second
variable capacitance device are MOS varactors, for example,
having mutually inverse conductivity. Also, the first input
unit has a first switch, and is capable of selectively
inputting the bias veltage and the voltage signals to the
first variable capacitance device and the second variable
capacitance device in accordance with opening/closing of the
first switch, for example. The source terminal and drain
terminal of the first variable capacitance device and source

Tterminal and drain terminal of the second variable



capacitance device are each connected to the first switch. Also, the gate
terminal of the second variable capacitance device is connected to, for
example, a power source for outputting power source voltage, or to the
ground, via a second switch, and the gate terminal of the first variable
capacitance device is connected, for example, to the power source, or to
the ground, via a third switch. [0016] Here, in the event of the second
switch being connected to the powe? source, the third switch is connected
to the ground, with the capacitance of the first variable capacitance
device and the second variable capacitance device being taken as the
capdéirst values Alsorintheeventaohthecsecondaswitch beirg éanndcted ta the.
ground, the third switch is connected to the power source, with the
Alsgapaditaritelst the ifstvatiable ddpacitancd deviéd bl the CSdtanpdtance

variable ca aﬁiéa ce d§vice Peing taken as the second value. Due_to the

devéggoﬁ switch an efﬁ%r (s)\ivitcﬁ)Jf)efan}éyalr(%}f)é:?‘rea{teci1 sg?ﬁ“’gﬁhg%%ﬁﬁ%ctlfgnr

outggstinationsare mutyally. ditferent, he ingrease/decregse i, gapagitance
of the mutually-inverse-conductivity-type first variable "capacitance device
secand segondivariablé dapacitance device rkecontestthe sames rAccording te

this configuration, the signal voltage can be amplified while maintaining
capﬂﬁgg%@C@mgﬁﬁgchLS connected, for example, to the power

source, or to the ground, via a third switch.
[0016]

Here, in the event of the second switch being connected
to the power source, the third switch is connected to the
ground, with the capacitance of the first variable
capacitance device and the second variable capacitance
device being taken as the first value. Also, in the event
cf the second switch being connected to the ground, the
third switch is connected to the power source, with the
capacitance of the first variable capacitance device and the
second variable capacitance device being taken as the second
value. Due to the second switch and third switch being
operated so that the connection destinations are mutually
different, the increase/decrease in capacitance of the
mutually-inverse~conductivity-type first variable
capacitance device and second variable capacitance device
becomes the same. According to this configuraticn, the
signal voltage can be amplified while maintaining the bias

veltage.



[0017] Also, the amplifier may comprise at least one or more adjusting
variable capacitance devices, of the same conductivity type as the first
variable capacitance device or the second variable capacitance device,
and smaller in gate width than the first variable capacitance device and
the second variable capacitance device; and at least one or more
adjusting switches, for example, for connecting each of the source
terminal and drain terminal of the-atl€ast one or more adjusting variable
capacitance devices to the power source or the ground, wherein the at
least one or more adjusting variable capacitance devices have the gate

[ C0ferininals thereof each connected to the first switch, in parallel to the first
variable capacitance device or the second variable capacitance device.
[08461°Thé dnFiffier inchitfe st for &xImeé &t Ié§st]<ﬁw%36r PG e sty

ad \é%rlatl;lle cxéamt%pfe devices, and at I%ast one or mo adjustln

! ttch 5. Each of the adﬁ)us(flng variable capamfance eV|ces iS a variable

con@@@q@ﬂgﬁ device ofthe,sarpe copdygtivitytype agdhe. first yagahle, i -
capacitance device or the second variable capacitance device, and

or Shalleeircgatewedthsthaa the fiest Masiable capatitancexdevieeantdhein
second variable capacitance device. The gate (Gate) terminals of the
gatgdmggﬁgvgﬂgﬁet%g_first variable capacitance device and
the second variable capacitance device; and at least cne or
more adjusting switches, for example, for connecting each of
the source terminal and drain terminal of the at least one
or more adjusting variable capacitance devices to the power
source or the ground, wherein the at least one or more
adjusting variable capacitance devices have the gate
terminals thereof each connected to the first switch, in
parallel to the first variable capacitance device or the
second variable capacitance device.
[0018]

The amplifier includes, for example, at least one or
more adjusting variable capacitance devices, and at least
cne or more adjusting switches. FEach of the adjusting
variable capacitance devices is a wvariable capacitance
device of the same conductivity type as the first variable
capacitance device or the second variable capacitance device,
and smaller in gate width than the first variable

capacitance device and the second variable capacitance

device. The gate (Gate) terminals of the adjusting variable



capacitance devices are each connected to the first switch, and the
source (Source) terminals and drain (Drain) terminals thereof are each
connected to the adjusting switches corresponding to the adjusting
variable capacitance devices. The area of the gate terminal of the first
variable capacitance device or the area of the gate terminal of the second
variable capacitance device can be indirectly adjusted by matching the
connection state of the adjusting -switches to the second switch (a case
wherein the adjusting variable capacitance devices are of the same
conductivity type as the first variable capacitance device) or the third
capswitch{acade wiheseindhe agjustinguaniableschpacitanee fevidessaretafh,
the same conductivity type as the second variable capacitance device).
and [§FE0] SRISHS the &RAPHTTE may fifiHet confptide a3RFd VaFrable
cerfiRagiane device of which ganacitance is variable; and a fourth variable
capacﬁsance device 6fwhich capacIFtance is varlabTIe, eleaplcal Y

sw1ifenaected 1o the thirg; variable capagiiance device, And.of an IYBLSS: +ance

conductivity type from the third variable capacitance device, wherein the
devihitbvarighle capacitarice-tieviee and the-foutthl variable ccapaciance

device are MOS varactors, for example, the source terminals and drain
var {erhifals F Avd Hodariable Capasitanice gelice aAad tiesearee terminal

terminals and drain, - , . o
of é%e secon varla%%e capacitance device can be indirectly

adjusted by matching the connection state of the adjusting
switches to the second switch (a case wherein the adjusting
variable capacitance devices are of The same conductivity
type as the first variable capacitance device) or the third
switch (a case wherein the adijusting variable capacitance
devices are of the same conductivity type as the second
variable capacitance device).

[0019]

Alsc, the amplifier may further comprise: a third
variable capacitance device of which capacitance is
variable; and a fourth variable capacitance device of which
capacitance 1s variable, electrically connected to the third
variable capacitance device, and of an inverse conductivity
type from the third variable capacitance device, wherein the
third variable capacitance device and the fourth variable
capacitance device are MUS varactors, for example, the
source terminals and drain terminals of the third variable

capacitance device and the source terminals and drain



terminals of the fourth variable capacitance device are each connected to
the first switch, the gate terminal of the fourth variable capacitance device
is connected to a power source for outputting power source voltage, or to
the ground, via the second switch, the gate of the third variable
capacitance device is connected to the power source for outputting power
source voltage, or to the ground, via the third switch, and wherein, in the
event of the second switch being-cé@nected to the power source, the third
switch is connected to the ground, with the capacitance of the third
variable capacitance device and the fourth variable capacitance device
terbemgltakerf astthe firstwvaiue; andalhereinpadhe event okthésecand cach
switch being connected to the ground, the third switch is connected to the

CONPBHEE Sdtrcd Wit tHesEapatitaree of te Birlivariablel tapacifarices

rouflgyice andthe Jouh yatiohie capgciiance devie being.taken s ne
Second valte: ?OGE@%e ampﬁfier _may?ur%her_ comprls% a third \'71ar§)<'?1%‘1’é3 r
souéapacitapce device-and;a fourth.variable capaditance deyice, Thethird . ,.q,

variable capacitance device and the fourth variable capacitance device
viaamhMQ$varatters] farrgxample g maxingimutually invefsereenductivity.

The source terminals and drain terminals of the third variable capacitance
cargeviedaRd R fotRthivarizbne egpackahee Heviceare eaehurrs for

outputting power source voltage, or to the ground, wvia the
third switch, and wherein, in the event of the second switch
being connected to the power source, the third switch is
connected to the ground, with the capacitance of the third
variable capacitance device and the fourth variable
capacitance device being taken as the first value, and
wherein, in the event of the second switch being connected
to the ground, the third switch is connected to the power
source, with the capacitance of the third wvariable
capacitance device and the fourth variable capacitance
device being taken as the second value.

[0020]

The amplifier may further comprise a third variable
capacitance device and a fourth variable capacitance device.
The third variable capacitance device and the fourth
variable capacitance device are MOS varactors, for example,
having mutually inverse conductivity. The source terminals
and drain terminals of the third variable capacitance device

and the fourth variable capacitance device are each



connected to the first switch, for example. Also, the gate terminal of the
fourth variable capacitance device is connected to, for example, a power
source for outputting power source voltage, or to the ground, via the
second switch, and the gate terminal of the third variable capacitance
device is connected to, for example, the power source, or to the ground,
via the third switch. [0021] Now, in the event of the second switch being
connected to the power_ source; thehird switch is connected to the
ground, with the capacitance of the third variable capacitance device and
the fourth variable capacitance device being taken as the first value. Also,
conirethiesevent dftthe Secend swittkr beinfecorsrested. to.thetgroundfthe gate
third switch is connected to the power source, with the capacitance of the
CerfHipiariablé Repaditante deVice?ahdEtHeP FRr i GariablE R 4patitante

confiEieg.beind taken as the second yalue, Due (o the second yiich,and
third switc being operaIPé)d"sd tiatthe connection destinations are 7

vowBWtudlly,- different; thesincrease/degreass-in gapacitance Qbthescong

mutually-inverse-conductivity-type third variable capacitance device and
swi fatirth varihbie: eapaditance devicel becomies thé samevAcctetdirg to this

configuration, the signal voltage can be amplified while maintaining the
cap@gﬁﬁggmﬁﬁgqgice is connected to, for example, the power
source, or to the ground, via the third switch.
(00217

Now, in the event of the second switch being connected

to The power source, The third switch is connected to the
ground, with the capacitance of the third wvariable
capacitance device and the fourth variable capacitance
device being taken as the first value. Alsc, in the event
of the second switch being connected to the ground, the
third switch is connected to the power source, with the
capacitance of the third variable capacitance device and the
fourth vaiiable capacitance device being taken as the second
value. Due to the second switch and third switch being
operated so that the connection destinations are mutually
different, the increase/decrease in capacitance of the
mutually-inverse-conductivity~type third variable
capacitance device and fourth variable capacitance device
becomes the same. According to this configuration, the
signal voltage can be amplified while maintaining the bias

voltage.



0022] Also, an arrangement may be made wherein the first input unit
selectively inputs the bias voltage and a positive phase voltage signal
making up a differential signal serving as the voltage signal, the first
variable capacitance device and the second variable capacitance device
amplify positive phase voltage signal with the capacitance as a second
value smaller than the first value, the amplifier further comprises a third
variable capacitance device of whidHcapacitance is variable; a fourth
variable capacitance device of which capacitance is variable, electrically
connected to the third variable capacitance device, and of an inverse

[0Ce@nductivity type from the third variable capacitance device; and a
second input unit for selectively inputting, to the third variable capacitance
de%@an@fheaf@aﬁlﬁwalbre E@Qfaéﬂ@n@é@@vwbeﬁéima§%n%@é%d
an inverse voltage signal of Wh phase has beergﬁ%[]verted

lnp?r%mufhjé posﬁe Cﬁhase %If” %?gn% %N é‘rg% moghte eVernit thatthe bias
posYoliage gad the %%‘i%fé@é’@%ﬂ&ﬂ%% signal are input terthedpird ;1

variable capacitance device and the fourth variable capacitance device,

s1gthel capacitange of thenthirdovariadie eapacitance hdeviderand the-fousthe
variable capacitance device are taken as a third value, and wherein the
Capiversd pRasevaltiyer Rigndl s &mplifict With H6¢ tapacitamte of i third

devi%g amplify positive phase voltage signal with the
capacitance as a second value smaller than the first value,
the amplifier further comprises a third variable capacitance
device of which capacitance is variable; a fourth variable
capacitance device of which capacitance 1s wvariable,
electrically connected to the third wvariable capacitance
device, and of an inverse conductivity type from the third
variable capacitance device; and a second input unit for
selectively inputting, to the third wvariable capacitance
device and the fourth variable capacitance device, the bias
voltage and an inverse phase voltage signal of which the
phase has been inverted from the positive phase voltage
signal; wherein, in the event that the bias voltage and the
inverse phase voltage signal are input to the third variable
capacitance device and the fourth variable capacitance
device, the capacitance of the third variable capacitance
device and the fourth variable capacitance device are taken
as a third value, and wherein the inverse phase voltage

gsignal is amplified with the capacitance of the third



variable capacitance device and the fourth variable capacitance device as
a fourth value smaller than the third value. [0023] The amplifier further
comprises a third variable capacitance device, a fourth variable
capacitance device, and a second input unit. The third variable
capacitance device and the fourth variable capacitance device have
mutually inverse conductivity, and correspond to the first variable
capacitance device and second variable-capacitance device. Also, the
second input unit is a component corresponding to the first input unit. The
first input unit selectively inputs the bias voltage and a positive phase
var vallage sighabmakingdipia ifferential sigral senving asathesvoltage signal
to the first variable capacitance device and the second variable
capeapacitpretitvices Also,ahé csecondvaputauritseléctivelyhimputdithethias d
voltage and an inverse phase voltage signal, of which the phase has
val%%en inverted from the positive phase voltage signal, to the third variable
{Ooggﬁoacitance device and the fourth variable capacitance device. Now,
input of the positive phase voltage signal or inverse phase voltage signal

atthe fiestpipputiwnit and saeond-nput uaitis performed synchrenaeusly.

Accordingly, the amplifier outputs differential signals by outputting output
capyelidge signakwiliereirtheopoditiverphiasen-1#6 capacitance device,
and a second Input unit. The third variable capacitance
device and the fourth variable capacitance device have
mutually inverse cenductivity, and correspond to the first
variable capacitance device and second variable capacitance
device. Alsc, the second input unit is a component
cerresponding to the first input unit. The first input unit
selectively inputs_the bias voltage and a pcsitive phase
voltage signal making up a differential signal serving as
the voltage signal to the first variable capacitance device
and the second variable capacitance device. Also, the
second input unit selectively inputs the bias voltage and an
inverse phase voltage signal, of which the phase has been
inverted from the positive phase voltage signal, to the
third variable capacitance device and the fourth variable
capacitance device. Now, input of the positive phase
voltage signal or inverse phase voltage signal at the first
input unit and secend input unit is performed synchroncusly.
Accordingly, the amplifier outputs differential signals by

outputting cutput veoltage signals wherein the positive phase



voltage signal has been amplified, from the first variable capacitance
device and the second variable capacitance device, and outputting output
voltage signals wherein the inverse phase voltage signal has been
amplified, from the third variable capacitance device and the fourth
variable capacitance device. [0024] Also, an arrangement may be made
wherein the first variable capacitance device, the second variable
capacitance device, the third vartalilé capacitance device, and the fourth
variable capacitance device, are MOS varactors, for example, the first
input unit having a first switch, for example, the second input unit having
volasecondawilchnfor examplenthe gatedterminals afibe firstaariableiable
capacitance device and the second variable capacitance device are
capeohhested to Ve first siitchthesfteterminals abflthethipd vafiables
capacitance device and the fourth variable capacitance device are

deviGhineced t8 e Yedont? switch the ' Soured fermiAlg hidibidraint te
i nvigrminals of the first variable capasitance deyice and;the hird varigble;,

capacitance device are connected, for example, to a power source for
thi OUtPLENG: POWEE spursevoltage dertodbe grounds evidaithird sydteha fies

source terminals and/or drain terminals of the second variable
capgapacitareedievicesand the fourth variable capacitance device are

connected to the - 17
[0024]

Also, an arrangsement may be made wherein the first
variable capacitance device, the second variable capacitance
device, the third variable capacitance device, and the
fourth variable capacitance device, are MOS wvaractors, for
example, the first input unit having a first switch, for
example, the second input unit having a second switch, for
example, the gate terminals of the first variable
capacitance device and the second variable capacitance
device are connected to the first switch; the gate terminals
of the third variable capacitance device and the fourth
variable capacitance device are connected to the second
switch; the source terminals and/or drain terminals of the
first variable capacitance device and the third variable
capacitance device are connected, for example, to a power
scurce for outputting power socource voltage, or to the ground,
via & third switch, the source terminals and/or drain
terminals of the second variable capacitance device and the

fourth variable capacitance device are connacted to the



power source, or to the ground, via a fourth switch, and wherein, in the
event of the third switch being connected to the power source, the fourth
switch is connected to the ground, with the capacitance of the first
variable capacitance device and the second variable capacitance device
being taken as the first value, and the capacitance of the third variable
capacitance device and the fourth variable capacitance device being
taken as the third value, and whereiry, ir the event of the third switch
being connected to the ground, the fourth switch is connected to the
power source, with the capacitance of the first variable capacitance

powéevigeangthesecend vadablecapacitance dewicgheing takenas they
second value, and the capacitance of the third variable capacitance

whegevite ahd thedogrtenvariable-tapaditande slevicetbeing takencasitheed to
fourth value. [0025] The first variable capacitance device and the second

theyBRaRe cApatitince d&vide Ard-MaT Vartos f6PERaRpRY Havinge
groW&ual{}/iig}{e@?ecoggrgc?hﬂ%ﬁ In.the same way, the third variable
r . Eﬁ f% rgﬁ . =3 d_a [

capacitance device a e fourth variable  capacitance device are MOS

cap¥araetors doyexamples having emutliallyinverse conduetivity- Alsg, the first
input unit has a first switch for example, and selectively inputs the bias

devyokadecand positiwe phasé veltdge signahfiothe first! vatiablecapatitance:
device and the second variable - 18
of the third variable capacitance device and the fourth
variable cépacitance device being taken as the third value,
and wherein, in the event of the third switch being
connected to the ground, the fourth switch is connected to
the power source, with the capacitance of the first variable
capacitance device and the second variable capacitance
device being taken as the second value, and the capacitance
of the third variable capacitance device and the fourth
variable capacitance device being taken as the fourth value.
[00zs]

The first variable capacitance device and the second
variable capacitance device are MOS varactors for example,
having mutually inverse conductivity. In the same way, the
third variable capacitance device and the fourth variable
capacitance device are MOS varactors for example, having
mutually inverse conductivity. Alsc, the first input unit
has a first switch for example, and selectively inputs the

bias voltage and positive phase voltage signal to the first

variable capacitance device and the second variable



capacitance device, in accordance with opening/closing of the first switch.
In the same way, the second input unit has a second switch for example,
and selectively inputs the bias voltage and inverse phase voltage signal
to the third variable capacitance device and the fourth variable
capacitance device, in accordance with opening/closing of the second
switch. The gate terminals of the first variable capacitance device and the
second variable capacitance devicé are-each connected to the first
switch, and the gate terminals of the third variable capacitance device
and the fourth variable capacitance device are each connected to the

capsecanthswitel-New, thersaures terainals andior dsaini tesminals ohthes £
first variable capacitance device and the third variable capacitance device

the gfd g6finettéd ¢ a powert seurserfor vatputtintepewerssuréavoltages, idr
to the ground, vija a third switch, for example, and the source terminals

712 aRd/oF oA t8itinGls of the SEEBR Variabie caipatitarice” téviteRathe"
bialPUINANADIS SAPAGIANCE avice.are, SRy éefgoig%%elp%%eﬂa%%ur%%’ﬂfd

to the ground, via a tourth switch, for examp ] Now, in the event
var obthessecongd-switohdeeing conaected torthe powerisouEce; dhe third

switch is connected to the ground, with the capacitance of the first
capyafableceapacitance deviceandriherseeond Variablercapaditancsing9of
the second switch. The gate terminals of the first variable
capacitance device and the second variable capacitance
device are each connected to the first switch, and the gate
terminals of the third variable capacitance device and the
fourth variable capacitance device are each connected to the
second switch. Now, the source terminals and/or drain
terminals of the first variable capacitance device and the
third variable capacitance device are connected to a power
source for outputting power source voltage, or to the ground,
via a third switch, for example, and the source terminals
and/or drain terminals of the second variable capacitance
device and the fourth variable capacitance device are
connected to the power source, or to the ground, via a
fourth switch, for example.
[0026]

Now, in the event of the second switch being connected

to the power source, the third switch is connected to the

ground, with the capacitance of the first wvariable

capacitance device and the second variable capacitance



device being taken as the first value, and the capacitance of the third
variable capacitance device and the fourth variable capacitance device
being taken as the third value. Also, in the event of the second switch
being connected to the ground, the third switch is connected to the power
source, with the capacitance of the first variable capacitance device and
the second variable capacitance device being taken as the second value,
and the capacitance of the third vaddble capacitance device and the
fourth variable capacitance device being taken as the fourth value. Due
to the second switch and third switch being operated so that the
devtarneéciiongestinations: aremufuallytdifferent theritcreasetdacredseince
capacitance of the mutually-inverse- conductivity-type first variable
of Eapaditahtd deviceednd setond VariabR cipatiancadevite, dndisfthe
mutually- inverse-conductivity-type third variable capacitance device and
V2 il vATTAS CAPAGIANCE Avice. DeCHmes thE same. 00271 Ao an-°
a1sBlrangement mayhe madgwhereinthe capacitanceof the firstvariable.
capacitance device and the second variable capacitance device is taken
theag adhitd yalile: gredted thani thetfirstvaloe irethesevent of attepuating the
voltage signal, the amplifier further comprising at least one third variable
souggFacitahcl devicecsithe Shaieceondustivity type asthe fisdt hariable

capacitance device - 20 ] ‘ ‘
capacitance device and the second variable capacitance

device being taken as the second value, and the capacitance
of the third variable capacitance device and the fourth
variable capacitance device being taken as the fourth value.
Due to the second switch and third switch being operated so
that the connection destinaticns are mutually different, the
increase/decrease in capacitance of the mutually-inverse-
conductivity-type first variable capacitance device and
second variable capacitance device, and cof the mutuaily—
inverse-conductivity-type third variable capacitance device
and feourth variable capacitance device, becomes the same.
[0027]

Also, an arrangement may be made wherein the
capacitance of the first variable capacitance device and the
second variable capacitance device is taken as a third valus
greater than the first value in the event of attenuating the
voltage signal, the amplifier further comprising at least
one third variable capacitance device of the same

conductivity type as the first variable capacitance device



and of which the capacitance is variable, connected to the first input unit
in parallel to the first second variable capacitance device; and at least
one fourth variable capacitance device of the same conductivity type as
the second variable capacitance device and of which the capacitance is
variable, connected to the first input unit in parallel to the second variable
capacitance device. [0028] By the capacitance of the first variable
capacitance device and the second?{ariable capacitance device being
taken as a third value greater than the first value, the voltage signal can
be attenuated by multiplication by a ratio of the first value corresponding
andtethesthirdivatires Alspatheramplifierfurthericomprisescatrleastane:thirdhe
variable capacitance device and at least one fourth variable capacitance
firgevicBPThe thifd varate eapacitance devicel s 6fthesapaé coRducivity
cap%?'e as the first variable capacitance device agd the caea(:lta ce thereof

variable ATs0: the four varia ?eagé:pa%ft%n é]%i]é%i%e i§ of theSame
capSORYUGtivily fupe; as theesecandavariable capaditanee deyvics. and the,

capacitance thereof is variable. Now, the third variable capacitance
secdevice anddbe fJourthy varable ceapnaeitanee davice findhe sameway as

with the first variable capacitance device and second variable
capggpacitapee devies icanl perfornamplifichtion By muftiplieatiompy g 2t

in parallel to the second variable capacitance device.
(60287

By the capacitance of the first variable capacitance
device and the second variable capacitance device being
taken as a third value greater than the first value, the
voltage signal can be attenuated by multiplication by a
ratio of the first value corresponding to the third value.
Alsc, the amplifier further comprises at least one third
variable capacitance device and at least one fourth variable
capacitance device. The third variable capacitance device
is of the same conductivity type as the first variable
capacitance device and the capacitance thereof is variable.
Also, the fouxrth variable capacitance device is of the same
conductivity type as the second variable capacitance device
and the capacitance thereof is variable. Now, the third
variable capacitance device and the fourth variable
capacitance device, in the same way as with the first
variable capacitance device and second variable capacitance

device, can perform amplification by multiplication by a



ratio of the first value corresponding to the second value, by reduction of
the capacitance to a second value smaller than the first value, and also,
the voltage signal can be attenuated by multiplication by a ratio of the first
value by corresponding to the third value, by taking the capacitance as a
third value greater than the first value. Accordingly, the gain of output
voltage signals output from the amplifier can be switched over by
independently changing increase/dgcgrease of capacitance at the first

" variable capacitance device and the second variable capacitance device,
and of capacitance at the third variable capacitance device and the fourth

rat Yariahle capagitange device (0029 &lso.dhe amplfiermay compliseat, e,
least one capacitance device having a predetermined capacitance and

by capakie ofaccdmulatingzaoehdrgeregtivalent todbe rpredeterminet: 1 Ler
capacitance, disposed upstream of the first input unit, wherein the voltage

thagigraPwhichthe fitstifput® Bfit fpifts iS&Solfage sighaPdud fo-clargebe

shari kat)he flrittvargble %apamg?nce device, the_s

attenua multipilca I a ratio of S:C}?gdfviari ble lue
capamtance%ewce,a 6 at léast oné capaci?ance evice. 00 ]\ﬁ&he

py amplierigeaives inputafyoltage signajs,ky gharge shatng ptthe at

least one capacitance device disposed upstream of the first input unit, the
caplirst E22ce as a third value greater than the first value.
Accordingly, the gain of output voltage signals output from
the amplifier can be switched over by independently changing
increase/decrease of capacitance at the first variable
capacitance device and the second variable capacitance
device, and of capacitance at the third variable capacitance
device and the fourth variable capacitance device.
[0C29]

Also, the amplifier may comprise at least one
capacitance device having a predetermined capacitance and
capakble of accumulating a charge eguivalent to the
predetermined capacitance, disposed upstream of the first
input unit, wherein the voltage signal which the first input
unit inputs is a voltage signal due to charge sharing by the
first variable capacitance device, the second wvariable
capacitance device, and the at least one capacitance device.
[00307

The amplifier receives input of voltage signals by
charge sharing of the at least one capacitance device

disposed upstream of the first input unit, the first



variable capacitance device, and the second variable capacitance device,
and voltage signals from the charge sharing can be amplified.
Accordingly, the amplifier can be used as the final stage of a charged
main filter circuit configured with a SINC filter, for example. [0031] Also,
the MOS varactor may be a reverse mode MOS varactor. [0032] Also,
the MOS varactor may be an accumulation mode MOS varactor. [0033]
The MOS varactor may be a reverseinede MOS varactor, or an
accumulation mode MOS varactor. While the reverse mode MOS
varactor and accumulation mode MOS varactor differ in the workings of

var howleapacianee iminsreasedidecreased; hoth are gapableiofpi e
capacitance increase/decrease, so the amplifier can amplify, of the input

cap pias-voltag edand veltagen dignal, the voltage: signal {00841 hAlsoh argrler
to achieve the above jcgfct according to a second perspective of the

ShahiabritiAvertion Br dmpiitrer iR pTovidedSdompridiRg 2 st vhREbleAn be

use§2RACHANCCANLA! WHIEh SapRCIANGE, 8 JaHANE1 8 SPE0Rd VKRS 1«
capacitance unit of whlcﬁI capacitance |s%arlagl%, -2

configured with a SINC filter, for example.

[0031]

Alsc, the MOS varactor may be a reverse mode MOS
varactor.
[0032]

Alsc, the MOS varactor may be an accumulation mode MOS
varactor.
(00337

The MOS wvaractor may be a reverse mode MOS varactor, or
an accumulation mode MOS varactor. While the reverse mode
MOS varactor and accumulation mode MOS wvaractor differ in
the workings of how capacitance is increased/decreased, both
are capable of capacitance increase/decrease, S0 the
amplifier can amplify, of the input bias voltage and voltage
signal, the voltage signal.

[0034]

Alsc, in order to achieve the above object, according
to a second perspective of the present invention, an
amplifier is provided, comprising: a first wvariable
capacitance unit of which capacitance is variable; a second

variable capacitance unit of which capacitance is variable,



electrically connected to the first variable capacitance unit; and a first
input unit for selectively inputting a bias voltage and a voltage signal to
the first variable capacitance unit and the second variable capacitance
unit, wherein the first variable capacitance unit and the second variable
capacitance unit are each a combination of the same components, and
wherein, in the event that the bias voltage and the voltage signal are input
to the first variable capacitance uni2 ane the second variable capacitance
unit, the capacitances of the first variable capacitance unit and the
second variable capacitance unit are each taken as a same first value,
eleandwherein thenvollagesignal thanmplified with-the-capacianessefheach
of the first variable capacitance unit and the second variable capacitance
unippitzsch samestcohdvalue@ddh Smuallecthantihesfirst valpe [o0ss[ &
According to this configuration, the capacitance of the first variable

blagagacitaiice detice'and the*décoiVatiable dapacitarice device 8 @ach
capBE fRade.the same, ‘81”{%éig%é'cé{%a%%Ei‘%}??ea%%'g%i"{‘ﬁihece unit,

maintaining the bias voltage. [0036] Also, in order to achieve the above
whe 0bjeet, aceording rtowa thirgi-perspegtive: efthe present inventioReakecond

amplifying method, relating to an amplifier including a - 24
variable capacitance unit are each a combination cof the same
components, and wherein, in the event that the bias veltage
and the voltage signal are input to the first variable
capacitance unit and the second variable capacitance unit,
the capacitances of the first variable capacitance unit and
the second variable capacitance unit are each taken as a
gsame first value, and wherein the voltage signal is
amplified with the capacitances of each of the first
variable capacitance unit and the second variable
capacitance unit as a same second value each smaller than
the first value.
[0035]

According to this configuration, the capacitance of the
first variable capacitance device and the second variable
capacitance device can each be made the same, so the signal
voltage can be amplified while maintaining the bias voltage.
[0036]

Also, in order to achieve the above object, according
to a third perspective of the present invention, an

amplifyving method, relating to an amplifier including a



first variable capacitance device of which capacitance is variable, and a
second variable capacitance device of which capacitance is variable and
of an inverse conductivity type from the first variable capacitance device,
is provided, comprising: a step for inputting a bias voltage and a voltage
signal to the first variable capacitance device and the second variable
capacitance device, and accumulating a first charge corresponding to a
first capacitance; a step for holdinghe first charge, and a voltage
corresponding to the bias voltage and the voltage signal; and a step for
amplifying the voltage signal by reducing the capacitance of the first

£ 1 r¥arighle capagitangesdeviee and dhe, seeondr variable capaciiance device
from the first capacitance to a second capacitance smaller than the first

varcapacitangesd [603EL-The step-forlahiplifying the voltagelsighakmay which
further comprise: a step for reducing the capacitance of the first variable

Capggpactnte devictraribtife SEbnalvatiable Vadatftancd devick tidnf thePe

frof St gaP3GIANCe 10 the second capagitance; ge%%ggerg@plifygn@itgg&ias
voltage and the voﬁage &gna?ﬁﬂ accordance to the ratio of the first

combapagcitance asdodpe sgeond, sapacitance; and a sfep for;canerling out a
charge equivalent to the amount of amplification of the amplified bias
voliuekagesatthe first vahabl€ capacitanceatiévice apd the secendiearialse and
thezgécond variable capacitance device, and accumulating a
first charge corresponding to a first capacitance; a step
for helding the first charge, and a voltage corresponding to
the bias voltagé and the voltage signzal; and a step for
amplifying the voltage signal by reducing the capacitance of
the first variable capacitance device and the second
variable capacitance device from the first capacitance to a
second capacitance smaller than the first capacitance.
(00371
| The step for amplifying the voltage signal may further
comprise: a step for reducing the capacitance of the first
variable capacitance device and the second wvariable
capacitance device from the first capacitance to the second
capacitance; a step for amplifying the bias voltage and the
voltage signal in accordance to tThe ratice ¢f the first
capacitance as to the second capacitance; and a step for
canceling out a charge equivalent to the amount of

amplification of the amplified bias wvoltage at the first

variable capacitance device and the second variable



capacitance device. [0038] By using this method, of the input bias voltage
and voltage signal, the voltage signal can be amplified. [0039] Also, in
order to achieve the above object, according to a fourth perspective of the
present invention, a filter is provided comprising: an amplifying unit to
which a bias voltage and a voltage signal are input, with the voltage
signal being amplified and output; a first switch unit for selectively
inputting the bias voltage and the-vgltage signal to the amplifying unit;
and a second switch unit for selectively outputting the voltage signal
output from the amplifying unit, the amplifying unit including a first
cap¥ariable capacifance device of which capacitance is variable; and a
second variable capacitance device of which capacitance is variable,
[00electrically connected to the first variable capacitance device, and of an
inverse conductivity type from the first variable capacitance device,
whBrelis im dhé levenigiab e bias vohgge BRY thévékagesiadrarend

input to the first variable capacitance devjce and the second. variable
T C eSS RE o e Tolt Ve e Aot
(00 gg\{ice and the second variable capacitance device is taken as a first

value, and wherein the voltage signal is amplified with the capacitance of
the126, in order to achieve the above object, according

to a fourth perspective of the present invention, a filter
is provided comprising: an amplifying unit to which a bias
voltage and a voltage signal are input, with the veltage
signal being amplified and output; a first switch unit for
selectively inputting the bias voltage and the voltage
signal to the amplifying unit; and a second switch unit for
selectively outputting the voltage signal output from the
amplifying unit, the amplifying unit including a first
variable capacitance device of which capacitance is
variable; and a second variable capacitance device of which
capacitance is variable, electrically connected to the first
variable capacitance device, and of an inverse conductivity
type from the first variable capacitance device, wherein, in
the event that the bias voltage and the voltage signal are
input to the first variable capacitance device and the
second variable capacitance device, the capacitance cf the
first variable capacitance device and the second variable
capacitance device is taken as a first value, and wherein

the voltage signal is amplified with the capacitance of the



first variable capacitance device and the second variable capacitance
device as a second value smaller than the first value. [0040] With this
configuration, the signal voltage can be amplified and output while
maintaining the input bias voltage. [0041] Also, the filter may further
comprise a third switch unit for setting the amplifying unit to an initial state
prior to input of the voltage signal. [0042] With this configuration, even in
a case wherein input of bias voltage @nd voltage signal has been
repeatedly performed, the signal voltage can be amplified and output
while maintaining the input bias voltage, in a state wherein the

i r@mpfification efficiency of signal yaltage.ismaintajped.. [0043] Aso, dn,1 o
order to achieve the above object, according to a fifth perspective of the
cappresent nventonca fiker is providet! eerbprsingzan amplifhdng uniktadirst

which a bias voltage and a voltage signal are input, with the voltage
valgpnal being amplified and output; a first switch unit for selectively

00 iné)utting the bias voltage and the voltage signal to the amplifying unit;
[003Rd a second switch unit for - 27

With this configuration, the signal voltage can be
amplified and output while maintaining the input bias
voltage.

60417

Also, the filter may further comprise a third switch
unit for setting the amplifving unit to an initial state
pricr to input of the voltage signal.

[0042]

With this configuration, even in a case wherein input
of bias voltags and voltage signal has been repsatedly
performed, the signal voltage can be amplified and output
while maintaining the input bilas voltage, in a state wherein
the amplification efficiency of signal veltage 1s maintained.
[0043]

Also, in order to achieve the above object, according
to a fifth perspective of the present invention, a filter is
provided comprising: an amplifying unit to which a bias
voltage and a voltage signal are input, with the voltage
signal being amplified and output; a first switch unit for
gselectively inputting the bias veltage and the veltage

signal to the amplifying unit; and a second switch unit for



selectively outputting the voltage signal output from the amplifying unit,
the amplifying unit including a first variable capacitance unit of which
capacitance is variable; and a second variable capacitance unit of which
capacitance is variable, electrically connected to the first variable
capacitance unit; with the first variable capacitance unit and the second
variable capacitance unit each being a combination of the same
components, wherein, in the event %lfat-the bias voltage and the voltage
signal are input to the first variable capacitance unit and the second
variable capacitance unit, the capacitances of the first variable

se] €apacitangediniiand thesecondwariahle.capagitance wWop varereach taken
as a same first value, and wherein the voltage signal is amplified with the
amp tafaditances of eathof ahp firdtwariable:¢apacitahoe bnit andithe second
variable capacitance unit as a same second value each smaller than the

Var ke LAl R ReGA4] With thisilorfigurktior? te Sig Rl He canig table s
ana ARlified and output while maintaining the inpyt bigs  yoltage, 0;504?1%” ce
% ;qfl)ove o%a ﬁ | i fa trﬁe

order to achieve the ject, according to another perspective o
is Presentinventioncan amplifier isprovidedscamprising:ra fiest vardablen o

capacitance device - 28
capacitance unit; with the first variable capacitance unit
and the second varilable capacitance unit each being a
combination of the same components, wherein, in the event
that the bias voltage and the voltage signal are input fo
the first variable capacitance unit and the second variable
capacitance unit, the capacitances of the first variable
capacitance unit and the second variable capacitance unit
are each taken as a same first value, and wherein the
voltage signal i1s amplified with the capacitances of each of
the first variable capacitance unit and the second variakle
capacitance unit as a same second value each smaller than
the first value.
(0044]

With this configuration, the signal voltage can be
amplified and output while maintaining the input bias
voltage.

[0045]

In order to achieve the above object, according to

another perspective of the present invention, an amplifier

is provided comprising: a first variable capacitance device



of which capacitance is variable; a second variable capacitance device of
which capacitance is variable, electrically connected to the first variable
capacitance device, and of an inverse conductivity types as to the first
variable capacitance device; and a first input unit for selectively inputting
a bias voltage and a voltage signal to the first variable capacitance device
and the second variable capacitance device, wherein, in the event that
the bias voltage and the voltage-signal-are input to the first variable
capacitance device and the second variable capacitance device, the
capacitance of the first variable capacitance device and the second

of wakiablecapaciance. deyice s taken as afirstyalue, and whgreln the

voltage signal is amplified with the capacitance of the first variable
cap&apaeitancesderviee:and the.seconchyariable reapaciance-device as a

second value smaller than the first value. 0046] The amplifier has a first
eleyhnableldapacitancectevicé ca seeord variable caphditarcerdevice e a

first input unit, The ¢apacitance of the first yariable cagacitance device.is

dev e iabiBIAISYE (R seCOMtFVATIABIE CHRAGTANCE deviteris of andnveige: L3¢
var S9DGUCtity tyne as te first yariable gapacitange deyige, and the .

capacitance is variable. The first input unit selectively’inputs a bias

selveltageand a2 ting a bias voltage and a voltage signal to
the first variable capacitance device and the sescond
variable capacitance device, wherein, in the event that the
bias voltage and the voltage signal are input to the first
variable capacitance device and the second variable
capacitance device, the capacitance cf the first variable
capacitance device and the second variable capacitance
device is taken as a first value, and wherein the voltage
signal is amplified with The capacitance of the first
variable capacitance device and the second variable
capacitance device as a second value smaller than the first
value.
[0046]

The amplifier has a first variable capacitance device,
a second variable capacitance device, and a first input unit.
The capacitance of the first variable capacitance device is
variable. Also, the second variable capacitance device is
of an inverse conductivity type as the first variable
capacitance device, and the capacitance 1s wvariable. The

first input unit selectively inputs a bias vcltage and a



voltage signal to the first variable capacitance device and the second
variable capacitance device. In the event that the bias voltage and the
voltage signal are input to the first variable capacitance device and the
second variable capacitance device, the capacitance of the first variable
capacitance device and the second variable capacitance device is taken
as a first value, and a charge is accumulated. The first variable
capacitance device and the secondyvariable capacitance device reduce
the capacitance to a second value smaller than the above first value,
thereby outputting an output voltage signal wherein the voltage signal

vo1hasbeen amplified hy.multiplying by asratio of the, firstvalue.agtothe. ang

second value. Note that the bias voltage is substantially not amplified,
thesineedhel charges iefaivalent 40 thenam plification amount isccaneelied obt t

at the first variable capacitance device and the second variable
thecipadtarice device2 [0b47] CARS sl eSfoP Barcaliy theRiavplifieatior

amount of the bias voltage may he impressed an the first variable .
B e

i : ]
T AGHANGE device aid the Second Variabi Chpaditafice dsvice” 10648

capAlSp: IMpessing;power.spuree voltage, farexample. o sthefirgt.variable
capacitance device and the second - 30
capacitance device and the second variable capacitance
device is taken as a first value, and a charge is
accumulated. The first variable capacitance device and the
second variable capacitance device reduce the capacitance to
a second value smaller than the above first value, thereby
outputting an output veoltage signal wherein the voltage
signal has been amplified by multiplying by a ratio of the
first value as to the second value. Note that the bias
voltage is substantially not amplified, since the charge
eguivalent to the amplification amount is cancelled out at
the first variable capacitance devigce and the second
variable capacitance device.
[0047]

Rlso, voltage for canceling the amplification amount of
the bias voltage may be impressed on the first variable
capacitance device and the second variable capacitance
device.

[oc4s8]
Also, impressing power source voltage, for example, on

the first variable capacitance device and the second



variable capacitance device, enables charge equivalent to the
amplification amount of the bias voltage to be cancelled out. [0049] Also,
an arrangement may be made wherein the first variable capacitance
device and the second variable capacitance device are MOS varactors,
for example, the first input unit having a first switch, for example, the gate
terminals of the first variable capacitance device and the second variable
capacitance device are each connegted-to the first switch, the source
terminal and drain terminal of the first variable capacitance device are
connected to a power source for outputting power source voltage, or to

var thegwungs Ada a-second switeh, farexample and-the sourge terminalco
and drain terminal of the second variable capacitance device are

thecenmpdctéd ta theopowen sadrce fortosthieigreund, via @cthird switclydforeiled
example, and wherein, in the event of the second switch being connected

©utio the power source, the third switch is connected to the ground, with the
¢a acitance of the first variable capacitance device and the second

(00 . . . . .
variable capacitance device being taken as the first value, and wherein, in

the euent of;thg secand switch being, connectedie the graund, Hhe-third

switch is connected to the power source, with the capacitance of the first
varvatidhkle ceapacitance device iand thedsecdoad vatable capaciainee - 31 -
capacitance device are MOS varactors, for example, the first
input unit having a first switch, for example, the gate
terminals of the first variable capacitance device and the
second variable capacitance device are each connected to the
first switch, the source terminal and drain terminal of the
first variable capacitance device are connected to a power
source for outputting power source wvoltage, or to the ground,
via a second switch, for example, and the source Terminal
and drain terminal of the second variable capacitance device
are connected to the power source, or to the ground, via a
third switch, for example, and wherein, in the event of the
second switch being connected to the power source, the third
switch is connected to the ground, with the capacitance of
the first variable capacitance device and the second
variable capacitance device being taken as the first value,
and wherein, 1in the event of the second switch being
connected to the ground, the third switch is connected to
the power source, with the capacitance of the first variable

capacitance device and the second variable capacitance



device being taken as the second value. [0050] The first variable
capacitance device and the second variable capacitance device are MOS
varactors, for example, having mutually inverse conductivity. Also, the
first input unit has a first switch, and the bias voltage and the voltage
signal are selectively input to the first variable capacitance device and the
second variable capacitance device in accordance with opening/closing
of the first switch. The gate terminaig of the first variable capacitance
device and the second variable capacitance device are each connected
to the first switch. Also, the source and drain terminals of the first variable

devfapagiance deyice arg copnected i @ RAWEISource for outputting power

source voltage, or to the ground, via a second switch, for example, and

i 00 #g source terminal and drain terminal of the second variable capacitance
device are connected to the power source, or to the ground, via a third
switeh, forrexamplel {0051 CRBRCintthe et vl e sacondisitthdseifg
connected to the power source, the third switch is connecti]g to the

VET yPotnid, %ﬁ%atﬁétéﬁb%%|t§ﬁé’e18ﬁh%1f?s%laﬁ% Fapatitance’deVice BRd®
hav%egsﬂﬁf’ﬂ?a‘ﬁr !}?‘bi%{%é%%ta@&ﬁdﬂ%‘é‘i%’ﬂ?g takenas gdirstvalye.) oo, .

Also, In the eveént -
unit has a first switch, and the bias veoltage and the

voltage signal are selectively input tc the first wvariable
capacitance device and the second variable capacitance
device in accordance with opening/clesing of the first
Switch. The gate terminals of the first variable
capacitance device and the second variable capacitance
device are each connected tec the first switch. Alsco, the
source and drain terminals of the first variable capacitance
device are connected to a power source for outputting power
source voltage, or to the ground, via a second switch, for
example, and the source terminal and drain terminal of the
second variable capacitance device are connected to the
power source, or to the ground, via a third switch, for
example.

[0051]

Now, in the event of the second switch keing connected
to the power source, the third switch 1s connected to the
ground, with the capacitance of the first variable
capacitance device and the second variable capacitance

device being taken as the first value. Also, in the event



of the second switch being connected to the ground, the third switch is
connected to the power source, with the capacitance of the first variable
capacitance device and the second variable capacitance device being
taken as the second value. Due to the second switch and third switch
being operated so that the connection destinations are mutually different,
the increase/decrease in capacitance of the
mutually-inverse-conductivity-type first variable capacitance device and
second variable capacitance device becomes the same. [0052] The
amplifier may comprise at least one or more adjusting variable

of fARadiancedevicss,of ihe same conductivity type,as hefirskvariahle
capacitance device or the second variable capacitance device, and

thisthallet incigaieswidth:iban ¢hie first varakhlecapaeitance=gdevide-and hthe
second variable capacitance device; and at least one or more adjusting

capa@itthas forconhieeting BaEh vf theasduirce iepfirial and disiiiemimatiofhe

the at Ieas%c%

ne or more  adjusting,varjable capacitance devices to the
SeCOdhel Sbare Br Hground” Whersii the a?%%%?oﬁ&%?%oaréa Fsting™ond

va1yariable,capacitance devices hayedhe gatejterminals thereat, eachy, 4
connected to the first input, in parallel to the first variable capacitancé
opedevice ofdhe seconthyarableceapanitanes device: o33 -are mutually

different, the increase/decrease in capacitance of the
mutually-inverse-conductivity-type first variable
capacitance device and second variable capacitance device
becomes the same.

[0052]

The amplifier may comprise at least one or more
adjusting variable capacitance devices, of the same
conductivity type as the first variable capacitance device
or the second variable capacitance device, and smaller in
gate width than the first variable capacitance device and
the second wvariable capacitance device; and at least cne or
more adiusting switches for connecting each of The source
fterminal and drain terminal of the at least one or more
adjusting variable capacitance devices to the power source
or the ground, wherein the at least one or more adiusting
variable capacitance devices have the gate terminals thereof
each connected teo the first input, in parallel to the first
varialkle capacitance device or the second variable

capacitance device.



