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[0001] i nventi on
The present iﬁv@:l:i&tr@&estt@an amplifier, an
amplifying method, Qi a filter.

Background Art @[ nnlifi er, t

2 . -
00023 n anplifying

in recent yearfetiﬁl(j;d: (Syaﬁdn Chip) for wireless

k)

communication whezain fri qFfP@if.o Frequency) circuit and
digital circuit a%nélﬁdédribﬁlﬁi le CMOS {Complementary
Metal Oxide Semic doc@od ip, there has been developed a
technology for f£i er RF c1rc J.ts a d lower electric power
consumption, by employlng analog d,lscr te-time signal
processing technolodgy @'uch als cu\é\rAen mode sampling with

high-speed clocks, Qﬂch Q¥a@ltor circuits, and so forth.

(0003 tern on
An example ofqllecp])que torealize finer RF circuits
and lower electrly\ﬂouEaEJ on using a discrete~time

parametric ampllfﬁﬂmma@rattrﬂc Qﬂpllfler)
configured of a M@FEm@aﬁ @il(ﬁ Sﬁ.ﬂ)nductor Field
effect transistor)RF P(t%[dciun@dt 1.
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However, Wltl’t the aﬁove desc:ilbed conventional MOSFET
parametric ampllfﬁr, tlﬁlblas voltage and voltage signals
input to the MOSF: ?jisn?tric amplifier are amplified
together while still in a.superimposed state. Accordingly,
the output signal] ofot%IMOeSE‘E parametric amplifier are
unnecessarily great an]jthe outpg signals are difficult to
handle, to the extenb hat hlg v<§tage|endurance needs to
be provided to ths (g stream components which receive the
output signals. AQSQ nﬂyegl\’:lL IOLQpQr,asl:Lgnals of the MOSFET
parametric ampliffe Ice§sarily great, the
arrangement becomgamlml iongner circuits and lower
electric power coxaerm:!oIiA fFiu:%Qn, in the event that the
output signals of'tIAIM(@FE'bzia:a.rStric amplifier are
greater than the MVQJI Jm.a.g eolaﬂdthe capacitance of
the MOSFET decreaMOlsz\atg@ in distortion of the signal
waveforms of the tsﬂplg Hﬁﬂaﬁ-

[0006] i nput- to

Embodiments ot h'e p%%-{tion provide a new and
improved amplified) L AIBY fQ§r@. and filter, capable
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are
anplified
t oget her
whi | e st al

1N A



bi as vol t age
and vc | eage
si gnal-s -
i nput to an
bias voltage and gﬁrﬂa Fifnilléi,n}:ut to an amplifier, the
voltage signals. t he VO| t age
Technical SOluth%I gnal S
[000721 di t r eCl ur I E?lth P t t
ccording OSOZIZ'S aspec O =] resen invent 1on,

tron

there is prov1dsdf ﬁ\t')uff comprising: a first variable
capacitance device,of which gapacitance is variable; a
second variable c.ég:'ctglcreddeviccgof which capacitance is
variable, electrically cormected o the first variable
capacitance device, a egan inverse conductivity type from
the first variable capeacigullcg evice; and a first input
unit for selectivllpi\{lglﬂln!; soﬂds thage and a voltage
signal to the fir: er]gblé épacitance device and the
second variable cggcgéé%eqigge, a'larein, in the event
that the bias vol@mldltllfelvia{age signal are input to
the first variablag(glrm[alllcslle‘ng :and the second
variable capacitalae nfe‘iir[eslhe capacitance of the first
variable capacitaMacre‘iiaandehe second variable
capacitance devic£apaﬁial anﬁ&alue, and wherein
the voltage signadﬁ\ﬂri\pﬁﬂed@fth the capacitance of the
first variable cag\mriiaﬁhdevice and the second variable
capacitance devic{:@_paﬁninft ARNC@aller than the first
value. i's variabl e;
f000e] a second

vari-abl e

capaci Lanace

devi ce of

whi ch

AAal \sarryr Aancno



[ 000h] Al so,

vol t age

fcanceling

t he

The above ampe‘iFiFrpTEslaff*rﬁa{rjiable capacitance

device, and secondcxﬁriaa]ﬁﬁaafﬁtancetevice, and a first
input unit. The r:fpﬁ:é:antiioage first variable
capacitance device\/ié |va[r1§>gee Mﬁhyhe second variable
capacitance devic 1s of an Inverse condu tivity type from
the first varlable capactl n.E)erdexnceS, and the capacitance
thereof is variable. The fi sil 1nput unlt selectively