00331 The amplifier includes, for example, at least one or more adjusting
variable capacitance devices, and at least one or more adjusting
switches. Each of the adjusting variable capacitance devices is a variable
capacitance device of the same conductivity type as the first variable
capacitance device or the second variable capacitance device, and
smaller in gate width than the first variable capacitance device and the
second variable capacitance device3The gate (Gate) terminals of the
adjusting variable capacitance devices are each connected to the first
switch, and the source (Source) terminals and drain (Drain) terminals
100 thereof are each connected to the adjusting switches corresponding to
the adjusting variable capacitance devices. The area of the gate terminal
ofThe fiestpuariabler capaditahee defice enrthe@iea of thelgatettermmad rof
the second variable capacitance device can be indirectly adjusted by
mof%eﬂ@ﬁfﬁ@ﬁﬁ@%oﬁﬁé&tﬁgﬂﬁa@é’fﬁtﬁé%}@ﬁi@e%ﬁ@ﬁ% edecbRdst

switch (ga case wherein the ad{usi,tllgtg vagable cggaggance dewggs are of

Y0 1ie samecon ﬁ%ﬁ\ﬁﬁ/n%/pséwés eTfirst vaﬁggle capaci ar?gejagwcg)gor the

var {higdh switch(a casg wheteinithe adjusting.variable capagifance -dgvices

are of the same conductivity type as the second variable capacitance
devtewicef [8084]sz84 conductivity type as the first variable
capacitance device or the second variable capacitance device,
and smaller in gate width than the first variable
capacitance device and the second variable capacitance
device. The gate (Gate) terminals of the adjusting variable
capacitance devices are each connected to the first switch,
and the source {(Scurce) terminals and drain (Drain)
terminals thereof are each connected to the adjusting
switches corresponding to the adjusting variable capacitance
devices. The area of the gate terminal of the first
variable capacitance device or the area of the gate terminal
of the second variable capacitance device can be indirectly
adjusted by matching the connection state of the adjusting
switches to the second switch {a case wherein the adjusiting
variable capacitance devices are of the same conductivity
type as the first variable capacitance device) cor the third
switch {a case wherein the adjusting variable capacitance
devices are of the same conductivity type as the second
variable capacitance device).

r0054]



Also, an arrangement may be made wherein the first input unit selectively
inputs the bias voltage and a positive phase voltage signal making up a
differential signal serving as the voltage signal, the first variable
capacitance device and the second variable capacitance device amplify
the capacitance as a second value smaller than the first value, the
amplifier further comprises a third variable capacitance device of which
capacitance is variable; a fourthvagiable capacitance device of which
capacitance is variable, electrically connected to the third variable
capacitance device, and of an inverse conductivity type from the third

vagipble capacitance deyice; apd @ secndnpyL Uit {or selectivelys -

inputting, to the third "variable capacitance device and the fourth variable
inpeapaeiiance=device,the positive tphaskeavditage signat and aaninverse
phase voltage signal of which the phase has been inverted from the
pos pbsifivephase votthge $fynalanheralt A nfe event thaf i Bias \dltage

. _and the inverse voltage signal are input to the third variable capacitance
1T 0icE oA o Fourt Gartabte CAGACTHER dovieE: e CaraclhLE ofthe

capird variable capacitance deyice.and the fourth. yadable capacitanee

device are taken as a third value, and wherein the inverse voltage signal
deviscamplified Withihe ecapacitanee of thesthird madahle capaciases device

and the fourth variable capacitance device as a fourth value smaller - 35 -
than the first value, the amplifier further ccmprises a
third variable capacitance device of which capacitance is
variable; a fourth variable capacitance device of which
capacitance is wvariable, electrically connected to the thixd
variable capacitance device, and of an inverse conductivity
type from the third variable capacitance device; and a
second input unit for selectively inputting, to the third
variable capacitance device and the fourth variable
capacitance device, the positive phase voltage signal and an
inverse phase voltage signal of which the phase has been
inverted from the positive phase voltage signal; wherein, in
the event tThat the bias voltage and the inverse voltage
signal are input to the third variable capacitance device
and the fourth variable capacitance device, the capacitance
of the third variable capacitance device and the fourth
variable capacitance device are taken as a third value, and
wherein the inverse voltage signal is amplified with the
capacitance of the third variable capacitance device and the

fourth variable capacitance device as a fourth value smaller



than the third value. [0055] The amplifier further comprises a third
variable capacitance device, a fourth variable capacitance device, and a
second input unit. The third variable capacitance device and the fourth
variable capacitance device have mutually inverse conductivity, and
correspond to the above first variable capacitance device and above
second variable capacitance device. Also, the second input unit is a
component corresponding to the.abgye first input unit. The first input unit
selectively inputs a positive phase voltage signal making up a differential
signal serving as the voltage signal to the first variable capacitance

thadevice and the sggond variable capacitance device. Also, the second
input unit selectively inputs an inverse phase voltage signal, of which the

[00pbase has been inverted from the positive phase voltage signal, to the
third variable capacitance device and the fourth variable capacitance
déVice. N ifpGtrofine Hbdve poskive phase Vohage sigralsdtitverse

hase voltage signal at the above first input unit and above second input
2040 16 PeoRRad GoRrobsh ALBATGY, (HEAIR SR o

ana diferential signals, by ouiputtingoutpyt volfage signajs, V@f}%ﬁ@i@&nce
positive phase voltage signal has been amplified, from the Tirst variable
dev tapaeitancendevica:and theasacoite- 3@ pacitance device have
mutually inverse conductivity, and correspond to the above
first variable capacitance device and above second variable
capacitance device. Also, the second input unit is a
component corresponding to the above first input unit. The
first input unit selectively inputs a positive phase voltage
signal making up a differential signal serving as the
voltage signal to the first variable capacitance device and
the second variable capacitance device. Also, the second
input unit selectiwvely inputs an inverse phase veoltage
signal, of which the phase has been inverted from the
positive phase voltage signal, to the third variable
capacitance device and the fcourth variable capacitance
device. Now, input of the above positive phase voltage
signal or inverse phase voltage signal at the above first
input unit and above second input unit is performed
synchronously. Accordingly, the amplifier outputs
differential signalé by outputting output veoltage signals
wherein the positive phase voltage signal has been amplified,

from the first variable capacitance device and the second



variable capacitance device, and outputting output voltage signals
wherein the inverse phase voltage signal has been amplified, from the
third variable capacitance device and the fourth variable capacitance
device. [0056] Also, an arrangement may be made wherein the first
variable capacitance device, the second variable capacitance device, the
third variable capacitance device, and the fourth variable capacitance
device, are MOS varactors, the firsgigput unit having a first switch, the
second input unit having a second switch, the gate terminals of the first
variable capacitance device and the second variable capacitance device

var 2 ennegted 1o the firshsyitch, the gate termipals.of the thirg vauanlg ge

capacitance device and the fourth variable capacitance device are
siggannreciad te the sesondswiteh; thiessoures terminals agdir diain been

terminals of the first variable capacitance device and the third variable
amp gapdcitancé aviddigretdoriné cletl tbed pewe A86Urtbafor D UBSLIENG poer

squrce Voltage, or to the ground, via a third switch, the source terminals

the, A8/8F Wit terAmals GF - decEndvariabie Eapacitance device and the

[OO@ th variable capacitance device are connected to a power source for
outputting power source voltage, or to the ground, via a fourth switch, and
wherein, insthe:event g ihenthird-syiteh heing cannested tortbe power

source, the fourth switch is - 37
variable capacitance device, the second variable capacitance
device, the third variable capacitance device, and the
fourth variable capacitance device, are MOS varacters, the
first input unit having a first switch, the second input
unit having a second switch, the gate terminals of the first
variable capacitance device and the second variable
capacitance device are connected to the first switch; the
gate terminals of the third variable capacitance device and
the fourth variable capacitance device are connected to the
second switch; the source terminals and/or drain terminals
of the first variable capacitance device and the third
variable capacitance device are connected to a power source
for ocutputting power scurce voltage, or to the ground, via a
third switch, the scurce terminals and/or drain terminals of
the second variable capacitance device and the fourth
variable capacitance device are connected to a power source
for outputting power source veltage, or to the ground, via a
fourth switch, and wherein, in the event of the third switch

peing connected to the power source, the fourth switch is



connected to the ground, with the capacitance of the first variable
capacitance device and the second variable capacitance device being
taken as the first value, and the capacitance of the third variable
capacitance device and the fourth variable capacitance device being
taken as the third value, and wherein, in the event of the third switch
being connected to the ground, the fourth switch is connected to the
power source, with the capacitance of the first variable capacitance
device and the second variable capacitance device being taken as the
second value, and the capacitance of the third variable capacitance

con §¥ it?gaangot ﬁg U%Q o@{&bl%gﬁﬂacﬂ-@gcg %93( gft%‘?i@g t%lﬁie a3 tk@i rst

ourth value. [00571 The first variable capacitance device and the second
var VaHable capacitance-devies are: MRS varactersden examples phaving

mutually inverse conductivity. In the same way, the third variable
capzapaeitarcectieviceang inarfourtherariable: lcapaditaricevdevice araiNMGS e

varactors for example, having mutually inverse conductivity. The first

caPHiphit #hfthad’a firtst switcHfof Bkample® ant¥etectivByAnpGisthe mas =he
fou¥%l%?‘9]%%”i%lﬁ?é't'¥§§§8§%£’§§%9%§%9f§é t%%;%\{gsk é’éé'%b'&ca&?&“%%‘i%

device and the second variable capacitance ce, in accordance wit
valQ@Beningiclasing of the fisstigyitchy by the.same wayy, thesseconddnpytumily

has a second switch for example, and selectively inputs the - 38
connected to the ground, the fourth switch is connected to
the power source, with the capacitance of the first wvariable
capacitance device and the second variable capacitance
device being taken as the second value, and the capacitance
of the third variable capacitance device and the fourth
variable capacitance device being taken as the fourth wvalue.
[0057]

The first variable capacitance device and the second
variable capacitance device are MOS varactors for example,
having mutually inverse conductivity. In the same way, the
third variable capacitance device and the fourth variable
capacitance device are MOS varactors for example, having
mutually inverse conductivity. The first input unit has a
first switch for example, and selectively inputs the bias
veltage and positive phase voltage signal te the first
variable capacitance device and the second variable
capacitance device, in accordance with opening/closing of
the first switch. 1In the same way, the second input unit

has a second switch for example, and selectively inputs the



bias voltage and inverse phase voltage signal to the third variable
capacitance device and the fourth variable capacitance device, in
accordance with opening/closing of the second switch. The gate terminals
of the first variable capacitance device and the second variable
capacitance device are each connected to the first switch, and the gate
terminals of the third variable capacitance device and the fourth variable
capacitance device are connected tpsthe second switch. Now, the source
terminals and/or drain terminals of the first variable capacitance device
and the third variable capacitance device are connected to a power

biaSOoWKce: for OUIRUIting paWEE SgHICEVoltage n@ftodhg ground, viaa thirtrg
switch, for example, and the source terminals and/or drain terminals of

varihe Secong uariable capdeitance dedicerandfthe fabrtlvvarables
capacitance device are connected to a power source for outputting power

CapapiFce YBItdGE, 1610 the gPOnTE Vi & SourirF SwRERTOREXampPRRl T90548]

the Nsoevé’éﬁéﬂ% event of t té‘”dﬁ%‘tc?ebe@ cqnnected 1o t%e POVl ariable
source, the fourth ‘switch Ts Ednnected to the ground, with he capacitance

cap@fihe first vadahle capagitance devieg andthe second-variable ;nce

capacitance device being taken as the first value, and the capacitance of
dev the thirckvarialite capaeitanee davicenand thesfourthi varigble sapacitanget ¢

device being taken as the third value. - 39
terminals of the third variable capacitance device and the
fourth variable capacitance device are connected to the
second switch. Now, the source terminals and/or drain
terminals of the first variable capacitance device and the
third variable capacitance device are connected to a power
source for cutputting pcower source voliage, or to the ground,
via a third switch, for example, and the scurce terminals
and/or drain terminals of the second variable capacitance
device and the fourth va:iable capacitance device are
connected to a power source for outputting power source
voltage, or to the ground, via a fourth switch, for example.
[0058]

Now, in the evenit of the third switch being connected
to the power source, the fourth switch is connected to the
ground, with the capacitance of the first variable
capacitance device and the second variable capacitance
device being taken as the first value, and the capacitance

of the third variable capacitance device and the fourth

variable capacitance device being taken as the third value.



Also, in the event of the third switch being connected to the ground, the
fourth switch is connected to the power source, with the capacitance of
the first variable capacitance device and the second variable capacitance
device being taken as the second value, and the capacitance of the third
variable capacitance device and the fourth variable capacitance device
being taken as the fourth value. Due to the second switch and third switch
being operated so that the connection destinations are mutually different,
the increase/decrease in capacitance of the mutually-inverse-
conductivity-type first variable capacitance device and second variable

a1 s6apagitance deyice, apd of the muivallysinverse-canductivify:type third:
variable capacitance device and fourth variable capacitance device,

thebecareas thesamec [@@59]AIsacan arangement maythe nadeswherein
the capacitance of the first variable capacitance device and the second

souygifable thPaditenceadevice Rtare Bsdhird Vafie GreaeP#fan the first

Capvalu in_the event of atte u ing the vol age signal, the amplifier further
EomMPASITD A1 ToH<t o third Ver TS CapaGHanGE Ho o B the SanTs
deviQAucLlyity, type,as thedirst variable capacitance deyice. @nd of which the. .
capacitance is variable, connected to the first input unit in parallel to the
of firskvanable capsciianee deyiceiandatleastone fourth vardalie 1 dtn
variable capacitance device being taken as the fourth vaiue.
Due to the second switch and third switch being operated so
that the connection destinations are mutually different, the
increase/decrease in capacitance of the mutually-inverse-
conductivity~type first variable capacitance device and
second variable capacitance device, and of the mutually-
inverse-conductivity-type third variable capacitance device
and fourth variable capacitance device, becomes the same.
[0059]

Also, an arrangement may be made wherein the
capacitance of the first variable capacitahce device and the
second variable capacitance device 1s taken as a third wvalue
greater than the first wvalue in the event of attenuating the
voltage signal, the amplifier further comprising at least
one third variable capacitance device of the same
conductivity type as the first variable capacitance device
and of which the capacitance is variable, connected to the
first input unit in parallel to the first varlable

capacitance device; and at least one fourth variable



capacitance device of the same conductivity type as the second variable
capacitance device and of which the capacitance is variable, connected
to the first input unit in parallel to the second variable capacitance device.
0060] By the capacitance of the first variable capacitance device and the
second variable capacitance device being taken as a third value greater
than the first value, the voltage signal can be attenuated by multiplication
by a ratio of the first value. Also,thecamplifier further comprises at least
one third variable capacitance device and at least one fourth variable
capacitance device. The third variable capacitance device is of the same

capSeDAUctvity fupe as the firstvariahle capacitapce deyviceand the e

capacitance thereof is variable. Also, the fourth variable capacitance
secsleyiceals 0f the same:contuativdtydype @s thedecandivatiabtehe
capacitance device and the capacitance thereof is variable. Now, the third
capaarablccapatitaned dblice apdniecfottharibbie dapatiané®deviédlin
. the same way as with the first variable capacitance device gnd second
o Eﬁﬁﬁgljeeaapg%itgﬁl@e GEGI0E “caff perbHht affphfication 1" mMitiplication
[OO@@! a ratio of the first value corresponding to the second value, by
reduction of the capacitance to a second value smaller than the first

valye, ansl alsp tbetveltage-signalkcani be attenudated by multiptcationday
devfgé4tnd the second variable capacitance device being
taken as a third value greater than the first value, the
voltage signal can be attenuated by multiplication by a
ratic of the first value. Also, the amplifier further
comprises at least one third variable capacitance device and
at lesast one fourth variable capacitance device. The third
variable capacitance device is of the same conductivity type
as the first variable capacitance device and the capacitance
thereof is variable. Also, the fourth variable capacitance
device 1is of the same conductivity type as the second
variable capacitance device and the capacitance thereof 1s
variable. Now, the third wvarliable capacitance device and
the fourth variable capacitance device, in the same way as
with the first variable capacitance device and second
variable capacitance device, can perform amplification by
multiplication by a ratio of the first value corresponding
to the second value, by reduction of the capacitance to a

second value smaller than the first value, and also, the

voltage signal can be attenuated by multiplication by a



ratio of the first value by corresponding to the third value, by taking the
capacitance as a third value greater than the first value. Accordingly, the
gain of output voltage signals output from the amplifier can be switched
over by independently changing increase/decrease of capacitance at the
first variable capacitance device and the second variable capacitance
device, and capacitance at the third variable capacitance device and the
fourth variable capacitance device. [0061] The amplifier may comprise at
least one capacitance device having a predetermined capacitance and
capable of accumulating a charge equivalent to the predetermined

capacitance, disposed_upstream of the first input.unit, . wherein the voltage
£ WG (e Wt bt Ut e 1 & JONAoL el g fo Chaa. T210e:

by shakingbythe first yatiable capasitance, devicethesegond varablean the
capacitance device, and the at least one capacitance device. [0062] The
f 1 ramplifier weceiviesdoputiof ybitage isignads. by charge sharing of thgcat
_ least one capacitance device disposed upstream of the first input unit, the
s 19pstl Gafahie taphtitindd Gevite larfd file Setondatiablec2apatitance®y

indieeg‘é%:%%%vf'tgﬁgé{#%%s E&?E“r%%asrg‘?aseh%ggs%a%?e 2OpIfied: nce ax
gly, the"ampitifier’can be used as™-

the first variable capacitance device and the second
variable capacitance device, and capacitance at the third
variable capacitance device and the fourth variable
capacitance device.

(0061}

The amplifier may comprise at least one capacitance
device having a predetermined capacitance and capable of
accumulating a charge equivalent to the predetermined
capacitance, dispcesed upstream of the first input unit,
wherein the voltage signal which the first input unit inputs
is a voltage signal due to charge sharing by the first
variable capacitance device, the second variable capacitance
device, and the at least one capacitance device.

[0062]

The amplifier receives input of voltage signals by
charge sharing of the at least cne capacitance device
disposed upstream of the first input unit, the first
variable capacitance device, and the second variable
capacitance device, and voltage signals from charge sharing

can be amplified. Acccerdingly, the amplifier can be used as



the final stage of a charged main filter circuit configured with a SINC filter,
for example. [0063] Also, the MOS varactor may be a reverse mode MOS
varactor. [0064] Also, the MOS varactor may be an accumulation mode
MOS varactor. [0065] The MOS varactor may be a reverse mode MOS
varactor, or an accumulation mode MOS varactor. While the reverse
mode MOS varactor and accumulation mode MOS varactor differ in the
workings of how capacitance is incrgased/decreased, both are capable of
capacitance increase/decrease, so the amplifier can amplify, of the input
bias voltage and voltage signal, the voltage signal. [0066] Also, in order

the 1@ 2ghieve the abgye gbject gar%%g to Anpher perspective ofthe . v o
present mven%on, an amplifying met o%l, relating to an amplifier including
wit|@ firstyatiable capacitance @@;\gg@)ggwhich capacitance is variable, and

a second variable capacitance device of which capacitance is variable
[CO@aRd of an inverse conductivity type from the first variable capacitance
device, is provided, comprising: a step for inputting a bias voltage and a -
4321so, the MOS varactor may be a reverse mode MCS
varactor.
[C0G4]

Also, the MOS varactor may be an accumulation mode MOS
varactor.
[0065]

The MOS varactor may be a reverse mode MOS varactor, or
an accumulation mode MOS varactor. While the reverse mode
MOS varactor and accumulation mode MOS varactor differ in
the workings of how capacitance is increased/decreased, both
are capable of capacitance increase/decrease, so the
amplifier can amplify, of the input bias voltage and voltage
signal, the voltage signal.

[0066]

Also, in order to achieve the above object, according
to another perspective of the present invention, an
amplifying method, relating to an amplifier including a
first variable capacitance device of which capacitance 1is
variable, and a second variable capacitance device of which
capacitance 1is variable and of an inverse conductivity type

from the first variable capacitance device, is provided,

comprising: a step for inputting a bias veltage and a



voltage signal to the first variable capacitance device and the second
variable capacitance device, and accumulating a first charge
corresponding to a first capacitance; a step for holding the first charge,
and a voltage corresponding to the bias voltage and the voltage signal;
and a step for amplifying the voltage signal by reducing the capacitance
of the first variable capacitance device and the second variable
capacitance device from the first capacitance to a second capacitance
smaller than the first capacitance. [0067] The step for amplifying the
voltage signal may further comprise: a step for reducing the capacitance

Qf the first v ia@le %pacitanc% device a}jnfl the secong variablg .
volta e.sz%pa @) % o %1%5 variable CapdCl anae evice and
caﬁamtan e device from the first capacitance to the second capacitance;

theasieR ol amplifyingLhe bias-voltage-and the-yoltagesighalituiating a
accordance to the ratio of the first capacitance as to the second

firsapatitange; and acsteprioricanteling dlitrascharge agubhvatertd 1o shestep
amount of amplification of the amplified bias voltage at the first variable

for chpaditanee devide & e s&cthd Vdithble Capachancerdeicd 00689 0

oSy s ehog i ot sl 1 yolege 3008 e
amplifying the voltage signal by reducing the capacitance of
the first variable capacitance device and the second
variable capacitance device from the first capacitance to a
second capacitance smaller than the first capacitance.
0067

The step for amplifying the voltage signal may further
comprise: a step for reducing the capacitance of the first
variable capacitance device and the second variable
capacitance device from the first capacitance to the second
capacitance; a step for amplifying the bias voltage and the
voltage signal in accordance to the ratio of the first
capacitance as to the second capacitance; and a step for
canceling out a charge equivalent to the amount of
amplification of the amplified bias voltage at the first
variable capacitance device and the second variable
capacitance device,.
[0068]

By using this methcod, of the input bias voltage and
voltage signal, the voltage signal can be amplified.

[0069]



In order to achieve the above object, according to another perspective of
the present invention, an amplifier is provided comprising: a first variable
capacitance device of which capacitance is variable; a second variable
capacitance device of which capacitance is variable, electrically
connected to the first variable capacitance device; and a first input unit for
selectively inputting a bias voltage and a voltage signal to the first
variable capacitance device and.thg second variable capacitance device,
wherein, in the event that the bias voltage and the voltage signal are input
to the first variable capacitance device and the second variable

¢ I?C@E%'&gerﬁ%‘éc%ﬁge%%p%fri\té‘”gﬁ&‘?éh%%?é‘é%ﬁi?@% 998%?}]%

device and the second variable capacitance device is taken as
ancvalue, andwhereir thevoltage signalds amplified withhthes sapagitanceof
~ thefirst variable capacitance device and the second variable capacitance
is pevicedesia seognd galne smaller rthianthe firdt Valuea j8070]aThe device
amplifier may have a first variable capacitance device, a second variable

of ¢RpEEitdiRIedeVicE: Ghd e first Ghpht Git. ThesEpREitiRde-8Pthe first

cap2iable gapacitance devige is yariaple. The second vatiable, cgpacitance
PHevice'is elec rlca(fly connecte%hto%ﬁg first variable capamflance device,

ele@hdthe capacitance s variablextdd £irst variable capacitance
device; and a first Input unit for selectively inputting a
bias voltage and a voltage signal to the first variable
capacitance device and the second variable capacitance
device, wherein, in the event that the bias voltage and the
voltage signal are input to the first variable capacitance
device and the second variable capacitance device, the
capacitance of the first variable capacitance device and the
second variable capacitance device 1s taken as a first value,
and wherein the voltage signal is amplified with the
capacitance of the first variable capacitance device and the
second variable capacitance device as a second value smaller
than the first value.

[0070]

The amplifier may have a first variable capacitance
device, a second variable capacitance device, and a first
input unit. The capacitance of the first variable
capacitance device is variable. The second variable
capacitance device is electrically connected to the first

variable capacitance device, and the capacitance 1is variable



as with the first variable capacitance device. The first input unit can
selectively input a bias voltage and a voltage signal to the first variable
capacitance device and the second variable capacitance device. In the
event that the bias voltage and the voltage signal are input to the first
variable capacitance device and the second variable capacitance device,
the capacitance of the first variable capacitance device and the second
variable capacitance device can_bgtaken as a first value, with a charge
being accumulated. The first variable capacitance device and the second
variable capacitance device each reduce the capacitance to a second

o Yalue 9l han the sbayva Il valus, iereby auting an upt o

voltage signal wherein the vo?tage sigha een amplifie
inpiultiplyingy-a Jatia of thafirst vajueastodhe segend yalues Note that

the bias voltage is substantially not amplified, since the charge equivalent
voltathe amplification darheurtis sancelteid:lolt atthesfirstovariablelevice and

capacitance device and the second variable capacitance device.
the Age6fiing 1o this LoRfigartion - tHe SigA&TVoltEge cdh B anfiified whikt

h malntalq}gg}:he bias v(g)lt? e. [QOZ%% Also,.voltagggl%recancelmg Q)e fhe

ea?nlpgitiﬁcatlon Srount'of the bias vo t%%e%%l be |mpreslsre18%1—h t%e first

£irvarighle; gapacitanss deviceanditheisecond yariablecapacianes 148 re
capacitance devige, the capacitance of the first variable
capacitance device and the second variable capacitance
device can be taken as a first wvalue, with a charge being
accumultated. The first variable capacitance device and the
second variable capacitance device each resduce the
capacitance to a second value smaller than the above first
value, thereby outputting an output veltage signal wherein
the vcltage signal has been amplified by multiplying by a
ratio ¢f the first value as to the second value. Note that
the kias voltage 1s substentially not amplified, since the
charge equivalent to the amplification amount is cancelled
out at the first variable capacitance device and the second
variable capacitance device. According to this
configuration, the signal voltage can be amplified while
maintaining the bias voltage.
[0071]

Also, voltage for canceling the amplification amount of
the bias voltage may be impressed on the first variable

capacitance device and the second variable capacitance



device. [0072] Also, impressing power source voltage, for example, on
the first variable capacitance device and the second variable capacitance
device, enables charge equivalent to the amplification amount of the bias
voltage to be cancelled out. [0073] Also, the first variable capacitance
device and the second variable capacitance device may be of the same
conductivity type. [0074] With this configuration as well, charge equivalent
to the amplification amount is cancglied out at the first variable
capacitance device and the second variable capacitance device, so the
signal voltage can be amplified while maintaining the bias voltage. [0075]
evf‘lSQ.’ an arrangement may be made wherein the first variable capacitance
dévice and the second variable capacitance device are n-channel-type
(00 MOS varactors, the first input unit having a first switch, the source
terminal and drain terminal of the first variable capacitance device and
thé bate terminad ©f theysecondrvariable eapaditange, dévice axeeatéh, on

connected to the first switch, the gate - 47
the first variable capacitance device and the second

d

variable capacitance device, enables charge equivalent to
the amplification amount of the bias veltage to be cancelled
out.

[0073]

Also, the first variable capacitance device and the
second variable capacitance device may be of the same
conductivity type.

[0074]

With this configuration as well, charge eguivalent to
the amplificaticon amount is cancelled out at the first
variable capacitance device and the second variable
capacitance device, so the signal voltage can be amplified
while maintaining the bias voltage.

[0075]

Also, an arrangement may be made wherein the first
variable capacitance device and the second variable
capacitance device are n-channel-type MOS varactors, the
first input unit having a first switch, the source terminal
and drain terminal of the first variable capacitance device
and the gate terminal of the second variable capacitance

device are each connected to the first switch, the gate



terminal of the first variable capacitance device is connected to a power
source for outputting power source voltage, or to the ground, via a
second switch, and the source terminal and drain terminal of the second
variable capacitance device are connected to the power source, or to the
ground, via a third switch, and wherein, in the event of the second switch
being connected to the power source, the third switch is connected to the
ground, with the capacitance of the,first variable capacitance device and
the second variable capacitance device being taken as the first value,
and wherein, in the event of the second switch being connected to the

for :{%%rlq,g?e third §v.v|tch is con.negieed to_the power sou ce,.wgh the

capacitance &e[hejfi?ssttva\f%fiﬁea capa&?fn%%l evice and the second
conNeriable G@cpaglt%%fieyiﬁ@&n%qk%@mﬁ%ﬁgn%w&e-iggi@eThe

first variable capacitance device and the second variable capacitance
voldeyice are n=charnreel4ypeiMOS varactorse domexarmplecand anel varfiable

capacitance devices having the same conductivity type as each other.
SOUATSD, tRETiidtadp N Gnif has A firStsititch. afd the BiadA\itiage Gnd fre! ©

volta%e signgl are sele%téve%gl gg ;Coethetfgstt%agiabée é:gpggit%rg:cee d%\gc%o
CAPAHY THE SBCORd VaFiable tapacitance (?ewce in accordance with -~/

e ORERING/closing of the,firsh switch.The sodrce-lepmingl and draip terminal o ¢
of the first - 48
the second switch being connected to the power source, the
third switch is connected to the ground, with the
capacitance of the first variable capacitance device and the
second variable capacitance device being taken as the first
value, and wherein, in the sevent of the =second switch being
connected to the ground, the third switch is ceonnected to
the power source, with the capacitance of the first variable
capacitance device and the second variable capacitance
device being taken as the second value.
[007¢]

The first variable capacitance device and the second
variable capacitance device are n-channel-type MOS varactors,
for example, and are varisble capacitance devices having the
same conductivity type as each other. Also, the first input
unit has a first switch, and the bias voltage and the
voltage signal are selectively input to the first varlable
capacitance device and the second wvariable capacitance
dgevice in accordance with opening/closing of the first

switch. The source terminal and draln terminal of the first



variable capacitance device and the gate terminal of the second variable
capacitance device are each connected to the first switch. Also, the gate
terminal of the first variable capacitance device is connected to a power
source for outputting power source voltage, or to the ground, via a

second switch, for example, and the source terminal and drain terminal of
the second variable capacitance device are connected to the power
source, or to the ground, via a third ,gwitch, for example. [0077] Now, in
the event of the second switch being connected to the power source, the
third switch is connected to the ground, with the capacitance of the first
vagiltéle capacigﬁglce de(yice. and E_ﬂhﬂe dseﬁ%ld vatriéalb e.ca acit?ng% %véce

var aelng taken as the first vaefafécﬁso, in the event of the secorid switc

secheingconngcted to.theground Ltheethirdswiteh is.conneetedto:he powerhe
source, with the capacitance of the first variable capacitance device and

firthe setond varfabie capacitance devicerbeing takentds:théisecondavalael e
Due to the second switch and third switch being operated so that the
capgsrtectioh destingtions afe RitRGHRA differént? e rsdseffectédse in
N ca@%citance of the mutually-in etrse-conductjcvityitxge firsC;[ va(ré')able. N
ou %gpaéipa%cgod“e%$cesgﬁg S&cond variable %5pa8tance device' becoimes the

secSamesAceording to this configuration; the s 49-urce terminal and

drain terminal of the second variable capacitance device are
connected to the power source, or to the ground, via a third
switch, for example.

[COT7]

Now, in the event of the sscond switch being connected
to the power scurce, the third switch is connected to the
ground, with the capacitance of the first variable
capacitance device and the second variable capacitance
device being taken as the first value. Also, in the event
of the second switch being connected to the ground, the
third switch is connected to the power scurce, with the
capacitance of the first variable capacitance device and the
second variable capacitance device being taken as the second
value. Due to the second switch and third switch being
operated so that the connection destinations are mutually
different, the increase/decrease in capacitance of the
mutually-inverse-conductivity-type first variable
capacitance device and second variable capacitance device

becomes the same. According to this configuration, the



signal voltage can be amplified while maintaining the bias voltage. [0078]
Also, the first variable capacitance device and the second variable
capacitance device may be p-channel-type MOS varactors, the first input
unit having a first switch, wherein the gate terminal of the first variable
capacitance device and source terminal and drain terminal of the second
variable capacitance device are each connected to the first switch, the
source terminal and drain terminal gfghe first variable capacitance device
are connected to a power source for outputting power source voltage, or
to the ground, via a second switch, and the gate terminal of the second

. _variable, capacitance device is connected.to the power source, or o .th

5t e TahiF SN AR A aran TS eUant ot Seon ouitch

vo1Pging connected to the power source, the third switch is connected to the
ground, with the capacitance of the first variable capacitance device and

[0018e second variable capacitance device being taken as the first value,
and wherein, in the event of the second switch being connected to the
grBuAE, theltRird shiteh TeEdnrected i 2R paler sBtrteCRithitHe the

acitance qﬂ‘ the first va{iable cggacitance device and g\e e

Sec\)clgﬁag%rc]a%%cﬁaﬁgé) Hevice Heing taken as the é)eeco%acva?&é Efc(%n%ip%y 05
varactors, the first input unit having a first switch,
wherein the gate terminal of the first variable capacitance
device and scurce terminal and drain terminal of the second
variable capacitance device are each connected to the first
switch, the source terminal and drain terminal of the first
variable capacitance device are connected to a power source
for outputting power source voltage, or to the ground, via &
second switch, and the gate terminal of the second variable
capacitance device is connected to the power source, or to
the ground, via a third switch, and wherein, in the event of
the second switch being connected to the power source, the
third switch is connected to the ground, with the
capacitance of the first variable capacitance device and the
second variable capacitance device being taken as the first
value, and wherein, in the event of the second switch being
connected to the ground, the third switch is connected to
the power source, with the capacitance of the first variable
capacitance device and the second variable capacitance
device being taken as the second value.

[0079]



The first variable capacitance device and the second variable
capacitance device are p-channel-type MOS varactors, for example, and
are variable capacitance devices having the same conductivity type as
each other. Also, the first input unit has a first switch, and the bias voltage
and the voltage signal can be selectively input to the first variable
capacitance device and the second variable capacitance device in
accordance with opening/closing_ofzfhe first switch. The gate terminal of
the first variable capacitance device and source terminal and drain
terminal of the second variable capacitance device are each connected to

th%ﬁi?fjtﬁ%ig% - Alsa, t %_gogg}?atgﬁf@gn@égngg{rc}igetegmaéﬁé ft@%ﬁ%

variable capacitance device are connected to a power source for

var OHDUting pewer squice ¥ltage, 9140 the.greundavia goseqond switehctors,
for example, and the gate terminal of the second variable capacitance

for deviceri$«<onaected:to thie powel sourge; of teathesgroand - &da adhiidig the
switch, for example. [00801 Now, in the event of the second switch being
sangoRfRBeiedt fo'theh Fweicsctitc& 4R tRird SWitchid 88nnédted to fise- 1Put

uni @1 and the capactance ohheis! variable, sapaglonse devige and
he second variablé capacitance™ device can be taken as the Tirst value.

voltt“ﬁle%;% é% the.gvent, of the secondswitchbeing cenpected do the-ground,
variable capacitance device and the second variable
capacitance device in accordance with opening/closing of the
first switch. The gate terminal of the first variable
capacitance device and source terminal and drain terminal of
the second variable capacitance device are each connected to
the first switch. Also, the scurce terminal and drain
terminal of the first variable capacitance device are
connected to a power source for outputting power source
voltage, or to the ground, via a second switch, for example,
and the gate terminal of the second variable capacitance
device is connected to the power source, or to the ground,
via a third switch, for example.

10080]

Now, in the event of the second switch being connected
to the power source, the third switch is connected to the
ground, and the capacitance of the first variable
capacitance device and the second variable capacitance
device can be taken as the first value. Alsc, in the event

of the second switch being connected to the ground, the



third switch is connected to the power source, and the capacitance of the
first variable capacitance device and the second variable capacitance
device can be taken as the second value. [0081] In order to achieve the
above object, according to another perspective of the present invention, a
filter is provided comprising: an amplifying unit to which a bias voltage
and a voltage signal are input, with the voltage signal being amplified and
output; a first switch unit for selectiyely inputting the bias voltage and the
voltage signal to the amplifying unit; and a second switch unit for
selectively outputting the voltage signal output from the amplifying unit,
i % e am.ptli%nq' gnic'gci)ncl%c(i:ig% o‘? f{r(s)t e/griable ca]pagigance de\é{i%% QE%VQiCh

SW. y OwW urece
capacﬁLance IS varla{b e, and a SECOH& vgrlatﬁe capacfan’ce device of

capdvhich capagitance.is variable, electrically connected tothe difstovariable ¢ he
capacitance device, wherein, in the event that the bias voltage and the
secynliage sigrial are-inpat-tocthedis st variable capabiancekdeviees and¢he
second variable capacitance device, the capacitance of the first variable
secenpatitarit®-device and the second variable capacitance device is taken
OO%; a first value, and wherein the voltage signal is amplified with the
[ ﬂ)acitance of the first variable capacitance device and the second

Vaﬂﬁbg%dé% to achieve the above object, according to
another perspective of the present invention, a filter is
provided comprising: an amplifying unit to which a bias
voltage and a voltage signal are input, with the voltage
signal being amplified and output; a first switch unit for
selectively inputting the bias voltage and the voltage
signal to the amplifving unit; and a second switch unit for
selectively outputting the voltage signal output from the
amplifying unit, the amplifyving unit including a first
variable capacitance device of which capacitance is
variable; and a second variable capacitance device of which
capacitance 1s variable, electrically connected to the first
variable capacitance device, wherein, in the event that the
bias voltage and the voltage sicgnal are input to the first
variable capacitance device and the second variable
capacitance device, the capacitance of the first variable
capacitance device and the second variable capacitance
device 1s taken as a first value, and wherein the voltage
signal is amplified with the capacitance of the first

variable capacitance device and the second variable



capacitance device as a second value smaller than the first value. [0082]
With this configuration, the voltage signal can be amplified and output
while maintaining the input bias voltage. [0083] Also, the filter may
further comprise a third switch unit for setting the amplifying unit to an
initial state prior to input of the voltage signal. [0084] With this
configuration, even in a case wherein input of bias voltage and voltage
signal has been repeatedly perfarmed, signal voltage can be amplified
and output while maintaining the input bias voltage, in a state wherein the
amplification efficiency of signal voltage is maintained. Advantageous

capdIeCl3 00851 According fo e present inkentign, ol the bias veltage: and.
voltage signal input to the amplifier, the voltage signal can be amplified.
va 1/Adso, according to the present invention, of the bias voltage and voltage
signal input to the filter, the voltage signal can be amplified. Brief
[0O@xEscription of Drawings [0086] - 53

With this configuration, the voltage signal can be
amplified and output while maintaining the input bias
voltage.

10083}

Also, the filter may further comprise a third switch
unit for setting the amplifying unit to an initial state
prior to input of the voltage signal.

[0084]

With this configuration, even in a case wherein input
of bias voltage and voltage signal has been repeatedly
performed, signal voltage can be amplified and output while
maintaining the input bias voltage, in a state wherein the
amplification efficiency of signal voltage is maintained.
Advantagecus Effects
[0085]

According to the present invention, cf the bilas voltage
and voltage signal input to the amplifier, the voltage
signal can be amplified. Also, according to the present
invention, of the bias voltage and voltage signal input to
the filter, the veltage signal can be amplified.

Brief Description of Drawings

[0086]



[Fig. IA] Fig. 1A is an explanatory diagram illustrating the principle of a
discrete-time parametric amplifier amplifying voltage signals. [Fig. 1B]
Fig. 1B is an explanatory diagram illustrating the principle of a
discrete-time parametric amplifier amplifying voltage signals. [Fig. 1C]
Fig. 1C is an explanatory diagram illustrating the principle of a
discrete-time parametric amplifier amplifying voltage signals. [Fig. 2A]
Fig. 2A is an explanatory diagram #lystrating the configuration of an
n-MOSFET in a conventional MOSFET parametric amplifier. [Fig. 2B] Fig.
2B is an explanatory diagram illustrating the configuration of an

N-MOSFET. | conventional MOSE ametric lifigr. [Fig. 3A] Fig.
3A IS an eyﬁl r?g%oqry d?a%grér% Eﬁfﬁs%}é %@Rg conv nggnrgaq MOSFET

111 Parametricamplifier, {Kig: 3BE Figr 3B isian-expanatonedipgiametric
illustrating a conventional MOSFET parametric amplifier. [Fig. 4] Fig. 4 is

amp Ahfexptaratpiyi digdram lustratieg sthgvedveform of signals of the
conventional MOSFET_ parametric amplifier shown in Fig. 3A and Fig. 33.
[Figf 5A] Fig )54 i%an égpléﬁal%?y Bisgtama ioSiathg s toftriouting

111 SRS T glavienh Ye'age SunA R A soRERiopa MORRRE
amplifier amplifying voltage signals.

[Fig. 1C} Fig. 1C is an explanatory diagram
illustrating the principle of a discrete-time parametric
amplifier amplifying voltage signals.

[Fig. 2A} Fig. 2A 1is an explanatory diagram
ililustrating the configuration of an n-MOSFET in a
conventional MOSFET parametric amplifier.

[Fig. 2B] Fig. 2B is an explanatory diagram
illustrating the configuration of an n-MOSFET in a
conventional MOSFET parametric amplifier.

[Fig. 3A) Fig. 3A is an explanatory diagram
illustrating a conventional MOSFET parametric amplifier.

[Fig. 3B] Fig. 3B is an explanatory diagram
illustrating a conventional MOSFET parametric amplifier.

[Fig. 4] Fig. 4 is an explanatory diagram illustrating
the waveform of signals of the conventional MOSFET
parametric amplifier shown in Fig. 3A and Fig. 3B.

[Fig. 5A] Fig. 5A is an explanatory diagram
illustrating a contributing factor in distortion of output

voltage signals in a conventional MOSFET parametric



amplifier. [Fig. 5B] Fig. 5B is an explanatory diagram illustrating a
contributing factor in distortion of output voltage signals in a conventional
MOSFET parametric amplifier. [Fig. 6A] Fig. 6A is an explanatory
diagram illustrating a Track state and Hold state with an amplifier
according to an embodiment of the present invention. [Fig. 6B] Fig. 6B is
an explanatory diagram illustrating a Track state and Hold state with an
amplifier according to an embodiment of the present invention. [Fig. 7A]
Fig. 7A is an explanatory diagram illustrating movement of charge in a
Boost state with an amplifier according to an embodiment of the present
ir}nvaggr_l. [Fig. 7B] Fig. 7B is an explanatory diagram illustrating
movement of charge in a Boost state with an amplifier according to an
embadjment of theypresent dnvantionplfig.FClfiga1&ds an explanatory
diagram illustrating movement of charge in a Boost state with an
111 aniplifierl agcardingtorarbembodinienttaf the present dnvémtione frigu8put
Fig. 8 is a flowchart illustrating an amplifying method using the principle of
volgﬁﬁﬁﬁééﬁﬂ§;§5in a conventional MOSFET parametric

anp

amplifier.

{Fig. BA] Fig. 6A is an explanatory diagram
illustrating a Track state and Hold state with an amplifier
acceording to an embodiment of the present invention.

[Fig. 6B} Fig. 6B is an explanatory diagram
illustrating a Track state and Hold state with an amplifier
according to an embodiment of the present invention.

[Fig. 7A] Fig. 7A is an explanatory diagram
illustrating movement of charge in a Boost state with an
amplifier according to an embodiment of the present
invention.

[Fig. 7B] Fig. 7B is an explanatory diagram
illustrating movement of charge in a Boost state with an
amplifier according to an embodiment of the present
invention.

[Fig. 7C] Fig. 7C is an explanatory diagram
illustrating movement of charge in a Booest state with an
amplifier according to an embodiment of the present
invention.

[Fig. 8] Fig. 8 is a flowchart illustrating an

amplifying method using the principle of amplification



according to the present invention. [Fig. 9A] Fig. 9A is an explanatory
diagram illustrating an amplifier according to a first embodiment of the |
present invention. [Fig. 9B] Fig. 9B is an explanatory diagram illustrating
an amplifier according to the first embodiment of the present invention.
[Fig. 101 Fig. 10 is an explanatory diagram illustrating the waveform of
signals according to the first embodiment shown in Fig. 9A and Fig. 9B.
[Fig. 11] Fig. 11 is an explanatory diaggram illustrating an amplifier
according to a second embodiment of the present invention. [Fig. 121 Fig.
12 is an explanatory diagram illustrating an amplifier according to a third
emcpodiment }Q'fh the ?regggynventior%..[ggg. 13] Fig. 13 is an explanatory

2 Yagram s Fating th

e Waveform of sllgna1s according to the third

?n@l@%ﬁn%ﬁl@wg in &ig. {12. [Fige14liBig. 14 is,an exglagatory diagram

illustrating an amplifier according to a fourth embodiment of the present

i1 Linvertionndrigdl 5 Fid. 115 isramexplanatory diageam Liftastratifgpanment of
amplifier according to a fifth embodiment of the present invention. - 56

the present invention.

[Fig. 9B] Fig. 9B is an explanatory diagram
illustrating an amplifier according to the first embodiment
of the present invention.

[Fig. 10] Fig. 10 is an explanatory diagram
illustrating the waveform of signals according to the first
embodiment shown in Fig. SA and Fig. 9B.

[Fig. 11] Fig. 11 is an explanatory diagram
illustrating an amplifier according to a second embodiment
of the present invention.

[Fig. 12] Fig. 12 is an explanatory diagram
illustrating an amplifier according to a third embodiment of
the present invention.

[Fig. 131 Fig. 13 is an explanatory diagram
illustrating the waveform of signals according to the third
embodiment shown in Fig. 12.

[Fig. 141 Fig. 14 is an explanatory diagram
illustrating an amplifier according to a fourth embodiment
of the present invention.

[Fig. 15] Fig. 15 is an explanatory diagram
illustrating an amplifier according to a fifth embodiment of

the present invention.



[Fig. 16] Fig. 16 is an explanatory diagram illustrating the schematics of a
charged main filter circuit having the amplifier according to the present
invention. [Fig. 17] Fig. 17 is an explanatory diagram illustrating a
charged main filter circuit having an amplifier according to a sixth
embodiment of the present invention. [Fig. 18] Fig. 18 is an explanatory
diagram illustrating the waveforms of signals according to the sixth
embodiment shown in Fig. 17. [Fig5}9] Fig. 19 is an explanatory diagram
illustrating a Track state of an amplifier according to a seventh
embodiment. [Fig. 20] Fig. 20 is an explanatory diagram illustrating a

Boqst state of the amplifier according t €\ n&@gg?bcﬁgiment. [Fig.
ZE]%I'}@.' 2?63 ar? Jé%plghéto:}?/ d%ggrgf% ﬁﬁﬁ%%%n the waveform of signals

11 1.8ccording to the sevepth-embadigrert shewnda &igi=lhard Figs 20:friguit
22A] Fig. 22A is a schematic diagram illustrating a p-MOS varactor P1

hav which amplifier. acderding-tocthe iseyenth enmbaplirmentshovy frkigen9
and Fig. 20 has. [Fig. 22B] Fig. 22B is a schematic diagram illustrating
theLMOS Vardatsr-P1 Which amphtierlaccording 181 “lenth

illég@%gggﬁgtgh%ﬁgyégyk%%?p%ﬁ§kggr%?r&élt having an

amplifier according to a sixth embodiment of the present
invention.

[Fig. 18] Fig. 18 is an explanatory diagram
illustrating the waveforms of signals according to the sixth
embodiment shown in Fig. 17.

[Fig. 19] Fig. 19 is an explanatory diagram
illustrating a Track state of an amplifier according to a
seventh embodiment.

[Fig. 20] Fig. 20 is an explanatory diagram
illustrating a Boost state of the amplifier according to the
seventh embodiment.

[Fig. 21] Fig. 21 is an explanatory diagram
illustrating the waveform of signals according to the
seventh embodiment shown in Fig. 19 and Fig. Z20.

[Fig. 22A1 Fig. 22A is a schematic diagram illustrating
a p-MOS varactor Pl which amplifier accerding to the seventh
embodiment shown in Fig. 19 and Fig. 20 has.

[Fig. 22B} Fig. 22B is a schematic diagram illustrating
the p-MOS varactor Pl which amplifier according to the

seventh embodiment shown in Fig. 19 and Fig. 20 has.



[Fig. 23A] Fig. 23A is a schematic diagram illustrating an n-MOS varactor
N2 which amplifier according to the seventh embodiment shown in Fig.
19 and Fig. 20 has. [Fig. 23B] Fig. 23B is a schematic diagram illustrating
the n-MOS varactor N2 which amplifier according to the seventh
embodiment shown in Fig. 19 and Fig. 20 has. [Fig. 24A] Fig. 24Ais a
schematic diagram illustrating an n-MOS varactor NI which amplifier
according to the seventh embodiment shown in Fig. 19 and Fig. 20 has.
[Fig. 24B] Fig. 24B is a schematic diagram illustrating the n-MOS varactor
NI which amplifier according to the seventh embodiment shown in Fig. 19

and_Fig. 20 has. [Fig. 25A] Fig. 25A is a schematic diagram illustrating ,a

NG vetatior B3 nien Amifier SEATGTS e Seni bt oRar
an SO 101G 19,and Fig,,20-has,|Fig; 29B1 Fig. 25848 a;schemalic

diagram illustrating the p-MOS varactor P2 which amplifier according to
sevdhe rseventhiembedinent.shown inikig. 19 aadFig.i20 has. [Figs 26] Fig.

26 is an explanatory diagram illustrating a charged main filter circuit

halAirigy an 2a@mplifidraccording fo an Eidgishamisodifat afithelgresbaat iy

invention. [Fig. 27] Fig. 27 is an explanatory diagram illustrating
the RaHb AT At cirait PAVITY AT EApIer acoordiiy iia ninth

sev H@%“E%ﬁ&&?%@ﬁé”@ﬁ%&i@%{E&g. 19 and Fig. 20 has.

[Fig. 24A] Fig. 24A is a schematic diagram illustrating
an n-MOS varacteor N1 which amplifier according to the
seventh embodiment shown in Fig. 19 and Fig. 20 has.

[Fig. 24B] Fig. 24B is a schematic diagram illustrating
the n~MOS varacter N1 which amplifier according to the
seventh embodiment shown in Fig. 19 and Fig. 20 has.

[Fig. 25A1 Fig. 25A is a schematic diagram illustrating
a p-MOS varactor P2 which amplifier according to the seventh
embodiment shown in Fig. 19 and Fig. Z0 has.

[Fig. 25B] Fig. 25B is a schematic diagram illustrating
the p-MOS varactor PZ which amplifier according o the
seventh embodiment shown in Fig. 19 and Fig. 20 has.

[Fig. 26} Fig. 26 is an explanatory diagram
illustrating a charged main filter circuit having an
amplifier according to an eighth embodiment of the present
inventlion,

[Fig. 271 Fig. 27 is an explanatory diagram
illustrating a charged main filter circuit having an

amplifier according to a ninth embodiment of the present



invention. [Fig. 28A] Fig. 28A is an explanatory diagram illustrating the
principle of an amplifier according to an embodiment of the present
invention. [Fig. 28B] Fig. 28B is an explanatory diagram illustrating the
principle of an amplifier according to an embodiment of the present
invention. [Fig. 28C] Fig. 28C is an explanatory diagram illustrating the
principle of an amplifier according to an embodiment of the present
invention. [Fig. 29] Fig. 29 is an explgnatory diagram illustrating a Track
state of an amplifier according to an eleventh embodiment. [Fig. 30] Fig.
30 is an explanatory diagram illustrating a Boost state of the amplifier
according to the eleventh embodiment. [Fig. 31] Fig. 31 is an explanatory
Hidgrahi illustrating the waveform of signals according to the eleventh
embodiment showndn Fig.29 and Fig..30: Jrig - 321Fig 132 isan
explanatory diagram illustrating a Track state of an amplifier according to
i11as twelfthrembediment [Fig B3] &i9.33 isranlexplanaterycdiagrany to an

illustrating a Boost state of the amplifier according to the twelfth
embe@ifsdifnedf -HE present invention.

[Fig. 28B] Fig. 28B is an explanatory diagram

inv

illustrating the principle of an amplifier according to an
embodiment of the present invention.

[Fig. 28C] Fig. 28C is an explanatory diagram
illustrating the principle of an amplifier according to an
embodinent of the present invention.

[Fig. 29] Fig. 29 is an explanatory diagram
illustrating a Track state of an amplifier according to an
eleventh embodiment.

[Fig. 30] Fig. 30 is an explanatory diagram
illustrating a Boost state of the amplifier according to the
eleventh embodiment.

[Fig. 311 Fig. 31 is an explanatory diagram
illustrating the waveform of signals according to the
eleventh embodiment shown in Fig. 29 and Fig. 30.

[Fig. 32] Fig. 37 is an explanatory diagram
illustrating a Track state of an amplifier according to a
twelfth embodiment.

[Fig. 33] Fig. 33 is an explanatory diagram
illustrating a Boost state of the amplifier according to the

twelfth embodiment.



Best Modes for Carrying Out the Invention [0087] Preferred embodiments
of the present invention will be described in detail below with reference to
the attached drawings. Note that with the Present Description and the
drawings, components having substantially the same functional
configuration will be denoted with the same reference numerals, thereby
omitting redundant description. [0088] (Principle of discrete-time
parametric amplifier) First, the pringiple of a discrete-time parametric
amplifier amplifying voltage signals will be described with reference to
Fig. IA through Fig. 1C. Note that Fig. IA is a diagram illustrating a Track
state whergin the discrete- time p%&am%tric amplifier accumulates charge,

Besflofs i & Cdiagfnt itkHating a Hold Stae Whérain the accumulated

[Oogﬁ?rge is held, and further Fig. 1C is a diagram illustrating a Boost state
wherein voltage is amplified. [0089] As shown in Fig. IA through Fig. 1C,
this-diserete-imeniparametric amglifiends panrfigined of agowersoutce fors
outputting an input voltage Vi, a variable capacitance device of which the

descapheithnice chdnyes, krd avsviiich SWEfG? Leortrlliry ihpat ofthednpat

voltage Vi as to the variable capacitance device. - 60 - .
drawings. Note that with the Present Description and the

drawings, components having substantially the same
functional configuration will be dencted with the same
reference numerals, thereby omitting redundant description.
[6c088]

(Principle of discrete-time parametric amplifier)

First, the principle of a discrete-time parametric
amplifier amplifying voltage signals will be described with
reference to Fig. 1A through Fig. 1C. Note that Fig. 1A is
a diagram illustrating a Track state wherein the discrete-
time parametric amplifier accumulates charge, Fig. 1B is a
diagram illustrating a Hold state wherein the accumulated
charge is held, and further Fig. 1C is a diagram
illustrating a Roost state wherein voltage is amplified.
(00891

As shown in Fig. 1A through Fig. 1C, this discrete-time
parametric amplifier is configured of a power source for
outputting an input voltage Vi, a variable capacitance.
device of which the capacitance changes, and a switch SW for
controlling input of the input veltage Vi as te the variable

capacitance device.



[0090] The overall operations of this parametric amplifier will be described
as follows. First, in a Track state (Fig. |A), the switch SW is in an on (ON)
state, so the input voltage Vi is applied to the variable capacitance device
Ci via the switch SW. Accordingly, a charge Q (= Ci Vi) which is
obtained as the product of the input voltage Vi and the capacitance Ci of
the variable capacitance device is accumulated at both ends of the
variable capacitance device. [0091].In this state, upon the switch SW
changing to OFF, and the parametric amplifier making transition to the
Hold state (Fig. 1B), the variable capacitance device holds the charge Q
accumulated in the Track state, and consequently, the potential

(00 4itference between both electrodes of the variable capacitance device is

0 gﬁ'ztﬁaifig% L ifte inputxltage.io girectbopranta e stch miY ppeoing.

n this state, In the event that the capacitance of the variable

wil capacitanceoevice changesifram Ci tpiGeas shawhn rEigkle: thee (Fig.
potential difference generated between both electrodes of the variable
1A) capacitancetdBvicichanges as follows2 0093} [Mathematibal Exprassion

vol%ggé Vi is applied to the variable capacitance device Ci
via the switch SW. Accordingly, a charge Q (= Ci « Vi)
which is obtained as the product of the input voltage Vi and
the capacitance Ci of the variable capacitance device is
accumulated at both ends of the variable capacitance device.
[0091]

In this state, upon the switch SW changing to OFF, and
the parametric amplifier making transition to the Hold state
(Fig. 1B), the variable capacitance device holds the charge
0 accumulated in the Track state, and consequently, the
potential difference between both electrodes of the variable
capacitance device is maintained at the input voltage Vi
directly prior to the switch SW opening.

[0092]

In this state, in the event that the capacitance cof the
variable capacitance device changes from Ci to Co as shown
in Fig. 1C, the potential difference generated between both
electrodes of the variable capacitance device changes as
follows.

[0093]

[Mathematical Expression 1]



Vo= Q =Ce Vi=kVi (k=Ci .0<Co0,0<Ci) Co Co Co. .. (Expression 1)
[0094] Thus, the inter-electrode potential following capacitance change is
proportionate to (Ci/Co) . Accordingly, based on this relation, setting the
capacitance of the variable capacitance device such that Co < Ci allows
the potential difference generated between both electrodes of the variable
capacitance device to be Boosted (amplified) to "k" times (however, in the
event that Ci < Co, the inter- elec_trOéjf potential difference is attenuated) .
Note that "k" in Expression 1 is called capacitance change ratio. [0095]
(Problems with conventional MOSFET parametric amplification) Next, the
problems of conventional MOSFET parametric amplification using the

ov€diséréte,timgpargmefric ampjifierguillhe described with reference
1f‘(()pFigonAGfblroughEE?g.(gcrlz“tsl. [0096] [First Problé?m] Fig. 2A and Fig. 2B are

. explanatary.diagrams illustrating the configuration of an n (negative)
-MOSFE with a conventional MOSFET parametric amplifier. Note that
Fig. 2A shows a Track state, and Fig. 2B shows a Boost state. 62 -

[00984]

Thus, the inter-electrode potential following
capacitance change is proportionate te (Ci/Co). Accordingly,
based on this relation, setting the capacitance of the
variable capacitance device such that Co < Ci allows the
potential difference generated between both electrodes of
the variable capacitance device to be Boosted {(amplified) to
"k" times (however, in the event that Ci < Co, the inter-
electrode potential difference is attenuated). Note that
"k" in Expression 1 is called capacitance change ratio.
(005951
(Problems with conventional MOSFET parametric amplification)

Next, the problems of conventional MOSFET parametric
amplification using the above discrete-time parametric
amplifier will be described with reference to Fig. 2ZA
through Fig. 5B.

[0G96]
[First Prcoblem]

Fig. 2A and Fig. 2B are explanatory dilagrams
illustrating the configuration of an n (negative) -MOSFE

with a conventional MOSFET parametric amplifier. Note that

Fig. 2A shows a Track state, and Fig. 2B shows a BoostT state.



[0097] As shown in Fig. 2A and Fig. 2B, with a conventional MOSFET
parametric amplifier, bias voltage source is connected to the Gate
terminal of the n-MOSFET via a switch SWI 1, and the bias voltage Vbias
is applied to the Gate terminal in accordance with the connections state
(ON/OFF state) of the switch SW1_1. Also, the Source terminal and
Drain terminal are connected to a power source outputting power source
voltage Vdd (hereafter referred to % "power source voltage source") or
the ground, via a switch SW2_1, with the voltage applied to the Source
terminal and Drain terminal being capable of being switched over in
009gticordance of the connection state of the switch SW2_1. Note that the
Ik terminal is connected to the ground. [0098] In the Track state, the

aRove MOSFET pargmetric amplifiegis in: state-wharein the-switeha
SW1 1is ON and the switch SW2 1'is connected to the ground (Fig. 2A).

mMosFEonsequently rthe hias voltage Vbiassis applied gethecBatee téreninal, and
the Source terminal and Drain terminal maintain ground voltage. Now, in
connthetev@nt thalt ise bRse vskage Vbiasi$ sef$o 85%(9 BEgHarthan e £

threshold volta th of tI]F n-MOSFET, the n- M FET Is in g str
W qﬁveﬁé’ﬂisﬁg &ﬁln‘{fé g’%ﬁ?ay JBils forméd at the mterfféi%:f;é b%%\%éen

termb§§¥ngﬁmgkéé¥ﬁgnégb%Q%%?@%@6%onnectlons state (ON/OFF
state) of the switch SWl 1. Also, the Source terminal and
Drain terminal are connected to a power source outputting
power source voltage Vdd (hereafter referred to as "power
source voltage source"} or the ground, via a switch SWZ 1,
with the voltage applied to the Source terminal and Drain
terminal being capable of being switched cver in accordance
of the connection state of the switch SW2_1. Note that the
Bulk terminal is cennected to the ground.

098]

In the Track state, the above MOSFET parametric
amplifier is in a state wherein the switch SW1_1 is ON and
the switch SW2 1 is connected to the ground (Fig. ZA).
Conseqguently, the bias voltage Vblas is applied toc the Gate
terminal, and the Source terminal and Drain terminal
maintain ground voltage. WNow, in the event that the bias
voltage Vbias 1s set so as Lo be higher than the threshold
voltage Vt of the n-MOSFET, the n-MOSFET is in a strongly
inverted state, =0 an inversion layer B is formed at the

interface between the oxide film A and P substrate (P—



substrate) , and electrons (Electrons) are accumulated. As a result
thereof, the capacitance of the n-MOSFET increases. [0099] Next, as
shown in Fig. 2B, upon the switch SWI 1 going to OFF and the switch
SW?2 1 being connected to the power source voltage source side,
transition is made to a state wherein the power source voltage Vdd is
applied to the Source terminal and the Drain terminal, and also the bias
voltage Vbias is not applied. In this state, the inversion layer B which had
been formed at the interface between the oxide film A and P substrate
(P-substrate) disappears due to the power source voltage Vdd is applied

to the S inal and the Drain terminal, with negative |
bR EGHNE |G 1TLIBadng AN (e CRpBAIice brtne re MOSFET - 2

resJBEreasing, £4so.atthis fime.ithe, Gate ferminal is. ina state oha,charge; .
eing held thereat, so upon the connection state of switches changing as
[oosbown in Fig. 2B and change in capacitance occurring, the voltage of the
Gate terminal changes to a value obtained by the bias voltage Vbias
haViry-beers Boosted (amdiified) B} mulbplicatioh byvHedapdtitancd 119
change ratio (see Expression 1) Note that while Fig. 2A and Fig. 2B show
' St 6

to GRI-RIG'SEES, e Printipld of Vilfay_armpiiticati e Rtihinal
s oukictgevs %é\@hs 8 P(posifive) ;Mg_sd!:rél as well; even though thete are.

the differencCes that the conductivity Iis inverse, and also the - 64
wherein the power source voltage Vdd is applied te the
Source terminal and the Drain terminal, and alsc the bias
voltage Vbias is not applied. In this state, the inversion
layer B which had been formed at the interface between the
oxide film A and P substrate (P-substrate) disappears due to
the power source voltage Vdd is applied to the Source
terminal and the Drain terminal, with negative ions
{(Negative Ions) increasing and the capacitance of the n-
MOSFET decreasing. Also, at this time, the Gate terminal is
in a state of a charge being held thereat, so upcon the
connection state of switches changing as shown in Fig. 2B
and change in capacitance occurring, the voltage of the Gate
terminal changes to a value obtained by the bias voltage
Vbias having been Boosted (amplified) by multiplication by
the capacitance change ratic (see Expression 1}. Note that
while Fig. 2A and Fig. 2B show an n-MOSFET, the principle of
voltage amplification at the Gate terminal is the same with
a p (positive) -MOSFET as well, even though there are the

differences that the conductivity is inverse, and aliso the



Bulk terminal is connected to the power source voltage source side
outputting the power source voltage Vdd. Hereafter, description of a
conventional MOSFET parametric amplifier will be made using an
n-MOSFET. [0100] Now, as described above, change (amplification) of
the Gate terminal voltage occurs due to change in the inversion layer B.
Now, in the case of a MOSFET, the voltage endurance of the device must
be determined taking into considmer?gorl the potential difference between
the Gate terminal - Source terminal, or the Gate terminal - Drain terminal,
i.e., the magnitude of voltage applied to the Gate terminal. Accordingly,
upon the Gate terminal voltage being Boosted by change in capacitance,

Bullhob BhIyiAe Voltgs iR FaRCe oPthe MOSEET whdrd te Sate téftminal
sou gga%%gsso%%%%w ffied (& the MOSKET actyaly perorming the

oost), but also the voltage endurance of the downstream MOSFET
He rere the amplified voltage is te hesinpuh teeds to Mo Ekengatoamet ric
consideration. Accordingly, with circuits having conventional MOSFET
amp pafametricidnmplifiersiaieredisidifficuityrinaidlidg output signals output
from the MOSFET parametric amplifiers. [0101] [Second Problem] Next,
[013%econd program of the above-described - 65

Now, as described above, change {amplification) of the
Gate terminal voltage occurs due to change in the inversiocn
layer B. Now, in the case of a MOSFET, the voltage
endurance of the device must be determined taking into
consideration the potential difference between the Gate
terminal - Source terminal, or the Gate terminal - Drain
terminal, i.e., the magnitude of voltage applied to the Gate
terminal. Accordingly, upon the Gate terminal voltage being
Boosted by change in capacitance, not only the voltage
endurance of the MOSFET where the Gate terminal voltage has
been amplified (i.e., the MOSFET actually performing the
Boost), but alsc the voltage endurance of the downstream
MOSFET where the amplified voltage is to be input, needs to
be taken into consideration. Accordingly, with circuits
having conventional MOSFET parametric amplifiers, there is
difficulty in handling output Signais ocutput from the MOSFET
parametric amplifiers.

[0101]
[Second Problem]

Next, a second program of the above-described



conventional MOSFET parametric amplifier will be described with
reference to Fig. 3A, Fig. 3B, Fig. 4A, and Fig. 4B. Note that Fig. 3A and
Fig. 3B circuit diagram representations of the schematic drawings of Fig.
2A and Fig. 2B, with Fig. 3A illustrating a Track state, and Fig. 3B a
Boost state, respectively. [0102] Also, Fig. 4 is an explanatory diagram
illustrating waveforms of signals relating to a conventional MOSFET
parametric amplifier 10 shown in_FigBB,_A_\ and Fig. 3B, with Fig. 4(a)
illustrating control clock signals for controlling the switches in Fig. 3A and
Fig. 3B, Fig. 4(b) input voltage signals Vinput 11 input to the conventional
MOSFET parametric amplifier 10, and Fig. 4(c) output voltage . signal
COn YRR OGN RonP T VE GoRBHSPET Batambtc Aoty

.10, respectively. [0103] Now, le assume.that the follavy latio
VLR o eﬁs}ve?%e{h%ecgn%/igﬁéﬁa%OS %rpét%'me%%% Zam%liifie%%g.g (}% he@%'
Not SWitghSW1L opetates synehrongusly with: a €lacka sigaal 411 shown in
Fig. 4(a), so as to be "ON" when the clock signal ~I 1 is high (high) and
rept@OFEL whettlow (o)t HR) Fhe switchSw hoperatessynEheonotBlyawith F19 .-
a clock signal 42_1 shown in Fig. 4(a), so as to be "connected to the

2B, powek sBiifte vditale sburéd sile? wheh'the otk dignal 28 19+ 5B 2

Boost state, respectively.
o102}

Also, Fig. 4 is an explanatory diagram illustrating
waveforms of signals relating to a conventional MOSFET
parametric amplifier 10 shown in Fig. 3A and Fig. 3B, with
Fig. 4{a) illustrating control clock signals for controlling
the switches in Fig. 3A and Fig. 3B, Fig. 4(b) input voltage
signals Vinput 1 1 input to the conventional MOSFET
parametric amplifier 10, and Fig. 4 {c) output voltage
signals Voutput 1 1 output from the conventlonal MOSFET
parametric amplifier 10, respectively.

{0103}

Now, let us assume that the following relations hold

with the conventional MOSFET parametric amplifier 10.
(1) The switch SW1l 1 operates synchronously with a clock
signal ¢1 1 shown in Fig. 4({a), so as to be "ON" when the
clock signal ¢1 1 is high {(high) and "OFF" when low (low).
(2) The switch Sw2 1 operates synchronously with a clock
signal $2 1 shewn in Fig. 4(a}), so as to be "connected to

the power source voltage source side" when the clock signal



4)2_1 is high (high) and "connected to the ground side" when low (low).
[0104] Note that the input voltage signal Vinput 1_1 input to the
conventional MOSFET parametric amplifier 10 is a signal wherein the
bias voltage Vbias and the voltage signal Vin are superimposed, as
shown in Fig. 4(b). [0105] In this example, while the clock signal Q11 is
"high", the switch SW1 1 is "ON", and also, the clock signal Q2_1 which
is inverted as to the clock signal 411 is "low", such that the switch SW2
1 is connected to the ground. Consequently, the conventional MOSFET
parametric amplifier 10 is in a Track state (Fig. 3A), an inversion layer is
formed at the P substrate side of the Gate oxidé—:' film, with t es\i%}aa,gew%fen
$2_lthesGatbaBrmitha® Eharigifly irr RELGHIARCe With “the i%afl voltagie signal
Low \'\/fiTBl@th)l.l’ and charge being accumulated in the n-MOSFET. [0106]
ext, upon the clock signal 411 changing to "low", the switch SW11 goes
[010@FF". Also, at this time, the clock signal 42_1 goes to "high” in
accordance with the clock signal 41 1, and the switch SW2_1 is

cahmectethtotthetpoweresturce Motage Soarcel(adiuaiy Lthe iAvéidior to

timing of the two is offset, but this point will be described Igterg. - 67,
the conventional MOSFET parametric amplifier 10 1§ a signal

wherein the bias voltage Vbias and the voltage signal Vin
are superimposed, as shown in Fig. 4(b}.
[0105]

In this example, while the clock signal ¢1_1 is "high",
the switch SW1_1 is "ON", and alsc, the clock signal ¢Z_1
which ig inverted as to the clock signal ¢1 1 is "low", such
that the switch SW2 1 is connected to the ground.
Consequently, the conventional MOSFET parametric amplifier
10 is in a Track state (Fig. 3A), an inversicn layer is
formed at the P substrate side of the Gate oxide film, with
the voltage of the Gate terminal changing in accordance with
the input voltage signal Vinput 1_1, and charge being
accumulated in the n-MOSFET.

[0106]

Next, upon the clock signal ¢1_1 changing to "low", the
switch SWl 1 goes "OFF". Alsc, at this time, the clock
signal ¢2 1 goes to "high" in accordance with the clock
signal ¢1_1, and the switch SWZ_1 is connected to the power
source voltage source ({(actually, the inversion timing of the

two is offset, but this point will be described later).



Consequently, the conventional MOSFET parametric amplifier 10 makes
transition to the Boost state, and the capacitance of the n-MOSFET
decreases. At this time, the Gate terminal of the n-MOSFET is holding a
charge, so the input voltage signal Vinput 11 changes to a value amplified
by multiplication by the capacitance change ratio. Though not shown in
Fig. 3A and Fig. 3B, transition is made from the Track state shown in Fig.

3A to the Boost state shown in Fig. 6378 via a Hold state, due to the clock
signal 42_1 rising after the clock signal X11 falls (i.e., due to there being

a time difference in the inversion timing of the two signals). [0107] Now,
let us consider the voltage (Boost voltage) at the Gate terminal ofr&rgs

ConREAESEET at tHeRtime s the <rentiohal MOBEET [SarhretAC Ampfifier

10 OJIRK0aNSon Qe Boost stale, L, e ol Voo, MOLIML .

he arametric amplifier 10. At this time, as shown in Fig.

of AR, thaeiputvoltagevauput 1nd isa valuesdereindhedrputiotagaal
Vinput 1_1 (= bias voltage Vbias + voltage signal Vin) has been amplified

of byemultiplicatiah by theo¢apacitancelchange ratio (KiEméspUThatds tege
say, not only the voltage signal Vin which should be Boosted, but also the

s1gBms \)QH%@@*\/b}taé isca18sIRBItifed byihe apditancehadnge ratio
mul E%%Qg"iéﬁgby the capacitance change ratio. Though not

shown in Fig. 3A and Fig. 3B, transition i1s made from the
Track state shown in Fig. 3A to the Boost state shown in Flig.
3B via a Hold state, due to the clock signal ¢2 1 rising
after the clock signal ¢1 1 falls (i.e., due to there being
a time difference in the inversion timing of the two
signals).
[0107]

Now, let us consider the voltage (Roost voltage) at the
Gate terminal of the n-MOSFET at the time of the
conventional MOSFET parametric amplifier 10 making
transition to the Boost state, i.e., the output veltage
Voutput 1 1 of the MOSFET parametric amplifier 10. At this
time, as shown in Fig. 4{c), the output voltage Voutput 1 1
is a value wherein the input voltage Vinput 1 1 (= bias
voltage Vbias + voltage signal Vin) has been amplified by
multiplication by the capacitance change ratio (k times).
That is to say, not only the voltage signal Vin which should
be Boosted, but also the blas voltage Vbias is also

multiplied by the capacitance change ratio accordingly.



Accordingly, with a circuit having a conventional MOSFET parametric
amplifier 10, the output voltage Voutput 11 becomes unnecessarily great,
and becomes unsuitable for finer circuits and lower electric power
consumption. Note that with Fig. 4(c), distortion is present in the output
voltage Voutput 1_1, such as a part of the amplified voltage signal Vin
being amplified by multiplication by k' (0 < k' < k), which will be described
next. [0108] [Third Problem] With t %sgcond problem of the conventional
MOSFET parametric amplifier 10 described above, description has been
made that the output voltage Voutput 1_1 becomes unnecessarily great,
and it can be seen from reference to Fig. 4(c) that the above-describtﬁg

Bocqddiohts praddht in the Sitputvortabd Voutsit £ At AXBrdifgly,
par Jg%ggl'%&“c"fathﬁ%%%fyo &,CC%H@%@%B%@%%%&%@Q%’ L 1wl

Scussad next as a third problem of the conventional MOSFET™

e chaameticanplifier 10, Q1A tFigabA ansioige 5Bate explanatoryor
diagrams illustrating a contributing factor in distortion of the output

finzoltage Youtput imthelcorventibralktMOSEEF paramatgicmainplifier 100t e

Fig. 5A is an explanatory diagram  illustrating the waveform of the 5 MHz
thaﬁeﬁggﬁcfggﬂa&égl69dlstortlon 1s present in the output

voltage Voutput 1 1, such as a part of the amplified voltage
signal Vin being amplified by multiplication by k' (0 < k' <
k), which will be described next.

[0108]

[Third Problem]

With the second problem of the conventional MOSFET
parametric amplifier 10 described above, description has
been made that the output voltage Voutput 1 1 becomes
unnecessarily great, and it can be seen from reference to
Fig. 4{c) that the above-described distortion is present in
the output voltage Voutput 1 1. Accordingly, the problem of
tnis distortion occurring in the output voltage Voutput 1 1
will be discussed next as a third problem of the
conventional MOSFET parametric amplifier 10.

[0109]

Fig. 5A and Fig. 5B are explanatory diagrams
illustrating a contributing factor in distortion of the
output voltage Voutput in the conventional MOSFET parametric
amplifier 10. Fig. 5A is an explanatory diagram

illustrating the waveform of the 5 MHz freguency extracted



from the output voltage signal Voutput 11 as a continuous- time waveform.
Also, Fig. 5B is an explanatory diagram illustrating the frequency
spectrum of Fig. 5A. [0110] With reference to Fig. 5B, in addition to the
fundamental wave of 5 MHz, there are present a -60 [dB] DC (direct
current) component and a harmonic wave with a higher frequency than 5
MHz, with the DC component and harmonic wave component distorting
the output voltage Voutput 1_1. The,above distortion is due to the
capacitance of the n- MOSFET dropping when the output voltage Voutput
1 1 exceeds to the power source voltage Vdd. Accordingly, in Fig. 4(c),

there is the relation that the greater the capacjtance change ratio is, the
fr OH@rEEf‘erCEHé?a‘igior‘fi%%%‘éﬁrrﬁ%bgiﬂ%ﬁevgdﬁﬁﬁ%l\i}ol ag(ie \?gutcgutc T %%%8%%?»

£ imdOibh EJ?%N.S to,say, with.the @@vggti%a@ég%&@aﬁ@n@m@mm

amplifier 10, distortion occurs at the output voltage Voutput 1 1 at the

111 dime 9f Bogstingthereujpuhvaltages Yortputdf 1rugputsiram the MOSFET
parametric amplifier, so the components which receive the output voltage
[C1Mdutput 1_1 must perform correction or the like of the output voltage

Voutput 1_1 as appropriate. [0112] As.d i '
c&?ﬁi%ﬁtiéﬁ&%@%g%%??@i[g- gk A% aeRet POV VIR e

fundamental wave of 5 MHz, there are present a -60 [dB] DC
(direct current) component and a harmonic wave with a higher
frequency than 5 MHz, with the DC component and harmonic
wave component distorting the output voltage Voutput L 1.
The above distortion is due to the capacitance of the n-
MOSFET dropping when the output voltage Voutput 1 1 exceeds
to the power source voltage Vdd. Accordingly, in Fig. 4(cj,
there is the relation that the greater the capacitance
change ratio is, the greater the distortion occurring in the
cutput veoltage Voutput 1 1 becomes.

[0111]

That is to say, with the conventional MOSFET parametric
amplifier 10, distortion occurs at the output voltage
Voutput 1 1 at the time of Boosting the output voltage
Voutput 1 1 output from the MOSFET parametric amplifier, so
the components which receive the output voltage Voutput 11
must perform correction or the like of the output voltage
Voutput 1 1 as appropriate.

[0112]

As described above, with the conventional MOSFET



parametric amplifier 10, the bias voltage and voltage signal input to the
MOSFET parametric amplifier 10 are amplified together while still in a
superimposed state, creating at least the three above-described
problems. Accordingly, with the amplifier according to the presents
embodiment, a technique for solving the above problems by the following
technique in general, has been employed. [0113] (Principle of
amplification with amplifier accorgi%to_“ present invention) First, the
amplification principle according to the present invention will be described
with reference to Fig. 6A through Fig. 7C. Note that Fig. 6A and Fig. 6B
are explanatory diagrams iIIustratigr%' the Track state and Hold state of an

P2 T HRGSIfiET aRCBrding fofan BmbodimBRest the - prssentMvertion With Big? "
. 6A illustrati i £ Id st ti A
lnplf(ﬁ;l]_zﬁs gﬁs%l g&%ﬁ%ég%ﬁe@@gf ig, 0B {he Hold state.regpeativelsq

Fig. 7C are explanatory diagrams "illustrating
togdtorementiafcharge in a Bogst siate- withdbe carmplifier according tejant
embodiment of the present invention, with Fig. 7A through 7C each
1lea fllustrating hmevenient of clarge il tide Boost.state ovactined {oTis] With th
reference to Fig. 6A through Fig. hC’ the - 71

the amplifier according to the presents embodiment, a
technique for sclving the above problems by the following
technigue in general, has been employed.

[0113]

(Principle of amplification with amplifier according to
present invention)

First, the amplification principle according to the
present invention will be described with reference to Fig.
6A through Fig. 7C. UNote that Fig. 6A and Fig. 6B are
explanatory diagrams illustrating the Track state and Hold
state of an amplifier according to an embodiment of the
present invention, with Fig. 6A illustrating the Track state,
and Fig. 6B the Hold state, respectively.

01141

Also, Fig. 7A through Fig. 7C are explanatory diagrams
illustrating movement of charge in a Boost state with the
amplifier according to an embodiment of the present
invention, with Fig. 7A through 7C each illustrating
movement of charge in the BRoost state over time.

[0115]7

With reference to Fig. 6A through Fig. 7C, the



amplifier according to an embodiment of the present invention has (1) a
first variable capacitance device P with variable capacitance, and (2) a
second variable capacitance device N with inverse conductivity as to the
first variable capacitance device P, with a bias voltage Vdd/2 and voltage
signal Vin being input to the first variable capacitance device P and the
second variable capacitance device N in accordance with the connection
state of the switch SW1. Also, the f.}r t variable capacitance device P is
connected to the power source voltage source, and the second variable
capacitance device N is connected to the ground N. Note that while the

bias voltage has been shown to be Vdd/2 in Fig. 6A through Fig. 7C, it i
amp b ifdss 1o Say thAPtheC aftBnGEMERt TEHor rés ri%%é% t%%f%g Eé\l%ve. o

invé%%%g?rﬁgéa%f owndn Fig. 6A,when the-switch SWLis inathecON" with

state, the bias voltage Vdd/2 and voltage signal Vin are input via the

var Switch SWiawherelyeYpka ¥ ddi? - Yins is-applied:toioth endsof the: firste
variable capacitance device P, and also Vnl = vdd/2 + Vin is applied to

devboth Bndd 0f the secerd vatiable tapativance devided'N. Ebhseqierthale
the first variable capacitance device P and the second ﬁi\ézzréable

capapitdite TG Nracctimulate dhafge. TOTH7E T thisétaté i the - F29°

tate, In the

sigggfn%qﬁlggaﬁgm§k§mg0@§n§ﬁngirst variable capaciltance
device P and the second variable capacitance device N in
accordance with the connection state of the switch SWl.
Also, the first variable capacitance device P is connected
to the power source voltage source, and the second variable
capacitance device N is connected to the ground N. Note
that while the bias voltage has been shown to be Vdd/2 in
Fig. 6A through Fig. 7C, it is needless to say that the
arrangement is not restricted to the above.

[0116]

First, as shown in Fig. 6A, when the switch SWl is in
the "ON" state, the bias voltage vdd/2 and veltage signal
Vin are input via the switch SWl, whereby Vpl = Vdd/2 - Vin
is applied to both ends of the first variable capacitance
device P, and also Val = Vdd/2 + Vin is applied to both ends
of the second variable capacitance device N. Conseguently,
the first variable capacitance device P and the second
variable capacitance device N accumulate charge.

(01177

In this state, in the event that the switch SW1l opens



and is in a state where the bias voltage Vdd/2 and voltage signal Vin are
not applied (Hold state), the following relations hold at the amplifier. (1)
The charge Qpl = -Cl Vpl =-Cl (Vdd/2 - Vin) immediately prior to the
switch SWI opening is held at the Gate terminal of the first variable
capacitance device P (the terminal at the side connected to the switch
SW1in Fig. 6B). (2) The charge Qnl =Cl Vnl =Cl (Vdd/2 + Vin)
immediately prior to the switch SW1,0pening is held at the Gate terminal
of the second variable capacitance device N (the terminal at the side
connected to the switch SW1 in Fig. 6B). [01181 Now, the difference in

e GJrge betiteen the Gate terminal ofthe fystyariabl papacitange deyice

_ Y capacitance device is an amoun
s 1 griyOPottionale.ta, the yoltage signakvin. 0149} ) Next deseriptioniwiy be
made‘ regardllng the Boost state, with reference to Fig. 7A through Fig.
relatGdng. ¥ALS adiagramaitiystiafing:the Hold state as with Fig. 6B, but is
illustrated as a configuration with a switch SWO no?gpresen_t in Fig. 6B, in
t

(1) Stder WraestribRirhovemeht 6f chiakge inGhe BELL State. 'NOW, the switch

SWO is a switch for con i i i i -
immediately prior toot%%“g %%g%e%%{]%%%ﬁ%géhﬁgﬁﬁgﬁgag@ Eﬁ%

Gate terminal of the first variable capacitance device P

(the Terminal at the side connected to the switch SWL in Fig.
6B) .

{2} The charge Onl = Cl « Vnl = Cl (Vvdd/2 + Vin) immediately
prior to the switch SWI opening is held at the Gate terminal
of the second variable capacitance device N (the terminal at
the side connected to the switch SW1 in Fig. ©B).

[0118]

Now, the difference in charge between the Gate terminal
of the first variable capacitance device P and the second
variable capacitance device N is an amount proportionate to
the voltage signal Vin.

[0119]

Next, description will be made regarding the Boost
state, with reference to Fig. 7A through Fig. 7C. Fig. 7A
is a diagram illustrating the Hold state as with Fig. 6B,
but is illustrated as a configuration with a switch SWO not
present in Fig. 6B, in order to describe movement of charge
in the Boost state. Now, the switch SWO is a switch for

controlling connection between the first variable



capacitance device P and the power source voltage source as shown in
Fig. 7A through Fig. 7C, but is an imaginary switch for sake of
description. That is to say, Fig. 6B and Fig. 7A are essentially identical.
[0120] With reference to Fig. 7A, the switch SWO is open, so in the same
way as with Fig. 6B, the charge of the Gate terminal of the first variable
capacitance device P is Qpl = -C1 Vpl = -Cl (Vdd/2 - Vin), and also the
charge at the Gate terminal of the sgcond variable capacitance device N
is Qnl=CI Vnl =Cl (Vdd/2 + Vin) Note that other states are the same as
with Fig. 6B. [0121] In this state, let us consider a case wherein the
capacitance of the first variatglga%?egacitance device P da Qae source as

Capa%ﬁ%ﬁcé%?h%esgcona Capacitance device N “are reduced to

showan/ ﬁ"'@‘?%j("emth&%&f&ﬂa@g%.C‘?R@,C'tﬁﬂ‘%e €2 2 €1l At this-fme, then
charge at the Gate terminal of the first variable capacitance device P can

for Berepresented @s:@pliarCl Volst-Cl{Vdd/2saVin) Ei4C26(Vedi2 -Ni),
anq in the same way, the charge at the Gate terminal of the second

1A avariabkes eapdcithhie deviceiNan be represented as Qnl = Cl Vnl =Cl
(Vdd/2 + Vin) = kC2 (Vdd/2 + Vin). [0122] - 74

[0120]

With reference to Fig. 7A, the switch SWO0 is open, sO
in the same way as with Fig. 6B, the charge of the Gate
terminal of the first variable capacitance device P is Qpl =
-C1 + Vpl = -Cl1l (vdd/2 - Vin}, and also the charge at the
Gate terminal of the second variable capacitance device N 1s
onl = C1 » Vnl = Cl (Vdd/2 + Vin). Note that other states
are the same as with Fig. ©B.

[0121]

In this state, let us consider a case wherein the
capacitance of the first variable capacitance device P and
the capacitance of the second variable capacitance device N
are reduced to "1/k" times (i.e., the post-change
capacitance C2 = Ci/k). At this time, the charge at the
Cate terminal of the first variable capacitance device P can
be represented as Qpl = -Cl ¢ Vpl = -Cl (Vvad/2 - Vin) = -kCZ
(vdd/2 - Vin), and in the same way, the charge at the Gate
rerminal of the second variable capacitance device N can be
represented as Qnl = Cl ¢ Vnl = Cc1 (vdd/2 + Vin) = kC2

(Vvdd/2 + Vin).

[0122]



Also, the voltage Vp2' impressed on both ends of the first variable
capacitance device P is Vp2' = k(Vdd/2 - Vin), and is amplified by being
multiplied by the capacitance change ratio, i.e., k times. In the same way,
the voltage Vn2' impressed on both ends of the second variable
capacitance device N is Vn2' = k(Vdd/2 + Vin), and is amplified by being
multiplied by the capacitance change ratio, i.e., k times. Note that the
principle of voltage amplification is.the same as the principle with the
discrete-time parametric amplifier shown in the above- described
Expression 1. [0123] Next, as shown in Fig. 7C, upon the switch SWO

being closed from the state in Fig. 7B, the first varjable capacitance_
dAAEE P 15 2BnHERATS tN@%omi?%Sﬁﬁc%e%l%ggagﬁ} SR s e

c& 'REthis time,

¢4y i€ power source yoltage . salreg Mdd.is impiessed on the firsiqgpiable yin)
capacitance device P and the second variable capacitance device N, so

and the charge; @iz dk b}) 621 Veldfa moves feain ke fitst vatiablei tance
capacitance device P to the power source voltage source side.

chaBimultaneously with.mévingrof she chardd©', séRgrgeaf antafodft- tage
equivalent to the charge Q' disappears. from the Gate termigil of the first

Vn2 | atEBeSSHiIaRcd Hevic P artthe e cBRd VaHaBd chpaciance
capS8Yice N That 1510 sy, the,charae af they Gage terping! of the first - 75
amplified by being multiplied by the capacitance change
ratio, i.e., k times. Note that the principle of vcltage
amplification is the same as the principle with the
discrete-time parametric amplifier shown in the above-
described Expression 1.
01231

Next, as shown in Fig. 7C, upon the switch SWO being
closed from the state in Fig. 7B, the first variable
capacitance device P is connected to the power source
voltage source. At this time, the power source voltage
source Vdd is impressed on the first variable capacitance
device P and the second variable capacitance device N, so
the charge Q' = (k - 1) C2 ¢ Vdd/2 moves from the first
variable capacitance device P to the power source voltage
source side. Simultaneously with moving of the charge Q',
charge of an amount equivalent to the charge Q' disappears
from the Gate terminal of the first variable capacitance
device P and the second variable capacitance device N. That

is to say, the charge at the Gate terminal of the first



variable capacitance device P is Qp2 =-C2 (Vdd/2 - kVin), and the
charge at the Gate terminal of the second variable capacitance device N
is Qp2 = C2 (Vdd/2 + kVin). [0124] Now, the difference in charge between
the Gate terminal of the first variable capacitance device P and the
second variable capacitance device N is held, so the voltage Vp2
impressed on both ends of the first variable capacitance device P is
expressed with Expression 2, and the voltage Vn2 impressed on both
ends of the second variable capacitance device N is expressed with
Expression 3. [0125] [Mathematical Expression 2] Vp2 = (Vdd

12) ka—Vblaslen( ressm 2, [O 26] [Mat
var l@ﬁéﬂ(\fcﬁﬁﬁﬁkﬁ?% +k <Vin - (Expre s%d[tn 3? Olgy?g,&(%():(grrde%zlﬁ/ﬂ

and Wﬁ%"&%&%"é‘f'%a‘%%d@gr}@ ane embogiment ofthe present inverition] e

unlike the conventional MOSFET parametric amplifier 10 where the bias

capavdliageandivoltage signal areamplified tay@tfierwhileistill-in a
superimposed state, the voltage signal Vin is amplified k - 76
[0124]

Now, the difference in charge between the Gate terminal
of the first variable capacitance device P and the second
variable capacitance device N is held, so the voltage VpZ
impressed on both ends of the first variable capacitance
device P is expressed with Expression 2, and the voltage VnZ
impressed on both ends of the second variable capacitance
device N is expressed with Expression 3.

(01257
[Mathematical Expression 2]
Vp2 =(Vdd /2)—k -Vin="Vbias—k - Vin
« (Expression 2)
(01267
[Mathematical Expression 3]
Vn2 = ¥dd/2)+k-Vin="Vbias+k-Vin
« (Expression 3)
(01277
Accordingly, with the amplifier according to an
embodiment of the present invention, unlike the conventional
MOSFET parametric amplifier 10 where the bias voltage and
voltage signal are amplified together while still in a

superimposed state, the voltage signal Vin is amplified k



(capacitance change ratio) times, but the bias voltage Vdd/2 = Vbias is
not amplified. Accordingly, with the amplifier according to an embodiment
of the present invention, the output voltage is not unnecessarily great as
with the conventional MOSFET parametric amplifier 10, so the probability
of the three problems of the conventional MOSFET parametric amplifier
10 described above occurring can be made very small, thereby
contributing to finer circuits and lower electric power consumption. [0128]
Note that with the above, description has been made that with regard to
the first variable capacitance device P an the second variable

capacitance device N, the terminals at the side conpected to the swit
(oS W i, GRINBhGh Fi TC S8 eSpBEAeY e A tormiir of s

_ ng{gts ey I&,canacit %&%8‘?‘,"%4%899fﬁgﬁﬁﬁfor\lﬁl_%ﬂ%@lﬁ capacitance
evice N. Howevet, the principle of amplification with the amplifier
accAEEOrdNgdo the preseat davention ismet restieted ta theabdverdestribed
case, and can be applied, for example, to a case wherein the terminals
outorttheside gennected to the switel SWi in BrE8A thfough-Fig 7 are
the Source terminal. and Drain terminal of the, first v?riable calg)acitance

congrviceP and the SEourka TarRmhal Gnd B tefhinal of fhe sécond

ponQQ%PE%?”§¥m@H%e9%%@8'5@%%%§H§M3f7¥ﬁe conventional MOSEET
parametric amplifier 10 described above occurring can be
made very small, thereby contributing to finer circuits and
lower electric power consumption.
(01281

Note that with the above, description has been made
that with regard to the first variable capacitance device P
an the second variable capacitance device N, the terminals
at the side connected to the switch SW1 in Fig. 6A through
Fig. 7C are respectively the Gate terminal of the first
variable capacitance device P and the second variable
capacitance device N. However, the principle of
amplification with the amplifier according to the present
invention is not restricted to the above-described case, and
can be applied, for example, to a case wherein the terminals
on the side connected to the switch SWl in Fig. 6A through
Fig. 7C are the Source terminal and Drain terminal of the
first variable capacitance device P and the Source terminal
and Drain terminal of the second variable capacitance deavice,

respectively.



[0129] Now, for a case wherein the terminals on the side connected to the
switch SWI in Fig. 6A through Fig. 7C are the Source terminal and Drain
terminal of the first variable capacitance device P and the Source terminal
and Drain terminal of the second variable capacitance device,
respectively, all that is necessary is to interchange the first variable
capacitance device P and the second variable capacitance device N in
Fig. 6A through Fig. 7C, for exarpplg7 Due to the configuration described
above for example, the amplifier according to an embodiment of the
present invention allows the probability of the three problems of the
‘01 co]nventional MOSFET parametric amplifier 10 described above occurring
43 be made very small, thereby contributing to finer circuits and lower

e&%‘éﬁic Rawer.consumption, Note that itis peediess te say thatdhe o

amplifier according to the present invention is not restricted to a
conrGonfigurationthayingya Gate samminal, aiSourea terminakandig Draih are
terminal. [0130] Also, the terminals at the side connected to the switch
the SWliwitt beedestcribéd Betb W as the Cuieiariinalfofthe firstvariate 1arle
capacitance device P and the Gate terminal of th=ze s co%%v%riable

capaaphEisice FNVIEE N réSpbctivaly” 815 - et @ raLn

terminal of the second variable capacitance device,
respectively, all that is necessary 1s to interchange the
first variable capacitance device P and the second variable
capacitance device N in Fig. 6A through Fig. 7C, for example.
Due to the configuration described above for example, the
amplifier according to an embodiment of the present
invention allows the probability of the three problems of
the conventional MOSFET parametric amplifier 10 described
above occurring to be made very small, thereby contributing
to finer circuits and lower electric power consumption.

Note that it is needless to say that the amplifier according
to the present invention is not restricted to a
configuration having a Gate terminal, a Source terminal, and
a Drain terminal.

[0130]

Also, the terminals at the side connected to the switch
aWl will be described below as the Gate terminal of the
first variable capacitance device P and the Gate terminal of
the second variable capacitance device N, respectively.

{0131]



(Amplifying method using the amplification principle according to the
present invention) An amplifying method according to an embodiment of
the present invention based on the above principle will be described with
reference to Fig. 8. Fig. 8 is a flowchart illustrating an amplifying method
using the amplification principle according to the present invention. [0132]
Bias voltage and voltage signals are input, and a first charge
corresponding to a first capacitance is accumulated in the first variable
capacitance device and the second variable capacitance device (8100)
[0133] Input of the above bias voltage and voltage signals is stopped,

and the charge accumulated in step S100.is held (8102). At this time, a
(AR ity e g uivatditdo tié %%o@%ebi 3 I3]%ijélfglecﬁrii‘dL f%}e gt%\?ec\%&?aege signal

accé%!;m%rﬁsd on, the, first yariable capagitance device and the second

variable capacitance device. [0134] The capacitance of the first variable
capacitapce Mevice and theiseconthvariable:capacitanoe dievizetisof the
reduced from the first capacitance to a second capacitance which is

pre sodllel tham theofirsbegsatitancé MRhid sHIEnS18iHYthE Léhafge helFin

step 5102 (8104). - 79 - ,
descrf%ed w£th geference to Fig. 8. Fig. 8 is a flowchart

illustrating an amplifying method using the amplification
principle according to the present invention.
[0132]

Bias voltage and voltage signals are input, and a first
charge corresponding to a first capacitance is accumulated
in the first variable capacitance device and the second
variable capacitance device (8100}

[0133]

Input of the above bias voltage and voltage signals is
stopped, and the charge accumulated in step S100 is held
(8102). At this time, a voltage equivalent to the above
bias voltage and the above voltage signal is impressed on
the first variable capacitance device and the second
variable capacitance device.

[0134]

The capacitance of the first variable capacitance
device and the second variable capacitance device is reduced
from the first capacitance to a second capacitance which is
smaller than the first capacitance, while still holding the

charge held in step S102 (S104).



[0135] The bias voltage and voltage signal applied to the first variable
capacitance device and the second variable capacitance device are
amplified in accordance with the capacitance change ratio (first
capacitance / second capacitance) of the change in capacitance in step
S104 (S106). [0136] The charge equivalent to the amount of
amplification of bias voltage, amplified at the first variable capacitance
device and the second variable capacitance device in step 5106, is
cancelled out (5108). Now, canceling out of the charge equivalent to the
amount of amplification of the above bias voltage occurs by the power
wmsou_rce voltage Vdd being |_mpressed on the first variable capacitance
device and the second variable capacitance device. [01371 The

amplifying. me ing ification.principle rdi t

pﬁ%n?%@n%ﬁﬁ% ifié@?om%%% \%ﬁgg% %ng %%%%ggg] Sﬁﬁa?sgi%put
£1 40 the amplifier, 4he avoltagesigrrls.ibythenabaviesstep S100 theotigib Le

5108. [0138] Note that in step S104, the capacitance of the first variable
capaapasitanceldavice andtheseddrid vdridlble acapaeftanes deviea i§he

reduced from the first capacitance to - 80 ,
capacitance change ratio (first capacitance / second

capacitance) of the change in capacitance in step 5104
(51086) .
r0136]

The charge equivalent to the amount of amplification of
bias voltage, amplified at the first variable capacitance
device and the second variable capacitance device in step
5106, is cancelled out (S108). Now, canceling out of the
charge eguivalent to the amount of amplification of the
above bias voltage occurs by the power source voltage vdd
being impressed on the first variable capacitance device and
the second variable capacitance device.

[0137]

The amplifying method using the amplification principle
according to the present invention amplifies, of the bias
voltage and voltage signals input to the amplifier, the
voltage signals, by the above step S100 through 5108,

(01381

Note that in step S104, the capacitance of the first

variable capacitance device and the second variable

capacitance device is reduced from the first capacitance to



a second capacitance which is smaller than the first capacitance, but is
not restricted to this, and the capacitance of the first variable capacitance
device and the second variable capacitance device may be increased
from the first capacitance to a third capacitance which is greater than the
first capacitance. In this case, in step S106 the bias voltage and voltage
signal impressed on the first variable capacitance device and second
variable capacitance device are attenuated. [0139] (First Embodiment)
Next, an embodiment of an amplifier according to the present invention
using the above-described amplification principle according to the present

invention will be described with,reference to Fig. 9A through. Fig, 10. Fig.
a segROhJIEH268 e Skplinht ryjd?agsrrﬁ?n%iﬁlfstg?ﬁw% é%{l%r%élﬁi%? 100 :

capa%%%%(ﬂi@@,t%f&fSE;%mﬁggi%%@ﬂG% DEESERt daventiogn, with-ig. 9A
illustrating the Track state of the amplifier 100, and Fig. 9B illustrating the

capaBoest-statesst Whecamplifier 100: {0140} AlspaEigt 40(a) islawiagrasmd the
illustrating control clock signals for controlling switches of Fig. 9A and Fig.

secc9B, Figr16ib)ds aatimgrahpilastraiotan ifpul vBRade Sigivat AnputRpit €
to the amplifier 100 according to the - 81

first capacitance to a third capacitance which is greater
than the first capacitance. In this case, 1In step 3106 the
bias voltage and voltage signal impressed on the first
variable capacitance device and second variable capacitance
device are attenuated.

[0139]

(First Embodiment)

MNext, an embodiment of an amplifier according to the
present invention using the above-described amplification
principle according to the present invention will be
described with reference to Fig. 9A through Fig. 10. Fig.
9a and Fig. 9B are explanatory diagrams illustrating an
amplifier 100 according to a first embodiment of the present
invention, with Fig. 9A illustrating the Track state of the
amplifier 100, and Fig. 9B illustrating the Boost state of
the amplifier 100.

[0140]

Also, Fig. 10(a) is a diagram illustrating control
clock signals for controlling switches of Fig. 9A and Fig.
9B, Fig. 10(b) is a diagram illustrating an input voltage

signal Vinput input to the amplifier 100 according to the



first embodiment of the present invention, and Fig. 10(c) is a diagram
illustrating an output voltage signal Voutput output from the amplifier 100
according to the first embodiment of the present invention. [0141] With
reference to Fig. 9A and Fig. 9B, the amplifier 100 according to the first
embodiment of the present invention is configured of a CMOS having a
p-MOS varactor 21 and n-MOS varactor Ni. Now, the p-MOS varactor P1
and n-MOS varactor Ni change in gapacitance depending on whether or
not there is an inversion layer, as with the MOSFET shown in Fig. 2A and
Fig. 2B. [0142] The bias voltage Vbias and voltage signal Vin are input to

~the Gate terminal of the p-MOS varactor Si and n-MOS_ varactor N1,,i ,
£irsle GrESTEERIT the cct)rk\%eéi’i%%ssetg{%e Srthe "Switeh S@\Flé.{ A sé, 'thlz gjs%%)rcé ®

a feHninal and Drainsterminal of dhe PMQS yaragtorSigwe conpeetedto
the power source voltage source and the ground in accordance with the

cuteonneetion state ahfhle swikeh SN2 sanchtheiSource termsindl and Drain
terminal of the n-MOS varactor NI are connected to the power source

enbadltage soufcehrd Begrsuhdin &ebiddhce with the connection state of

01 the sv_vitch SWa3. Now, the p-MOS varactor P1 and n-MOS varactor Ni

- e inverse conductivity, so in order to match the increase/decrease

d%ﬁ@ﬁ(yéég%ence to Fig. 9A and Fig. 9B,Ithe amplifier
100 according to the first embodiment of the present
invention is configured of a CMOS having a p-MOS varactor Pl
and n-MOS varactor N1. UNow, the p-MOS varactor Pl and n-MOS
varactor N1 change in capacitance depending on whether or
not there is an inversion layer, as with the MOSFET shown in
FPig. 2A and Fig. Z2B.
[0142]

The bias voltage Vbias and voltage signal Vin are input
to the Gate terminal of the p-MOS varactor Pl and n-MOS
varactor N1, in accordance with the connection state of the
switch SW1. Also, the Source terminal and Drain terminal of
the p~MOS varactor Pl are connected to the power source
voltage source and the ground in accordance with the
connection state of the switch SW2, and the Source terminal
and Drain terminal of the n-MOS varactor N1 are connected to
the power source voltage source and the ground in accordance
with the connection state of the switch SW3. Nocw, the p-MOS
varactor P1 and n-MOS varactor N1 have inverse conductivity,

so in order to match the increase/decrease change of



capacitance of the p-MOS varactor P1 and n-MOS varactor NI, in the
event that the switch SW2 is connected to the power source voltage
source the switch SW3 is connected to the ground, and in the event that
the switch SW2 is connected to the ground the switch SW3 is connected
to the power source voltage source. [0143] Now, the switch SWI
synchronizes with the clock signal ~I shown in Fig. 10(a), so as to close
when the clock signal 4l is high,_anginput the bias voltage Vbias and
voltage signal Vin to the Gate terminals of the p-MOS varactor Pl and
n-MOS varactor Ni. Also, the switch SW1 opens when the clock signal ~I

is Jow, thereb ntrolling.input of the bias-voltage Vhias.a
DA 6 T Lt (ot the p DS dardston B anthnos
in typractor Ni. Note thatthe yglation between therglecksignall-aed thever

switch SW1 is not restricted to the above, and the switch SW1 may close
souwhen #ieceloek signatfit is haw sAlsocwhile Jvatipus emisodir@ntsoreldting
to the present invention will be described, the relation between clock

growighalsandl switsitecaie ot rBatFicled if the same ay'as witA tre -ed to
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[0143]

Now, the switch SW1 synchronizes with the clock gsignal
$1 shown in Fig. 10(a), so as to close when the clock signal
1 is high, and input the bias voltage Vbias and voltage
signal Vin to the Gate terminals of the p-MOS varactor Pl
and n-MOS varactor N1. Also, the switch SWl opens when the
clock signal ¢1 is low, thereby controlling input of the
bias voltage Vbias and voltage signal Vin to the Gate
terminals of the p-MOS varactor Pl and n-MOS varactor NI.
Note that the relation between the clock signal ¢1 and the
switch SW1l is not restricted to the above, and the switch
SW1 may close when the clock signal ¢$1 is low. Also, while
various embodiments relating to the present invention will
be described, the relation between clock signals and
switches are not restricted, in the same way as with the
above relation between the clock signal ¢1 and switch SWI.
[0144]

The switch SW2 synchronizes with the clock signal 2

shown in Fig. 10(a}, so as to be connected to the ground



when the clock signal 4)2 is high, and connected to the power source
voltage source when the clock signal $2 is low. Also, the switch SW3
synchronizes with the clock signal $2, so as to be connected to the power
source voltage source when the clock signal 4)2 is high, and connected
to the ground when the clock signal $2 is low. Now, as shown in Fig.
10(a), the clock signal $1 and clock signal $2 are input such that the
phases thereof do not overlap. A Track state, Hold state, and Boost state
are created at the amplifier 100 according to the first embodiment of the
present invention by keeping the relation of passes of the clock signal 01

and the clock signal $2 f : lapping. [0145] Also,. the input.volt
wh@%iw \ﬁr]rg%t]?ns' u?gat'%at ea)%m Oveltlg Inga[l(:]i' clmn%%t 8 Irtl_%u TM’? ag%wer

am?aﬁfier according to the first embodiment
souroééh%cplr§§%%t inyention is.a signglkwhergin the; bias volfage Ybias; andh1so,
voltage signal Vin are superimposed, as shown in Fig. 10(b). [0146] With
the reference wikigs 9Acntheitrask siate, thiee inplit valtagessighabinputisas
input to the Gate terminals of the p-MOS varactor P1 and n-MOS varactor
to INi bytheawiteh SWItISsIRG $gACITOREGSly VAtH eI SGRarEn the

oS0, e apetance o EHOS IRIREOL LI DNOS AT
the clock signal ¢2 is low. Now, as shown in Fig. 10(a), the
clock signal ¢1 and clock signal ¢2 are input such that the
phases therecf do not overiap. A Track state, Hold state,
and Boost state are created at the amplifier 100 according
to the first embodiment of the present invention by keeping
the relation of passes of the clock signal ¢1 and the clock
signal 02 from overlapping.

[0145]

Also, the input voltage signal Vinput input to the
amplifier 100 according to the first embodiment of the
present invention is a signal wherein the bias voltage Vbias
and voltage signal Vin are superimposed, as shown in Fig.

10 (b} .
[0146]

With reference to Fig. 9A, in the Track state, the
input voltage signal Vinput is input to the Gate terminals
of the p-MOS varactor Pl and n-MOS varactor N1 by the switch
SWl closing synchronously with the clock signal $1. Also,
the capacitance of the p-MOS varactor Pl and n-MOS varactor

N1 increases due to the switch SW2 being connected to the



power source voltage source synchronously with the clock signal 42, and
the switch SW3 being connected to the ground synchronously with the
clock signal 42. Accordingly, the voltage at the Gate terminals of the
p-M_OS varactor P1 and n-MOS varactor Ni changes in accordance with
the input voltage signal Vinput, and charge corresponding to the input
voltage signal Vinput is accumulated in the p-MOS varactor P1 and
n-MOS varactor Ni. [0147] Next, with reference to Fig. 9B, in the Boost
state, the input voltage signal Vinput is not input to the Gate terminals of
the p-MOS varactor 21 and n-MOS varactor NI due to the switch SW1

opening synchronously with the clock s 1;alsQ,; i Wis
poweéorfr?e%%é% td"'f ﬁlfetﬁr%ﬁnaogfn%%rg’ ou%%%)vqféghé %‘IO&&‘%‘%%}'& %CZHZ End the
signgﬂn%??Vgﬁdsﬁﬁgn%%@géﬁt@ﬂQob@&ﬁgw@@ﬂﬁﬁagé@OUﬁxxhe ground

synchronously with the clock signal 42, whereby the capacitance of the
synchM@Sweractor Pi arttenMOSlwasdctor Ni dlecreases Atithistime [the

Gate terminals of the p-MOS varactor P1 and n-MOS varactor Ni hf)ld a

Volt@l%géﬁsciﬂ%h Goltagd SiERANViris Ampified by BEing FiGtHEd by tiE*
capacitance cha tio, with th i : .
R G R 46 110 KLEOHgly o Shawh - 5. 100}, the oLALLt vola

I 0 own in Fig. 10(c), the output voltage
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voltage signal Vinput 1is accumulated in the p-MOS varactor
Pl and n-MOS varactor N1.

[0147]

Next, with reference to Fig. 9B, in the Boost state,
the input voltage signal Vinput is not input to the Gate
terminals of the p-MOS varactor Pl and n-MOS varactor N1 due
to the switch SW1 opening synchronously with the clock
signal 61, also, the switch SW?2 is connected to the ground
synchronously with the clock signal ¢2, and the switch SW3
is connected to the power source voltage source
synchronously with the clock signal 62, whereby the
capacitance of the p-MOS varactor P1 and n~-MOS varactor Nl
decreases. At this time, the Gate terminals of the p-MOS
varactor Pl and n-MOS varactor N1 held a charge, so the
voltage signal Vin is amplified by being multiplied by the
capacitance change ratio, with the magnitude of the bias
voltage Vbias being held as it is. Accordingly, as shown in
Fig. 10(c), the output voltage Voutput of the amplifier 100

according to the first embodiment of the present invention



assumes a waveform wherein the voltage signal Vin has been amplified
by being multiplied by the capacitance change ratio, with the magnitude
of the bias voltage Vbias being held as it is, as to the input voltage signal
Vinput. Now, the output voltage Voutput is smaller than the power source
voltage Vdd, so there is no distortion output voltage as with the
conventional MOSFET parametric amplifier 10. Note that while not
illustrated in Fig. 9A and Fig. 9B,_h%\éing the clock signal 42 to rise
following the clock signal 01 falling as shown in Fig. 10(a) causes
transition from the Track state shown in Fig. 9A via the Hold state to the

Boost state shown in Fig. 9B. [0148] _Accordingly, with-th lifier
aSSURErding T the” TSt EmMBb6: |rr‘hg%]!il%f %ﬁ%&%r%%gnté% gr?tllon%,%?g{gtgut% %

amp YPHRQY %gn%ewﬁsr%uft\@t@g@@g@alm heen-amplifiedby-heinge
multiplied by the capacitancé change ratio with the magnitude of the bias

rat veltage beingrkeld ag:it isastacthet inpub veltagersignals cdk besoutpaty o
the output voltage signal never becomes unnecessarily great.

helaceordifiglysa cifrcuithadviy tHecarhpiertacedrdingie the fireput - Now,

embodiment of the present invention no lon d b ided wi
the SHERRH meBaFe oA NG DOraLT VOO Sand of T aragifer o rve
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with the conventional MOSFET parametric amplifier 10. Note
that while not illustrated in Fig. 9A and Fig. 9B, having
the clock signal ¢2 to rise following the clock signal $1
falling as shown in Fig. 10(a) causes transition from the
Track state shown in Fig. 9A via the Hold state to the Boost
state shown in Fig. 9B.

[0148]

_Accozdingly, with the amplifier 100 according to the
first embodiment of the present invention, an output voltage
signal, wherein a voltage signal has been amplified by being
multiplied by the capacitance change ratio with the
magnitude of the bias voltage being held as it is as To the
input voltage signal, can be output, 8o the output voltage
signal never becomes unnecessarily great. Accordingly, a
circuit having the amplifier according to the first
embodiment of the present invention no longer needs to be
provided with special measures regarding output voltage
signals of the amplifier according to the first embodiment

of the present invention, making handling of the cutput



voltage signals easier, and also enabling contribution to finer circuits and
lower electric power consumption. Further, the probability of the
magnitude of the output voltage signal becoming greater than the power
source voltage Vdd can be made very small, so there is no distortion in
output voltage signals, and desired output voltage signals can be
obtained. [0149] [Modification of First Embodiment] With the amplifier 100
according to the first embodiment of the present invention shown in Fig.
9A and Fig. 9B, a configuration has been illustrated wherein the Gate
terminals of the p-MOS varactor Pl and n-MOS varactor N1 are

connected to the switch SW1, the Source terminal and Drain._terminal
Vol tRE p-MOB Garactst Pl &re eAch connacted %n}[ﬁél TBwiteh S Zu%ﬁgﬁthgoé

£1naPUEe é‘?é@@a'a%{@_ Rrain terminalk of the HMOS varastorNiare each
connected to the switch SW3. However, the configuration of the amplifier

ruraeeerding to theofiest emhbodiment abthespresentdaverttioriis not restricted
to the above. For example, the amplifier according to the first

voliempodimentof iheprasent igveionrmalydavethe PSHiFEeI8MHANAIl and

Drain terminal of the p-MOS varactor P1. and the Source.terminal and
vo Ll Bgf terfirfzdBf e HLWSV\?&%C?&?E?\#e‘acﬁOCg%%%%%dlt(S) the switch

a1s SN W the Gate,termipatabibedriIQs yaracter Nucannestaskigihe
voltage signals can be obtained.

[0149]

[Modification of First Embodiment]

With the amplifier 100 according to the first
embodiment of the present invention shown in Fig. 9A and Fig.
9B, a configuration has been illustrated wherein the Gate
terminals of the p-MOS varactor P1 and n-MOS varactor Nl are
connected to the switch SW1l, the Source terminal and Drain
terminal of the p~MOS varactor Pl are each cennected to the
switech 8SW2, and the Source terminal and Drain terminal of
the n-MOS varactor N1 are each connected to the switch SW3.
However, the configuration of the amplifier according to the
first embodiment of the present invention is not restricted
to the above. For example, the amplifier according to the
first embodiment of the present invention may have the
Source terminal and Drain terminal of the p-MOS varactor P1
and the Source terminal and Drain terminal of the n-MOS
varactor N1 each connected to the switch SW1l, with the Gate

terminal of the n-MOS varactor N1 connected to the switch



SW2 and the Gate terminal of the p-MOS varactor Pl connected to the
switch SW3. [0150] Now, the p-MOS varactor P1 and n-MOS varactor NI
have inverse conductivity. Accordingly, in order to match the
increase/decrease change of capacitance, as with the case of the
amplifier 100, (1) in the event that the switch SW2 is connected to the
power source voltage source the switch SW 3 is connected to the ground,
and, (2) in the event that the swigct‘%ng is connected to the ground the
switch SW3 is connected to the power source voltage source. [0151]
With the above configuration as well, a Track state, Hold state, and Boost

state can be created at the amplifier_ 100, : e voltage signal Vi
SWz ﬁﬁﬁiif@bebfﬁgﬁgtﬁﬂﬁﬂi%% b%%th%nc% utang::evéahrfn%% rét%iwé%%ﬁe@ Sed

o t@%g%i%q_ec%f thg-pias voltage Vbias being held as itis, as shown in
xpressions 2 and 3. [0152] Thus, with the amplifier according to the first

o1 %®mbodiment of the present invention, an output voltage signal, wherein a

voltage signal has been amplified by being multiplied by the capacitance
cHamge ratio withithe ~ggractor Pl and n-MOS wvaractor N1 have

inverse conductivity. Accordingly, in order to match the
increase/decrease change of capacitance, as with the case of
the amplifier 100,

{1) in the event that the switch SW2 is connected To the
power source voltage source the switch SW 3 is connected to
the ground, and,

(2} in the event that the switch 8W2 is connected to the
ground the switch SW3 is connected to the power source
voltage source.

[0151]

With the above configuration as well, a Track state,
Hold state, and Boost state can be created at the amplifier
100, so the voltage signal Vin can be amplified by being
multiplied by the capacitance change ratic, with the
magnitude of the bias voltage Vbias being held as it is, as
shown in Expressions 2 and 3.

[0152]

Thus, with the amplifier according to the first
embodiment of the present invention, an output voltage
signal, wherein a voltage signal has been ampiified by being

multiplied by the capacitance change ratic with the



magnitude of the bias voltage being held as it is as to the input voltage
signal, can be output, so the output voltage signal never becomes
unnecessarily great. Accordingly, a circuit having the amplifier according
to the first embodiment of the present invention no longer needs to be
provided with special measures regarding output voltage signals of the
amplifier according to the first embodiment of the present invention,
making handling of the output voltgage signals easier, and also enabling
contribution to finer circuits and lower electric power consumption.
Further, the probability of the magnitude of the output voltage signal

magn e T r e o ag FeROUELSAIER. alians Ko F8n De ace Jebhe

ere is o “distortion output voltage signals, and desired
inquUt@Hi tVé’éIég% signals Q%Q.e@t@ﬂ.@@u[@ﬂ-5§b (SQQQ@djEmbOdfbmenégﬁss
described with the amplification principle of the amplifier according to
s 1 gnembeodiments of the: presentinvention,  with the amplfier aegdrding to 2
embodiments of the present invention, the same amount of charge is
ciroaliviinatet attheh G atE Reriindl of 1 fitst Vafabie dapacitarice device P

oo o T B I e e e
proé%gg@eJﬁgﬂ'WE@%ﬂEﬁmﬁgwﬁhgg%'§%garding ocutput voltage
signals of the amplifier according to the first embodiment
of the present invention, making handling of the output
voltage signals easier, and also enabling contribution to
finer circuits and lower electric power consumption.
Further, the probability of the magnitude of the output
voltage signal becoming greater than the power source
voltage Vdd can be made very small, so there is no
distortion in output voltage signals, and desired output
voltage signals can be obtained.

[0153]

(Second Embodiment)

As described with the amplification principle of the
amplifier according to embodiments of the present invention,
with the amplifier according to embodiments of the present
invention, the same amount of charge is eliminated at the
Gate terminal of the first variable capacitance device P and
the Gate terminal of the second variable capacitance device
N, so the voltage signal is amplified by being multiplied by

the capacitance change ratio, while maintaining the



magnitude of bias voltage. Accordingly, it is preferable that the area of the
Gate terminal of the first variable capacitance device P and the area of
the Gate terminal of the second variable capacitance device are the
same. However, in actual manufacturing processes, there are cases
whe_rein the area of the Gate terminal of the first variable capacitance
dewce_ P and the area of the Gate terminal of the second variable
capacitance device do not agree, dug to irregularities in manufacturing of
the devices. Accordingly, next, a second embodiment wherein the area of
tr;ehGaée terminal of the first variable capacitance device P and the area
of the Gate terminal of the second variable capacitance .devi
magnigiidfed witPbé Yellrbed Fig. TS an l&)?p?&ﬁat?r{;/ C%Zg%ln%%%gs%ggﬁg

that?‘@ﬁ&”%@%&z% acgarding 4o a.secpnd enphodiment ok the presentole
invention. [0154] As shown in Fig. 11, the amplifier 200 according to the

capaseealembediment of dheiprasentinventidn hhs i@ sameepasisal of
conflgu_ratlon as that of the amplifier 100 according to the first
the embodiment fiirthbr prandsd With FRuItiBe’ S8judtifg pAMoT iractors P!l

through P'4 [ [ i i i |
gh, having minute gate widths belggﬁrowded %gggllglrtg theses

Howey §fmS VAraibr B1. TTHE JAE Width 'S the P-MOS Varactor P1is W = a,

whe A thteP ate width of the n:MOgS varagtor, Ni isW ¥ P Alsor the gateiable
width of the a Justing p-MOS varactor P'l is W = 4[m], and - 90
capacitance device P and the area of the Gate terminal of
the second variable capacitance device do not agree, due to
irregqularities in manufacturing of the devices. Accordingly,
next, a second embodiment wherein the area of the Gate
rerminal of the first variable capacitance device P and the
area of the Gate terminal of the second variable capacitance
device can be adjusted, will be described. Fig. 11 is an
explanatory diagram illustrating an amplifier 200 accordaing
to a second embodiment of the present invention.
[0154]

As shown in Fig. 11, the amplifier 200 according to the
second embodiment of the present invention has the same
basic configuration as that of the amplifier 100 according
to the first embodiment, further provided with multiple
adjusting p-MOS varactors P'l through P'4 having minute gate
widths being provided in paraillel to the p-MOS varactor Pl.
The gate width of the p-MOS varactor Pl is W = o, and the

gate width of the n-MOS varactor N1 is W = B. Also, the gate

width of the adjusting p-MOS varactor P'] is W = 4[pum]}, and



in the same way, the gate widths of the adjusting p-MOS varactors P'2
through P'4 are W = 8[m], 16[m], and 32[m]. Here, for sake of description,
we will assume that the gate lengths of the p-MOS varactor P1, n-MOS
varactor NI, and p- MOS varactors P'l through P'4 are 1[m]. [0155] The
Gate terminals of the adjusting p-MOS varactors P'1 through P'4 are
c_onnected to the switch SWI, and the bias voltage Vbias and voltage
signal Vin are input in accordance 9\giththe connection state of the switch
SWL1. Further, the varactors P'l through P'4 have the following relations.
(1) The Source terminal and Drain terminal of the adjusting p-MOS

. varactor P'l is connected to th ] ltaqe -
in oo AReE RN the SoRRLSIH R o e Cadtch SOt ord) iR The

ons e switc W'l, and in the same

varavf\:/%}é’r@) fheS HE‘%?uE?ﬁmWL!S and Dyain terming)s obthenadjusting 32 [pm| .

varactors P'2 through P'4 are connected to the power source voltage
He rSOUFGE insageordance with the iconnection state of thenswitblsds Sp29ate

through SW'4. [0156] In the event that each of the switches SW'l throggh
LengSWA4 have e samedotariyasihie PLMOS VARGIPICEET With tfd* P~

same connection destination as the SW2, the area of the Gate terminal of
MOS tﬁélfﬁﬂ%’l@g%at%c%ort@f%?gagesg F%Fee%aﬂlﬂaé[ as shown in Fig. 11, in

{Olgg? event that the switch - 91

The Gate terminals of the adjusting p-MOS varactors p'l
TLhrough P'4 are connected to the switch SW1, and the bias
voltage Vbias and voltage signal Vin are input in accordance
with the connection state of the switch SW1l. Further, the
varactors P'1 through P'4 have the following relations.

(1) The Source terminal and Drain terminal of the adjusting
p~MOS varactor P'l is connected to the power source voltage
source in accordance with the connection state of the switch
SsWw'l, and in the same way,

(2} the Source terminals and Drain terminals of the
adjusting varactors P'2 through P'4 are connected to the
power source voltage source in accordance with the
connection state of the switches SW'2 through SwWw'4.

[0156]

In the event that each of the switches SW'L through
SW'4 have the same polarity as the p-MOS varactor P1, i.e.,
with the same connection destination as the SW2, the area of
the Gate terminal of the p-MOS varactor Pl increases. For

example, as shown in Fig. 11, in the event that the switch



SW2 and the switches SW'l through SW'4 are connected to the power
source voltage source, the area Sp of the Gate terminal of the p-MOS
var.act.or Plis,basedonSp=a,Sp' a+((4+8+16+32)=a+60[m2]
which is maximal. Also, in the event that the switch SW2 and the switcheé
SW'l through SW'3 are connected to the power source voltage source
and Fhe switch SW'4 is connected to the ground, the area Sp of the Ga’te
terminal of the p-MOS varactor_Plé' Sp' =a+(4+8+16)=a+ 28 [m2].
As described above, with the amplifier 200 according to the second
embodiment of the present invention, appropriately independently

switching the connecti f the
2 anen S B T S B s it e pies e

aractor P1 to be indirectly
powe ghanded Acgordingly, the,aeea, ratia SiSpyalite etween therarea Sp of
alof the first variable capacitance device P and the area
termPiat Qo@f the- Gateitaminalof the: secondsvariabie dapacitance deviceN =
can be precisely or approximately adjusted to 1. [0157] Now, in Fig. 11

o + the gaté widlis of thé p-MOS varlaétord™ B L thiBiigh P! A5rB3EiGRed with

powers of two, the reason thereof beln f tcon ral of t
A1sothe Batd SerfiRalof thE firdtVariabie Eap itsince éeq\%ige Pev@o[[feg&%g;n?élﬁ '

cnesl G A FEHRLTE Fo0lon 1. At oot
source, and the switch SW'4 is connected to the ground, the
area Sp of the Gate terminal of the p-MOS varactor Pl 1is Sp!
= + (4 + 8 + 16) = o + 28 [um2]. AS described above, with
the amplifier 200 according to the second embodiment of the
present invention, appropriately independently switching the
connections of the switches SW'1 through SW'4 enables the
area Sp of the Gate terminal of the p-MOS varactor Pl to be
indirectly changed. Accordingly, the area ratio Sn/Sp value
between the area Sp of the Gate terminal of the first
variable capacitance device P and the area sn = P of the
GCate terminal of the second variable capacitance device N
can be precisely or approximately adjusted to 1.
[0157]

Now, in Fig. 11, the gate widths of the p-MOS wvaractors
P'1 through P'4 are weighted with powers of two, the reason
thereof being for bit control of the area Sp of the Gate
rerminal of the first variable capacitance device P. For
example, in an event of employing the configuration in Fig.

11, 4-bit control, i.e., area Wp of the Gate terminal of the



first variable capacitance device P, can be varied in 16 ways. As a matter
of course, control of the area Wp of the Gate terminal of the first variable
capacitance device P is not restricted to the above-described, and the
gate widths of the p-MOS varactors P'1 through P'4 can be arbitrarily set.
[0158] Also, in Fig. 11, the area Sp of the Gate terminal of the first
variable capacitance device P was indirectly changed by changing the
polarity of voltage to be impress_edggn the Source terminals and Drain
terminals of the adjusting p-MOS varactors P'l through P'4, in a state
wherein the Gate terminals of the adjusting varactors P'l through P'4 are

~connected. However, the area Sp of the Gate terminal of the_ first variable
1158, Hehante Yelie® may/ e inccrzloﬁi}r‘é%:ﬁf/3 c%’anig:% bky)/eprg\?i%f'n%gsv%vﬁlchiegé at

way e Gate terminal side-of. the adjusting varactoys RbthraughsPids [G159] he
Accordingly, the amplifier 200 according to the second embodiment of the

Gat Oresert nyention isteapablesef adjusting ¢he areacratiorbstwaen the afed s
of the Gate terminal of the first variable capacitance device P and the
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of angbId CApAHEREE detice ™ ahathe dred of 3" Do arist HRHty

set.
[0158]

Also, in Fig. 11, the area Sp of the Gate terminal of
the first variable capacitance device P was indirectly
changed by changing the polarity of voltage to ke impressed
on the Source terminals and Drain terminals of the adjusting
p-MOS varactors P'l through P'4, in a state wherein the Gate
terminals of the adjusting varactors P'1l through P'4 are
connected. EBowever, the area Sp of the Gate terminal of the
first variable capacitance device P may be indirectly
changed by providing switches at the Gate terminal side of
the adjusting varactors P'1l through P'4.

[0159]

Accordingly, the amplifier 200 according to the second
embodiment of the present invention is capable of adjusting
the area ratio between the area of the Gate terminal of the
first variable capacitance device P and the area of the Gate
terminal of the second variable capacitance device N.
Accordingly, even in the event the area of the Gate terminal

of the first variable capacitance device P and the area of



the Gate terminal of the second variable capacitance device N differ due
Fo irregularities among devices, the magnitude of the bias voltage
included in the input voltage signal can be maintained. [0160] Thus, with
_the amplifier 200 according to the second embodiment of the present
invention, in the same way as with the amplifier 100 according to the first
embodiment of the present invention, an output voltage signal, wherein a
voltage signal has been amplified by being multiplied by the capacitance
change ratio with the magnitude of the bias voltage being held as it is as
to the input voltage signal, can be output, so the output voltage signal
never becomes unnecessarily great Accordlgglg, a cwg%%Q%@% the. i ce

the SApffidrI0b according 16 th SECOIY Sfbodiment ot e presen

N dj,l%\éeerpp@u%o Jcocp g:? £ FSSQ&&%E% Pé%v'gﬁgwhdéﬁ@élsmeﬁﬁ@'%agni_ tude
regarding output voltage signals of the amplifier 200 according to the

of tSecopd embodiment of thel peesent invendon nmakingdanetieg of tgree 1 can
output voltage signals easier, and also enabling contribution to finer

be reircuits Anddower electric power consumption. Further, the probability of
the magnitude of the output voltage signal becoming greater than the

{01 &dlver source voltage Vdd can be made very small, so there is no

diRiorion Qi uoliags, signale. 206 drsued SUIR¥SIRGe siosalna
embodiment of the presgent invention, in the same way as with
the amplifier 100 according to the first embodiment of the
present invention, an output voltage signal, wherein a
voltage signal has been amplified by being multiplied by the
capacitance change ratioc with the magnitude of the bias
voltage being held as it is as to the input voltage signal,
can be output, sc the output voltage signal never becomes
unnecessarily great. Accordingly, a circuit having the
awmplifier 200 according to the second embodiment of the
present invention no longer needs to be provided with
special measures regarding output voltage signals of the
amplifier 200 according to the second embodiment of the
present invention, making handling of the output voltage
signals easier, and also enabling contribution to finer
circuits and lower electric power consumption. Further, the
probability of the magnitude of the output voltage signal
becoming greater than the power source voltage Vdd can be
made very small, so there is no distortion in output voltage

signals, and desired output voltage signals can be obtained.



[0161] Also, while Fig. 11 shows a configuration wherein the area of the
Gate terminals of the first variable capacitance device P is adjusted, the
arrangement is not restricted to the above-described, and arrangements
may be made, for example, wherein multiple adjusting n-MOS varactors
with very small gate widths are provided for adjusting the area of the
Gate terminal of the second variable capacitance device N, or wherein
both the area of the Gate terminal @5 the first variable capacitance device
P and the area of the Gate terminal of the second variable capacitance
deV|c_e N are a(_jjusted. [0162] (Third Embodiment) Next, a differential
wmagnphfym_g circuit usi_ng the principle of amplification according to the
Ea esent invention will be described as a third embodiment of the present

nention, Fig, d2is an explanalory diagisar isicatingranarsplier 300

ag:cordlrjg to the third embodiment of the present invention. [0163] Also,

areaFigr 181s apexplanatoryrdiagrant illustrating Waveform® aecordRR o thece
third embodiment of the present invention shown in Fig. 12. Here

: P \ , Fig.
dev1ﬂ:§(5a5’ isia diatjrast dtustralifg TERABEABER SighdIsTor catrolfing g\?v??cﬁéas
the ébove—descxibed, and arrangements may be made, for

example, wherein multiple adjusting n-MOS varactors with
very small gate widths are provided for adjusting the area
of the Gate terminal of the second variable capacitance
device N, or wherein both the area of the Gate terminal of
the first variable capacitance device P and the area of the
Gate terminal of the second variable capacitance device N
are adiusted.

[0162]

(Third FEmbodiment)

Next, a differential amplifying circuit using the
principle of amplification according to the present
invention will be described as a third embodiment of the
present invention. Fig. 12 is an explanatory diagram
illustrating an amplifier 300 according to the third
embodiment of the present invention.

[0163]

Also, Fig. 13 is an explanatory diagram illustrating
waveforms according to the third embodiment of the present
invention shown in Fig. 12. Here, Fig. 13(a) is a diagram

i{llustrating control clock signals for controlling switches



in Fig. 12, and Fig. 13(b) is a diagram illustrating a positive phase input
voltage signal Vinputl input to the amplifier 300 according to the third
gmbodiment of the present invention. Also, Fig. 13(c) is a diagram
|Ilustr_ating a positive phase output voltage signal Voutputl output from the
ampllf_ier 300 according to the third embodiment of the present invention,
and Fig. 13(d) is a diagram illustrating a differential output voltage signal
Voutputl - VoutputIX output from thesamplifier 300 according to the third
embodiment of the present invention. Now, the VoutputlX in the
differential output voltage signal Voutputl - VoutputlX is an inverse phase

_ output voltage signal wherein the phasge has been.i that of
in Fﬂ%‘_pﬁ%itivérb‘ﬁa é%_m&t?&%ﬂaég s?gnaaﬁ/%ﬁtap%tlf%gﬁ%g%%%vfi{t%%fe%ence
pos 110510 120 ampliier 390.according.toithe thishembosimentaf the
present Invention includes a first amplifying unit 302 to which the positive
=mp1Rlaseinpub veliage signal Minptitk: obtainet byisopérimpbsing thé ias
voltage Vbias and positive phase voltage signal Vin/2 in accordance with
pre sthetcommeetion- state FFiRE switel SWE,(& 'set®ndl dipifying unit 304 to

which i i i i ;

1 e et e L tage S Y S
outpgg”@g%ma%ﬁ%’éd%@&pﬁ%@ the e@nnegtion.siatepf eswiteh SMiX6 and a -
embodiment of the present inventicn, and Fig. 13(d) is a
diagram illustrating a differential output voltage signal
Voutputl - VoutputlX output from the amplifier 300 according
to the third embodiment of the present invention. Now, the
VoutputlX in the differential output voltage signal Voutputl
- VoutputlX is an inverse phase output voltage signal
wherein the phase has been inverted from that of the
positive phase output voltage signal Voutputl.
[0164]

With reference to Fig. 12, the amplifier 300 according
to the third embodiment of the present invention includesg a
first amplifying unit 302 to which the positive phase input
voltage signal Vinputl, obtained by superimposing the bias
voltage Vbias and positive phase voltage signal Vin/2 in
sccordance with the connection state of the switch SWl1, a
second amplifying unit 304 to which the inverse phase input
voltage signal VinputX, obtained by superimposing the bias
voltage Vbias and inverse phase voltage signal -Vin/2 in

accordance with the connection state of a switch SW1X, and a



switching unit 306 for connecting the first amplifying unit 302 and second
amplifying unit 304 to the power source voltage source or the ground.
Here, the inverse phase input voltage signal VinputlX is a signal wherein
the phase has been inverted from that of the positive phase input voltage
S|g_nal Vinputl. [0165] The first amplifying unit 302 and the first amplifying
unit 304 are of the same configuration as the amplifier 100 according to
the first embodiment of the preseng gnv_ention described above. The first
amplifying unit has a p-MOS varactor P1 and n-MOS varactor Ni, with the
positive phase input voltage signal Vinputl being input to the Gate

. terminals of the p-MQS varactor P1.and n:-MOS$ .varact e - ;
swi t58dStdahee ith the CORNEEHBH Staté of t %@sv%"c K W%&QAHI%%Y the” untt

302 Seeond.amplifying ynithas a p:MQS yaracter R2andonMOSwaraetor N2,
with the inverse phase input voltage signal VinputlX being input to the
voltGate tesminals of thewp- MOSvaractaeP2 andimeM@S vasactohR2dn 1nput
acx_:oro!gnce with the connection state of the switch SW1X. [0166] The
voltswitchingunit 306nncludEs switehes Sv92 ad SW3! whthCthB iiteh SWr2
S v Lol o s o

sign%olnr\?fg?;%&e. p-MOS varactor Pl - 97
[0165]

The first amplifying unit 302 and the first amplifying
unit 304 are of the same configuration as the amplifier 100
according to the first embodiment of the present invention
described above. The first amplifying unit has a p-MOS
varactor Pl and n-MOS varactor N1, with the positive phase
input voltage signal Vinputl being input to the Gate
terminals of the p-MOS varactor Pl and n-MOS varactor N1 in
sccordance with the connection state of the switch SW1.
Also, the second amplifying unit has a p-MOS varactor P2 and
A-MOS varactor N2, with the inverse phase input voltage
signal VinputlX being input to the Gaté terminals of the p-
MOS varactor P2 and n-MOS varactor N2 in accordance with the
connection state of the switch SWIX.

[0166]

The switching unit 306 includes switches SW2 and SW3,

with the switch SW2 connecting the n-MOS varactor N1l and the

n-MOS varactor N2 to the power source voltage source oOX the

ground, and the switch SW3 connecting the p-MOS varactor Pl



and the p-MOS varactor P2 to the power source voltage source or the
gr_ound. Now, the p-MOS varactors P1 and P2 and the n-MOS varactors
Nl and N2 have inverse conductivity, so in order to match the
increase/decrease change of capacitance of the p-MOS varactors Pl and
_22 and the n-MOS varactors NI and N2, in the event that the switch SW2
is connected to the ground the switch SW3 is connected to the power
source voltage source, and in thegyvent that the switch SW2 is
connected to the power source volﬁge source the switch SW3 is

connected to the ground. [0167] Now, the switch SW1 operates
synchronously with the clo

and GiterRthOciotk SignafP £l i@%kiésfi??%ﬁw S%%WQinsgilgfég@f’%e-g‘?éos%%e

) _ gh, and'input the positive phase input

or tﬁ’%&@%ﬁﬁ%‘?l Vﬁé‘?«“}' shown infig- $3¢h) de HheGate dguminalseithene
p- varactor Pl and n-MOS varactor N1. Also, the switch SW1 opens

H_Moyhggrt_ggm signal/ isdowa therehycoatroltingdnut iof they positive 1t
phase input voltage signal Vinputl to the Gate terminals of the p-MOS

ordevaractorREand neMOS varaetofdIC[0168] MSEIHE SwitcheeRAl-ance

operates synch [ ' in Ei
of 36 5 CHEE MErPE Ebck S 0L PG, 318 MocLife Muciss phaey
and wfytfg“gggSggg%yhgﬁgg‘Pﬁ@eéﬁﬂﬁéﬁ”QWQSﬂgtB@ﬁhM@%&@QBO the
ground the switch SW3 is connected to the power source
voltage source, and in the event that the switch SW2 is
connected to the power source voltage source the switch SW3
is connected to the ground.

[0167]

Now, the switch SW1 operates synchronously with the
clock signal ¢1 shown in Fig. 13({a), so as to close when the
clock signal &1 is high, and input the pesitive phase input
voltage signal Vinputl shown in Fig. 13{b) to the Gate
rerminals of the p-MOS varactor Pl and n-MOS varactor Nl.
Also, the switch SW1 opens when the clock signal ¢1 is low,
thereby controlling input of the positive phase input
voltage signal Vinputl to the Gate terminals of the p-MOS
varactor Pl and n-MO§ varactor Nl.

[0168]

Also, the switch SW1X operates synchronously with the
alock signal ¢1 shown in Fig. 13(a}, so as to close when the
clock signal ¢1 is high, and input the inverse phase input

voltage signal VinputlX to the Gate rerminals of the p-MOS



varactor P2 and n-MOS varactor N2. Also, the switch SW1X opens when
the clock signal $1 is low, thereby controlling input of the positive phase
input voltage signal VinputlX to the Gate terminals of the p-MOS varactor
P2 and n-MOS varactor N2. [0169] Also, the switch SW2 operates
synchronously with the clock signal Q2 shown in Fig. 13(a), so as to
connect the n- MOS varactors N1 and N2 to the ground when the clock
signal $2 is low, and to connect then-MOS varactors N1 and N2 to the
power source voltage source when the clock signal $2 is high. The switch
SW3 operates synchronously with the clock signal $2 shown in Fig. 13(a),

So as to connect the p-MOS varactors. P1 and P2 to the power.so
Vafa@&%e@mﬁ@@ﬁh@ﬂg &’ Eibek sigha 2i53%v§’f) an oecc%ﬁqnlegc(t:iéé W

open%;g"w%[%q%?ﬁﬂ%féka@q P2.tp the graund when:the slogk signal$21 isng

. ['Tn the same Wway as with the amplifier 100 according to the
iangsggmp@glr@@gicﬁﬂb@ present inventiondescrbed above LtHéifirstit1X to
amplifying unit 302 makes transition through the Track state, Hold state,

the andtBooststate; based o thedclbeR sighai$P and $28HowH R4Eg.
13(a), thereby outputting the positive phase output voltage signal Voutputl
varaghgwn feFig. 13(c), wherein the bias voltage Vbias has been - 99

[0169]

Also, the switch SW2 operates synchronously with the
clock signal 62 shown in Fig. 13(a), so as ToO connect the n-
MOS varactors N1 and N2 tc the ground when the clock signal
¢2 is low, and to connect the n-MOS varactors N1 and N2 to
the power source voltage source when the clock signal ¢2 is
high. The switch SW3 operates synchronously with the clock
signal ¢2 shown in Fig. 13(a), so as o connect the p-MOS
varactors Pl and P2 to the power source voltage source when
the clock signal ¢2 is low, and to connect the p-MOS
varactors Pl and P2 to the ground when the clock signal 62
is high.

[0170]

In the same way as with the amplifier 100 according to
the first embodiment of the present invention described
above, the first amplifying unit 302 makes transition
through the Track state, Hold state, and Boost state, based
on the clock signals 61 and 62 shown in Fig. 13(a), thereby
cutputting the positive phase output voltage signal Voutputl

shown in Fig. 13{(c), wherein the bias voltage Vblas has been



maintained and the positive phase voltage signal Vin/2 has been
amplified by being multiplied by the capacitance change ratio. [0171] In
the same way, the second amplifying unit 304 makes transition through
the Track state, Hold state, and Boost state, based on the clock signals ~I
and ~2 shown in Fig. 13(a), thereby outputting the inverse phase output
voIt_age signal VoutputlX wherein the bias voltage Vbias has been
maintained and the inverse phase Voltage signal -Vin/2 has been
amplified by being multiplied by the capacitance change ratio. [0172]
Now, the positive output voltage signal Voutputl and the inverse output

~voltage signal VoutputlX are used as the_differential o f ignal
a1 Vtagh SOGUTRX SR T Y 500! [T ARGy, S

havin .t@e amplifie a [ j i

been NYiNg the amplifier 300 ageording 1o the third-grmbediment.of the presange

© mvg%g(%n can cgnce% ou?noise (g%tortion%};]en even) generated in the

rat 1 BOSitive output voltage s_ignal Voutputl and the inverse output voltage
signal VoutputlX, by taking the positive output voltage signal Voutputl and

[017the inverse output voltage signal VoutputlX output from the amplifier 300 -

100
Tn the same way, the second amplifying unit 304 makes

transition through the Track state, Hold state, and Boost
state, based on the clock signals 91 and ¢2 shown in Fig.
13(a}), thereby outputting the inverse phase output voltage
signal VoutputlX wherein the bilas voltage Vbilas has been
maintained and the inverse phase voltage signal -Vin/2 has
been amplified by being multiplied by the capacitance change
ratio.

[0172]

Now, the positive output voltage signal Voutputl and
the inverse output voltage signal VoutputlX are used as the
differential output voltage signal Voutputl - VoutputlX
shown in Fig. 13{(d).

[0173]

Accordingly, a circuit having the amplifier 300
according to the third embodiment of the present invention
can cancel out noise (distortion when even) generated in the
positive output voltage signal Voutputl and the inverse
output voltage signal VoutputlX, by taking the positive
output voltage signal Vouﬁputl and the inverse output

voltage signal VoutputlX output from the amplifier 300



a_ccording to the third embodiment of the present invention as the
differential output voltage signal Voutputl - VoutputlX shown in Fig. 13(d).
[0174] Also, with the amplifier 300 according to the third embodiment of
the present invention, a positive phase output voltage signal, wherein a
positive phase voltage signal has been amplified by being multiplied by
the capacitance change ratio with the magnitude of the bias voltage being
held as it is as to the positive phals(()aoinput voltage signal, can be output,
so the positive phase output voltage signal never becomes unnecessarily
great. _In the same way, an inverse positive phase output voltage signal,
wherein an inverse phase voltage signal has been argglifi%d bX bei

acc@ﬁﬂﬂﬁ;ﬂieﬁo_bykﬁﬁe Eﬁéé_é’i_ta?%@ LAGE rafid withth& hiagnitude of the ks
2 LG pring Ml ps L g ol Ieloeplase Ilypliage Sgnal

h st i
ut,” SO the invérse phase output voltage signal never becomes

vournnesessanly.great. pAccordingly, a circuit having the amplifier 300
ccording to the third embodiment of the present invention no longer

ro17meeds to be provided with special measures regarding differential output

voltage signals of the amplifier 300 according to the third embodiment of
tHel present invehtién, 2Riaking Fandling G5FE Grferential ou peut%v%ftgée

empgnals, easier, and also enabling contibytion,tq finer clrguity, ade 193 put
voltage signal, wherein a positive phase voltage signal has
been amplified by being multiplied by the capacitance change
ratio with the magnitude of the bias voltage being held as
5+ is as to the positive phase input voltage signal, can be
output, so the positive phase output voltage signal never
nhecomes unnecessarily great. In the same way, an inverse
positive phase output voltage signal, wherein an inverse
phase voltage signal has been amplified by being multiplied
by the capacitance change ratioc with the magnitude of the
bias voltage being held as it is as toO the inverse phase
input voltage signal, can be output, so the inverse phase
output voltage signal never becomes unnecessarily great.
Accordingly, a circuit having the amplifier 300 according to
the third embodiment of the present invention no longer
needs to be provided with special measures regarding
differential output voltage signals of the amplifier 300
according to the third embodiment of the present invention,
making handling of the differential output voltage signals

easier, and also enabling contribution to finer circuits and



Iower_electric power consumption. Further, the probability of the
magnitude of the differential output voltage signal becoming greater than
the power source voltage Vdd can be made very small, so there is no
distortion in differential output voltage signals, and desired differential
output voltage signals can be obtained. [0175] (Fourth Embodiment) Fig.
14 is a diagram illustrating an amplifier 400 according to a fourth
embodiment of the present invention. [0176] With reference to Fig. 14
.the amplifier 400 according to The fourth embodiment of the present ’
invention is basically of the same configuration as the amplifier 300

apcording to the third embodiment of the present invention, configuring.a
1owemf@1imtanza@nmﬁwﬁg CHEHt RIS 1A compaFison with-the é)rﬁB??f?g?%%ty

according. to the third ,embadiment of the. present.inventi w4 Fig.
oF 5, AAHha Hfer 400 SLEordnG 14 18 founih Srsbocimert of e,

becoggle\fﬁs ntinvention. the, Drain.tesminals obthe-MQSwagactos P tanditke

p-MOS varactor P2 are mutually connected, but the Drain terminals of

nadeaehof thesabovesp-MO®S nardctorssand theo Souree termividls oF Big-1al
p-MOS varactor 21 and the p-MOS varactor P2 are not connected. Also,

outpwhile the digin Stéeminas ofthe RIS Yarsttor N ENGthe neMos

varactor N2 - 102
voltage signals can be obtained.

[0175]
{Fourth Embodiment)

Fig. 14 is a diagram illustrating an amplifier 400
according to a fourth embodiment of the present invention.
[0176]

With reference to Fig. 14, the amplifier 400 according
to the fourth embodiment of the present invention is
pasically of the same configuration as the amplifier 300
according to the third embodiment of the present invention,
configuring a differential amplifying circuit. Also, in
comparison with the amplifier 300 according to the third
embodiment of the present invention shown in Fig. 12, with
the amplifier 400 according to the fourth embodiment of the
present invention, the Drain terminals of the p-MO3S varactor
Pl and the p-MOS varactor P2 are mutually connected, but the
Drain terminals of each of the above p-MOS varactoers and the
Source terminals of the p-MOS varactor Pl and the p-MOS
varactor P2 are not connected. Also, while the drain

trerminals of the n-MCS varactor N1 and the n-M0OS wvaractor NZ



are mutually connected, the Drain terminals of each of the n-MOS
varactors and the Source terminals of each of the n- MOS varactor Ni and
the n-MOS varactor N2 are not connected. With such a configuration as
described above as well, the capacitance of the p-MOS varactor 21,
p-MOS varactor P2, n- MOS varactor Ni, and n-MOS varactor N2 can be
varied by changing the inversion layer by impressing power source
voltage Vdd to on of the Source terminal or Drain terminal. [0177]
Accordingly, the wiring of the withtRé amplifier 400 according to the
fourth embodiment of the present invention can be simplified as
compared with that of the amplifier 300 according to the third emb%diment
are ofithesprésentinventiort andalsBr e sWitdhBs SW2 &Hd 8W3lafe —'©

L R e
wos and _SW3 cqpbe alievigted, [0478] Alsg with the amplifier-400-aeearding
{0 the Tourth  embodiment of the present invention, as with the amplifier

w1+ 309 aecqrdinge the thitd emboginiestofithe predentsingention, & pdditve
phase output voltage signal, wherein a positive phase voltage signal has

capeheersamplified birbeind!Piultiplietr by thedapdeitiice ERarge Patiowith ™~
wos e Magnituds of the pias yoltage being el 25 1Lig 45404081 48%y
changing the inversion layer by impressing power source
voltage Vdd to on of the Source terminal or Drain terminal.
(01771

Accordingly, the wiring of the with the amplifier 400
according to the fourth embodiment of the present invention
can be simplified as compared with +rhat of the amplifier 300
according to the third embodiment of the present invention,
and alsc, the switches SW2 and SW3 are connected only with
the Source terminals of the p-MOS varactors Pl and P2 and n-
MOS varéctors N1 and N2, so the lcad on the switches SWZ and
SW3 can be alleviated.
101781

Also, with the amplifier 400 according to the fourth
embodiment of the present invention, as with the amplifier
300 according to the third embodiment of the present
invention, a positive phase output voltage signal, wherein a
positive phase voltage signal has been amplified by being

multiplied by the capacitance change ratio with the

magnitude of the blas voltage being held as it is as to the



positive phase input voltage signal, can be output, so the positive phase
output voltage signal never becomes unnecessarily great. In the same
way, an inverse positive phase output voltage signal, wherein an inverse
phase voltage signal has been amplified by being multiplied by the
capacitance change ratio with the magnitude of the bias voltage being
held as it is as to the inverse phase input voltage signal, can be output,
so the inverse phase output voltage signal never becomes unnecessarily
great. Accordingly, a circuit havir ?he—amplifier 400 according to the
fourth embodiment of the present invention no longer needs to be
provided with special measures regarding differential output voltage
posisignalpbhtie dmplifier 40t ageortg foltheddirth entbbdiment Sgth%he

_present invention, making handling of the differential gut oltage
pos i sigHal® ensferoBhd Also'éhabiling %o%?ﬁ]t‘)au io%%g%ﬁ]e%%%c?#itésgand lower

s G PTG Fytet e tobatily ofdhe e agndi o
phaSé?%%@@@&aggﬁﬂgb@a%bgn@@ﬁGWEEYSHRMasOﬂmyei§ﬂommﬁ@ﬁmnin
dllfferentlal output voltage signals, and desired differential output voltage
vo1t signalsicar:he obtained: {079} Alsc;viile SeoHfgUREon 'SHowTih
cparlg: 14 wherein the switches SW2 and QWS are geanegied only fa,the
voltage being held as it 1s as to the inverse phase input
voltage signal, can be output, SO the inverse phase output
voltage signal never becomes unnecegsarily great.
Accordingly, a circult having the amplifier 400 according to
the fourth embodiment of the present invention no longer
needs to be provided with special measures regarding
differential output voltage signals of the amplifier 400
according to the fourth embodiment of the present invention,
making handling of the differential output voltage signals
easier, and also enabling contripution to finer circuits and
lower electric power consumption. Further, the probability
of the magnitude of the differential output voltage signal
becoming greater than the power source voltage Vdd can be
made very emall, so there is no distortion in differential
output voltage signals, and desired differential output
voltage signals can be obtained.
(01791

Also, while a configuration is shown in Fig. 14 wherein

the switches SW2 and SW3 are connected cnly to the Source



terminals of the p-MOS varactors P1 and P2 and the n-MOS varactors Ni
and N2, this is not restricted to the above- described, and a configuration
may be.made wherein the switches SW2 and SW3 are connected only to
the Drain terminals of the p-MOS varactors 21 and P2 and the n-MOS
varac'gors NI and N2. [0180] (Fifth Embodiment) As shown in Expression
1,a dl_screte-time parametric amplifier can amplify or attenuate signals by
capacf[ance change ratio. Accordingly, next, description will be made
!regarc!lng an amplifier according {d'4 fifth embodiment of the present
invention, which is capable of switching over the gain of output voltage
signals in the process of transition from the Track state to the Bo 1 gtate
p_

termil\ﬁ/ilao%ﬁshe Hold stateBPEombimt Bases Wherh Hife EaFacitaRcd o
varactors and n-MOS varactors increases C [
o A OB SCIts Eees AtoRes aEbe
sesc Jlpiating an ameltier 590 ascording.o he fiembodiment ot he

résent invention. Here, Fig. 15 illustrates a Track state. [0181] With

switFgferenaetorig. ke ihe asnplifien 506 atcording o theé fiftR emiBodiment
of the present invention has a first amplifying unit 502 and second
- e rmamyplifying unit SOAt¥Whictrragsors PL and P2 and the n-MOS

varactors N1 and NZ.
101801
(Fifth Embodiment)

As shown in Expression 1, a discrete-time parametric
amplifier can amplify or artenuate signals by capacitance
change ratio. Accordingly, next, description will be made
regarding an amplifier according to a fifth embodiment of
the present invention, which is capable of switching over
the gain of output voltage signals in the process of
transition from the Track state to the Boost state via the
Hold state, by combining cases wherein the capacitance of p-
MOS varactors and n-MOS varactors increases and cases
wherein the capacitance thereof decreases. Fig. 15 is an
explanatory diagram illustrating an amplifier 500 according
to the Fifth embodiment of the present invention. Here, Fig.
15 illustrates a Track state.

[0181]

With reference to Fig. 15, the amplifier 500 according

to the fifth embodiment of the present invention has a first

amplifying unit 502 and second amplifyving unit 504 to which



an mput_voltage signal Vinput wherein the bias voltage Vbias and voltage
signal V!n have been superimposed is input in accordance with the
connection state of the switch SW1. Here, the first amplifying unit 502
and s_e(_:ond amplifying unit 504 are connected serially. [0182] The first
ampllfy_lng unit 502 is of the same configuration as the amplifier 100
according to the first embodiment of the present invention described
fabove, and has a p-MOS varactor P1 and n,-MOS varactor N1, with the
input voltage signal Vinput bemg]iﬁﬁut“to the Gate terminals of the
p-MOS varactor P1 and n-MOS varactor Nl in accordance with the
connection state of the switch SW1. Also, the Source terminal and drain
an iterotinalcofthee-MOB varatierPt arbConhacledtohé Powdt sBtrce

voltage source and the ground in accordance wit jon st
. : : { . CONNe t
VbiatheSRitdld SWee aRd 9RE Solirée eaﬁ%?n%ea%la dra ngg%%i'nal g]g thrl:a\gn(?!tl\/lﬁ St

in a\é%r%rcg) r Ni are connected o the powsr source-veltagersousee wafd el .

ound’in ‘accordance with the connection state of the switch SW3. Now

ie rethe-MOS varagtap PLanidhtheinMOS 0varactor i hawe inversé fving ’
condu_ctlwty, so in order to match the increase/decrease change of

unitc.aimltanee@:BMeEpw@&ﬁﬁaﬁ@léﬂPl and the n-MOS varactor N1, in a
~_ situation wherein the switch SW2 is connected to the power source’
[018¢ditage source, the switch SW3 needs to be connected to the - 106

The first amplifying unit 502 is of the same
configuration as the amplifier 100 according to the first
embodiment of the present invention described above, and has
a p-MOS varactor Pl and n-MOS varactor N1, with the input
voltage signal Vinput being input to the Gate terminals of
the p-MOS varactor P1 and n-MOS varactor N1 in accordance
with the connection state of the switch SWl. Also, the
Source terminal and drain ferminal of the p-MOS varactor Pl
are connected to the power source voltage source and the
ground in accordance with the connection state of the agwitch
s@W2, and the Source rerminal and drain terminal of the n-MGS
varactor N1 are connected to the power source voltage source
and the ground in accordance with the connection state of
the switch SW3. Now, the p-MO3 varactor Pl and the n-MOS
varactor N1 have inverse conductivity, 80 in order to match
the increase/decrease change of capacitance of the p-MOS
varactor P1 and the n-MOS varactor N1, in a situation
wherein the switch SW2 is connected to the power source

voltage source, the switch W3 needs to be connected to the



ground, and in a situation wherein the switch SW2 is connected to the
ground, the switch SW3 needs to be connected to the power source
voltqge source. [0183] The second amplifying unit 504 is of the same
conflgurgtlon as the amplifier 100 according to the first embodiment of the
present invention described above, and has a p-MOS varactor P2 and
n-MOS varactor N2, with the input voltage signal Vinput being input to the
Gate terminals of the p-MOS varactor P2 and n-MOS varactor N2 in
accordance with the connection stife of the switch SW1. Also, the
Source terminal and drain terminal of the p-MOS varactor P2 are
connected to the power source voltage source and the ground. in
grouadcordarice with the conhectionsratesRthelsvith SWa *4id the Source

terminal and drain terminal of the n-MOS, varactor N2.are connected to
conngrEsewELsdiirte VoREGE sotrfcd Hd te g%o@%dqﬁ%%%oeﬁ?ar?é% with the

Conn%%\r}%e tion state oﬁfﬁ)wﬁg  Switch, SW3S, Naw, the pMQS varactor 22 and the

h- varactor have inverse conductivity, so in order to match the

mmlglg:rease/decrease change of capacitance of the p-MOS varactor 22 and
the n-MOS varactor N2, in a situation wherein the switch SW4 is

conrecied to. theapower sourge woltageSbutde, the ShitcA W5 needs to

kge connepted to the ground, and in a_situation wherein t [ '
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embodiment of the present invention described above, and has
a p-MOS varactor PZ and n-MOS varactor N2, with the input
voltage signal Vinput being input to the Gate terminals of
the p-MOS varactor PZ and n-MOS varactor N2 in accordance
with the connection state of the switch 8Wl. Also, the
Source terminal and drain terminal of the p-MOS varactor PZ
are connected to the power source voltage source and the
ground in accordance with the connection state of the switch
sW4, and the Source ferminal and drain terminal of the n-MOS3
varactor N2 are connected to the power source voltage source
and the ground in accordance with the connection state of
the switch SW5. Now, the p-MOS varactor P2 and the n-MOS
varactor N2 have inverse conductivity, so in order to match
the increase/decrease change of capacitance of the p-MOS
varactor P2 and the n-MOS varactor N2, in a situation
wherein the switch SW4 is connected to the power source
voltage source, the switch aW5 needs to be connected to the
ground, and in a situation wherein the switch SW4 is

connected to the ground, the switch 8%W5 needs to be



connec_ted to the power source voltage source. [0184] This amplifier 500
according to the fifth embodiment of the present invention operates as
fqllows. (1) At the time of transition from the Track state to the Boost state
via the Hold state, at the amplifier 500 ON/OFF of the switches SW2 and
S_W3 of the first amplifying unit 502 is switched over based on the clock
signal 42, and the capacitance of the p-MOS varactor P1 and n-MOS
varactor Ni increases or decreases. (2) At the time of transition from the
Track state to the Boost state via'thé Hold state, at the amplifier 500
ON/QFF of the switches SW4 and SW5 of the second amplifying unit
504 is switched over based on a clock signal 43, and the capacitance of
connthetpM®S8 vdractoe P and TS VardctérN IS ickédses or decreases.
018[0185] For example, (Case a) we will assume, at the time of transition
[018ftdm the Track state to the Boost state via the Hold state (i.e., at the time

SRR i s b o o
! plifying unit, and [ii] increase in
the gg%ﬁ%ﬁ;@;%%%@:&&é?&pga@t@s P2sanththeawsMOS varactor N2 of the
1) overalhenesints GB-ransiion fzon The irack State Lo the
Boost state via the Hold state, at the amplifier 500 ON/OFF
of the switches SW2 and SW3 of the first amplifying unit 502
i switched over based on the clock signal $2, and the
capacitance of the p-MCS varactor Pl and n-MOS varactor Nl
increases or decreases.
(2) At the time of transition from the Track state to the
Boost gtate via the Hold state, at the amplifier 500 ON/OFF
of the switches SW4 and SW5 of the second amplifying unit
504 is switched over based on a clock signal 43, and the
capacitance of the p-MOS varactor P1 and n-MOS varactor NI
increases or decreases.
[0185]

For example, (Case a) we will assume, at the time of
transition from the Track state to the Boost state via the
Hold state (i.e., at the time of Roost), cases of [1]
reduction of capacitance of the p-MOS varactor Pl and the n-
MOS varactor N1 of the first amplifying unit, and [ii]
increase in capacitance of the p-MOS varactor P2 and the n-

MOS varactor N2 of the second amplifying unit. . In this case,

the amplification operation of the overall circuit is



c_ancelled out at the amplifier 500 and the gain of the output voltage
signal Voutput is "1", and the output voltage signal Voutput is a signal the
same as the input voltage signal Vinput. (Case b) Also, in the event of
reducing both the capacitance of the p-MOS varactor Pl and the n-MOS
varactor Ni of the first amplifying unit and the capacitance of the p-MOS
varactor P2 and the n-MOS varactor N2 of the second amplifying unit at
the tlmfe of Boost, the gain of the output voltage signal Voutput is k
((;apa0|tance change ratio), and ﬂﬂ%gou“tput voltage signal Voutput is a
S|g_nal obtained by the input voltage signal Vinput being amplified by
being multiplied by k. (Case c) In the same way, in the event of increasing
cancépthetheccapacitahte ofthelp-MeS VAfactgrPIafd Be i-MOSViractor

Ni of the first lifyi ' '
st amplifying unit and the ca,pf\@ltan%%otﬁme %-Mg§tva\r7%%;95 ge

outpP? BAH tHER-MEB Garattot N2 bf the secohd amplifying unit at the time

e B{?ost the gain of t ut a ' '
L NG § QUIputyvpltage signak Maldpytis J4k and:
Slgn%&tpu?%oﬁélge signal \Q/o§tput is agsignal obta!?ined by thg input volttilgee3

51 gnignal Minput being: aitepyated by being miukiptied oy LK. [0a86F That kpth
to say, as |I_Iustrated by the above cases a, b, and c, with the amplifier
the 5@Qactargingetotfietfifth pniUdimenesicwn MLFRYCE5 Sindepetdently

changing the capacitance of each ' ifvi i
varagggr N1 of the first am§i£¥§9%$“§§¥%m§£898§§%%%%Qﬁ@gﬁae

of the p-MOS varactor P2 and the n-MOS varactor N2 of the
second amplifying unit at the time of Boost, the gain of the
output voltage signal Voutput is k (capacitance change
ratio), and the output voltage signal Voutput is a signal
obtained by the input voltage signal Vinput being amplified
by being multiplied by k. {(Case c) In the same way, in the
event of increasing both the capacitance of the p-MOS
varactor P1 and the n-MCS varactor N1 of the first
amplifying unit and the capacitance of the p-MOS3 varactor P2
and the n-MOS varactor N2 of the second amplifying unit at
the time of Boost, the gain of the output voltage signal
Voutput is 1/k, and the output voltage signal Voutput is a
signal obtained by the input veltage signal Vinput being
attenuated by being multiplied by 1/k.
01861

That is to say, as i1llustrated by the above cases a, b,
and c, with the amplifier 500 according to the fifth
embodiment shown in Fig. 15, independently changing the

capacitance of each of the first amplifying unit 502 and the



second amplifying unit 504 enables capacitance change ratio switchover
as in the following Expression, i.e., gain switchover. [0187] [Mathematical
Expression 4] k+k k 1+1 k+1 1+k 1+k k+1 1+1 1 k+k k -(Expression
4) [0188] Also, the amplifier 500 according to the fifth embodiment of the
present invention shown in Fig. 15 has two amplifying units, the first
amplifying units 502 and the second amplifying unit 504, whereby
switching over of the three types of gain shown in Expression 4 can be
performed, but the amplifier 500%%%0r‘ding to the fifth embodiment of the
present invention is not restricted to the configuration shown in Fig. 15.
For example, switching over of gain such as shown in Expression 5 can

secohe perarnied by further providing althivd @RRAHRNG DRR (FSESHEWH hthd

drawings). [0189] [Mathematical Expression 5 . .
Switchoveg ég in k%e following Expressﬂon, i.e., gain

awltchover.
[0187]

[Mathematical Expression 4]

k+kmk
1+1

k+1 1+k _
1+k k+1
1+l 1
\k+k &k

+ « (BExpression 4)

10188}

Also, the amplifier 500 according to the fifth
embodiment of the present invention shown in Fig. 1D has two
amplifying units, the first amplifying units 502 and the
second amplifying unit 504, whereby switching over of the
three types of gain shown in Expression 4 can be performed,
but the amplifier 500 according to the fifth embodiment of
the present invention is not restricted to the configuration
shown in Fig. 15. For example, switching over of gain such
as shown in Expression 5 can be performed by further
providing a thixd amplifying unit (not shown in the
drawings}.

[0189]

[Mathematical Expression 5]



- 110 - k+k+k K 1+1+1 k+k+1 k+l+k _ [+k+k 2k+1 1+1+k 1+k+1 k+1+1
k+2 k+1+1_J+k+L_1+1+k__k+2I+k+kk+1¥kk+k+|2k+1 1+1+1 =1
k+k+Kk...(Exmes$on5)[0190]Asshownh1Exmes§on5 due to the
ampllfler 500 according to the fifth embodiment of the preser;t invention
hawngﬂmtmeeampManumwofmeﬁmtmnn@hﬂﬂm amplifying units
the increase/decrease changes of capacitance of the p-MOS varactors |
and n-MOS varactors which the first through third amplifying unit have are
all made‘to be the same, whereBytthe gain of the output voltage signal
Voutpu_t is k or 1/k. Accordingly, the amplifier 500 according to the fifth
embodiment of the present invention can amplify the input voltage signal
|qpk1grtg k (capacitance change ratio) times, or attenuate to 1/k times.
T ach rolependently changing the increase/decrease changes of
tance of the p -MOS v ragtgrs and n-MOS varactors which the first

l’f_rﬁ@htm derahii

tpukis (2k kﬂ)/(k Frlel ke2 gain of the output voltage signal
E+1+1  1+k+1 _ 1+1+k  k+2

I+k+k k+1+k “kik+1 2k+1

1+1+1 1

k+k+k k

.+ + + [Expression 5)

(01907

As ghown in Expression 5, due To the amplifier 500
according to the fifth embodiment of the present invention
having the three amplifying units of the first through third
amplifying units, the increase/decrease changes of

capacitance of the p-MOS varactors and n-M0S varactors which

the first through third amplifying unit have are all made to
be the same, whereby the gain of the output voltage signal
Voutput is k or 1/k. Accordingly, the amplifier 500
according to the fifth embodiment of the present invention
can amplify the input voltage signal Vinput to k
(capacitance change ratio} times, or attenuate to 1/k times.
Also, by independently changing the increagse/decrease
changes cof capacitance of the p-MOS varactors and n-MOS
varactors which the first through third amplifying unit have,
the gain of the output voltage signal Voutput is (2k + 1)/({k
+ 2y, or (k + 2y /{(2k + 1). Accordingly, the amplifier 500

according to the fifth embodiment of the present invention



+ 2), or (k + 2)/(2k + 1). Accordingly, the amplifier 500 according to the
fifth embodiment of the present invention - 111 can output an output
voltage signal Voutput which has been amplified or attenuated in
accordance with the gain. [0191] Accordingly, the amplifier 500 according
to the fifth embodiment of the present invention can perform switching
over of the capacitance change ratio of the overall amplifying by having
multiple amplifying units arrayed serially, i.e., arraying multiple CMOS
made up of p-MOS varactors and hAMOS varactors in parallel, thereby
outputting output voltage signals amplified in accordance with the
capacitance change ratio. [0192] Thus, with the amplifier 500 accordin
can torthedfiftterembodiment ol tredsreséatinve MH; it the'Sare Wa?ﬁ/%ﬂ
the amplifier 100 according to the first&mbodimfﬁ}loﬁc@g g%eﬁsg_nt
amp 1 inentloR rark buUE ¥6REye Bighal Whereina Voltage signal has been
amplified by being multiplied by the capacitance change ratio with the
[Olg%gnitude of the bias voltage being held as it is as to the input voltage

signa, r&%@l??ﬁm@%SarﬂgﬂQlﬂtp@tvekb@g@signabﬁmrtbecbm@sf ifth
unnecessarily great. Accordingly, a circuit having the amplifier 500

emboagessdingdo the éifthersodiment eftho present RVEATSH nd iongar "9

needs to be provided with .
over of the cgpacitance change ratio of the overall

amplifying by having multiple amplifying units arrayed
serially, i.e., arraying multiple CMOS made up of p-MOS
varactors and n-MOS varactors in parallel, thereby
outputting output voltage signals amplified in accordance
with the capacitance change ratio.

[0192]

Thug, with the amplifier 500 according to the fifth
embodiment of the present invention, 1in the same way as with
the amplifier 100 according to the first embodiment of the
present invention, an output voltage signal, wherein a
voltage signal has been amplified by being multiplied by the
capacitance change ratio with the magnitude of the blas
voltage being held as 1t is as to the input voltage signal,
can be output, so the output veltage signal never becomes
unnecessarily great. Accordingly, a circult having the
amplifier 500 according to the fifth embodiment of the
present invention no longer needs to be provided with
special measures regarding output voltage signals of the

amplifier 500 according to the fifth embodiment of the



speC|aI_ measures regarding output voltage signals of the amplifier 500
accor@ng to the fifth embodiment of the - 112 present invention, making
hand!lng of the output voltage signals easier, and also enabling,
contribution to finer circuits and lower electric power consumption.
Further_, the probability of the magnitude of the output voltage signal
becoming greater than the power source voltage Vdd can be made very
small, so there is no distortion in output voltage signals, and desired
output voltage signals can be obtaied: [0193] (Sixth Embodiment) Next
a cha_lr_gec! main filter circuit having an amplifier using the principle of ’
a_mpllflcatlon_ according to the present invention will be described as a
presiﬁ@h g%ibﬂdment ofathe predennihvention. [0104] BASE bpérationsof
arged main filter according to _embodiment of reﬁsegrtllné/gn%gme@rst,

signtesbasie bperatishd ortRe charded-maif fiter” according to an

~embodiment of present invention will | .Fig. 164

; _ described.:Fig. 164 ,
C—m%%ﬂili_nﬁfb?y ?ag%meltll]lﬁgtggtlln% %%%%ﬁematig&p\%g a gﬁargeoqlgl r%{ﬁjakilnef-?lerthe
probGEgUlt having ;E‘S]hén?xpélij%%@%d@ﬂ toran erabodiment of duepresens -

invention. [01
becoming greater than the power SOULCE voltage Vdd can be
made very small, so there is no distortion in output voltage
signals, and desired output voltage signals can be cobtained.
101931
{gixth Embodiment)

Next, a charged main filter circuit having an amplifier
using the principle of amplification according to the
present invention will be described as a sixth embodiment of
the present invention.

(01041
[Basic operations of charged main f£ilter according to
embodiment of present invention]

First, the basic operations of the charged main filter
according to an embodiment of present invention will be
described. Fig. 16 is an explanatory diagram illustrating
the schematics of a charged main filer circuit having an
amplifier accoxrding to an embodiment of the present
invention.

[0195]
The charged main filter according to an embodiment of

pregent invention is a circuit which performs charge



_The c_har_ged main filter according to an embodiment of present invention
is a cwpwt which performs charge - 113 transfer by repeating the basic
operations of a Reset state, Charge state, and Dump state. The above
Reset state, Charge state, and Dump state can each be realized by
schematic switches such as shown in Fig. 16, for example. [0196] For
example, the Reset state is realized by the Reset switch closing, and the
Charge switch and Dump switch opening. In the Reset state thé bias
voltage Vdd/2 is impressed on tHe variable capacitance devi’ces Cland
C2, via the Reset switch, so as to be initialized to bias voltage. Now, with
the Reset state, initialization can be performed faster by making the '

¢ ran SRPACHancepkthe variablecapacianed F&iced ¢l &id E218 56 a St/

state (i.e., Boost state). [0197] Also, the Charge state is reall b
Charopepimfthe RESEtDSRRCIF frbhthe Regef éjfgt\g? a%%sc?fsir%g% %h%:éjChgﬁgaerge

switch. In the Charge state, the i o) ional Vi ic i
o o A SRS e e s M mpsec,
st 40 accumulate charge. Nowiwith e Charge state:lthe capacitance of

[g19g;z.Y??:giié?gﬁgigg? devices Cl and C2 is made to be a great state

For example, the Reset state is realized by the Raeset
switch closing, and the Charge switch and Dump switch
opening. In the Reset state, the bias voltage vdd/z 1is
impressed on the variable capacitance devices ¢l and C2Z, via
the Reset switch, so as to he initialized to bias voltage.
Now, with the Reset state, initialization can be performed
faster by making the capacitance of the variable capacitance
devices C1 and C2 to be a small state (i.e., Boost state).
[0197]

Also, the Charge state is realized by opening the Resetl
switch from the Reset state, and closing the Charge switch.
Tn the Charge state, the input voltage signal Vinput 18
impressed on the variable capacitance devices Cl and C2, via
the Charge switch, so as to accumulate charge. Now, with
the Charge state, the capacitance of the variable
capacitance devices ¢l and C2 is made to be a great state
{i.e., Track state).

(0198}
Also, the Dump state is realized by opening the Charge

switch from the Charge state, and closing the Dump switch.



Also, the Dump state is realized by opening the Charge switch from the
Charge state, and closing the Dump switch. - 114 In the Dump state, the
charge accumulated in the variable capacitance devices C1 and C2 ’is
transferr_ed to a downstream circuit. Now, with the Dump state, bias
voltagg is maintained by making the capacitance of the variable
capacitance devices Cl and C2 to be a small state (i.e., Boost state), and
the yoltage signal Voutput can be output in a state of the voltage signal
having begn amplified. [0199]Theldharged main filer circuit according to
an embodiment of the present invention transfers voltage signals to a
downstream circuit, with operations such as described above. Also, as

In tShownmbovesthe, Chargecstateyand Bowst beé filan exEigivETeldtion®
[0200] [Charged main filer circuit according to sixth %gngodimegt of

O

capapigsentin@atenERigt 17 38 anexplahatdri iagraht lustfating 8W€hsz§ragam

~main filer circuit having an amplifier accordjng._t i iment of
CirChigtpredEnt in\)’éh%n Fgﬁtﬁosﬁlgp 1%E ?s%gri e%l%%%a?o%%?a%ﬂ?n%ﬁIustrnati?\g

mainWQX%@@“S feignals, relating g dhe sixifxrembpdiment.af thepresent

|nvent|.on. ow, a charged main filer circuit is a type of circuit using
capakeconfigurabie REdechnolagy whicttenatsles receptibndfate (i.e..
Boost state), and the voltage signal Voutput can be cutput
in a state of the voltage signal having been amplified.
[0199]

The charged main filer circuit according to an
embodiment of the present invention rransfers voltage
signals to a downstream circuit, with operations such as
described above. Also, as shown above, the Charge state and
Boost are in an exclusive relation.

[0200]
[Charged main filer circuit according to sixth embodiment of
present invention]

Fig. 17 is an explanatory diagram illustrating a
charged main filer circuit having an amplifier according to
a sixth embodiment of the present invention. Also, Fig. 18
is an explanatory diagram illustrating waveforms of signals
relating to the sixth embodiment of the present invention.
Now, a charged main filer circuit is a type of circuit using
reconfigurable RF technology which enables reception of
wireless signals of different frequency pands with a single

RF (Radio Freguency) circuit.



wireless signals of different frequency bands with a single RF (Radio
Fre_qugncy).circuit. - 115 - [0201] With reference to Fig. 17, the charged
main f}ler IC|rcuit 600 according to the sixth embodiment of the present
invention includes a transconductor (gm) 602, a first SINC filter circuit
6_04, a second SINC filter circuit 606, and an analog/digital conversion
circuit (Analog to Digital Converter; ADC) 608. [0202] The transconductor
692 Is a voltage/current conversion device which converts input voltage
;lgnals into current proportiorrate- to’thie voltage signals, and outputs. The
first SINC filter circuit 604 has capacitors Cl through C4 having a .
predetermined capacitance, and switches SWI through SW12. The
ro201econd SINC filter circuit 606 has first variable capacitance devices Clp

through C4p equivalent to the p-MOS varactors accordin I
rough 0 1 g t rst
é\?nbbdmﬁie‘iﬁﬁﬂi@pﬁ‘ééehﬂanén?ibn?ggcéﬁba VaablE %é%a%ftgiﬁ%%

. devices Clp through C4p equival h : CLOF'S @gE0ksiag:
cirogé fikd leMbEGihTent of ﬁ?eqﬁ%e%e%r%%%n%wg% \éé\?\;{%g éak\?vglé o

invegggéﬁ%h SW22,sThatis to sawdprRigcta the secorid SINE filterssircBithC
Is of a configuration having four amplifying units 610 through 616

£i1 tfﬁﬂ@&@‘@ﬁﬁﬂﬂg gthe amplifiend00 HiGoking prthelfirstérhbbdimeritst 2@
e

analog/digital conversion circuit (Analecg to Digital
Converter; ADC) 608.
[0202]

The transconductor €02 1s a voltage/current conversion
device which converts input voltage signals into current
proportionate tTO the voltage signals, and outputs. The
first SINC filter circuit 604 has capacitors Cl through C4
having a predetermined capacitance, and switches SW1l through
SW1l2. The second SINC filter circuit 606 has first variable
capacitance devices Clp through Cdp equivalent to the p—MOS
varactors according to the first embodiment of the present
invention, second variable capacitance devices Clp through
Cdp eguivalent to the n-MOS varactors according to the first
empodiment of the present invention, and switches SWi3
through SW22. That 1is to say, in Fig. 17, the second SINC
filter circuit 606 is of a configuration having four
amplifying units 610 through 610 corresponding to the
amplifier 100 according to the first embodiment of the
present invention. The analog/digital conversion circuit

608 is a circuit for converting analog signals into digital



present invention. The analog/digital conversion circuit [ ircui

conver.tmg analog signals into digital - 116 - signals. [Ozgg]8 Ilfiritutrr?glt or
operatlpns of the charged main filter circuit 600 according to the’sixth
e_mbodlment of _the present invention will be described based on the clock
signals shqwn in Fig. 18. Now, while the first SINC filter circuit 604 has
four capacitors Cl through C4, and the second SINC filter circuit 606 has
four ampln‘ylr!g units 610 through 616, description will be made focused
on the capaatqrs Cland C2, and ¥ amplifying units 610 and 612, for
sake of convenience of description. [0204] First, input/output of chr;lrge
fr(_)m the flrst_ SINC filter circuit 604 to the second SINC filter circuit 606

Signayylg be described. Upon the clock signal ~1r going to high, the switch SW1
is closed and bias voltage Vbias is impressed on the cap’acitor Cl, and

. 020xharge accumulated in the capacitor Cl is removed. Also, upon th,e clock

signal ~Ir going to low, the switch 1i j [ [
aona - 2P0 v ¢h SW1 is gpened and impression of bias
\Foﬁ‘_t*aﬁE V%lih@s iR¥té5ped: Next, upon the clog}signal ~I going to high, the
circ?gv’étCEU%ngt%&Mg““E@r%thgi%mr&mbtm&mm thé the present

ranscondluctor 602 is input, and the capacitor Cl accumulates charge, In
inveﬁ%%§%W@ﬂﬂaybﬁKmHQEKmmﬂdggaa@d on the clock signals shown
in Fig. 18. Now, while the first SINC filter circuit 604

has four capacitors Cl through C4, and the second SINC |
f£ilter circuit 606 has four amplifying units 610 through 616,
description will be made focused on the capacitors Cl and C2,
and the amplifying units 610 and 612, for sake of

convenience of description.

[0204]

First, input/output of charge from the first SINC
f£ilter circuit 604 to the second SINC filter circuit 606
will be described. Upon the clock signal ¢lr going to high,
the switch SWl is closed and hias voltage Vbias is impressed
on the capacitor Cl1, and charge accumulated in the capacitor
c1 is removed. Also, upon the clock signal ¢lr going to Low,
the switch SW1 is opened and impression of Dbias voltage
VYpias is stopped. Next, upon the clock signal 61 going to
high, the switch aW2? is closed, whereby the current output
from the transconductor 602 is input, and the capacitor CL
accumulates charge. In the same way, upon the clock signal
$2r going to high, the switch g4 is closed and bilas voltage

Vpias is impressed on the capacitor C2, and charge



_~2r going to high, the switch SW4 is closed and bias voltage Vbias is
|mpre§sed on the capacitor C2, and charge - 117 accumulated in the
capaator C2 is removed. Next, upon the clock signal ~2 going to high, the
switch SW5 is closed, whereby the current output from the |
transconductor 602 is input, and the capacitor C2 accumulates charge.
Then, upon the clock signal ~4 going to high, the switches SW3 and SW6
are closgd, whereby a part of the charge accumulated in the capacitors ClI
and C2 is output to the second-SINC/filter circuit 606. At this time, the

clock signal ~I goes to high, so the switch SW14 is closed, and charge is
aCCl_J_mu_Iated at the amplifying unit 610 so as to maintain a state of
2ccugduiibdumiwith the charge ield-irCtheicapaeitersCl and €2 of #iefrst e

SINC filter circuit 604. Now, sharing a charge, among_multiple capacj
SINC filt , sh , pacjtors
clocfin theysixih eMbodimentef théIpreseAtinVEATGT, k?gﬁ\%;eﬁéﬁp c%ggéc’i?c?r’and

amplifying upit) so as to form a_state qf equilibri ibe
whe rgballdchaihbeharing “Riso, E:reoc ;%r%% %&%@%@Sﬁ%ﬁfﬁni%ﬁygo

j_npuig a charge,output from.ihe capacitars(Ghard-S2-nagaecordingly thepon
sdmpling rate is decimated (Decimation) to 1/2. [0205] Next, focusing on

the hessecond SINC fltereiroui 608, haitfn the- Bmplifyingrmie 6 50 Juporsithen 6
clock signal $4 going to high, the first variable capacitor devi
are theosed, whereby a part of the chargepaccumé?%%%g”ﬁ%n%he
capacitors Cl and C2 is output to the second SINC filter
circuit 606. At this time, the clock signal 1 goes to high,
5o the switch SW14 is closed, and charge is accumulated at
the amplifying unit 610 so as to maintain a state of
equilibrium with the charge held in the capacitors €1 and CZ
of the first SINC filter circuit 604. Now, sharing a charge
among multiple capacitors (in the sixth embodiment of the
present invention, between capacitor and amplifying unit} so
as to form a state of equilibrium, as described above, is
called charge sharing. Alsc, the charge input to the
amplifying unit 610 is a charge output from the capacitors
C1 and C2, and accordingly the sampling rate is decimated
(Decimation) to 1/2.
[0205]

Next, focusing on the second SINC filter circuit 606,
with the amplifying unit 610, upon the clock signal ¢4 going
to high, the first variable capacitor device Clp and the
second variable capacitor device Cln Increase in capacitance,

in the same way as with the p-MOS wvaractor Pl and the n-MOS



second variable capacitor device Cln increase in capacitance, in the
same way as with the p-MOS varactor P1 and the n-MOS - 1i8 varactor
Nl of the amplifier 100 according to the first embodiment of the present
invention. Next, upon the clock signal 4Ir going to high, the switch SW13
is closed and bias voltage Vbias is impressed on the amplifying unit 610
and charge accumulated in the amplifying unit 610 is removed. Then 1
upon thg clock signal 41 going to_high, the switch SW14 is cloéed anéj
charge is ag:cumulated by charg Igar‘i"ng. Upon the clock signal 4:4 going
to high again, the capacitance of the first variable capacitance device Clp

and the second variable capacitance device C1n decre [
cay ] es as.with the
varacase of the p-MOS vamkici PEand A-MEE VAR NI g?ﬁ%%:?alrﬁﬁn ier

100 according to the first embodiment, descri bo
. \ n
embopREHE si{frla%l%eaﬁﬁﬁﬁéﬁlqn la%gg%%ﬁgg Witﬁ%%fﬁgeM%O?aga%%a%?gk
sign %i@%% r%tfggﬁ_ this fime, the switeh, SWS isralso closetldn atcerdariogs s
t e clock |_gnal 4_4, so the amplified output voltage signal is output
vol Iom theiamplifyingrynit 636cNote thatthenamplifying unit 632510 and
accumulates charge by charge sharing in the same way as with the

- - . ' . h
charamplifing:ubit 640, and Upenane LAGek-SgnEra4 g6 to high Bulput

voltage signals are output fro e amplifying unjt 6312 he, gt
Thenvoltge! sighal @8@&&&5‘3? ttﬁ% ti%oegggthgoa%%%%fnzggrﬁt %fgg)%zoe]

SWl4 is closed, and charge is accumulated by charge sharing.
Upon the clock signal ¢4 going to high again, the
capacitance of the first variable capacitance device Clp and
the second variable capacitance device Cin decreases as wWith
the case of the p-MCS varactor Pl and n-MOS varactor N1 of
the amplifier 100 according to the first embodiment
described above, and the output voltage signal 1s amplified
in accordance with change in capacitance change ratio. At
fhis time, the switch SW15 ia also closed in accordance with
+he clock signal ¢4, so the amplified output voltage signal
is output from the amplifying unit 610. Note that the
amplifying unit 612 accumulates charge by charge sharing in
the same way as with the amplifying unit 610, and upon the
clock signal ¢4 going o high, output voltage signals are
cutput from the amplifying unit 612 and the output voltage
signal is decimated, in the time as the amplifying unit 610.
[0206]

Also, in the same way as with the capacitors Cl and C2

of the first SINC filter circuit 604 and the amplifying



Also, in the same way as with the capacitors Cl and C2 of the fi

filter cqcun 604 and the amplifying - 119 units 610 and 612 o? I;lrgts?elcl\(l)cn:d
SINQ filter circuit 606, the capacitors C3 and C4 of the first SINC filter
circuit 604 and the amplifying units 614 and 616 of the second SINC filter
circuit 606 perform charge sharing and decimation of output voltage
signals based on the clock signals ~1r through ~4r, ~1 through ~4, ~1r
thrqugh ~4r, and ~1 through ~4.[0207] In the event that the clock1signal
~4 is high, the analog/digital Co sion circuit 608 converts the output

voltage signal amplified by the amplifying circui [ igi
: g circuits 610 and 612 into digit
values, and in the event that the clock signal ~2 is high, convert ot

. : . h e
umtsgilgtﬁglt Vﬂﬁg@éﬁggf il:g.rﬁd?fgﬁé %CE? @ﬁz&%g%ﬁ%pfm o
Capacif?jﬁg@?%@iﬁg( 8!’Cnb§a?rinéﬁ"trc§%he present inveJ"nt?(é)i}lcyc(i'tlirtlE am@p(l}i?y
and t&ﬁpﬁf“&g} izéd %%tg%ﬁ%]lta%le@g%%g;? fgogt(r)@gj]iszimfuﬁﬁ;f ﬁw anddurther
£1 1t dhe charged-maifiterr form charge sharing and degygggwgi(gf
cutput voltage signals based on the clock signals ¢lr
through ¢4r, ¢1 through ¢4, ¢lr through ¢4r, and é1 through
o4 .

[0207]

In the event that the clock signal 94 is high, the
analog/digital conversion circuit 608 converts the ocutput
voltage signal amplified by the amplifying circuits 610 and
612 into digital values, and in the event that the clock
signal ¢2 is high, converts the output voltage signal
amplified by the amplifying circults 614 and 616 into
digital values.

[cz208]

Accordingly, the charged main filter circuit 600
according to the sixtn embodiment of the present invention
can amplify and decimate voltage signals input o the
+ransconductor 602, and further output digitized output
voltage signals.

[0209]
Also, with the amplifier of the charged main filter

circuit 600 according to the sixth embodiment of the present

invention, in the same way as with the amplifier 100



circuit 600 according to the sixth embodiment of the present invention, in
the same way as with the amplifier 100 - 120 according to the first ’
embodlm_ent of the present invention, an output voltage signal, wherein a
voltage S|gr_1al has been amplified by being multiplied by the cépacitance
chang(_a ratio with the magnitude of the bias voltage being held as itis as
to the input voltage signal by charge sharing, can be output, so the output
volta_gg signal never becomes unnecessarily great. Accordiﬁgly the
amplifier 600 according to the-sixthenmbodiment of the present invention
no Ionger_ needs to be provided with special measures regarding output
voltage slgnals of the amplifier according to the sixth embodiment of the

- cco PEESENt invention smaking=tiandling of thefouthet VolryR Sigrals Tasier ™/
and also gnabling contribution to finer circuits and lower electric po er’

an ocopsumption. FurtherothelprobaBis L of the "AbARGAE oPtHe ou %)at sen

voltage signal becoming greater than the po ,
e e
ratlg hodiment) As ?escifibed in the brincié)le of a@rru?gifﬁ:a%gfiwrﬁ?ﬁimm -
;¢ s@mplifier-agooeding go @nwernbedinent of e presehe invention! éRarge i

the same amount is cancelled out at one
be output, so the output voltage signal never becomes
unnecessarily great. Accordingly, the amplifier 600
according to the sixth embodiment of the present invention
no longer needs to be provided with special measures
regarding output veltage signals of the anplifier according
+o the sixth embodiment of the present invention, making
handling of the output voltage signals easier, and also
enabling contribution to finer circuits and lower electric
power consumption. rurther, the probability of the
magnitude of the output voltage signal becoming greater than
the power source voltage vdd can be made very small, SO
fthere is no distortion in output voltage signals, and
desired output voltage signals can be obtained.
[0210]
{Seventh Embodiment)

As described in the principle of amplification with the
amplifier according To an embodiment of the present
invention, charge of the same amount is cancelled out at one

terminal of the first variable capacitance device P and one

terminal of the second variable capacitance device N



terminal of the first variable capacitance device P and one terminal of the
second v_ariable capacitance device N - 121 electrically connected to the
one terminal of the variable capacitance device P, whereby the voltage
S|g_nal can be amplified by multiplication by the capacitance change ratio
whlle_ m_auntaining the magnitude of the bias voltage. However, there is a’
possibility that desired effects may not be sufficiently obtained’ in the
ever!t that an unexpected situation such as manufacturing irregularities of
the flrst variable capacitance d‘ev‘% P and second variable 'capacitance
device N, for example, occurs, such that a capacitance difference AC

occurs between the capacitance of the first variahle C%p%%itéancgrde i eP

elecﬁndgh_éf‘léﬁg@@dlwﬁa%ﬁ E&padHaneB UeVitE™NT The Teason th%reéta\\%n
e briefly described below with referenc ' ' h Fig. $E.
capafgda) SFofExart Slg?fn t‘ﬁﬁ%ﬂ%}ﬂﬁ%g féga%%ﬁi% %rﬁf%ér%ncf gA(.z‘,)@occurs
amp 1 between the capacitance. ofi the first variable capacitance devicg® and 1o,
the seco d varlgble capacitance device N, the charge at the Gate
wn1i1terminal of the fiest srasiableycapacitancé devicesR #FFig BBl =
-Cl_(Vdd/2 - V|_(|), and also the charge at the Gate terminal of the second
Howevariable capacitahce devicelKin Fig, 68 %QRFS {EF ngo WaaFXiny -

At this time, in Fig, 6B, th
ke sufficiently gbtainggngg the event that an unexpected

situation such as manufacturing irregularities of the first
variable capacitance device F and second variable
capacitance device N, for example, ©CCUIS, such that a
capacitance difference AC occurs hetween the capacitance of
the first variable capacitance device F and the second
variable capacitance device N. The reason thereof will be
briefly described below with reference to Fig. €A through
Fig. 7C.
(02111

For example, in the event that a capacitance difference
AC occcurs between the capacitance of the first variable
capacitance device P and the second variable capacitance
device N, the charge at the Gate trerminal of the first
variable capacitance device P in Fig. 6B is Qpl = -Cl{vdd/2
—~ Vin), and also the charge at the Gate terminal of the
second variable capacitance device N in Fig. 6B is Onl = (Cl
+ ACY e (Vdd/2 + Vin). AL this time, in Fig. 6B, the total
of the charge at the Gate terminal of the first variable

capacitance device P and the charge at the Gate terminal of



of the charge at the Gate terminal of the first variable capacitance device
P and the charge at the Gate terminal of - 122 the second variable
capacitance device N is Qtotal = (2 CI + AC)Vin + AC (Vvdd/2), with the
charge being dependent on the bias voltage Vdd/2. [0212] Accordingly,
the output voltage signal Voutput output from the amplifier via the Boost
state shown in Fig. 7C is that wherein the bias voltage Vbias = Vdd/2 has
also undesirably been amplified, as shown in Expression 6. [0213]
[Mathematical Expression 6] Voulpl#=Cl+ KAC 2C1+AC) 12 Vdd+kVin
=CIl+ZC~ AC~ Vbias+kVin (Expression 6) [0214] Now, the amplification
amount of the bias voltage Vbias shown in Expression 6 is such that the
the smallenthe capaciancesdifferencecACas,ithe shalier @iamplification” ©*
amount of the bias voltage Vbias is as compared to the ar([j]glifgiﬁ(:ﬁe%igrr{t on
+ ACamount ohthe bitédaltage anipified st 178 AoV descRbad conventional
MOSFET parametric 7mp|ifier 10. However, if the bias voltage Vbias is
the Riptifiga HeHowir’ Expression 6, there is the possibility that the
wm%ﬁivantages of the amplifier according to embodiments of the present

Accordingly, the output voltage signal Voutput output
from the amplifier via the Boost state shown in Fig. 7C is
that wherein the bias voltage Vbias = vdd/2 has also
undesirably been amplified, as shown in Expression 6.

102137

Mathematical Expression 6]

EAC J[Vdd
2C1+AC A 2
kAC
=l
201+ AC

« (Fxpression 6)

I@umur=(1+ )+ka

]$%MS+kWn

(02141

Now, the amplification amount of the bias voltage Vbias
shown in Expression 6 1s such that the smaller the
capacitance difference AC is, the smaller the amplification
amount of the bias voltage Vbias is as compared to the
amplification amount of the bias voltage amplified at the
above-described conventional MOSFET parametric amplifier 10.
However, if the bias voltage Vbias is amplified as shown in
Expression 6, there is the possibility that the advantages

of the amplifier according to embodiments of the present



- 12_3 invention, which are "making handling of the output voltage signals
easier", "gnabling contribution to finer circuits and lower electric power
consumptlo_n", and "desired output voltage signals can be obtained"”, may
not be obtainable. [0215] In order to deal with the above-described ’
prob_lem, a configuration wherein the area ratio of the Gate terminal of
the first variable capacitance device P and the Gate terminal of the

second variable capacitance device can be adjusted, has been illustrated
as a'secor}d embodiment of the péesent invention. However
confl_guratlons for handling the above-described problem aré not
restrlct(_ed to the second embodiment of the present invention.

1 nveACEOrdingly ; Bextaacsevent embedimentrelating-ocarothercorighiratith
for handling the above-described problem will be described with

s 1 gn EeferenceiterFigs "E tdig 220[E216P Hig OT9 ARd Fig 0 S 1 T2
explanatory diagrams illustratin

and eRREIMeRCSTthe FTe¥&T M %@éﬁ%ﬁgﬁé7%§§wcgg£@15aaé@¥§m@

state. and Fi _ illustrating a Track
voitg§ﬁ’égépagsZgéksﬁggéﬁ@gid§§p€cmﬁﬂyd&%lHeA§§¢Eghgﬁﬂsan
anatory diagram illustrating waveforms of signals according to the
{OZlgqventh embodiment of

Tn order to deal with the above—described problem, a
configuration wherein the area ratio of the Gate terminal of
the first variable capacitance device P and the Gate
rerminal of the seccnd variable capacitance device can be
adjusted, has been illustrated as a second embodiment of the
present invention. However, configurations for handling the
above~described problem are not restricted to the second
embodiment of the present invention. Accordingly, next, a
seventh empodiment relating to another configuration for
handling the above-described problem will be described with
reference to Figs. 19 through 21.

[ozle]

Fig. 19 and Fig. 20 are explanatory diagrams
illustrating an amplifier 700 according to a seventh
embodiment of the present invention, with Fig. 19
illustrating a Track state, and Fig. 20 a Boost state,
respectively.

[(0217]
Also, Fig. 21 is an explanatory diagram illustrating

waveforms of signals according to the seventh embodiment of



- 124 the present invention, with (a) illustrating control clock si
.controll_lng switches, (b) illustrating the input vg(’)ltage signaﬁ Viilggtalzggr(c)
|Ilystrat|ng the output voltage signal Voutput, respectively. Note th’at while
_Fl_g. 19 through Fig. 21 illustrate the bias voltage as being Vbias = Vvdd/2
it is needless_, to say that the bias voltage is not restricted to the ,
abov_e_—descrlbed. [0218] With reference to Fig. 19 and Fig. 20, the
gmpllf!er 700 according to the seventh embodiment of the preéent
|nvent|9n has the same basic eonifiguration as with the amplifier 100
_accordlng to the first embodiment of the present invention, but further
includes a p-MOS varactor 22 and n-MOS varactor N2. W’ith the p-MOS
ene AIRCIOL P2.ANGR-MAS varactoraN2 ;s with the MOSFET SHoWnih g
2, cap_acnance can be changed depending on whether or not there is an.
signdnyersion layer: Ao, the psMOSVaactofs P1iand' P2 Hhd hﬁﬁﬁoénput

G DT e e
o TP, 0L A e d0aceiny

) , , ntion, bias voltage Vdd/2 and voltage
19 tﬁ%g@%M"?QEUHQQtEM@@éE@@ﬁ@”ﬂmalﬂﬂhervoltaqe as being
vbias = Vdd/2, it is needless to say rhat the bias voltage
is not restricted to the above-described.
[0218]

With reference to Fig. 19 and ¥ig. 20, the amplifiexr
700 according to the seventh embodiment of the present
invention has the same basic configuration as with the
amplifier 100 according to the first embodiment of the
present invention, put further includes a p-—MOS varactor P2
and n-MQS varactor NZ. With the p-MOS varactor p2 and n-MOS
varactor N2, as with the MOSFET shown in Fig. Z, capacitance
can be changed depending on whether or not there is an
inversion layer. Also, the p-MOS varactors Pl and P2 and
the n-MOS varactors N1 and N2 of the amplifier 700
preferably have generally the same Gate terminal widths and
lengths {i.e., in the order of manufacturing variance 1s
permissible).
[0219]

As with the amplifier 100 according to the first

embodiment of the present invention, bias voltage vdd/2 and

voltage signal Vin are input to the Gate terminal of the n-



- 125 MOS varactor NI, in accordance with the connection state of the
switch SW1. Also, as with the amplifier 100 according to the first
embodiment of the present invention, the Source terminal and Drain
terminal of the p-MOS varactor Pl are connected to the power source
voltage source and the ground in accordance with the connection state of
the switch SW2, and the Source terminal and Drain terminal of the
n-MOS varactor NI are connected._to the power source voltage source
and the ground in accordance with connection state of the switch
SWa3. [0220] Also input to the (1) Source terminal and Drain terminal of
the p-MOS varactor P2, and further to the (2) Source terminal and Drain

MOS r¥amimal 6EthE n-MOS YaratterRee die the bids VORRGE VdtfZ affate ©f
It i Vi hi it ti t
the Vs‘?w?%e 2! . '”A‘iﬁc o ac%%‘?ﬁ”%?f%' é‘ﬁﬁ%@?@% iqnystage ot the,

50 S
swifc . "Also, the Ga?e terminal o varactor N2 is

to ooanecteditodhe POWeRE SOUFse voltage souses and thegraund, tRe Source
accordance with the connection state of the switch SW2, and the Gate

tertemaihabofdthd MO S vanacterlP2 is toringetéth o the power séurcere
voltage source and the ground, in accordance with the connection state

ot ghESwiteh SV PIOZAL] NG, dhe PRMES Gardtsr P91 and the'R-Mo3d
in YEROALHL 20 e RMOSVREPLEZ Acte MR YAAYMN sz,
and the Source terminal and Drain terminal of the n-MOS
varactor N1 are connected tc the power source voltage source
and the ground in accordance with the connection state of
the switch SW3.

[0220]

Also input to the (1) Source terminal and Drain
terminal of the p-MOS wvaractcr P2, and further to the (2)
Source terminal and Drain terminal of the n-MOS varactor N2Z,
are the bias voltage Vdd/2 and voltage signal Vin, each in
accordance with the connection state of the switch SWl.
Also, the Gate terminal of the n-MOS varactor N2 is
connected to the power source voltage source and the ground,
in accordance with the connection state of the switch SWZ,
and the Gate terminal of the p-MOS varactor P2 is connected
to the power source voltage source and the ground, in
accordance with the connection state of the switch 3W3.
[0221]

Now, the p-MOS varactor Pl and the n-MOS varacter NI,

and the p-MOS varactor P2 and the n-MOS varactor NZ, have



- 126 inverse conductivity, so there is the need to match the
increase/decrease change of capacitance. Accordingly, with the amplifier
700 according to the seventh embodiment of the present invention, while
the switch sW2 is connected to the power source voltage source, the
switch SW3 is connected to the ground, and while the switch SW2 is
connected to the ground, the switch SW3 is connected to the power
source voltage source. [0222] Arlqsg:'), the switch SW1 operates
synchronously with the clock signdl =I shown in Fig. 21(a), so as to be in
a closed state (i.e., "ON") when the clock signal 41 is high, with the bias
voltage Vdd/2 and voltage signal Vin being input to each of the Gate

INVeESAiRaR B thd PINMDS Farabiti 2 drid REMOS SardctorNESand fife
Sou%édtermmal and. Drain ter?lnals of t e MOS varac gr P2 and

incrg varac?or?\lf%??ﬁ i en %33&5 IWlth

en the ccfock S|gna

the HReswWitch SWigoaste.an apened state (&, QR drdochinput of the 1o

bias voltage Vdd/2 and voltage signal Vin to each of (i) the Gate terminals
presefithelp-MOSiaractehPlanthe-M@Sivaractol Nk andh(iig the:Sotrceche

terminal and Drain terminals of the p-MOS varactor P2 and n-MOS
?Owe%awmzwéﬁ@%@nﬁamewoﬁ@ma%%@atﬁa?ﬁbét@verémﬁ@@@& to

e g%gé‘l?x'zé'a e, 2uiigh LI hetfesticted Lo the above-described, and
ground, the switch SW3 is connected to the power source
voltage source.

[0222]

Alsc, the switch SW1 cperates synchronously with the
clock signal ¢1 shown in Fig. 21(a), so as to be in a closed
state (i.e., "ON") when the clock signal ¢1 is high, with
the bias voltage Vdd/2 and voltage signal Vin being input to
each of the Gate terminals of the p-MCS varactor Pl and n-
MOS wvaractor N1, and the Source terminal and Drain terminals
cf the p-MOS varactor P2 and n-MOS wvaractor N2.

[0223]

Also, when the clock signal ¢l goes to low, the switch
SW1 goes to an opened state {(i.e., "OFF"), and input of the
bias voltage Vdd/2 and voltage signal Vin to each of (i} the
Gate terminals of the p-MOS varactor Pl and n-MOS varactor
N1l, and (ii) the Source terminal and Drain terminals of the
p—-MOS varacteor P2 and n-MOS varactor N2, being controlled.
Note that the relation between the clock signal ¢1 and the

switch SW1 is not restricted to the above~described, and an



- 127 arrangement may be made wherein, for example, the switch SWI
closes when the clock signal 4)1 is low. [0224] On the other hand, the
switch SW2 is arranged such that the connection destination thereof
switches over synchronously with the clock signal 4)2 shown in Fig.

21(a), being connected to the ground when the clock signal 4)2 is high,
and connected to the power source voltage source when the clock signal
4)2 is low. Conversely, the switch ?\%\5} is arranged such that the
connection destination thereof swit¢hes over synchronously with the clock
signal 4)2, being connected to the power source voltage source when the
clock signal 4)2 is high, and connected to the ground when the clock

AT ISHATAS iST0W. Riotd ikt a87ehowi in Fig 2 faF ™ theSelock Sighit A And™

clo él‘ées ck%léﬂsi% 4})%1, Oagkwi}%q H?fea firgtiemgoqgg{?nt of the present invention,
the clock signa and the coclk ignal 4)2 are output such that the

o2 phases thereof do not overlap, thereby creating a Hold state. [0225] With
reference to Fig. 19, in the Track state, the switch SW1 closes due to the
cléuk sigraldtiegoing tathighhanskthedhpuitivdltage sigrahyinput issinputat
to the Gate terminals of the p-MOS varactor P1 and the n-MOS varactor

Lhe NFORT fHeE s&fie Wriy: 1RE inpof voRade SignarhpleR ifdto the Source
syngﬂQH%%E¥Y§D5¥@ﬁe%@23%¥&93$§¥5§%Ya$§“¥hown in Fig. 21(a),
being connected to the ground when the clock signal 62 is
high, and connected to the power source voltage source when
the clock signal ¢2 is low. Conversely, the switch SW3 is
arranged such that the connection destination thereof
switches over synchronously with the clock signal ¢2, being
connected to the power scurce voltage source when the clock
signal ¢2 is high, and connected to the ground when the
clock signal ¢2 is low. Note that as shown in Fig. 21(a),
the clock signal ¢1 and the clock signal ¢2, as with the
first embodiment of the pregent invention, the clock signal
¢l and the clock signal ¢2 are output such that the phases
thereof do not coverlap, thereby creating a Hold state.
[0225]

With reference to Fig. 19, in the Track state, the
switch SWl closes due te the clock signal ¢1 going to high,
and the input voltage signal Vinput 1s input fo the Gate
terminals of the p-MOS wvaractcr Pl and the n-MOS varactor NI1.
In the same way, the input voltage signal Vinput is input to

the Source terminal and Drain terminal of the p-MOS varactor



- 128 P2 and the Source terminal and Drain terminal of the n-MOS
varactor N2. Now, the input voltage signal Vinput input to the amplifier
700 according to the seventh embodiment of the present invention is a
signal wherein the bias voltage Vdd/2 and the voltage signal Vin are
superimposed, as shown in Fig. 21(b). [0226] Also, the switch SW2 is
connected to the power source voltage source when the clock signal 42 is
low, and the switch SW3 is connegt 9 to the ground when the clock
signal ~2 is low. At this time, inversion 'Layers are formed at each of the
p-MOS varactor P1 and n-MOS varactor NI, and the capacitance of each

increases. Accordingly, the valtage at_the Gate terminals of the p-MO
P2 CE P MO VAR o TATORS 1 B0 Wi refinpae
varyeiege \signaldipput, i the, sameyay-as with:1he AMBlifier 100 nous o
according to the present embodiment, and a charge according to the
theinphb Yoltage sighal Yinphtt isl aecumulated indhe:p: M@Shaddeten Plamd:he

the n-MOS varactor NI. [0227] In the same way, when the switch SW is
Dreg6ntecttd 2o HeTpowersotiee #oltatteseurte tand teasviveh: SWmeisVdd/ 2

connected to the ground, inversion layers are formed at each of the p- ,
and\j3§ vEract6PB2 %ﬁ%%—M&é%a%?or%@,em%sgﬂfacﬁgncg Bfgath 9
21 (Ipcreases. '
[0226]

Also, the switch SWZ is connected to the power source
voltage source when the clock signal ¢2 is low, and the
switch SW3 is connected toe the ground when the clock signal
$2 is low. At this time, inversion layers are formed at each
of the p-MOS varactor Pl and n-MOS wvaractor N1, and the
capacitance of each increases. Accordingly, the voltage at
the Gate terminals of the p-MOS varactor P1 and n-MGS
varactor N1 changes in accordance with the input veltage
signal Vinput, in the same way as with the amplifier 100
according to the present embodiment, and a charge according
to the input voltage signal Vinput i1s accumulated in the p-
MCS varactor P1 and the n-MOS varactor NI1.

(0227

In the same way, when the switch SW is connected to the
power source voltage source, and the switch SW3 is connected
.to the ground, inversion layers are formed at each ©f the p-
MCS wvaractor P2 and n-MOS varactor N2, and the capacitance

of each increases.



- 129 - [0228] Accordingly, in the Track state shown in Fig. 19, inversion
layers are formed at the semiconductor interface directly below the Gate
terminals of each of the p-MOS varactors Pl and P2 and n-MOS varactors
Ni and N2, and the capacitance of each increases. [0229] The following
is a description of the capacitance of the p-MOS varactors P1 and 22 and
n-MOS varactors N1 and N2 in the Track state, with reference to Fig. 22A
through Fig. 25B. Note that in Fig..224 through Fig. 25B, Fig. 22A, Fig.
23A, Fig. 24A, and Fig. 25A each iljfustrate a Track state, and Fig. 22B,
Fig. 23B, Fig. 24B, and Fig. 25B each illustrate a Boost state. [0230]

w, in Fig. 22A through Fig. 25B, Cgd indicates the overlap capacitance
and fringe capacitance between the Gate terminal and Drain terminal.

Alga Gpx indigates the gapasitange aftheLateaxide film:and €gs
indicates the “overlap capacitance and fringe capacitance between the
invdGateoterminal andsSeurce terminalc Atsos Coepiindicatestthe depletidace

layer capacitance directly below the Gate terminal. Also, Gjd indicates the

dirggrctibnccapacitifice 6Rthe Dt i@dwihal ands indic&tes the Jiietion
vargg ggg”%?(gégePgogggt%“&®§Lvaractors N1 and N2, and the
capacitance of each increasss.

[0229]

The folleowing is a description of the capacitance of
the p-MOS wvaractors Pl and P2 and n-MOS varactors N1 and NZ
in the Track state, with reference to Fig. 222 through Fig.
25B. Note that in Fig. 22A through Fig. 25B, Fig. 223, Fig.
23A, Fig. 24A, and Fig. 254 each illustrate a Track state,
and Fig. 2ZB, Fig. 23B, Fig. 24B, and Fig. 2Z5B each
illustrate a Boost state.

[0230]

Now, in Fig. 22A through Fig. 25B, Cgd indicates the
overlap capacitance and fringe capacitance between the Gate
terminal and Drain terminal. Also, Cox indicates the
capacitance of the Gate oxide film, and Cgs indicates the
overlap capacitance and fringe capacitance between the Gate
terminal and Source terminal. Also, Cdep indicates the
depletion layer capacitance directly below the Gate terminal.
Also, Gjd indicates the junction capacitance of the Drain

terminal, and Cis indicates the junction capacitance cf the

Source terminal.



- 130 - [0231] [Capacitance of p-MOS varactor P1 in Track state] Fig. 22A
is a schematic diagram illustrating the Track state of the p-MOS varactor
Pl which the amplifier 700 according to the seventh embodiment of the
present invention has. The capacitance Cmax, pl in the Track state as
viewed from the Gate terminal side has the electric field terminated at the
inversion layer (Inversion layer), and accordingly is expressed as in
Expression 7. [0232] [Mathematic atggxpressmn 7] Cmax Pl = Cox + Cgd
+ Cgs . . . (Expression 7) [0233] [ apacitance of n-MOS varactor Ni in
Track state] Fig. 23A is a schematic diagram illustrating the Track state of
the n-MOS varactor N2 which the amplifier 700 according to the seventh
102 3dmbodiment of the present invention has. The capacitance Cmax, N2 in

rc aptgggrggléstat% as \ : \%ed frogTC e DE@ln ?r@%gng%qe terminal

CHrTHE 866N 35 ox, and Cgs as to the Gate terminal, and also Cjd,
Cglep, and £is as lo the:brlkderminak anghaccordingly is iexpressedas:ink

Expression 8. [0234] [Mathematical Expression 8]
state of the p-MOS varactor P1 which the amplifier 700
according to the seventh embodiment of the present inventicn
has. The capacitance Cmax, pl in the Track state as viewed
from the Gate terminal side has the electric field
terminated at the inversion layer (Inversion layer), and
accordingly is expressed as in Expression 7.

[0232]

[Mathematical Expression 7]
C =Cox+ Cgd +Cgs

- « (Expression 7]

max, Pl

[0233]
[Capacitance of n-MOS varactor N1 in Track state]

Fig. 23A is a schematic diagram illustrating the Track
state of the n-MOS varactor N2 which the amplifier 700
according to the seventh embodiment of the present invention
has. The capacitance Cmax, N2 in the Track state as viewed
from the Drain terminal and Source tferminal can be seen as
cdg, Cox, and Cgs as to the Gate rerminal, and also Cid,
Cdep, and Cjs as to the bulk terminal, and accordingly is
expressed as in Expression 8.

[0234]

[Mathematical Expression 8]



-131-C.-IN2 =Cox + Cgd + Cgs + Cjd +Cjs + Cdep .. .(Expression 8)
[0235] [Capacitance of n-MOS varactor Ni in Track state] Fig. 24A is a
schematic diagram illustrating the Track state of the n-MOS varactor Ni
which the amplifier 700 according to the seventh embodiment of the
present invention has. The capacitance Cnax,Ni in the Track state as
viewed from the Gate terminal side has the electric field terminated at the
inversion layer, and accordingly.is; expressed as in Expression 9. [0236]
[Mathematical Expression 9] Cm,x. N, = Cox + Cgd + Cgs (Expression
9) [0237] [Capacitance of p-MOS varactor 22 in Track state] Fig. 25A is a

cchereatie,diaggam digstraling te Miatdp state of the p-MOS varactor P2
which the amplifier 700 according to the seventh embodiment of the

* preSefitiRtahtion has. The capacitance Cmax,P2 in the Track state as
viewed from the Drain terminal and Source terminal can be seen as Cdg,
[023C0x, and Cgs as to the Gate terminal, _and qlso Cjd, Cdep, qnd Cjs as to
capne ity (Q-uell coptact), and ageorginaly s £xpresse as in Expression
Fig. 24A is a schematic diagram illustrating the Track
state of the n-MOS varactor N1 which the amplifier 700
according to the seventh embodiment of the present invention
has. The capacitance Cpx, w1 in the Track state as viewad
from the Gate terminal side has the electric field
terminated at the inversion layer, and accordingly is
expressed as in Expression 9.
[0236]
[Mathematical Expression 2]

C

max, N1

=Cox +(Cgd +Cgs

+ (Expression 9)

[0237]
[Capacitance of p-MOS varactor PZ in Track state]

Fig. 25A is a schematic diagram illustrating the Track
state of the p-MOS varactor P2 which the amplifier 700
according to the seventh embodiment of the present invention
has. The capacitance Cpax, pz in the Track state as viewed
from the Drain terminal and Source terminal can be seen as
cdg, Cox, and Cgs as to the Gate terminal, and also Cjd,
Cdep, and Cjs as to the Body (N-well contact), and

accordingly is expressed as in Expression 10.



- 132 - [0238] [Mathematical Expression 10] C P2 = Cox +Cgd +Cgs +Cjd
+Cjs +Cdep . (Expression 10) [0239] [Capacitance of amplifier 700 in
Track state] Accordingly, the capacitances Ca, max and Cb, max of the
amplifier 700 in the Track state can be expressed as in Expression 11
and Expression 12, respectively. [0240] [Mathematical Expression 11]
C0O,max = Cmac,Pi + Cmax,N2 = Cox, p+Cgd, p+Cgs, p + Cox, n + Cgd, n
+Cgs, n + Cjd, n + Cjs, n + Cdep, ; . (Expression 11) [Mathematical
Expression 12] Cb,max = Cmax,N 34 Cmas,P2 = Cox, n + Cgd, n + Cgs,
n+ Cox, p + Cgd, p + Cgs, p+Cjd, p + Cjs, p + Cdep, p = Cox, P +Cgd, P
+ Cgs, p + Cox, n+ Cgd, n +Cgs, n + Cjd, p + Cjs, p + Cdep, p

(02 ¥Bxpression 12) [0241] Now, the capacitance Ca, max shown in

xpression s the capacit to the upper side in Fig. 19 and Fig. 20
[Ma E’Flée)msaum %h é gpac:lta%ce %fqiﬁz p-MOS varactor P1 and the

(apacitdoge Oigthe OgMOSFargpteriiepi.e., the sum of Expression 7 and

Expressmn 8). Also the capacitance Cb, max
. Expre551on

[0239]

[Capacitance of amplifier 700 in Track state]
Accordingly, the capacitances Ci, max and Cp, mex ©f the

amplifier 700 in the Track state can be expressed as in

Expression 11 and Expression 12, respectively.

10240]

[Mathematical Expression 11]

C mC’mauc,}"
=Cox, p+Cgd, p+Cgs, p+Cox,n+Cgd,n+Cgs,n+ Cjd,n+Cjs,n+ Cdep,n

s {Expression 11)

i + Cmax,NZ

a,max

[Mathematical Expression 12]

Cb,max = Cma.x,NZ +Cmax,P2
= Cox,n+Cgd,n+Cgs,n+Cox,p+Cgd, p+Cgs,p+Cjd, p+ Cjs, p+ Cdep, p
=Cox, p+Cgd, p+Cgs,p+Cox,n+Cgd,n+Cgs,n+Cjd, p+Cjs,p+ Cdep, p
+ » {Expression 12}
102417

Now, the capacitance Ci, max Shown in Expression 11 is
the capacitance to the upper side in Fig. 19 and Fig. 20
(the sum of the capacitance of the p-MOS varactor Pl and the
capacitance of the n-MOS varactor NZ, i.e., the sum of

Txpression 7 and Expression 8). Also, the capacitance Cp, nax



- 133 shown in Expression 12 is the capacitance to the lower side in Fig.
19 and Fig. 20 (the sum of the capacitance of the n- MOS varactor NI and
the capacitance of the p-MOS varactor P2, i.e., the sum of Expression 9
and Expression 10). Note that in Expression 11 and Expression 12, for
example, Cox, p represents the Cox of a p-MOS varactor, and Cox, n
represents the Cox of an n-MOS varactor. Also, other items are the same
as well. [0242] Comparing Exprjes%g)? 11 and Expression 12, it can be
seen that while Cjd, Cjs, and Cdep differ among those relating to p-MOS
varactors and n-MOS varactors, the other items are the same.
Accordingly, it can be understood that the values shown i%E pression 1&@
|

shovghditheBEITES Shdtn it Expression 18 Have Hifférenle Which 87¢F =+

ich'is
in ﬁf@?”ﬁ’@“g%tﬁgg?'% ofGid, Cis, age Gdep. Qnthe otherbagd, Sk -

and Cjs are called’junction capacitance, and if the size of the MOS

MOoS VaaGters.there, sizesindicatessthewidtiscandblengths pfthesGateractor P2,
terminals.) is generally the same, the junction capacitances differ little

i . e between pumMOS varaptors ahdm-MQOS dvdiactors: ConvelSely, tREcCdephat
the depletion layer capacitance directly below the Gate terminal, so the

in EApaERaIG differLhewesR R ad i Hotvever thé eetion fayér P
reo SEEFISLSHIE I CI sk compated U el apsplance o
represents the Cox of an n-MOS varactor. Also, other items
are the same as well.

[0242]

Comparing Expression 11 and Expression 12, it can be
seen that while C3id, Cjs, and Cdep differ among those
relating to p-MOS varactors and n-MOS varactors, the other
items are the same. Accordingly,.it can be understood that
the values shown in Expression 11 and the values shown in
Expression 12 have difference which is dependent on the
values of Cjd, Cis, and Cdep. On the other hand, Cjd and
Cis are called juncticn capacitance, and if the size of the
MOS varactors t(here, size indicates the widths and lengths
of the Gate terminals.) is generally the same, the junction
capacitances differ little between p-MOS varactors and n-MOS
varactors. Conversely, the Cdep is the depletion layer
capacitance directly below the Gate terminal, so the
capacitance differs between p and n. However, the depletion
layer capacitance is sufficiently small as compared to the

total capacitance of other capacitances, and accordingly can



- 134 - be ignored as a negligible error. [0243] Accordingly, in the event
that the size of the NOS varactors making up the amplifier is generally the
same, no capacitance difference AC occurs in the Track state (strictly
speaking, the capacitance difference AC can be made extremely small,
and ignored as a negligible error.) with the amplifier 700 according to the
seventh embodiment of the present invention. [0244] Next, with
reference to Fig. 20, in the Boost s%%t]g the switch SWI opens by the clock
signal ~I going to low, and input of the input voltage signal Vinput to the
Gate terminals of the p-NOS varactor 21 and n-MOS varactor N1, and to
the Source terminals and Drain terminals of the p-MOS varactor P2 and

be IRMOSYafsctér NOJéach 5 &idphear[0245] Also, when the clock signal

[ozf%is at high the switch SW2 is connected to the ground, and when the
clock signal ~2 is at high the switch SW3 is connected to the power

sauree voltage source Aldhisdime, thedrversiondayersahichhadbibeen

generated at the semiconductor interface directly below the Gate
varderminalsefithe p-MO S varaztor Pl faneiin-MO S evarastol Ni bnd theme, no

p-MOS varactor P2 and n-MOS varactor N2 disappear, and the
capzaphaRaifces delhsithd p-meigirs in the Track state

(strictly speaking, the capacitance difference AC can be
made extremely small, and ignored as a negligible error.)
with the amplifier 700 according to the seventh embodiment
of the present invention.

(02443

Next, with reference to Fig. 20, in the Boost state,
the switch SWl opens by the clock signal ¢1 going to low,
and input of the input voltage signal Vinput to the Gate
terminals of the p-MOS varactor Pl and n-MOS varactor NI,
and to the Source terminals and Drain terminals of the p-MOS
varactor P2 and n-MOS wvaractor N2, each, 1is stopped.

[0245]

Also, when the clock signal 62 is at high the switch SW2
is connected to the ground, and when the clock signal $2 is
at high the switch SW3 is connected to the power source
voltage source. At this time, the inversion layers which
had been generated at the semiconductor interface directly
below the Gate terminals of the p-MOS varactor Pl and n-MOS
varactor N1 and the p-MOS varactor P2 and n-MOS varactor NZ

disappear, and the capacitances of each of the p-MOS



- 135 varactors P1 and P2 and n-MOS varactors Ni and N2 decrease.
[0246] The following is a description of the capacitance of the p-MOS
varactors Pl and P2 and n-MOS varactors Ni and N2 in the Boost state,
with reference to Fig. 22B, Fig. 23B, Fig. 24B, and Fig. 25B. [0247]
[Capacitance of p-MOS varactor Pl in Boost state] Fig. 22B is a schematic
diagram illustrating the Boost state of the p-MOS varactor P1 which the
amplifier 700 according to the s_ev§§g1 embodiment of the present
invention has. With the capacitance CTmin, pl in the Boost state as
viewed from the Gate terminal side, Cox and Cdep can be viewed due to
the inversion layer disappearing, and accordingly is egfgressed asin
varasinEssibh 137 ] %tﬁéﬁ%@ﬁcé(‘l%?&égﬁén N3] AL ENEdBF TReE® -
{024+6 gd + Cgs Cox +_Cdep .. (Sxpressicn 13) [0249] [Capacitance of
n-MOS varactor N2 in Boost state] Fig. 23B is a schematic diagram

g'ggi@tmmﬂgﬁwt sstate afthe-MQS varactomN2 avhichs thesamplifier
the p-MOS varactors Pl and P2 and n-MOS varactors N1 and NZ
in the Boost state, with reference to Fig. 22B, Fig. 23B,
Fig. 24B, and Fig. Z5B.
[0z247]
[Capacitance of p-MOS varactor Pl in Boost statel

Fig. 22B is a schematic diagram illustrating the Boost

state of the p-MOS varactor Pl which the amplifier 700
according to the seventh embodiment of the present invention
has. With the capacitance Cmin, pl in the Boost state as
viewed from the Gate terminal side, Cox and Cdep can be
viewed due to the inversion layer disappearing, and
accordingly is expressed as in Expression 13.
(02481
[Mathematical Expression 13]

c _ Cox-Cdep
WL Cox + Cdep

+ « [Expression 13)

+Cgd +Cgs

[0249]
[Capacitance of n-MOS varactor NZ in Boost state]

Fig. 23B is a schematic diagram illustrating the Boost
state of the n-MOS varactor N2 which the amplifier 700

according to the seventh embodiment of the present invention



according to the seventh embodiment of the present invention - 136 has.
The capacitance Cmin,N2 in the Boost state as viewed from the Drain
terminal and Source terminal cannot view Cox and Cdep due to the
inversion layer disappearing, and accordingly is expressed as in
Expression 14. [0250] [Mathematical Expression 14] Cn;,,,N2 = Cgd +
Cgs +Cjd +Cjs . . . (Expression 14) [0251] [Capacitance of n-MOS
varactor Ni in Boost state] Fig. 24B is a schematic diagram illustrating the
Boost state of the n-MOS varactor'Nfwhich the amplifier 700 according
to the seventh embodiment of the present invention has. With the

capacitance Cmin,Ni in the Boost state as viewed from the Gate terminal
has sid&hGox and Cdepcdn be viewetldie o thedAversfoniayas viewed

cro BT S S e Sgremed e e 5 0
and é(g%e%k%n 10 {9253]{Capagitance.of P-MOS ¥apactori22in Boest
accordingly is expressed as in Expression 14.
(02507
[Mathematical Expression 141

Conny =Cgd +Cgs +Cjd + (s

+ (Expression 14)

[0251]
[Capacitance of n-MOS varactor N1 in Boost state]

Fig. 24B is a schematic diagram illustrating the Boost
state of the n-MOS varactor N1 which the amplifier 700
according to the seventh embodiment of the present invention
has. With the capacitance Cpin, w1 in the Boost state as
viewed from the Gate terminal side, Cox and Cdep can be
viewed due to the inversion layer disappearing, and
accordingly is expressed as in Expression 15.

[0z252]
[Mathematical Expression 15]

c _ Cox-Cdep
=R Cox + Cdep

« =« «(Expression 15)

+Cgd +Cgs

[0253]

[Capacitance of p-MOS varactor P2 in Boost state]



- 137 Fig. 25B is a schematic diagram illustrating the Boost state of the
p-MOS varactor P2 which the amplifier 700 according to the seventh
embodiment of the present invention has. The capacitance Cmin,P2 in
the Boost state as viewed from the Drain terminal and Source terminal
cannot view Cox and Cdep due to the inversion layer disappearing, and
accordingly is expressed as in Expression 16. [0254] [Mathematical
Expression 16] C 2 Cg d+ Cgs + Cjd+ Cjs . (Expression 16) [0255]
[Capacitance of amplifier 700 inBdost state] Accordingly, the
capacitances C3, in and Cb, min of the amplifier 700 in the Boost state
can be expressed as in Expression 17 and Expression 18, respectively.

[0B56] [Mathehratica$ Exprassich E7p Caini2 BHRPIEMINERS Eoest
<o JSEPRIC oG Sl CoRr SN COt L E0EP PP
accé%ﬁiga to the seventh embodiment of the present invention
has. The capacitance Cpin, p2 in the Boost étate as viewed
from the Drain terminal and Source terminal cannot view Cox
and Cdep due to the inversion layer disappearing, and
accordingly is expressed as in Expression 16.

[G254]
[Mathematical Expression 16]

Coinpr =Cegd +Cgs +(Cjd + (s

« (Expression 16)

[0255]
[Capacitance of amplifier 700 in Bcost state]

Accordingly, the capacitances C;, nin and Cp, min 0f the
amplifier 700 in the Boost state can be expressed as in
Expressiocn 17 and Expression 18, respectively.

[0256]

[Mathematical Expression 17]

Ca,nzin = Cmin,P] + Cmin,N?_

_ Cox,p-Cdep, p

+Ced,p+Ces, p+ Ced,n+ Cgs,n+Cid,n+ Cjs,
Cox, p+Cdep, p EEPTLESLPr gL RTRESL AT LA T LS.

* (Expression 17)

[Mathematical Expression 18]



Cox, nCdep,n +CSd' 0+Cgs, n+CSd' p +Cgs' p Cjs, Cox, n + Cdep, n p
Cox, nCdep,n +C8d' p +Cgs, p+Cgd,n+Cgs, n + d' +Cs' Cox,n+Cdep,n p
. (Expression 18) [0257] Now, the capacitance Ca, min shown in
Expression 17 is the capacitance to the upper side in Fig. 19 and Fig. 20
(the sum of the capacitance of the p-MOS varactor P1 and the
capacitance of the n-MOS varactor N2, i.e., the sum of Expression 13
and Expression 14). Also, the capa itance Cb, mim shown in Expression
18 is the capacitance to the lower side in Fig. 19 and Fig. 20 (the sum of
the capacitance of the n-MOS varactor NI and the capacitance of the
MOS aracto P2, i.e., the sum of Expression 15 and Expression 16).
Bﬁﬁ’bai}nﬁg&pres&on 17 and Expression 18, it can be seen that
Whl|e dej*f@jﬂ b es C C|tanc of Co nd Cd (first term in
Expressmﬂm&ﬁﬁp?gglon qué? di erggarﬁgng fhode re&g‘{ gﬁ'foée ‘fos
varactor 9%”@9 varactors, the other items are the same.
Accordi r%—r&eﬁ%%eﬂmﬂ ipedimapthedlues Shownr O/Expre€sion 17
and the &iuts SHE® in Expression 18 have difference which is
. depengdent-en dhenmlues of Cjd, Cjs, Cox, and Cdep. On the - 139 other
hand, with Cjd and Cjs, if the size of the MOS

[0257]

Now, the capacitance Cj, min shown in Expression 17 is
the capacitance to the upper side in Fig. 19 and Fig. 20
(the sum of the capacitance of the p-MOS varactor Pl and the
capacitance of the n-MOS varactor N2, i.e., the sum of
Expression 13 and Expression 14). Also, the capacitance Cy,
nin Shown in Expression 18 is the capacitance to the lower
side in Fig. 19 and Fig. 20 (the sum of the capacitance of
the n-MOS varactor N1 and the capacitance of the p-MOS
varactor P2, i.e., the sum of Expression 15 and Expression
16) .

[0258]

Comparing Expression 17 and Expression 18, it can be
seen that while Cid, Cjs, and the series capacitance of Cox
and Cdep (first term in Expression 17 and Expression 18}
differs among those relating to p-MOS varactors and n-MOS
varactors, the other items are the same. Accordingly, it
can be understood that the values shown in Expression 17 and
the values shown in Expression 18 have difference which is

dependent on the values of Cid, Cjs, Cox, and Cdep. On the



varactors is generally the same, there is little difference between p-MOS
varactors and n-MOS varactors, as described above. Also, the series
capacitance of Cox and Cdep is sufficiently smaller than Cdep in both
p-MOS varactors and n-MOS varactors, so the difference of the series
capacitance of Cox and Cdep is sufficiently small in Expression 17 and
Expression 18. Accordingly, the difference of the series capacitance of
Cox and Cdep in Expression 17~arid3l§x9ression 18 can be ignored as a
negligible error. [0259] Accordingly,”in the event that the size of the MOS
varactors making up the amplifier is generally the same, no capacitance
difference AC occurs in the Boost state (strictly speaking, the cagacitance

othefdrafte AL Edn beCnia éxtromety shidh, 8hdToiforel s’ d'Hegligible
var SHELI MM the pmplliet, 700, 2cgarding to,he seyeniembadinan otie.
sSent inverttio [P %f ] i

presen n. Also, the capacitance of the amplifier 700

bet @EEQrdingta; the seventhembediment of thepresertinvenrtionsindheved
Track state, i.e., the maximum capacitance Cmax in the amplifier 700,

abocan bélaken asthessum of Expressiormitand Exprassion Txep is

Accordingly, the maximum capacitance of the amplifier 700 is expressed
suf59q5&ﬁ§ Oﬁ@@§;§gotT@§6ﬁdep in both p-MOS varactors and

n-MOS varactors, so the difference of the series capacitance
of Cox and Cdep is sufficiently small in Expression 17 and
Expression 18. BAccordingly, the difference of the series
capacitance of Cox and Cdep in Expression 17 and Expression
18 can be ignored as a negligible error.

[0259]

Accordingly, in the event that the size of the MOS5
varactors making up the amplifier is generally the same, nc
capacitance difference AC occurs in the Boost state
(strictly speaking, the capacitance difference AC can be
made extremely small, and ignored as a negligible error.)
with the amplifier 700 according to the seventh embodiment
of the present invention.

[0260]

Also, the capacitance of the amplifier 700 according to
the seventh embodiment of the present invention in the Track
state, i.e., the maximum capacitance Cmax in the amplifier
700, can be taken as the sum of Expression 11 and Expression
12. Accordingly, the maximum capacitance ¢f the amplifier

700 is expressed by Expression 109.



[Mathematical Expression 19] C max = Co".U + Ch..~ = 2(Cox, p + Cox,
n) + Cdep, p + Cdep, n + 2(Cgd, p + Cgs, p+Cgd,n+Cgs, n)+Cjd, p+Cjs,
p+Cjd,n+Cjs,n ... (Expression 19) [0262] Also, the capacitance of the
amplifier 700 according to the seventh embodiment of the present
invention in the Boost state, i.e., the maximum capacitance Cmin in the
amplifier 700, can be taken as the sum of Expression 17 and Expression

18. Accordingly, the maximum ga%aé: tance of the amplifier 700 is
expressed by Expression 20. [0263] dfMathematicaI Expression 20] C min
= Ca nun + Cb min Cox, p - Cdep, p + Cox, n Cdep, n Cox, p + Cdep, p
Cox, n + Cdep, n) +2(Cgd,p+Cgs, p+Cgd,n+Cgs,
[026rjr)1+de,p+st,p+de,n+st,n ... (Expression 20) [0264] As shown in

[Mat%)é%géﬁiggll%%%géggﬁiopﬁo, it can be seen that Cox and Cdep

contribute to the ‘capacitance change ratio. Now, in p-MOS varactors and
-MOS varactors, Cox becomes the series capacitance of Cox and Cdep

in the case™ 141°%f the Boost state, so a layout of the amplifier 700
s 2(Cox, p+Cox, n) + Cdep, p+ Cdep,n

+2(ng,p+Cgs,p+ng,n+Cgs,n)+ Cid,p+Cjs, p+Cjd,n+Cjs,n

- .« {Expregsion 19)

[0262]

Also, the capacitance of the amplifier 700 according to
the seventh embodiment of the present invention in the Boost
state, i.e., the maximum capacitance Cmin in the amplifier
700, can be taken as the sum of Expression 17 and Expression
18. Accordingly, the maximum capacitance of the amplifierx
700 is expressed by Expression 20.

[0263]
[Mathematical Expression 20]
Cmin=C, . +C; .,

_ Chap-CHqu~FCbLn-CmmJ1
Cox,p+Cdep,p Cox,n+Cdep,n

+2(ng,p+Cgs,p+ng,n+Cgs,n)+ Gd,p+Cjs,p+Cjd,n+Cjs,n

« (Expression 20}

[0264]

As shown in Expression 19 and Expression 20, it can be
seen that Cox and Cdep contribute to the capacitance change
ratic. Now, in p-MOS varactors and n-MOS varactors, Cox

becomes the series capacitance of Cox and Cdep in the case



according to the seventh embodiment of the present invention such that
other capacitances are as small as possible, is effective in making the
capacitance change ratio great. Specifically, when the Gate length of
each MOS varactor making up the amplifier 700 is longer, the area of the
Drain terminal and Source terminal as to the area of the Gate region can
be made correspondingly small. Accordingly, laying out the amplifier 700
as described above enables a greﬂ Increase of the capacitance change
ratio. [0265] As described above, with the amplifier 700 according to the
seventh embodiment of the present invention, there is no capacitance

difference AC occurring in the Track state and Boost state. Ac7c§6dingly,
of GhE aititier ?56%%coﬁfi’n§*tolaﬂ¥8%vé)r§h% Sdifient of the present

accdvention.can, in the, same wayas with.the applifier 100-according @ the on
Hirst embodiment, amplify the voltage signal Vin by multiplying by the

suclicapasitanaenehange ratior withdhe magnitwdernf the biaspueltagel ¥dd/2s
maintained, by change in capacitance such as shown in Expressions 2

ef fandi340266mAttomlingly, thermtpmaioiage Voriuticithe anipkfier 700
a_ccordirﬁto the seventh embodiment of the present invention is a

Speqsdvefert WhelSiRthd YBItEGe Sighaloth2 Iin Has been ampiifsd 5y
mak{%%“%¥"%%2¥%ﬁ%%%%?@%“?%o is longer, the area of the Drain

terminal and Socurce terminal as to the area cf the Gate
region can be made correspondingly small. Accordingly,
laving out the amplifier 700 as described above enables a
great increase of the capacitance change ratio.

[0265]

As described above, with the amplifier 700 according to
the seventh embodiment of the present invention, there is no
capacitance difference AC cccurring in the Track state and
Boost state. Accordingly, the amplifier 700 according to
the seventh embodiment of the present invention can, 1in the
same way as with the amplifier 100 according to the first
embodiment, amplify the voltage signal Vin by multiplying by
the capacitance change ratio, with the magnitude of the bias
voltage Vdd/2 maintained, by change in capacitance such as
shown in Expressgions 2 and 3.

[0266]

Accordingly, the output voltage Voutput of the

amplifier 700 according to the seventh embodiment of the

present invention is a waveform wherein the voltage signal



change ratio with the magnitude of the bias voltage Vdd/2 maintained.
Now, the output voltage Voutput is smaller than the power source voltage
Vdd, so there is no distortion occurring in the output voltage as with the
conventional MOSFET parametric amplifier 10. [02671 As described
above, the amplifier 700 according to the seventh embodiment of the
present invention has a configuration wherein both a p-MOS varactor and
n-MOS varactor are vertically arr (here, "vertical" indicates a
symmetrical placement such as shown in Fig. 19, for example.
Accordingly, "horizontal" and "diagonal” are also included in the

. configuration of the amplifier 700 according to the seventh embadiment of
Vin Rapre&sit ir?\?g?&ibﬁlaé)da brﬁaf?élfgfl ou¥§%’.5fj. Rl%w%,?é(\e/eﬁ i %cel%\?enrﬁ?hat

chadfgreare; manufacturng M&%ﬁﬂ%&ﬁé in the RMOR, varastors Faakjg 4P
the amplifier 700, the capacitance difference among the MOS varactors is

mairexiremely smallas long asitheyare MOS yarastarswithigenerally. the than
same size and of the same conductivity type. Accordingly, with the

the gpaplifier 700raccordingoehd ddverth emisodiment BPtHE!FTeSERE O1
invention, even in the event that there are manufa turinfﬁ irre Iari%i%oin

OCClRE PAMOS vArAGtors Bl n-NiOS SEfactSrsmaking Ui the amplifiet 700,
MOS the, cgg§g%g ]g&'ﬁ%r‘,ggﬁ A 143 pcan be made extremely small.

[0267]

As described above, the amplifier 700 according to the
seventh embodiment of the present invention has a
configuration wherein both a p-MOS varactor and n-MOS
varactor are vertically arrayed (herxe, "vertical" indicates
a symmetrical placement such as shown in Fig. 19, for
example. Accordingly, "horizontal™ and "diagonal"” are also
included in the configuration of the amplifier 700 according
to the seventh embodiment of the present Iinvention as a
matter of course.). Now, even in the event that there are
manufacturing irregularities in the n-MOS varactors making
up the amplifier 700, the capacitance difference among the
MOS varactors ils extremely small as long as they are MOS
varactors with generally the same size and of the same
conductivity type. Accordingly, with the amplifier 700
acoording to the seventh embodiment of the present invention,
even in the event that there are manufacturing
irregularities in the p-MOS varactors and n-~MOS varactors

making up the amplifier 700, the capacitance difference A



[0268] Accordingly, the amplifier 700 according to the seventh
embodiment of the present invention can maintain the magnitude of the
bias voltage included in the input voltage signal, even after amplification.
[0269] Thus, with the amplifier 700 according to the seventh embodiment
of the present invention, in the same way as with the amplifier 100
according to the first embodiment of the present invention, an output
voltage signal, wherein a voltage sjgnal has been amplified by being
multiplied by the capacitance change ratio with the magnitude of the bias
voltage being held as it is as to the input voltage signal, can be output, so
the output voltage signal nev Ebecomes unnecessarily great.

can ReESHfgY & "?éﬁ“ft%%’avsi;ﬁnga e amplifier 700 according to the seventh

(0269 bodiment of the present invention no longer needs to be provided with
special measures regarding output voltage signals of the amplifier 700,
meaking-Randling, ofithe output vbltage sighals-easietrand alsorenablingnth
contribution to finer circuits and lower electric power consumption.

embcRlntivert thefprobablite Bt itfe Aidgrbdenf R olpubvéitdye-<ignal

becoming greater than the power source voltage Vdd can be mad
02 9Tk S therd B W&Bi‘%to\fﬁgﬁ W%utb%‘f%f?eg Signals. (f 8gg?xegde

age signals, - ﬂlﬁ’ug’n
51 grMPULNRIR0S signals £aR be;oblaingd,
[0269]

Thus, with the amplifier 700 according to the seventh
embodiment of the present invention, in the same way as with
the amplifier 100 according to the first embodiment of the
present invention, an output voltage signal, wherein a
voltage signal has been amplified by being multiplied by the
capacitance change ratio with the magnitude of the bias
voltage being held as it is as to the input voltage signal,
can be output, so the output voltage signal never beccmes
unnecessarily great. Accordingly, a circuilt having the
amplifier 700 according to the seventh embodiment of the
present invention no longer needs to be provided with
special measures regarding ocutput voltage signals cf the
amplifier 700, making handling of the output voltage signals
easier, and alsc enabling contribution to finer circuits and
lower electric power consumption. Further, the probabkility
of the magnitude of the output voltage signal becoming
greater than the power source voltage vdd can be made very

small, =o there is no distortion in output voltage signals,



[0270] (Eighth Embodiment) The amplifier 700 according to the seventh
embodiment of the present invention can be applied to a charged main
filter circuit, as shown with the above-described sixth embodiment of the
present invention. Accordingly, a charged main filter circuit having the
amplifier 700 according to the seventh embodiment of the present
invention will be described next as an eighth embodiment of the present
invention. [0271] Fig. 26 is an explanatory diagram of a charged main
filter circuit 800 having the amplifier 700, according to the eighth
embodiment of the present invention. [0272] With reference to Fig. 26,

the charged main filter circuit 800 according to hg ej gtg.%rggodiment of
and (2s hrdsant thvéntion %Jg!g,a foF e%i%%?g,sa &/%873 ET 802 serving as the

[027(éﬁ1arge switch shown in Fig. 16, the amplifier 700 according to the
seventh embodiment of the present invention, and a MOSFET 804

(E1icgervingrascal Reset switch, and a MOSFET 806 serving as a Dump
switch. [0273] An n-MOSFET (N'l) and p-MOSFET (P'l) which the
MOSFETR 1451 802 TS ate @ath exélusively npressed Wit hutrer e

source . . . ‘
of the present invention can be applied to a charged main

filter circuit, as shown with the above-described sixth
empbodiment of the present invention. Accordingly, a charged
main filter circuit having the amplifier 700 according to
the seventh embodiment of the present invention will be
described next as an eighth embodiment of the present
invention.

(62711

Fig. 26 is an explanatory diagram of a charged main
filter circuit 800 having the amplifier 700, according to
the eighth embodiment of the present inventiocn.

[0272]

With reference to Fig. 26, the charged main filter
circuit 800 according to the eighth embodiment of the
present invention has, for example, a MOSFET 802 serving as
the Charge switch shown in Fig. 16, the amplifier 700
according to the seventh embodiment of the present invention,
and a MOSFET 804 serving as a Reset switch, and a MOSFET 806
serving as a Dump switch.

[0273]

An n-MOSFET (N'1l) and p-MOSFET (P'l) which the MOSFET



voltage Charge. Also, an n-MOSFET (N'2) and p-MOSFET (P'2) which
the MOSFET 804 has are each exclusively impressed with power source
voltage Reset. Also, an n-MOSFET (N'3) and p- MOSFET (P'3) which the
MOSFET 806 has are each exclusively impressed with power source
voltage Dump. Also, the upper- stage variable capacitance devices
(p-MOS varactor Pl and n- MOS varactor N2) and lower-stage variable
capacitance devices (n-MOS va[wac#%rEiNl_and p-MOS varactor P2) which
the amplifier 700 has are each exclusively impressed with power source
voltage Boost. [0274] Now, with the charge main filter circuit 800, the
components operating as variable Q?E%acitance devig%s may be only the

802 \iGSFRTS Gtifd aRiphifiBr 706, 18r eXEmphes Atsd'* & gBREFay
vozmg%gv% aéﬁ%@é‘@?& gyich as the MQSEE]s 802 through; 806,sy6b@s (p:2)

nin Fig. 26 for example, or the like, can be improved in operating
whispeedbymaking the) Gate, Jeagth shorter 4o raduces@Nyesistancesed with
However, with the charged main filter circuit 800, the MOSFETs 802
powtiroaghi 806 arelpagsiticspacitafée as 16 the vERANE Baphiditancend p-
devices, and accordingly can be factors reducing the capacitance ch%g%%

MOS b, Atcordifigly With e ERaTGE maM® fitercirttift 80, the Gate' S
eSO L1 Sl a0t OB LA e Yo OO0 e
stathe sige Ofple capacitance devices (p-MOS varactor Pl and n-
MOS varactor N2} and lower-stage variable capacitance
devices (n-MOS varactor N1 and p-MOS varactor PZ) which the
amplifier 700 has are each exclusively impressed with power
“source voltage Boost.

[0274]

Now, with the charge main filter circuit 800, the
components operating as variable capacitance devices may be
only the MOSFETs of the amplifier 700, for example. Also,
MOSFETs generally used as switches, such as the MOSFETs 302
through 806 such as shown in Fig. 26 for example, or the
like, can be improved in operating speed by making the Gate
length shorter to reduce ON resistance. However, with the
charged main filter circuit 800, the MOSFETs 80Z through 806
are parasitic capacitance as to the variable capacitance
devices, and accordingly can be factors reducing the
capacitance change ratio. Accordingly, with the charge main
filter circuit 800, the Gate terminals of the swiitches such

as the MOSFETs 802 through 806 are preferably formed small



the Gate terminals of the switches such as the MOSFETs 802 through
806, and the configuration of the MOSFETs 802 through 806, are not
restricted to the above. [0275] Also, the charged main filter circuit 800 can
output the output voltage signal Voutput amplified with the bias voltage
being maintained, by the basic operations of the charged main filter circuit
according to the above-described embodiments of the invention. [0276)
Accordingly, by using the charged main filter circuit 800, there is no more
need for a downstream circuit to be “frovided with special measures
regarding output voltage signals of the charged main filter circuit 800,

. making handling of the output voltage signals easier, and also _enabling

in sortribuidh eRfirirclits aRdIGWer-&Retric® poRér EBASurhpfors 12 ©F

Further, the probability of the magnitude of the output volt
the b%%%%lﬁ& ﬁ%? a%ftﬁepﬁov%grg gocllﬁlr%g v%ﬂgg‘e ddtcc\flﬁaéggma evegrg)/‘2

+hr S8l $9cthers is na distortiondn output yollage signalss andsdesired
output voltage signals can be obtained. [0277] (Ninth Embodiment) Fig.

+hr &1dB apvexplanatory-diageam illustrating @ <147 aharged main filter circuit
900 having the amplifier 700,
[0275]

Also, the charged main filter circuit 800 can output
the output voltage signal Voutput amplified with the bias
voltage being maintained, by the basic operations of the
charged main filter circult according to the above-described
empbodiments of the invention.

[0276]

Accordingly, by using the charged main filter circuit
800, there is no more need fdr a downstream circuit to be
provided with special measures regarding output voltage
signals of the charged main filter circuit 800, making
handling of the cutput voltage signals easier, and also
enabling contribution to finer circuits and lower electric
power consumption. Further, the probability of the
magnitude of the output voltage signal becoming greater than
the power source voltage Vdd can be made very small, sO
there is no distortion in output voltage signals, and
desired output voltage signals can be obtained.

[0277]

(Ninth Embodiment)

Fig. 27 is an explanatory diagram illustrating a



according to a ninth embodiment of the present invention. [0278] Making
reference to Fig. 27, the charged main filter circuit 900 according to the
ninth embodiment of the present invention has basically the same
configuration as the charged main filter circuit 800 according to the ninth
embodiment of the present invention. Now, as described in the basic
operations of the charged main filter circuit according to the embodiments
of the present invention, the Charqe state and Boost state are in an
exclusive relation. Accordingly,'éS“s%%W"n in Fig. 27, the power source
voltage applied to the MOSFET 802 and amplifier 700 can be held in
common. 0279] Accordingly, the charged main filter circuit 900 can be
chasgfplifediin drebitebnfiduratiibh at’ompareado the darded iz At

oo Gt A e SO0 LA SUtpt e ButBAE IoTae SmaE o
Eozyg)j.ltput amplified with the bias voltage being maintained, by the basic
operations of the charged main filter circuit according to the
ahoveidescribéd smhediments @f thie invehtior;lim theesame wayfas with
the charged main - 148 - filter circuit 800.
circuit 900 according to the ninth embodiment of the present
invention has basically the same configuration as the
charged main filter circuit 800 according to the ninth
embodiment of the present invention. Now, as described in
the basic operations of the charged main filter circuit
according to the embodiments of the present invention, the
Charge state and Boost state are in an exclusive relation.
Accordingly, as shown in Fig. 27, the power source voltage
applied to the MOSFET 802 and amplifier 700 can be held in
Common.
(02791

Accordingly, the charged main filter circuit 900 can be
simplified in circuit configuration as compared to the
charged main filter circuit 800.

[C280]

Also, even with the configuration shown in Fig. 27, the
charged main filter circuit 200 can output the output
voltage signal Voutput amplified with the bias voltage being
maintained, by the basic operations of the charged main

filter circuit according to the above-described embodiments

of the invention, in the same way as with the charged main



[0281] Accordingly, by using the charged main filter circuit 900 according
to the ninth embodiment of the present invention, there is no more need
for a downstream circuit to be provided with special measures regarding
output voltage signals of the charged main filter circuit 800, making
handling of the output voltage signals easier, and also enabling
contribution to finer circuits and lower electric power consumption.
Further, the probability of the m_agg'téjdg of the output voltage signal
becoming greater than the power source voltage Vdd can be made very
small, so there is no distortion in output voltage signals, and desired
output voltage signals can be obtained. [0282] (Tenth Embodiment) The
£1 1 tfplftiers acEordity to the above-described first through ninth

EO28efﬂ)odiments are such that change in capacitance occurs due to whether
of not inversion layers are present in the p-MOS varactors and n-MOS

va{actors; anch accerdingly perferm "reverse-mage! eperations. Nowe the:

p- MOS varactors and n-MOS varactors also operate in an "accumulation
200 nede’whergincharige inicapaciabceldveurs dug td:accuraghation of

electron holes near the oxide film. Accordingly, even in cases of replacing

1NV ARplifiEREIFAT 2deBrdifg %o BReEbdREdesGHBEITrEEMfo g Sixth™ t°

be provided with special measures regarding output voltage
signals of the charged main filter circuit 800, making
handling of the output voltage signals easier, and also
enabling contribution to finer circuits and lower electric
power consumption. Further, the probability of the
magnitude of the output voltage signal becoming greater than
the power source voltage Vdd can be made very small, so
there is no distortion in output voltage signals, and
desired cutput voltage signals can be obtained.

[0282]

(Tenth Embodiment)

The amplifiers according to the above-described first
through ninth embodiments are such that change in
capacitance occurs due to whether or not inversion layers
are present in the p-MOS varactors and n-MOS varactors, and
accordingly perform "reverse mode" coperations. Now, the p-
MOS varactors and n-MOS varactors also operate in an
"secumulation mode™ wherein change in capacitance occurs due
to accumulation of electron holes near the oxide film.

Accordingly, even in cases of replacing the amplifiers



embodiments with the p-MOS varactors and n-MOS varactors operating
in an "accumulation mode", of the bias voltage and voltage signal input to
the amplifier, the voltage signal can be amplified, in the same way as with
the amplifiers according to the above-described first through sixth
embodiments. [0283] (Eleventh Embodiment) Next, description will be
made regarding an eleventh embodiment of the present invention. Now,
the embodiments described abovi g{\é re each attempts to solve the
above- described [first problem] through [third problem] occurring at the
time of voltage Boost, by realizing a CMOS type amplifier using MOS
varactors of inverse conductivity types (p-MOS and n-MOS) . Conversely,

ﬂcc%@lé%ﬁplﬁ%r@%orﬂﬁﬁgvﬁ)“%ﬁ%%@e ﬂﬁnér}i}r‘é’[ & 8alize the

capac ance eVICGS varactors Oft € same conduct|V|ty type.

oped9284k [F;’L'iﬁn%leq@@ﬁ&dlﬁ@a&%wm@@phﬂe@ﬁoraﬁgaur@ﬂﬁ vasiablere and
capacitance devices of the same conductivity type] Fig. 28A through Fig.

vo 1286 ard explanatopy diagrams eillastpdting the principler of aapificativrm 1

with an - 150 amplifier according to an embodiment of the present,
can be amplified, in the same way as with the amplifiers

according to the above-described first through sixth
embodiments.

[0283]

{(Fleventh Embodiment)

Next, description will be made regarding an eleventh
embodiment of the present invention. Now, the embodiments
described above were each attempts to solve the above-
described [first problem] through [third problem] occurring
at the time of voltage Boost, by realizing a CMOS type
amplifier using MOS varactors of inverse conductivity types
(p-MOS and n-MOS). Conversely, the amplifier according to
the present embodiment attempts to realize the same
functions as the above embodiments by using variable
capacitance devices (MOS varactors) of the same conductivity
Type.

[0284]
[Principle of amplification with amplifier configured of
variable capacitance devices of the same conductivity typel

Fig. 28A through Fig. 28C are explanatory diagrams

illustrating the principle of amplification with an



invention. Here, Fig. 28A illustrates a Track state, 28B illustrates a Hold
state, and 28C illustrates a Boost state, respectively. [0285] With
reference to Fig. 28A through Fig. 28C, the amplifier configured of
variable capacitance devices of the same conductive type, according to
an embodiment of the present invention, have (1) a first variable
capacitance device A of which the capacitance varies, and (2) a second

variable capacitance device B having the same conductivity type as the

first variable capacitance device—A,1 #th bias voltage Vdd/2 and voltage

signal Vin being input to the first variable capacitance device A and the
second variable capacitance device B in accordance with the connection
amp kidtee st tecwittH W AlSo anedirstiiiabRicapititneée device A is

connected to the power souree V(i(;i?l%eh?% rce, and the.secon varialglg
0 the

inveBhdeRancé Gevice B & contiecte ground. Note that the blas

111Yoltage is;shown as \dd/2 in Big 1284 through Fig.48C, butpbgourseds e,
not restricted to this. [0286] As shown in Fig. 28A, in the Track state, the

resswiiehv8W, is closed, whereby the bias voltage Vdd/2 and voltage signal
Vin are input via the switch SW1. Accordingly, the - 151 potential
[ 02¢gfference at both ends of the first variable

With reference to Fig. 28A through Fig. 28C, the
amplifier configured of variable capacitance devices of the
same conductive type, according tc an embodiment of the
present invention, have (1) a first variable capacitance
device A of which the capacitance varies, and (2) a second
variable capacitance device B having the same conductivity
type as the first variable capacitance device A, with bilas
voltage Vdd/2 and voltage signal Vin being input to the
first variable capacitance device A and the second variable
capacitance device B in accordance with the connection state
of the switch 8SWl. Also, the first variable capacitance
device A is connected to the power source voeltage source,
and the second variable capacitance device B is connected to
the ground. Note that the bias voltage is shown as Vdd/2 in
Fig. 28A through Fig. 28C, but of course is not restricted
to this.

(02861

As shown in Fig. 28A, in the Track state, the switch

SW1l is closed, whereby the bias voltage Vdd/2 and voltage

signal Vin are input via the switch SWl. Accordingly, the



capacitance device A is Val = VVdd/2 - Vin, and the potential difference at
both ends of the second variable capacitance device B is Vbl = Vdd/2 +
Vin. Consequently, the first variable capacitance device A and the second
variable capacitance device B accumulate charge. [0287] Next, as
shown in Fig. 28B, in the Hold state, by the switch SWI opening from the
Track state, input of the bias voltage Vdd/2 and voltage signal Vin stops.
Here, the following relations hold in the Hold state. (1) The charge Qal =
-Cl Val = -Cl (Vdd/2 - Vin) immé‘di%@éily Pprior to the switch SWI opening is
held at the lower side of the first variable capacitance device A (the
terminal at the side connected to the switch SWI in Fig. 28B). (2) The
pot ehhigel Qbl £TIrvore GHvEgR vi)ammediaelyt brdE to/thielsikitéh
SW1 opening is held at the upper side.aof, the second variable capacitance
Cap%%%ﬁ%@?thgetgﬁﬁﬁa‘ﬁaﬁfhe\%ihezco%ﬂ%ééed_to?fﬁél ‘swaltréﬁ?sti%ei iIE %%lge.ntla}“

ai £ £8B).[02881 Now,the total af-charge Qtotalxpid at the lower side.of: the-o

irst variable capacitance device A and the upper side of the second

devVaHableicapasitancesdeavice B ig charge Qtotadxaick =12, CleNin. first
Accordingly, the input signal Vin - 152 is equivalent to being input to a

vartapéaugm@aﬂgmﬁpﬁgwd@vice A and the second variable
capacitance device B accumulate charge.
(02871

Next, as shown in Fig. 28B, in the Hold state, by the
switch SW1 opening from the Track state, input of the bias
voltage Vdd/2 and voltage signal Vin stops. Here, the
following relations hold in the Held state.
(1) The charge Qal = -C1 « Val = -C1 (Vdd/Z - Vin)
immediately prior to the switch SW1 opening is held at the
lower side of the first variable capacitance device A {(the
terminal at the side connected to the switch SW1 in Fig.
288B) .
(2} The charge Qbl = C1 +« Vbl = Cl (Vdd/2 + Vin) immediately
prior to the switch SW1 opening is held at the upper side of
the second variable capacitance device B (the terminal at
the side connected to the switch SW1 in Fig. 28B).
[0288]

Now, the total of charge Qtotalysg 2t the lower side of
the first variable capacitance device A and the upper side

of the second variable capacitance device B is charge

Ototalpee = 2 ¢ Cl + Vin. Accordingly, the input signal Vin



twice the capacitance of the capacitance Cl. [0289] Next, as shown in Fig.
28C, in the Boost state, the capacitance of the first variable capacitance
device A and the second variable capacitance device B are each reduced
from C1 to C2 respectively (here, Cl > C2 holds.) by being multiplied by
1/k. That is to say, the capacitance of the first variable capacitance device
A and the second variable capacitance device B is C2 = Cl/k. [0290] At
this time, due to the charge Q' = (k - 1)C2 Vdd/2 making transition from
the first variable capacitance device °& td the power source voltage source
side, charge of an amount equivalent to the charge Q' is cancelled out at
the lower side of the first variable capacitance device A and the upper
is sidelofahesecbrd variableldapakitance dedics Bl tASHI IR fife eRarges
. at the lower side, of the first_variable cagacitance devi'ce Ais Qa2 =-C2
EWiRFIdDS KR Cand il fhe santé Way’ e chatgs at the upper side of the
[Ozggqond variable capacitance device B is Qb2 =-C2 (Vdd/2 + kVin). [0291]
Accordingly, in the Boost state, the potential difference impressed on both
engs:of fhe: frst varablerr 153; capacitance dewicesAds Va2i=Vdd/2chkvin,

capgggglice of the first variable capacitance device A and
the second variable capacitance device B are each reduced
from C1 to C2 respectively {here, Cl > C2 holds.) by being
multiplied by 1/k. That is to say, the capacitance of the
first variable capacitance device A and the second variable
capacitance device B is C2 = Cl/k.

[0290C]

At this time, due to the charge Q' = (k — 1)C2 « vdd/2
making transiticn from the first variable capacitance device
A to the power source voltage source side, charge of an
amount eguivalent to the charge Q' is cancelled out at the
lower side of the first variable capacitance device A and
the upper side of the second variable capacitance device B.
Accordingly, the charge at the lower side of the first
variable capacitance device A is QaZ = -C2 (Vdd/2 - kvVin},
and in the same way, the charge at the upper side cf the
second variable capacitance device B is Qb2 = -C2 (vdd/2 +
kvin) .

(02917
Accordingly, in the Boost state, the potential

difference impressed on both ends of the first variable



potential difference impressed on both ends of the second variable
capacitance device B is Vb2 =Vdd/2 + kVin. Now, the charge total
Qtotalg.ost at the lower side of the first variable capacitance device A and
the upper side of the second variable capacitance device B in the Boost
state is QtotalBOOSt =2 Cl Vin = Qtotaleold. Accordingly, the charge is
held even in the Boost state. [0292] Accordingly, with the amplifier
configured of variable capacitance devices of the same conductivity type
according to an embodiment of"’[h%?) esent invention, the input voltage
signal Vin can be amplified k (capacitance change ratio) times, while
maintaining the bias voltage Vdd/2 = Vbias, as with the amplifiers having

capaTNOSEECoHEING 16 enbicdifiehts ol ik preseft ivenfibi desEribed

above. Accordingly, with, the amplifier configure arjabl i
ot FRehieh of e Gari s SoRAUNY Hoe Sotordig e Smbodnent ot
var Presentinyention, the.oufpyt voltage:is ngb tnnecessagily: greatas withw ,
the conventional MOSFET parametric amplifier 10, so the probability of
the the three prohlemsmfdhe lgonventional MQSFET pardmetric ahmplifiersd
described above occurring can be made very small, thereby contributing
var igkfirer rBaits 4Ad veleldsfichowet dohBumipash. 0293] £154Riso,

the principl ificati [ ifi
secondpvarggﬁgéﬂggggggggg%g”ggégwg”@rin the Boost gtate is

Ctotalpeest = 2 * Cl ¢ Vin = Qtotalgeis. Accerdingly, the
charge is held even in the Boost state.
(02921

Accordingly, with the amplifier configured of variable
capacitance devices of the same conductivity type according
to an embodiment of the present invention, the input voltage
signal Vin can be amplified k (capacitance change ratic)
times, while maintaining the bias voltage Vdd/2 = Vbias, as
with the amplifiers having CMOS according to embodiments ot
the present invention described above. Accordingly, with
the amplifier configured of variable capacitance devices of
the same conductivity type according to an embodiment of the
present invention, the output voltage is not unnecessarily
great as with the conventional MOSFET parametric amplifier
10, so the preckability of the three problems of the
conventional MOSFET parametric amplifiler 10 described above
occurring can be made very small, thereby contributing to
finer circuits and lower electric power consumption.

[02593]



according to the above-described embodiments of the present invention
can be applied regardless of cases wherein the variable capacitance
devices configuring the amplifier are CMOS or cases wherein the variable
capacitance devices are of the same conductive type. [0294]

[Exceptional problem] As described in the above [Principle of amplification
with amplifier configured of variable capacitance devices of the same
conductivity type], charge of the same amount is cancelled out at one
terminal of the first variable cap_ac}taﬁce_ device A and one terminal of the
second variable capacitance device B electrically connected to the one
terminal of the variable capacitance device A, whereby the voltage signal

cdr-B6 anipified ByTiAtRibficatiorr By the” tapaditihcd changB FafidRuhife- &~
majintaining the magnitude of the bias voltage, However, there |
ace %%fb%litgg%gt%geg%%vgffecﬁsCrll?oe%[ ke)am%%f?iﬂnevéu§ DIP ewggxés regsent

e S may not pe sufriciently obtain In the

1 nv&ventthat an unexpsetedsituatign sueh as manufagEingniskegularities of
the first variable capacitance device A and second variable capacitance

var Oevice B:forexample; aecursesuchothat gcapacitarice differeneAC are
occurs between the capacitance of the first variable capacitance device A

CMOSndnhe adesndvanabie dapacitardeBdficE B The T8ERSoh SE85 théréof®

will be briefly degcritged below with reference to
of the same Concuctlive Lype.

[0294]
[Exceptional problem]

As described in the above [Principle of amplification
with amplifier configured of variable capacitance devices of
the same conductivity typel, charge of the same amount is
cancelled out at one terminal of the first variable
capacitance device A and one terminal of the second variable
capacitance device B electrically connected to the one
terminal of the variable capacitance device A, whereby the
voltage signal can be amplified by multiplication by the
capacitance change ratio, while maintaining the magnitude of
the bias voltage. However, there is a possibility that
desired effects may not be sufficiently obtained in the
event that an unexpected situation such as manufacturing
irregularities of the first variable capacitance device A
and second variable capacitance device B, for example,
occurs, such that a capacitance difference AC occurs between
the capacitance of the first variable capacitance device A

and the second variable capacitance device B. The reason



Fig. 19. 02 951 For example, in the event that a capacitance difference
AC occurs between the capacitance of the first variable capacitance
device A and the second variable capacitance device B, the charge at the
lower side of the first variable capacitance device A in Fig. 28B (the
terminal at the side connected to the switch SW1 in Fig. 28(b)) is Qal = -
Cl(vdd/2 - vin), and also the charge at the upper side of the second
variable capacitance device B in Fi% 28B (the terminal at the side
connected to the switch SWI in Fig:“28B) is Qbl = (CI + AC) (Vdd/2 +
Vin). At this time, in Fig. 288, the total of the charge at the lower side of
the first variable capacitance device A and the charge at the upper side

the wfafie seéond vahable thpadkaie 867cE B Qtbtal= {2 (P AEIVIP+

~AC (Vvdd/2), with the charge being dependent on the bias voltage Vdd/2.

Flg'[oé%] Accordingly, the output voltage signal Voutput output from the

102 plifier via the Boost state is that wherein the bias voltage Vbias =
Vdd/2 has also undesirably been amplified, as shown in Expression 21.
[0297] PMathemaficakExpressionr2l] £ 156 -aattput= 1ankACL Yidyence

AC ggglrs petween the capacitance of the first variable
capacitance device B and the second variable capacitance
device B, the charge at the lower side of the first varilable
capacitance device A in Fig. 28B (the terminal at the side
connected to the switch SW1 in Fig. 28({b)) is Qal = -
C1(Vdd/2 - Vin), and also the charge at the upper side of
the second variable capacitance device B in Fig. 28B (the
terminal at the side connected to the switch SWL1 in Fig.
28B) is Qbl = (Cl + AC) + (vdd/2 + Vin). At this time, in
Fig. 288, the total of the charge at the lower side of the
first variable capacitance device A and the charge at the
upper side of the second variable capacitance device B 1s
Ototal = (2 « CL + AC)Vin + AC « (vdd/2), with the charge
peing dependent on the bias voltage Vdd/Z2.

[0296]

Accordingly, the output veltage signal Voutput output
from the amplifier via the Boost state is that wherein the
bias voltage Vbias = Vdd/2 has alsoc undesirably been
amplified, as shown in Expression 21.

[0257]

iMathematical Expression 21]



2C1+ACJ 2 = 1+- kAC Vhias+kVin 2C1+AC) .. .(Expression 21) [0298]
Now, the amplification amount of the bias voltage Vbias shown in
Expression 21 is such that the smaller the capacitance difference AC is,
the smaller the amplification amount of the bias voltage Vbias is as
compared to the amplification amount of the bias voltage amplified at the
above-described conventional MOSFET parametric amplifier 10.
However, if the bias voltage Vbias is amplified as shown in Expression
21, there is the possibility that the &a@an_tages of the amplifier according
to embodiments of the present invention, which are "making handling of
the output voltage signals easier”, "enabling contribution to finer circuits
and lower electric power consumption”, and "desired output voltage
volgRls Eappéﬁﬁiaj 4@ nayymet be obtainable. [0299] With the amplifier
configured @€ Vardble chpacitance devices of the same conductivity type

accordi ﬁto gxabodiments of the present invention, the first variable

capacTtQ tg@fe@gg HesthédBcond variable capacitance device B are
of }E}gp;_gg;@ Sonductivity type. Now, with - 157 variable capacitance

devices of the same conductivity type,
[0298]

Now, the amplification amount of the bias voltage Vbias
shown in Expression 21 is such that the smaller the
capacitance difference AC is, the smaller the amplificaticn
amount of the bias voltage Vbias is as compared to the
amplification amount of the bias voltage amplified at the
above-described conventional MOSFET parametric amplifier 10.
However, if the bias voltage Vbias is amplified as shown in
Expression 21, there is the possibility that the advantages
of the amplifier according to embodiments of the present
invention, which are "making handling of the output voltage
signals easier", "enabling contribution to finer circuits
and lower electric power consumption", and "desired output
voltage signals can be cbtained", may not be obtainable.
02991

With the amplifier configured of variable capacitance
devices of the same conductivity type according to
embodiments of the present invention, the first variable
capacitance device A and the second variable capacitance

device B are of the same conductivity type. WNow, with



as long as the size is generally the same, the capacitance difference AC
is extremely small even if an unexpected situation arises such as
manufacturing irregularities or the like, so the capacitance difference AC
can be handled as a negligible error. Accordingly, with the amplifier
configured of variable capacitance devices of the same conductivity type
according to embodiments of the present invention, the capacitance of
the first variable capacitance device A and the second variable
capacitance device B can be madetb Be the same (generally the same),
so the above- described exceptional problem does not occur, and the
voltage signal can be amplified by multiplication by the capacitance

var ichlahge ¥athe. (030D L AMIIFER AcedrdimFtoEiBFetR M ddifeht of S

resent invention] Next, an amplifier 1000 accarding n ’

25 kSodiment B ﬁ%ezﬁre]s%nfgﬁr\}gpﬁf?ofnﬁ%ilggg dggg%ed%%lv%h Srl(iée%:eglrgghcﬁg t0°

a1 £ Fi9-42-thraugh Eig. 31, Here . Figr29 rillusteates 8 track statp of the:
amplitier 1000 according to the eleventh embodiment of the present

51 tdRMeNtioN and &ig. s 301 lustratesa Boostistateyofithecamphifiey 1008 or the
according to the eleventh embodiment of the present invention. [0301] -

11 kd 58sAlsoh Fig:a12is diragstaddtbArdiagram Alustiatinge handled as a

negligible error. Accordingly, with the amplifier
configured of variable capacitance devices of the same
conductivity type according to embodiments of the present
invention, the capacitance of the first variable capacitance
device A and the second variable capacitance device B can be
made to be the same {(generally the same), so the above-
described exceptional problem does not occur, and the
voltage signal can be amplified by multiplication by the
capacitance change ratio.

[0300]

[Amplifier according to eleventh embodiment of the present
invention]

Next, an amplifier 1000 according to an eleventh
enbodiment of the present invention will be described with
reference to Fig. 29 through Fig. 31. Here, Fig. 29
illustrates a Track state of the amplifier 1000 according to
the eleventh embodiment of the present invention, and ¥Fig.
30 illustrates a Boost state of the amplifier 1000 according
to the eleventh embodiment of the present invention.

[0301]



waveforms of signals according to the eleventh embodiment of the
present invention, with (a) illustrating control clock signals for controlling
switches, (b) illustrating the input voltage signal Vinput input to the
amplifier 1000 according to the eleventh embodiment of the present
invention, and (c) illustrating the output voltage signal Voutput, output
from the amplifier 1000 according to the eleventh embodiment of the
present invention. Note that while Fig. 29 through Fig. 31 illustrate the
bias voltage as being Vbias = Vd’d/%, fis needless to say that the bias
voltage is not restricted to the above-described. [0302] With reference to
Fig. 29 and Fig. 20, the amplifier 1000 according to the eleventh ,
emMBediment of thelpreseAt iventiahas esnfiglirad oFR-MOSWerae for s Ni

and N2. As_with the MOSFET shown in Fjg. 2, the capacitance of.the n-
WAV EIGE ardctors N and N2 A bé %ﬁa%&ef&gpéencﬁﬁfgep %aﬁ%wﬁé%%()dlmen ot

er orno

the EIEdS AP iInversion.layer. Now, the n-NOS, yaragiors Nicand-N2 of the o
amplifier 1000 preferably have generally the same Gate terminal widths
s1iganddengihs (e i the argdeswf manuiactyiing varianderistpermissifle).nput
[0303] Input voltage signal Vinput is input to the Gate terminal of the

volhpaoSvaragtor Ninamd to-theuSodiee L1592 Wtiinalahd O fdin #AiRal-19

of the n-MOS varactor N2, in . .
to the eleventh embodiment of the present invention, and (¢}

illustrating the output voltage signal Voutput, output from
the amplifier 1000 according to the eleventh embodiment of
the present invention. Note that while Fig., 29 through Fig.
31 illustrate the bias voltage as being Vbilas = Vdd/2, it is
needless to say that the bias voltage 1s not restricted to
the above-described.
[0302]

With reference to Fig. 29 and Fig. 20, the amplifier
1000 according to the eleventh embodiment of the present
invention is configured of n-MOS varactors N1 and N2. As
with the MOSFET shown in Fig. 2, the capacitance of the n-
MOS varactors N1 and N2 can be changed depending on whether
or not there is an inversion layer. Now, the n-MOS
varactors N1 and N2 of the amplifier 1000 preferably have
generally the same Gate terminal widths and lengths (1i.e.,
in the order of manufacturing variance is permissible).
[0303]

Input voltage signal Vinput is input to the Gate

terminal of the n-MOS wvaractor N1, and to the Source



accordance with the connection state of the switch SW1. Now, the input
voltage signal Vinput input to the amplifier 1000 according to the eleventh
embodiment of the present invention is a signal wherein the bias voltage
Vdd/2 and the voltage signal Vin are superimposed, as shown in Fig.
31(b). [0304] Also, the Source terminal and Drain terminal of the n- MOS
varactor Ni are connected to the power source voltage source and the
ground in accordance with the connection state of the switch SW3, and
the Gate terminal of the n-MOS “varactor N2 is connected to the power
source voltage source and the ground in accordance with the connection
state of the switch SW2. While the n-MOS varactors Ni and N2 are of the
terminmlcatlchvint fypes e ferminds EBAnscté@ o e switeh W1 ditfer.

Accordingly, in order to match the increase/decrease chan f
RSP BEEnCH ToF the 1EMOS Virhbi@rs K and N2 in 16 eubnt that 18 "

theSWﬁtgtl@ngsté:&émggﬁ%@ the power soyrce voltagesouree. the switcho o
SWa3 is connected to the ground, and in the event that the switch SW2 is
acceenneciedd0 the:gelnds thenswitcl SWR istcanhected e ¢hepower

source voltage source. [0305] Now, the switch SWI synchronizes with the
invelocksigris 41 shawa In Fip31{d), sbadtdafosewhen the edek sijial the

160 41 is high, and input the bias,voltage Vbias and voltage
voltage signadl

Vin are superimpofed, as shown in Fig. 31{b).
[0304]

Also, the Source terminal and Drain terminal of the n-
MOS varactor N1 are connected Lo the power source voltage
source and the ground in accordance with the connection
astate of the switch SW3, and the Gate terminal of the n-MGS
varactor N2 is connected to the power source voltage source
and the ground in accordance with the connection state of
the switch SW2. While the n~MCS varactors N1 and NZ are of
the same conductivity type, the terminals connected to the
switch SW 1 differ. DRAccordingly, in order to match the
increase/decrease change of capacitance for the n-MOS
varactors N1 and N2, in the event that the switch SWZ is
connected to the power source voltage source, the switch SW3
is connected to the ground, and in the event that the switch
SW2 is connected to the ground, the switch SW2Z is connected
to the power source voltage source.
[0305]

Now, the switch SW1 synchronizes with the clock signal

$1 shown in Fig. 31(a), so as to close when the clock signal



signal Vin to the Gate terminals of the n-MOS varactor NI and n-MOS
varactor N2. Also, the switch SW1 opens when the clock signal 4l is low,
thereby controlling input of the bias voltage Vbias and voltage signal Vin
to the Gate terminals of the n-MOS varactor NI and n-MOS varactor N2.
Note that the relation between the clock signal 4| and the switch SW1 is
not restricted to the above, and the switch SWI may close when the clock
signal 4)1 is low. [0306] The switch SW2 synchronizes with the clock
signal 4)2 shown in Fig. 31(a), 50 85%o e connected to the ground when
the clock signal 02 is high, and connected to the power source voltage
source when the clock signal 02 is low, for example. Also, the switch

01 iSWSisyncheorizéswwith thé eldekasighald2 3o dtoile edfnded 9 the
power source voltage source when the clock signal 02 is Q’ig?éggg

s19dhnéétedd the GroaEwhehTHE JictkSignal 021 Tow, for exampFe.Nl
ana N as showna FigA1(al, e clacicsignal. O ang elagk signaly 02 age,

inp the phases thereof do not overlap, the reason thereof
c1odeing the.same asyvith the abevesideserbed finst embodiment (a create a

Hold state). [0307] In the Track state shown in Fig. 29, the input voltage
b1iasignal Vingut i irpsit forthevG atexteemirial of the/aMOS -t181 wakdctor Ni

and the Source terminal and Drain terminal of
terminals of the n-MOS varactor N1 and n-MOS varactor NZ2.

Note that the relation between the clock signal ¢l and the
switch SW1 is nobt restricted to the above, and the switch
SW1 may close when the clock signal ¢1 is low.

[0306]

The switch SW2 synchronizes with the clock signal ¢2
shown in Fig. 31(a), so as to be connected to the ground
when the clock signal 92 is high, and connected to the power
source voltage source when the clock signal ¢2 is low, for
example. Also, the switch SW3 synchronizes with the clock
signal ¢2, so as to be connected to the power source voltage
source when the clock signal 62 is high, and connected to
the ground when the clock signal ¢2 is low, for example. Now,
as shown in Fig. 31(a), the clock signal ¢1 and clock signal
$2 are input such that the phases thereof do not cverlap,
the reascon thereof being the same as with the above-
described first embodiment (to create a Hold state).

[0307]
In the Track state shown in Fig. 29, the input voltage

signal Vinput is input to the Gate terminal of the n-MOS



the n-MOS varactor N2 by the switch SWI closing due to the clock signal
4)1 going high. [0308] Also, the switch SW2 is connected to the power
source voltage source when the clock signal ~2 is low, and the switch
SWa3 is connected to the ground when the clock signal 4)2 is low. At this
time, inversion layers are formed at the semiconductor interface directly
below the Gate terminals of each of the n-MOS varactors NI and N2, and
the capacitance of each increases. Accordingly, charge corresponding to
the input voltage signal Vinput is adelimulated at each of the n- MOS
varactors Ni and N2. [0309] Also, in the Boost state shown in Fig. 30, the
switch SWI opens by the clock signal 4)1 going to low, and input of_the

varaspeydithgesigidl ViMauas Stoppea 581 0} MIsb Aihen B EIHER Sighal
4)2 is_at high the switch SW2. i ted d hen t
ene S 1S U2 s comepie e S e aheh

is at he power

Cloggugqggg{gﬂa%g SQYrGEy At this time, the inversion layers which had been
generated at the Semiconductor interface directly below the Gate terminal

[030f gach of the n-MOS varactor Nl and N2, disappear, and the
capacitances of each of the n-MOS - 162 varactors Ni and N2 decrease.
Atthesatimshthes@afech SWZ is connected to the power source
voltage source when the clock signal ¢2 is low, and the
switch SW3 is connected to the ground when the clock signal
$2 is low. AL this time, inversion layers are formed at the
semiconductor interface directly below the Gate terminals of
each of the n-MOS varactors N1 and N2, and the capacitance
of each increases. Accordingly, charge corresponding to the
input veltage signal Vinput is accumulated at each of the n-
MCS varacters NI and N2Z.
[0309]

Also, in the Boost state shown in Fig. 30, the switch
SW1 opens by the clock signal ¢1 going to low, and input of
the input voltage signal Vinput is stopped.

[031C]

Also, when the clock signal 62 is at high the switch SW2
is connected to the ground, and when the clock signal $2 is
at high the switch SW3 is connected to the power source
voltage source. At this time, the inversion layers which
had been generated at the semiconductor interface directly

below the Cate terminal of each of the n-MOS varactcer N1 and

N2, disappear, and the capacitances of each of the n-MOS5



terminal of the n-MOS varactor Ni and the Source terminal and Drain
terminal of the n-MOS varactor N2 have charge, so the voltage signal Vin
is amplified by multiplication by the capacitance change ratio, by change
in capacitance, while maintaining the magnitude of the bias voltage
Vdd/2. [0311] Accordingly, as shown in Fig. 31(c), the output voltage
Voutput of the amplifier 1000 according to the eleventh embodiment of
the present invention assumes a waveform wherein the voltage signal Vin
has been amplified by being mJItiEJI?gd by the capacitance change ratio,
with the magnitude of the bias voltage Vbias being held as it is, as to the

input voltage signal Vinput. Now, the output voltage Voutput is smaller
varahintiie Powerdolieedonage SRid, St tiérd Is hdtfistoftioh Girtpht

voltage as with the cgonventional MOSFEET parametric_ amplifier 10. Also,
ter%ﬁ?g e toeksigha ~§%?%é%ll§£inagr?§e%he fgne %fc ?aﬁ%lgngcsi

clock signa

and ShAWNInFig. 31(a) causes,ransitiprsfrom the Tragkstaeshowniingkig. so
29A via the Hold state to the Boost state shown in Fig. 30. [0312] As

the describedabove,dhe amplifier 4000 accerdingtathet éleVénthzion by the
embodiment of the present invention has a configuration wherein n-MOS
capyaidotorsavkichiaze geasially - 163 e §amérin SfledRéfe ik indicatés

the width and length :
maintaining the %agnitude of the bias voltage Vdd/2.

(03111

Accordingly, as shown in Fig. 31{(c), the output voltage
Voutput of the amplifier 1000 according te the eleventh
embodiment of the present invention assumes a waveform
wherein the voltage signal Vin has been amplified by being
multiplied by the capacitance change ratio, with the
magnitude of the bias voltage Vbias being held as it 1s, as
to the input voltage signal Vinput. Now, the output voltage
Voutput is smaller than the power source voltage Vdd, so
there is no distortion output voltage as with the
conventional MOSFET parametric amplifier 10. Also, having
the cleck signal 62 to rise following the clock signal b1
falling as shown in Fig. 31(a) causes transition from the
Track state shown in Fig. 29A via the Heold state to Lhe
Boost state shown in Fig. 30.
(03121

Ag described above, the amplifier 1000 according to the
eleventh embodiment of the present invention has a

configuration wherein n-MOS varactors which are generally



of Gate terminals) are vertically arrayed (here, "vertical" indicates a
symmetrical placement such as shown in Fig. 29, for example.
Accordingly, "horizontal" and "diagonal" are also included in the
configuration of the amplifier 1000 according to the eleventh embodiment
of the present invention as a matter of course.). Now, even in the event
that there are manufacturing irregularities in the n-MOS varactors making
up the amplifier 1000, the capacitance difference among the MOS
varactors is extremely small. AEC&S%gTy, with the amplifier 2000
according to the eleventh embodiment of the present invention, even in

the event that there are manufacturing irregularities in the n- MOS
the vagagorsimaking up Hecamphifie PGB%l e Espaditantd Jifferdite RREN"

be made extremely small. [0313] Accordingly, the amplifier 100 . "
0% CEaBraeg 0.1 eVt SrboHNOAC PG lscont ieHtion can"

imen esent invention can

 nalnaintain the magnitude of bias, waliage included.ia the input valtagey, 2o,

mdé%ﬂ% aftgr gmplificaﬁ%ags%vée%.}é [%314] Tér:]us, with the amplifier 1OQOJO

for ag&aKEING: 10 the eleventhy embodimentohthe Idresent ifiventipm inltheare
same way as with the amplifier 100 according to the first embodiment of

alsthd rpréserntinientiore apouipatvoitagesighal tWRe iR a L 462 voltide

signal has been amplified by bein Itiplied by.t
accoéﬁing to the e%@vene£ embo %m@nt 5%i¥%e present

invention as a matter of course.). Now, even in the event
that there are manufacturing irregularities in the n-MOS
varactors making up the amplifier 1000, the capacitance
difference among the MOS varactors is extremely small.
Accordingly, with the amplifier 1000 according to the
eleventh embodiment of the present iInvention, even in the
event that there are manufacturing irregularities in the n-
MOS varactors making up the amplifier 1000, the capacitance
difference A can be made extremely small.

[0313]

Accordingly, the amplifier 1000 according to the
eleventh embodiment of the present invention can maintain
the magnitude of bias voltage included in the input voltage
signal after amplification as well.

[0314]

Thus, with the amplifier 1000 according to the eleventh
embodiment of the present invention, in the same way as with
the amplifier 100 accerding to the first embodiment of the

present invention, an output voltage signal, wherein a



capacitance change ratio with the magnitude of the bias voltage being

held as it is as to the input voltage signal, can be output, so the output
voltage signal never becomes unnecessarily great. Accordingly, a circuit
having the amplifier 1000 according to the eleventh embodiment of the
present invention no longer needs to be provided with special measures
regarding output voltage signals of the amplifier 1000 according to the
eleventh embodiment of the pres %Anv_ention, making handling of the
output voltage signals easier, andalso enabling contribution to finer

circuits and lower electric power consumption. Further, the probability of
the magnitude of the output voltage_ signal becomin S%{%eﬁeter Tlelg&h%y he

voltasifer Shrcev oIt e Pad cahtbe: made vary Erialf refisho
ctortion ianals, . I .
capaé%%a%Qgé”&#%%#gogglggToS' nals, and desiced putput yeltage signals

can be obtaine 3 welfth Embodiment) A configuration using

vo1 fuMOS ¥aractors hasheenshawn with theramplifiar 020lacopedingdoa 1,
the eleventh embodiment of the present invention, as an amplifier

can coafiguredwf, variabié eapacitancetiBlicescof the Bam e EoTiUCHPIRP B
according to an embodiment of the present invention. However, a&e

unneRERsiifieF conliglited of vatiabRrCapititincé devicel'df the Saftte

mp PGS fype acearding fo.an 185 Anbedmenlel NG RESENLs the
present invention no longer needs to be provided with
special measures regarding output voltage signals of the
amplifier 1000 according to the eleventh embodiment of the
present invention, making handling of the output voltage
signals easier, and also enabling contribution to finer
circuits and lower electric power consumption. Further, the
probability of the magnitude of the output veltage signal
becoming greater than the power source voltage Vdd can be
made very small, so there is no distortion in output voltage
signals, and desired output voltage signals can be obtained.
[0315]

(Twelfth Embodiment)

A configuration using n-MOS varactors has been shown
with the amplifier 1000 according to the eleventh embodiment
of the present invention, as an amplifier configured of
variable capacitance devices of the same conductivity type
according to an embodiment of the present invention.
However, an amplifier configured of variable capacitance

devices of the same conductivity type according to an



using n-MOS varactors. Accordingly, next, a configuration using p-MOS
varactors which are of inverse conductivity type as to the n-MOS
varactors will be illustrated as an amplifier according to a twelfth
embodiment of the present invention. [0316] Fig. 32 and Fig. 33 are
explanatory diagrams illustrating an amplifier 1100 according to the
twelfth embodiment of the present invention. Fig. 32 illustrates a Track
state, and Fig. 33 illustrates a Boost state, respectively. [0317] With
reference to Fig. 32 and Fig. 33; tHeﬁam‘pIifier 1100 according to the
twelfth embodiment of the present invention is configured of p-MOS
varactors P1 and P2. As with the MOSFET shown in Fig. 2A and Fig. 2B,
enbdhéreapacitintbof theep MO SivarattorsSi afid PRtcarfé Ehangsd O
depending on whether or not there is an inversion layer. Clélig%vi the rg-MOS
y

us LRGBS 2¥ 2REPP 6Fthe ARTHIAETTH00 préfetdily habe gensraiy the

oo (S FAE SO nats 5 e sdencl pamv i
as 1GAtEH166 teymipakefihe psM@ES varactarPluand fo the Seurce
amplifier according to a twelfth embodiment of the present
invention.

[c31e]

Fig. 32 and Fig. 33 are explanatory diagrams
illustrating an amplifier 1100 according to the twelfth
embodiment of the present invention. Fig. 32 illustrates a
Track state, and Fig. 33 illustrates a Boost state,
respectively.

[0317]

With reference to Fig. 32 and Fig. 33, the amplifier
1100 according to the twelfth embodiment of the present
invention is configured of p-MOS varactors Pl and PZ. As
with the MOSFET shown in Fig. 2A and Fig. 2B, the
capacitance of the p-MOS varactors Pl and P2 can be changed
depending on whether or not there is an inversion layer.
Now, the p-MOS varactors Pl and P2 of the amplifier 1100
preferably have generally the same Gate terminal widths and
lengths (i.e., in the order of manufacturing variance 1is
permissible).

[0318]

Input voltage signal Vinput is input to the Gate



terminal and Drain terminal of the p-MOS varactor P2, in accordance with
the connection state of the switch SWI. Now, the input voltage signal
Vinput input to the amplifier 1100 according to the twelfth embodiment of
the present invention is a signal wherein the bias voltage Vdd/2 and the
voltage signal Vin are superimposed, in the same way as with the
amplifier 1000 according to the eleventh embodiment of the present
invention shown in Fig. 31(b). [0319] Also, the Source terminal and Drain
terminal of the p- MOS varactor 2-8f Gonnected to the power source
voltage source and the ground in accordance with the connection state
of the switch SW2, and the Gate terminal of the p-MOS varactor P2 is
termsonnbced othepoet shrFesisiadelsoieé agr?ti fHeSgrothd 5%

accordance with the connection state of the switch SW3. While_the .
ceribi s Sttt B1 SRITES Bre O tid Satie aRdLeniG Se The 17

accderminals connectgd.to ihe switch,SW. 1 differ Aceardingly; feardenio  wow,
match the increase/decrease change of capacitance for the p-MOS

+he Varaglers/Bl eadd, 2 igtha evenizthat thecswitchcS\WZsisacorinetied td tHed
power source voltage source, the switch SW3 is connected to the ground,

accandiinghs evehethar thefShitchiSWRng ebnRdcted fo He§Rithd! thiention

is %\)N 33%1 nSaVLVB»J% g g gnigctg g etobty ae £ Ox\fl\é)%rtse? éj é%‘é%'?azg ea%oz::!’j r%%'e_ J{;%E tage
signal Vin are superimposed, in the same way as with the
amplifier 1000 according to the eleventh embodiment of the
present invention shown in Fig. 31(b}.
[0319]

Also, the Source terminal and Drain terminal of the p-
MOS wvaractor Pl are connected to the power scurce voltage
source and the ground in accordance with the connection
state of the switch SW2, and the Gate terminal of the p-MOS5
varactor P2 is connected tc the power source voltage source
and the ground in accordance with the connection state of
the switch SW3. While the p-MOS varactors Pl and P2 are of
the same conductivity type, the terminals connected to the
switch SW 1 differ. Accordingly, in order to match the
increase/decrease change of capacitance for the p-MOS
varactors Pl and P2, in the event that the switch SWZ is
connected to the power scurce voltage source, the switch SW3
is connected to the ground, and in the event that the switch
SW2 is connected to the ground, the switch SW3 is connected

to the power source voltage source.



In the Track state shown in Fig. 32, the input voltage signal Vinput is input
to the Gate terminal of the p-MOS varactor P1 and the Source terminal
and Drain terminal of the p-MOS varactor P2 by the switch SW1 closing
due to the clock signal ~1 going high. [0321] Also, the switch SW2 is
connected to the power source voltage source when the clock signal ~2 is
low, and the switch SW3 is connected to the ground when the clock
signal 42 is low. At this time, inversign layers are formed at the
semiconductor interface directly'bélggv the Gate terminals of each of the
p-MOS varactors Pl and P2, and the capacitance of each increases.
Accordingly, charge corresponding to the input voltage signal Vinput is

L 03Zdtcumulated at each of the p- MOS varactors P1 and P2. [0322] Also, in
the Boost state shown in Fig, 33, the switch SWJ1 opens by the.cl
sigRal*2f gofrtd 16w 5fd %r%’pouvf%f “the'inplit vo égg?%%njé%l P%pu\?(lo‘sl;{ttag@

si gr%%p%q‘iégg%zzﬂs Alsq, when the glock signalssg.is at higlrtheswifch/SW2
is connected to the ground, and when the clock signal ~2 is at high the

varSWitch SW3kisconnecteshio dthe povet salircensoage. soureerAnthis of

time, the inversion layers which - 168 had been generated at the

the seamdéonductecintarfate @jﬁe(jﬂ]ye switch SWl closing due to the
clock signal ¢1 going high.
103211

Also, the switch SW2 is connected to the power source
voltage source when the clock signal ¢2 is low, and the
switch SW3 is connected to the ground when the clock signal
$2 is low. At this time, inversion layers are formed at the
semiconductor interface directly below the Gate terminals of
each of the p-MOS varactors Pl and P2, and the capacitance
of each increases. Accordingly, charge corresponding to the
input voltage signal Vinput is accunmulated at each of the p-
MOS varactors Pl and PZ.
[0322]

Also, in the Boost state shown in Fig. 33, the switch
W1l opens by the clock signal ¢1 going to low, and input of
the input voltage signal Vinput is stopped.
[63231

Also, when the clock signal 62 is at high the switch SWZ
is connected to the ground, and when the clock signal 02 is
at high the switch SW3 is connected to the power source

voltage source. At this time, the inversion layers which



below the Gate terminal of each of the p-MOS varactors Pl and P2,
disappear, and the capacitances of each of the p-MOS varactors Pl and
P2 decrease. At this time, the Gate terminal of the p-MOS varactor P1
and the Source terminal and Drain terminal of the p-MOS varactor P2
have charge, so the voltage signal Vin is amplified by multiplication by the
capacitance change ratio, by change in capacitance, while maintaining
the magnitude of the bias voltage Vdd/2. [0324] Accordingly, in
comparison with the amplifier 1006 6élgcc?)rding to the eleventh
embodiment of the present invention, the amplifier 1100 according to the
twelfth embodiment of the present invention has variable capacitance

had devicesisirinversedontutiity19pes as o Hevariddie ‘Eifitance et 1Y
devices of the amplifier 1000 accordin e elev embodi

belgye W&s&ﬁ%eﬁ%‘ﬁ%g & %o%%ggti%#) ré%lt?ohoaﬁ t@]g; v%?fé%iqe%% %

angd “#Pact r%%epg%\éﬁze,s Mifferspbutit can benderstged dhatithe fungtionasios
an amplitier is the same. [0325] As described above, the amplifier 1100

var@scording to thel twelftheerpbedimentzof the presentinvention Grasaa
configuration wherein p-MOS varactors which are generally the same in

termizea(hedd, SiPe intieiles W Witk and leddtf -0 OF GHtE tdrRfifiasy -

are vertically arrayed (here, "vertical"
i y arrayed (i the p—ﬁ%s varactor P2 have charge, soO

and Drain terminal of
the voltage signal Vin is amplified by multiplication by the
capacitance change ratio, by change in capacitance, while
maintaining the magnitude of the bilas voltage vdd/2.
{03247

Accordingly, in comparison with the amplifier 1000
according to the eleventh embodiment of the present
invention, the amplifier 1100 according to the twelfth
embodiment of the present invention has variable capacitance
devices of inverse conductivity types as to the variable
capacitance devices of the amplifier 1000 according to the
eleventh embodiment of the present invention, sc the
connection relation of the variable capacitancé devices
differs, but it can be understood that the function as an
amplifier is the same.
[0325]

As described above, the amplifier 1100 according to the
twelfth embodiment cof the present.invention has a
configuration wherein p-MOS varactors which are generally

+he same in size (here, size indicates the width and length



indicates a symmetrical placement such as shown in Fig. 29, for example.
Accordingly, "horizontal" and "diagonal” are also included in the
configuration of the amplifier 1100 according to the twelfth embodiment of
the present invention as a matter of course.). Now, even in the event that
there are manufacturing irregularities in the p-MOS varactors making up
the amplifier 1100, the capacitance difference among the MOS varactors
is extremely small. Accordingly, with the amplifier 1100 according to the
twelfth embodiment of the preséntliﬁaeﬁtion, even in the event that there
are manufacturing irregularities in the p-MOS varactors making up the
amplifier 1100, the capacitance difference A can be made extremely

of Gl (G376 ASEIrdiHey, TRE BifptdY 1 200 3¢St diny it the et ©2 1"
e ST AL IO Dt s
for[g§éﬂpé§9”%ng¥H¥HBm'f1@99@%@8Hﬂ@g#)Hﬁﬂwwﬁmﬁéﬁﬁggdnﬁﬁé
of the present invention, in the same way as with the amplifier 100
alsaccardingitaitherfirshembodifient of the rprederitiinvenmtion;. AnsutputC O
voltage signal, wherein a voltage signal has been amplified by being ,
accemddplipdby tHes- 176 dalpaciamcséfsite rafio with theSRaghitude’ 61 the"
as gkﬁgtter of course.). Now, even in the event that there
are manufacturing irregularities in the p-MOS5 varactors
making up the amplifier 1100, the capacitance difference
among the MOS varactors ié extremely small. Accordingly,
with the amplifier 1100 according to the twelfth embodiment
of the present invention, even in the event that there are
manufacturing irregularities in the p-MOS varactors making
up the amplifier 1100, the capacitance difference A can be
made extremely small.
[0326]

Accordingly, the amplifier 1100 according to the
twelfth embodiment of the present invention can maintain the
magnitude of bias voltage included in the input veltage
signal after amplification as well.

[(0327]

Also, with the amplifier 1100 according to the twelfth
embodiment of the present invention, in the same way as with
the amplifier 100 according to the first embodiment of the

present invention, an output voltage signal, wherein a

voltage signal has been amplified by being multiplied by the



voltage being held as it is as to the input voltage signal, can be output, so
the output voltage signal never becomes unnecessarily great.
Accordingly, a circuit having the amplifier 1100 according to the twelfth
embodiment of the present invention no longer needs to be provided with
special measures regarding output voltage signals of the amplifier 1100
according to the twelfth embodiment of the present invention, making
handling of the output voltage signals easier, and also enabling
contribution to finer circuits and lowet electric power consumption.
Further, the probability of the magnitude of the output voltage signal
becoming greater than the power source voltage Vdd can be made very
capasmhaisecthefe o ditdriiol ikbutpie vBRage: 'Sigitals fartd Gediretf

output voltage signals can be obtained. [0328].(Thirteent bodi
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escribed first through eight

can §tnbodiments ate such.that change in «capacitangeoccuss due i whether

or not inversion layers are present in the p-MOS varactors and n-MOS
unnaasaciars, andqgaecardingly perfoimdigverse made! Dpenationsy Nowg the

p- MOS varactors and n-MOS varactors also operate in an "accumulation
amp éderwhérdin erasgaslimeagatitanee beedrsidues iy aEddtatatieh of 1€
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special measures regarding output voltage signals of the
amplifier 1100 according to the twelfth embodiment of the
present invention, making handling of the output voltage
signals easier, and also enabling contribution to finer
circuits and lower electric power consumption. Further, the
probability of the magnitude of the output voltage signal
becoming greater than the power source voltage Vdd can be
made very small, so there is no distortion in output voltage
signals, and desired output voltage signals can be obtained.
[0328]

(Thirteenth Embodiment)

The amplifiers according to the above-described first
through eighth embodiments are such that change in
capacitance occurs due to whether or not inversion layers
are present in the p-MOS varactors and n-MOS varactors, and
accordingly perform "reverse mode" operations. Now, the p-
MOS varactors and n-MOS varactors also operate in an
"accumulation mode"™ wherein change in capacitance occurs due

to accumulation of electron holeées near the oxide film.



according to the above-described first through eighth embodiments with
the p-MOS varactors and n-MOS varactors operating in an "accumulation
mode", of the bias voltage and voltage signal input to the amplifier, the
voltage signal can be amplified, in the same way as with the amplifiers
according to the above-described first through eighth embodiments.
[0329] While preferred embodiments of the present invention have been
described with reference to the attached drawings, it is needless to say
that the present invention is not restricted by these examples. It is clearly
understood that one skilled in the art could conceive various modifications
or corrections within the scope of the Claims, and these are also
Accogréarapassetlifithd et sedpé B i predent vidhtion asA fatter

of course. [OB%O] For example, with the amplifier rding.to second
2CCogMnBdintént of thé' %Pevs%n?%v%ﬁﬁ%ﬁ? a con |gje:1rablt%r(1g5 %gjksm %ée%wfﬁown

emnoNBersin the amplifieraccorging 4o the-first erabediment further daaludes
multiple adjusting p-MOS varactors of which the gate width is very small,

ope rlutiis got mestictesktonthislconfigurations &nd te ahplifiérss acedrdfiiptoanc
the third through sixth embodiments may further - 172 include multiple

voltadjastiigpMOSNaACtErs 6hRhitRThd ghte’, the voltage signal

can be amplified, in the same way as with the amplifiers
according to the above—described first through eighth
embodiments.

[0329]

While preferred embodiments of the present invention
have been described with reference to the attached drawings,
it is needless to say that the present invention is not
restricted by these examples. It is clearly understocd that
one skilled in the art could conceive various modifications
or corrections within the scope of the Claims, and these are
also encompassed in the technical scope of the present
invention as a matter of course.

[0330]

For example, with the amplifier according to the second
embodiment of the present invention, a configuration has
pheen shown wherein the amplifier according to the first
embodiment further includes multiple adjusting p-MOS
varactors of which the gate width is very small, but is not
restricted to this configuration, and the amplifiers

according to the third through sixth embodiments may further



width is very small. As described above, the adjusting p- MOS varactors
which the amplifier according to the second embodiment of the present
invention has serve to adjust the bias voltage, and even with a
configuration wherein the amplifiers according to the third through sixth
embodiments include multiple adjusting p-MOS varactors of which the
gate width is very small, the voltage signal, of the bias voltage and
voltage signal input to the amplifier, can be amplified. [0331] Also, while a
configuration having a CMOS has béénillustrated with the amplifiers
according to the third through fifth embodiments of the present invention,
this is not restricted to this configuration, and arrangements may be

b
inchysde Wherdinlfor 2%ample. the Rrilfiefs A8&raing 6 fthEthird thrdughate
. . fifth embodiments of the present inventign _may be canfig rarjahle
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vices of the” same conductivity type as with the eighth and

vos ninth .embodiments,of the. pgﬁﬁm inventign Furthergthe, amplifies-ond

according to the third through fifth embodiments of the present invention
emb@BynBavYe canfigurationrssmetuding oth arcdnfigurationchavingad CMOS:he

and a configuration with variable capacitance devices of the same
biagoHaddiviy typad Withethedé danfigGRIIbRE asavéIPbutpt Veltagd he
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include multiple adjusting p-MOS varactors of which the gate
width is very small, the voltage signal, of the bias voltage
and voltage signal input to the amplifier, can be amplified.
[0331]

Also, while a configuration having a CMOS has been
illustrated with the amplifiers according to the third
through fifth embodiments of the present invention, this is
not restricted to this configuration, and arrangements may
be made wherein, for example, the amplifiers according to
the third through fifth embodiments of the present invention
may be configured of variable capacitance devices of the
same conductivity type as with the eighth and ninth
embodiments of the present invention. Further, the
amplifiers according to the third through fifth embodiments
of the present invention may have configurations including
both a configuration having a CMOS and a configuration with
variable capacitance devices of the same conductivity type.
With these configurations as well, output voltage signals

wherein the voltage signal has been amplified by being



with the magnitude of the bias voltage maintained. [0332] Also, while a
configuration has been illustrated with the charged main filter circuit
according to the sixth embodiment of the present invention, wherein the
amplifying units 610 through 616 of the second SINC filter circuit are of a
configuration of the amplifier according to the first embodiment of the
present invention, this is not restricted to this configuration, and the
amplifying units of the second §Il\iggilt§r circuit in the charged main filter
circuit according to the sixth embodiment of the present invention are
amplifiers according to the second through fifth, seventh, and eight
embodiments of the present invention. Even in a case wh%ginotg

mU1térﬁbﬁi?ﬁ'ngbdnifshérec6?%%@&@ec&ﬁ@ﬁg§tioﬁ?%eoar%%ﬂfylng unl% &an
w1 erQpUt xoliage signals wherein e valtage,signaliasdeen- ampiiied by
eing muiltiplie by the capacitance change Tatio, with the magnitude of

{033@? bias _voltage maintained. [0333] The above-described configurations

are readily achievable by one skilled in the art, and should be understood

taphelong to. thHesequivale At scopetdfthelpresérmanventibps L 174 e € AIMS

1. An amplifier characterized in comgrising: . .
the charged main filter circuit acCording to the sixth
embodiment of the present invention, wherein the amplifying
units 610 through 616 of the second SINC filter circuii are
of a configuration of the amplifier according to the first
embodiment of the present inventicn, this is not restricted
to this configuration, and the amplifying units of the
second STNC filter circuit in the charged main filter
circuit according to the sixth embodiment of the present
invention are amplifiers according to the second through
fifth, seventh, and eight embodiments of the present
invention. Even in a case wherein the amplifying units are
of the above configuration, the amplifying units can output
voltage signals wherein the voltage signal has been
amplified by being multiplied by the capacitance change
ratio, with the magnitude of the bias voltage maintained.
[0333]

The above-described configurations are readily

achievable by one skilled in the art, and should be

understood to belong to the equivalent scope of the present

invention.



a first variable capacitance device of which capacitance is variable; a
second variable capacitance device of which capacitance is variable,
electrically connected to said first variable capacitance device, and of an
inverse conductivity type from said first variable capacitance device; and
a first input unit for selectively inputting a bias voltage and a voltage
signal to said first variable capacitance device and said second variable
capacitance device, wherein, in the_event that said bias voltage and said
voltage signal are input to said first-Variable capacitance device and said
second variable capacitance device, the capacitance of said first variable
capacitance device and said second variable capacitance device is taken
as a first value, and wherein sait¥dft¥ge signal is amplified with the
capacitance of said first variable capacitance device and said second
variable capacitance device as a second value smaller than said first

1 valye. 173 1% The amplifieraccording 10 ClaimyL.icharagterized in
voltage for canceling the amplification amount of said bias voltage being
impresseskonrsaitlfisstvariable capacitande vdevice andisaithsecond
variable capacitance device.

capacitance is variable;

a second variable capacitance device of which
capacitance is variable, electrically connected to said
first variable capacitance device, and of an inverse
conductivity type from said first variable capacitance
device; and

a first input unit for selectively inputting a bilas
voltage and a voltage signal to said first variable
capacitance device and said second variable capacitance
device,

wherein, in the event that said bias voltage and said
voltage signal are input to said first variable capacitance
device and said second variable capacitance device, the
capacitance of said first variable capacitance device and
said second variable capacitance device is taken as a first
value,

and wherein said voltage signal is amplified with the
capacitance of said first variable capacitance device and’

said second variable capacitance device as a second value

smaller than sald first value.



3. The amplifier according to Claim 1, characterized in that said first
variable capacitance device and said second variable capacitance device
are MOS varactors, said first input unit having a first switch, the gate
terminals of said first variable capacitance device and said second
variable capacitance device are each connected to said first switch, the
source terminal and drain terminal of said first variable capacitance
device are connected to a power ﬁ%c‘i for outputting power source
voltage, or to the ground, via a second switch, and the source terminal
and drain terminal of said second variable capacitance device are
connected to said power source, or to the ground, via a third switch

2. wRERITR the"évent of SaitPSetond switch Bing (Ortettedto aid -
o1 CRORSISUICS R T SALCLI, PRnnedied 9 IO, MIDADG bias

C | variable capacitance device and said second
volr@ylable Gapaghancedevice beingiaken assaichfirskvakiec apddr thence
event of said second switch being connected - 176 to the ground, said
dev ithird switchds cosrecied to saidipowercsparcet withahd eapasitance of
said first variable capacitance device and said second variable
capacitance device being taken as said second value. 4. The amplifier

S.ac%%g“%%gﬁglfgg”gggg¥:§%§a I Claim 1, characterized in

rhat said first variable capacitance device and said second
variable capacitance device are MOS varactors, said first
input unit having a first switch,

the gate terminals of said first variable capaciltance
device and said second variable capacitance device are each
connected to said first switch,

the source terminal and drain terminal of said first
variable capacitance device are connected to a power source
for outputting power source voltage, or Lo the ground, via a
second switch, and

the source terminal and drain terminal of said second
variable capacitance device are connected to said power
source, or to the ground, via a third switch,

wherein, in the event of said second switch being
connected to said power source, saild third switch is
connected to the ground, with the capacitance of said first
variable capacitance device and said second variable
capacitance device being taken as sald first value,

and in the event of said seceond switch being connected



that said first variable capacitance device and said second variable
capacitance device are MOS varactors, said first input unit having a first
switch, the source terminal and drain terminal of said first variable
capacitance device and source terminal and drain terminal of said second
variable capacitance device are each connected to said first switch, the
gate terminal of said second variable capacitance device is connected to
a power source for outputting power source voltage, or to the ground, via
a second switch, and the gate terminal of said first variable capacitance
device is connected to said power source, or to the ground, via a third
switch, wherein, in the event of said second switch being connected to

to thitl gowersbureeishid thirdlswitéh ish coAnawtad ¢ tiedgioundawithgheer
capacitance of said first variable capacitance device and sai ilecond

SOUYERabl iE%&JﬁnE@%@k@%ﬁg Yakerras’sdid firdt vaide: Hndwherein,
capLUIEgvent Of said second gg%t!?hs%%%%a Led.qonnectaciioheqipuad,

said third switch is connect power source, with the capacitance

devoksaiddirst; varakle capasiancesdeviee and saigl. second variable
capacitance device being taken as said second value. 5. The amplifier
according to Claim 3, characterized in comprising at least one or more

adjusting variable , o , ,
4. "The amplifier according to Claim 1, characterized in

that said first variable capacitance device and said second
variable capacitance device are MOS varactors, said first
input unit having a first switch,

the source terminal and drain terminal of said first
variable capacitance device and source terminal and drain
terminal of said second variable capacitance device are each
connected to said first switch,

the gate terminal of said second variable capacitance
device is connected to a power source for outputting power
source voltage, or to the ground, via a second switch, and

the gate terminal of said first variable capacitance
device is connected to said power source, or to the ground,
via & third switch,

wherein, in the event of said second switch being
connected to said power source, said third switch is
connected to the ground, with the capacitance of said first
variable capacitance device and said second variable
capacitance device being taken as said first value,

and wherein, in the event of saild second switch being



capacitance devices, of the same conductivity type as said first variable
capacitance device or said second variable capacitance device, and
smaller in gate width than said first variable capacitance device and said
second variable capacitance device; and at least one or more adjusting
switches for connecting each of the source terminal and drain terminal of
said at least one or more adjusting variable capacitance devices to said
power source or the ground, wherein_said at least one or more adjusting
variable capacitance devices have fHe gate terminals thereof each
connected to said first switch, in parallel to said first variable capacitance
device or said second variable capacitance device, as, to said first input

conngit-8ATHE dRMSIifisF ABBGTdiINFaFClarTS chafdcttrized inCRIHHered t°

., comprising: a third variable capacitance q%vic of which - 178 -
Saldca%%‘@ffﬁn%’eo%rv%?iabﬁ ll;}Fld%an fourth variable. cgpg\é%l?a%%é%ebfcresgf which

var Capacitance isvariable, elactrically connecteddosaid third variable
capacitance device, and of an inverse conductivity type from said third

capdafiableceapacitanee tdevice, anken that said thirkvariable sdpacitance
device and said fourth variable capacitance device are MOS varactors,

5. The amplifier according to Claim 3, characterized in
comprising at least one or more adjusting variable
capacitance devices, of the same conductivity type as said
first variable capacitance device or said second variable
capacitance device, and smaller in gate width than said
first variable capacitance device and said second variable
capacitance device; and

at least one or more adjusting switches for connecting
cach of the source terminal and drain terminal of sald at
least one or more adjusting variable capacitance devices to
said power source or the ground,

wherein said at least one or more adjusting variable
capacitance devices have the gate terminals therecof each
connected to said first switch, in parallel to said first

variable capacitance device or said second variable

capacitance device, as to sald first input unit.

. The amplifier according teo Claim 3, characterized in
further comprising:

a third variable capacitance device of which



the source terminals and drain terminals of said third variable capacitance
device and said fourth variable capacitance device are each connected to
said first switch, the gate terminal of said fourth variable capacitance
device is connected to a power source for outputting power source
voltage, or to the ground, via said second switch, the gate terminal of said
third variable capacitance device is connected to said power source for
outputting power source voltage, or_to the ground, via said third switch,
wherein, in the event of said secont’dwitch being connected to said
power source, said third switch is connected to the ground, with the
capacitance of said third variable capacitance device and said fourth
capyathblec tapécitaricesdelice Béiflg taken as said first value, and in the

event of said second switch being connected to the und, said third
svilitch™ig ‘Conndéted %Ys\%id: 88\,%8%* % 17§ es%?gécﬁitr?ﬁew%}&p(z%itance of

capSaid-third variable, capaeitanceidevice and said-fourh vagables said

capacitance device being taken as said second value. 7. The amplifier
t 11 Beceighic kol Claimpl characterized/inc that sail firSt lput umit selectively
inputs said bias voltage and a positive phase voltage signal making up a
condiffaraNtialisignal seAing as sl VolfagR Sighdiaple capacitance

device,

and in that said third variable capacitance device and
said fourth variable capacitance device are MOS varactors,

the source terminals and drain terminals of said third
variable capacitance device and said fourth variable
capacitance device are each connected to said first switch,

the gate terminal of said fourth variable capacitance
device is connected.to a power source for outputting power
source voltage, or to the ground, via said second switch,

the gate terminal of said third variable capacitance
device is connected to said power source for cutputting
power source voltage, or to the ground, via said third
switch,

wherein, in the event of said second switch being
connected to sald power source, said third switch is
connected to the ground, with the capacitance of said thind
variable capacitance device and saild fourth variable
capacitance device being taken as said first value,

and in the event of said second switch being connected

to the ground, said third switch is connected to said power



said first variable capacitance device and said second variable
capacitance device amplify said positive phase voltage signal with said
capacitance as a second value smaller than said first value, said amplifier
further comprises a third variable capacitance device of which
capacitance is variable; a fourth variable capacitance device of which
capacitance is variable, electrically connected to said third variable
capacitance device, and of an inv rsg conductivity type from said third
variable capacitance device; and a'second input unit for selectively
inputting, to said third variable capacitance device and said fourth
variable capacitance device, said bias voltage and an inver% ghase

SOUnGagaisignAR WER the-fiiase Rds Baeh invated Fi5h “Said positive
cap g yOltage snal, - 180 yherein, in the,evantihal said bias yollage

gaid inverse phase voltage signal are input to said third variable

deviGapacitance device and said fouth-variable 1capacitance device, the
capacitance of said third variable capacitance device and said fourth

variable capacitance device are taken as a third value, and wherein said
inverse phase voltage signal is amplified with the caEacitance of sai%i in
' e
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that

said first input unit selectively inputs said bias
voltage and a positive phase voltage signal making up a
differential signal serving as said voltage signal,

said first variable capacitance device and sald second
variable capacitance device amplify said positive phase
voltage signal with said capacitance as a second value
smaller than said first wvalue,

said amplifier further comprises a third variable
capacitance device of which capacitance Iis variable;

a fourth variable capacitance device of which
capacitance is variable, electrically connected to said
third variable capacitance device, and of an inverse
conductivity type from sald third variable capacltance
device; and

a second input unit for selectively inputting, to said
third variable capacitance device and said fourth variable
capacitance device, said bkias voltage and an inverse phase
voltage signal of which the phase has been inverted from

said positive phase voltage signal;



device as a fourth value smaller than said third value. 8. The amplifier
according to Claim 7, characterized in that said first variable capacitance
device, said second variable capacitance device, said third variable
capacitance device, and said fourth variable capacitance device, are
MOS varactors, said first input unit having a first switch, said second
input unit having a second switch, the gate terminals of said first variable
capacitance device and said second variable capacitance device are
connected to said first switch; the &&8 terminals of said third variable
capacitance device and said fourth variable capacitance device are
connected to said second switch; the source terminals and/or drain
tevimins OF saitl - 81 FFRtvariEbRcapatiahiddevite andsard thiR 19

variable capacitagnce device arelconnected to a gower s urce focr]l
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capacitance device and said fourth variable capacitance device are
capeﬁ@ﬂﬂgﬁ@é tasaid-powersoursp zoritoa theegrofindavia a fourth switchgble

wherein, in the event of said third switch being connected to said power
cap@@uugp@@mﬁ©mﬂhqwﬁQ%|§a1d fourth variable capacitance

device are taken as a third value,

and wherein said inverse phase voltage signal is
amplified with the capacitance of said third variable
capacitance device and said fourth variable capacitance

device as a fourth value smaller than said third value.

§. The amplifier according to Claim 7, characterized in
that said first variable capacitance device, said second
variable capacitance device, said third variable capacitance
device, and said fourth variable capacitance device, are MOS3
varactors,

said first input unit having a first switch,

said second input unit having a second switch,

the gate terminals of said first variable capacitance
device and said second variable capacitance device are
connected to said first switch;

the gate terminals of said third variable capacitance
device and said fourth variable capacitance device are
connected to said second switch;

rhe source terminals and/or drain terminals of sald



connected to the ground, with the capacitance of said first variable
capacitance device and said second variable capacitance device being
taken as said first value, and the capacitance of said third variable
capacitance device and said fourth variable capacitance device being
taken as said third value, and wherein, in the event of said third switch
being connected to the ground, said fourth switch is connected to said
power source, with the capacitance of said first variable capacitance
device and said second variable c%a%&cifance device being taken as said
second value, and the capacitance of said third variable capacitance
device and said fourth variable capacitance device being taken as said
£1r $5urtte vakie L © 1829 CEie BRpIIflEVacOraing t6 Thdint- E1ékhragtetizBd

that the capgéitance of said first vagagle capgcit%ncer dgg{?gc%ndf%%id
CAPECHAG VAHANE capatitande GaViES € takdn ad s Third value greater than

out SAld firstvalye in.the event gfattenjating said,veltage;signaki saigh 2 a

amplifier further comprising: at least one third variable capacitance device
+hi efthe: same, conductivity type as said first variable capacitance device

and of which the capacitance is variable, connected to said first input unit

in Pafallebtorsaid fiestvariable aapéeranceadévice mhnals of said

second variable capacitance device and said fourth variable
capacitance device are connected to said power source, or to
the ground, via a fourth switch,

wherein, in the event of sald third switch being
connected to said power source, saild fourth switch is
connected to the ground, with the capacitance of said first
variable capacitance device and sald second variable
capacitance device being taken as said first value, and the
capacitance of said third variable capacitance device and
said fourth variable capacitance device being taken as said
third value,

and wherein, in the event of said third switch being
connected to the ground, said fourth switch is connected to
said power source, with the capacitance of said first
variable capacitance device and sald second variable
capacitance device being taken as said second value, and the
capacitance of said third variable capacitance device and
said fourth variable capacitance device being taken as said

fourth wvalue.



at least one fourth variable capacitance device of the same conductivity
type as said second variable capacitance device and of which the
capacitance is variable, connected to said first input unit in parallel to said
second variable capacitance device. 10. The amplifier according to Claim
1, characterized in comprising at least one capacitance device having a
predetermined capacitance and capable of accumulating a charge
equivalent to said predetermined capacitance, disposed upstream of said
first input unit, wherein said voltégéag?gnhl which said first input unit inputs
is a voltage signal due to charge sharing by said first variable capacitance
device, said second variable - 183 capacitance device, and said at least

9 . onBheapaERande §8vies 21 SFRE ahflffieF aftotdingtd CiginT 31 25¢ 1

characterized in_that said-MQS ariactor is&r V m M(B varactor.
thatlz? ecéarﬁ&lcﬁlet_f%%%grdﬁfﬁfg ?oaé%imlf,sc argc%r%e%c? ingtgat sa%aMOS

dev VALAGIQRISAN accmulation made;MOS yBEREIdNa rlds Aeamphifiers taken
characterized in comprising: a first variable capacitance unit of which

as Lapatitances Isvariptie;ta secondhvarddble Capacitanceusmitiof whiehevent
capacitance is variable, electrically connected to said first variable
of Fhpaiaice it aha & RrsE it Shittérselectively inputting a bias

said amplifier further comprising:

at least one third variable capacitance device of the
same conductivity type as said first variable capacitance
device and of which the capacitance is variable, connected
to said first input unit in paraliel to said first variable
capacitance device; and

at least one fourth variable capacitance device of the
same conductivity type as said second variable capacitance
device and of which the capacitance is variable, connected
to said first input unit in parallel to said second variable

capacitance device.

10. The amplifier according to Claim 1, characterized in
comprising at least one capacitance device having a
predetermined capacitance and capable of accumulating a
charge equivalent to said predetermined capacitance,
disposed upstream of said first input unit,

wherein said voltage signal which said first input unit
inputs is a voltage signal due to charge sharing by said

first variable capacitance device, said second variable



voltage and a voltage signal to said first variable capacitance unit and
said second variable capacitance unit, and in that said first variable
capacitance unit and said second variable capacitance unit are each a
combination of the same components, wherein, in the event that said bias
voltage and said voltage signal are input to said first variable capacitance
unit and said second variable capacitance unit, the capacitances of said
first variable capacitance unit and _sajd second variable capacitance unit
are each taken as a - 184 - same f‘i?sa# value, and wherein said voltage
signal is amplified with the capacitances of each of said first variable
capacitance unit and said second variable capacitance unit as a sam

capasstbRBCYalie Ghdller #ikh sad firstvalid 1%, ARAnToiIRifg M&thGd e v1ce
relating to an amplifier including a first variable capacitance device of
which capacitance is variable, and a second variable capacitance device

110f which capacitanee is:variable andiof aminverse, cenduciivity: pedonn
said first variable capacitance device, characterized in comprising: a step
tha ffosipatingsa biasavdltage iandea veltage ssigmal o ¥&id firstrvartabie
capacitance device and said second variable capacitance device, and
accumulating a first charge corresponding to a first capacitance;

12. The amplifiér according to Claim 3, characterized in

that said MOS varactor 1ls an accumulation mode MOS varactor.

13. An amplifier characterized in comprising:

a first variable capacitance unit of which capacitance
is variable;

a second variable capacitance unit of which capacitance
is variable, electrically connected to said first variable
capacitance unit; and

a first input unit for selectively inputting a bias
voltage and a voltage signal to said first variable
capacitance unit and said second variable capacitance unit,

and in that said first variable capacitance unit and
caid second variable capacitance unit are each a ccmbination
of the same components,

wherein, in the event that said bias voltage and said
voltage signal are input to said first variable capacitance
unit and said second variable capacitance unit, the
capacitances of said first variable capacitance unit and

said second variable capacitance unit are each taken as a



a step for holding said first charge, and a voltage corresponding to said
bias voltage and said voltage signal; and a step for amplifying said
voltage signal by reducing the capacitance of said first variable
capacitance device and said second variable capacitance device from
said first capacitance to a second capacitance smaller than said first
capacitance. - 185 15. The amplifying method according to Claim 14,
characterized in said step for argpq iEg_said voltage signal further
comprising: a step for reducing the capacitance of said first variable
capacitance device and said second variable capacitance device from
said first capacitance to said second capacitance; a step for amplifying
samasafd bidls Voitagerand said voltage signal in accordance to the ratio of said

first, capacitance as to.sajd secqnd capagiiance: apd pisten for,cangeling

outd charge equiva gnt to the ‘amount of amplification of the amplified

capdiag yoltage atr saidtfirsbvariable; capacitaneg device-ant gaid isegnd unitc
variable capacitance device. 16. A filter characterized in comprising: an

and amaplifying umitdowehichialbiasvolagiccanda  volidgeasignalaadn SetC witH
said voltage signal being

value smaller than sald first valus.

14. An amplifying method, relating to an amplifier
including a first variable capacitance device of which
capacitance is variable, and a second variable capacitance
device of which capacitance is variable and of an inverse
conductivity type from said first variable capacitance
device, characterized in comprising:

a step for inputting a bias voltage and a voltage
signal to said first variable capacitance device and said
second variable capacitance device, and accumulating a first
charge corresponding to a first capacitance;

a step for holding said first charge, and a voltage
corresponding to said bias voltage and said voltage signal;
and

a step for amplifying said voltage signal by reducing
the capacitance of said first variable capacitance device
and said second variable capacitance device from said first
capacitance to a second capacitance smaller than sald first

capacitance.



amplified and output; a first switch unit for selectively inputting said bias
voltage and said voltage signal to said amplifying unit; and a second
switch unit for selectively outputting the voltage signal output from said
amplifying unit, said amplifying unit including a first variable capacitance
device of which - 186 - capacitance is variable; and a second variable
capacitance device of which capacitance is variable, electrically
connected to said first variable capacitance device, and of an inverse
conductivity type from said first Vaﬁ%%le ‘capacitance device, wherein, in
the event that said bias voltage and said voltage signal are input to said
first variable capacitance device and said second variable Lfacitance

ca
15devibbethameapAsitatee st ATkt GaRAHIE Sapacitarfcdtevice and said
second variable capacitance device is taken as.a first _valu erein
cha%%%?@ﬁ%ze%.ln égl& #%%% %ﬁfﬂéﬁgfl .f% éaaﬁ %éﬂ%@@@

age signal’is amp wi apacitance of said first variable

s gfapagiiance.device and -sajd second variable capacitance device as a
second value smaller than said first value. 17. The filter according to

Clairs d6p cliaracterizediingfurther cepyprisingre thirdfswitchiudit for setting
varfggae capacitance device and said second variable
capacitance device from said first capacitance to said
second capaclitance;

a step for amplifying said bias veltage and said
voltage signal in accordance to the ratic of said first
capacitance as to sald second capacitance; and

a step for canceling out a charge eguivalent to the
amount of amplification of the amplified bias voltage at

said first variable capacitance device and said second

variable capacitance device.

16. A filter characterized in comprising:
an amplifying unit to which a bias voltage and a
voltage signal are input, with said voltage signal being
amplified and output;

a first switch unit for selectively inputting said bias
voltage and said voltage signal to saild amplifying unit; and
a second switch unit for selectively outputting the
voltage signal output from said amplifying unit,

said amplifying unit including

a first variable capacitance device of which



amplifying unit to an initial state prior to input of said voltage signal. 18. A
filter characterized in comprising: an amplifying unit to which a bias
voltage and a voltage signal are input, with said voltage signal being -
187 - amplified and output; a first switch unit for selectively inputting said
bias voltage and said voltage signal to said amplifying unit; and a second
switch unit for selectively outputting the voltage signal output from said
amplifying unit, said amplifying u i%iémluding a first variable capacitance
unit of which capacitance is va?ia% e: and a second variable capacitance
unit of which capacitance is variable, electrically connected to said first
variable capacitance unit; with said first variable capacitance unit and
capagaigeBeconbvariablé BapaciBiifce unit each being a combination of the

same components, wherein, in th it id bi It and said
v%na‘?&ec%%aT’S“r%li%\%Eﬁocéﬁé Cﬁ%s%t%}é%%blgegéép%%itgﬁﬁ%iq%%nd said
capaS8Gandvariable, capagitance dinit the; capacijanees,ebsaid first vasiable

capacitance unit and said second variable capacitance unit are each
£1rstaken &b samesfisst Valuece device, and of an inverse
conductivity type from said first variable capacitance
device,

wherein, in the event that said bias voltage and said
voltage signal are input to saild first variable capacitance
device and said second variable capacitance device, the
capacitance of sald first variable capacitance device and
said second variable capacitance device is taken as a first
value,

and wherein said voltage signal is amplified with the
capacitance of said first variable capacitance device and

said second variable capacitance device as a second value

smaller than said first value.

17. The filter according to Claim 16, characterized in
further comprising a third switch unit for setting said
amplifying unit to an initial state prior to input of said

voltage signal.

18. A filter characterized in comprising:
an amplifying unit to which a bias voltage and a

voltage signal are input, with said voltage signal being



and wherein said voltage signal is amplified with the capacitances of each
of said first variable capacitance unit and said second variable
capacitance unit as a same second value smaller than said first value. -
188 19. An amplifier characterized in comprising: a first variable
capacitance device of which capacitance is variable; a second variable
capacitance device of which capacitance is variable, electrically
connected to said first variable c E;ﬁlg}itance device; and a first input unit

for selectively inputting a bias voltage and a voltage signal to said first

variable capacitance device and said second variable capacitance
device, wherein, in the event that said bias voltage and said voltage
amp lidrgichraiRp it 6 Raid first variable capacitance device and said second

V%riait%!%ggpgcﬂgacn&? qlevi%e., I&% Csa@gfiegg%gb %S"%Liglgiﬁstte@ﬁi&bl;\eaid bias
o ) .

capacitance device and ‘said second variable capacitance device is taken
vol @@ fitstavalue and wherein saighvaltage signal isasplified withathet ; and

capacitance of said first variable capacitance device and said second
variabe capacitahicerdevicerag arsesohd valiree smatleitthantsaid fikdte
value. 20. The amplifier according to Claim 19, characterized in
voltage signal output from said amplifying unit,
gsaid amplifying unit including
a first variable capacitance unit of which capacitance
is variable; and
a second variable capacitance unit of which capacitance
is variable, electrically connected to said first variable
capacitance unit;
with said first variable capacitance unit and said
second variable capacitance unit each being a combination of
the same components,
wherein, in the event that said bias voltage and said
voltage signal are input to said first variable capacitance
unit and said second variable capacitance unit, the
capacitances of said first variable capacitance unit and
said second variable capacitance unit are each taken as a
same first wvalue,
and wherein said voltage signal is amplified with the
capacitances of each of sald first variable capacitance unit

and said second variable capacitance unit as a same second

value smaller than saild first value.



that voltage for canceling the amplification amount of said bias voltage is
impressed on said first variable capacitance device and said second
variable capacitance device. - 189 21. The amplifier according to Claim
19, characterized in that said first variable capacitance device and said
second variable capacitance device are of the same conductivity type.
22. The amplifier according to Claim 21, characterized in that said first
variable capacitance device and szi\iéjgse_cond variable capacitance device
are n-channel-type MOS varactors, "said first input unit having a first
switch, the source terminal and drain terminal of said first variable
capacitance device and the gate terminal of said second variable

1 9capAgitdite dévicd afd BEaT E6ected t8 safdfirst 8witéH, the gate
termingl of el firstvariable, sapaglianeeq deyiee is.gonpecte fo a power
we

séurce Tor out%ﬁﬁl%g po source voltage, or to the ground, via a

capaecepdswitch, and thg.seyrce terminal and drain terminal of said second
variable capacitance device are connected to said power source, or to the

groundpviadh thirdisviitch, adieseintimrthe event obsald seband switch
being connected to said power source, said third switch is connected to
capaké GRewRd, With e cphtitande 6 it irdtYvaraBIE Capacitince tdlice

nd said second variahl .
firé& var%a Ee capac1%ance device; and

a first input unit for selectively inputting a bias
voltage and a voltage signal to said first variable
capacitance device and said second variable capacitance
device,

wherein, in the event that said bias voltage and said
voltage signal are input teo said first variable capacitance
device and said second variable capacitance device, the
capacitance cf said first variable capacitance device and
said second variable capacitance device is taken as a first
value,

and wherein said voltage signal is amplified with the
capacitance of said first variable capacitance device and
said second variable capacitance device as a second value

smaller than said first value.

20. The amplifier according to Claim 19, characterized in
that voltage for canceling the amplification amount of said
pias voltage is impressed on said first variable capacitance

device and said second variable capacitance device.



capacitance device being taken as said first value, - 190 and wherein, in
the event of said second switch being connected to the ground, said third
switch is connected to said power source, with the capacitance of said
first variable capacitance device and said second variable capacitance
device being taken as said second value. 23. The amplifier according to
Claim 21, characterized in that said first variable capacitance device and
said second variable capacitance %egvige are p-channel-type MOS
varactors, said first input unit hav?ng a first switch, the gate terminal of
said first variable capacitance device and source terminal and drain
terminal of said second variable capacitance device are each connected
to said first switch, the source terminal and drain terminal of said first

variable capacitance device are conpected t er Lred i
210utbfu %nanr.{;%%l% er accqtraéjén% 98 t&,a?rg H@’)’ 5}%8%{85» d in

wer source voltage, or to the ground, via a second switch,

- natand the gateterminal gf said seeand variable eapacitanaed device isecond
connected to said power source, or to the ground, via a third switch,

variwhereindpdhe exentofdaid secenkswifch beingatenreeteth - daid Ty
power source, said third switch is connected to the ground, with the

typecapacitance of said first variable capacitance device and said second
variable

22. The amplifier according te Claim 21, characterized in
that said first variable capacitance device and said second
variable capacitance device are n-channal-type MOS wvaractors,
said first input unit having a first switch,

the source terminal and drain terminal of said first
variable capacitance device and the gate terminal of said
second variable capacitance device are each connacted to
said first switch,

the gate terminal of said first variable capacitance
device is connected to a power source for outputting power
source voltage, or to the ground, via a sacond switch, and

the source terminal and drain terminal of said second
variable capacitance device are connected to said power
source, or to the ground, via a third switch,

wherein, in the event of said second switch being
connected to said power source, said third switch is
connected to the ground, with the capacitance of said first
variable capacitance device and said second variable

capacitance device being taken as said first value,



- 191 capacitance device being taken as said first value, and wherein, in
the event of said second switch being connected to the ground, said third
switch is connected to said power source, with the capacitance of said
first variable capacitance device and said second variable capacitance
device being taken as said second value. 24. A filter characterized in
comprising: an amplifying unit to which a bias voltage and a voltage
signal are input, with said voltage ig al being amplified and output; a first
switch unit for selectively inputtiﬁgisa?d bias voltage and said voltage
signal to said amplifying unit; and a second switch unit for selectively
outputting the voltage signal output from said amplifyins unit, sai

. d, .
a%ﬁfy?ﬁ@eﬁﬁi%ﬁml_dd?nﬁ Qirﬁv\%?f%b%fcéﬁécﬁaﬁﬁg% icR"0f Whick 119
coniiEhECNANCe Isvarabls; A agecond vananle capaciiancedigricedly o

Q ne
capaci Ahce is varidble, électrically connected to said first variable

saicfapagitance devige, wherein;a the guentdhal-said biasvaltage-and said
voltage signal are input to said first variable capacitance device and said

var iseicbnd yariahletcapaeitdrce. devieethea capasitansd of saithfirsEvariable
capacitance device and 192
capacitance device being taken as said second value.

23. The amplifier according to Claim 21, characterized in
that said first variable capacitance device and said second
variakble capacitance device are p-channel-type MOS varactors,
said first input unit having a first switch,

the gate terminal of said first variable capacitance
device and source terminal and drain terminal of said second
variable capacitance device are each connected to said first
switch,

the source terminal and drain terminal of said first
variable capacitance device are connected to a power scurce
for outputting power source veltage, or to the ground, via a
second switch, and

the gate terminal of said second variable capacitance
device is connected to said power source, or to the ground,
via a third switch,

wherein, in the event of said second switch being
connected to said power source, said third switch is
connected to the ground, with the capacitance of said first

variable capacitance device and sald second variable



said second variable capacitance device is taken as a first value, and
wherein said voltage signal is amplified with the capacitance of said first
variable capacitance device and said second variable capacitance device
as a second value smaller than said first value. 25. The filter according to
Claim 24, characterized in further comprising a third switch unit for setting
said amplifying unit to an initial state prior to input of said voltage signal.

- 191 -

capacitance device being taken as said first value,

and wheresin, in the event of said second switch being
connected to the ground, said third switch is connected to
said powey scurce, with the capacitance of said first
variable capacitance device and said second variable

capacitance device being taken as said second value.

24. A filter characterized in comprising:
an amplifying unit to which a bias voitage and a
voltage signal are input, with said voltage signal being
amplified and output;
a first switch unit for selectively inputting said bias
voltage and said voltage signal to said amplifying unit; and
a sacond switch unit for selectively outputting the
voltage signal output from said amplifying unit,

said amplifying unit including

a first variable capacitance device of which
capacitance is variable; and

a second variable capacitance device of which
capacitance is variable, electrically connected to said
first variable capacitance device,

wherein, in the event that said bias voltage and said
voltage signal are input to said first variable capacitance
device and said second variable capacitance device, the

capacitance of said first variable capacitance device and



- 192 -

said second variable capacitance device is taken as a first
value,

and wherein said voltage signal is amplified with the
capacitance of saild first variable capacitance device and
said second variable capacitance device as a second value

smaller than said first value.

25. The filter according to Claim 24, characterized in
further comprising a third switch unit for setting said
amplifying unit to an initial state prior to input of said

voltage signal.