inputs a bias voltage and a yoltage signal to the first

variable capacitangeach_@Q Iang @pgegnd variable
capacitance deviced QV thgen\,atmg the bias voltage and
the voteage signatl SAREC AN e varianie
capacitance deviceVaa;fj'xeab:Lnevariable capacitance
device, the capacieﬂp&Qthnancerst value, and a
charge is accu.mula@e.v i‘h@Et’_he first variable capacitance
device and the sec[)r@@a]_i@)ie capacitance device reduce the
capacitance from t-l‘reh%sttvd.ileaf 5@aller second value,
S0 as to output ane:q:epit Vs&lageﬁtnal amplified by the
voltage signal beitxgonult:iﬂéd by the first value as to the
second value. Notaﬁﬁlti‘;esziat‘a{tigeois substantially
not amplified, sinﬁe t&rfﬁﬁ;ﬁtquiﬁfent to the

amplification amoufthié cancelled out at the first variable
capacitance devlce and the: s_fce'xd viriable capacitance

device.
blas vol t age

[0008]

Also, voltagecfg':rlancegng the amplification amount of

cancel | e
out at the
first

vari abl e

AAanart t ancro



the first
pp: Act:to
capacitance
device arid
the bias voltage fayj Yo @rnprgsEed G‘ﬁd} first variable
capacitance devicvacr tlhea.sbclone variable capacitance
device. capaci t ance
100101 devi ce bei ng
The charge eqt;iéaREét ro Hﬁamflﬁjéation amount of

the amplified bla? voltaéet can bacancelled out at the first
vam_able capac1tance davu:ﬁ/land fh second variable

capacitance dev1ce, by impressin poweF| source voltage, for

event o

0011 sepond _

xiso, an areat ol GPRBL NGein e sivee
variable capacitargeocgvmce Gnti %d setog variable
capacitance devied Ja&osg,grocuﬁd for example, the first
input unit has a .firla&wlkc{;“ fErd&xample, the gate
terminals of the ﬁw vtar&nle i:aSacitance device 'and the
second variable qa@@im@%i:e ate(}ach connected to the
first switch, the fdae@e HFBILPS @S drain temminal of the
first variable ca;sc@:a‘ce@er’iée W tohected to a power
source for outputtt_'uiq @over source voltage, or to the ground,
via a second switce,afprgéainpfeaﬁ*le éte source terminal
and drain terminalocf thf ﬁeé)ndfvrri.agl,t capacitance device
are connected to t\h/edsfpwer s&ulrcé or to the ground, via a

third switch, for example, wherein, in the event of the

aci tanhce

second switch being, cohnacted to the power source, the third

. : ce
switch is connected to the ground, h the capacitance of
tan secon
vari abl e
capaci t ance

band oe

hot nAa + alban

example.



capaci t ance

devi ce and

seconds -

vari abl e
the first variablsccaﬁater'Fetda'ﬁced the second
variable caﬁacitarﬁ?\?\ji(t geing taken as the first value,
and in the event zﬁél’e@eﬁeéjsswitchﬁing connected to the
ground, the third gvafl,cfreis co[m%ed to the power source,

with the capacitan é he fl variable capacitance
device and the secﬂd vaélable c??g:ltfnce device belng
" taken as the secon?%aI;]uéb d
[6012] e rm e
The first var\ll\aﬂe capac1[}ance c@v:.ce and the second

variable capac1tance ev§cL are MOS varactors, for example,

having mutually J.nVer:a IcCﬁ:DJtl%ty Also, the first input
unit has a first sclacp,aqul et(a@»lﬂec Qxd selectively inputs
the bias voltage ad:EtVﬁJ xBleagean;dﬂs to the f"irst
variable capacitarLch@vhS eﬁ exE] écond variable
capacitance device\/:‘a_réd.ccablceerith opening/closing of the
‘First switch. The@&p@@}nal{;_ﬁﬂl@ @izrst variable
capacitance devicedae\/’cihe(:%conaraelable capacitance
device are each cd to the first switch. Alsoc, the
source terminal ax\? arra]aéetrnﬁ'flsof the first variable
capacitance dev1cf aaer coxéytéﬂﬁ;pl fﬁ example, a power
source for ou;putttuﬁ éowT:I ?\11§T voltage, or to the ground,
via a second sw:.tch, he source ferminal and drain
terminal of the s cor;] vlglztlablléj rz-:]alpa‘tci‘cance device are
connected to, for gxample, e power source, or to the
ground, via a thirf: Iswrltsck!: SW t t |r
he source
terirdnal
and dra

term nal of
+ho firet



cor ecdf ance

device are

each -,
: connected to
(00131 the first

Here, in the grw tfclh second switch being connected

to the power sourc hirdgspipceh is connected to the

Al 'S0, trthHE
ground, with the c éclitéme of the first variable
capacitance devicet aéd the: seco, varigble capacitance

. rmHar o

device being taken the first valuey; Also, in the event
of the second switch being ¢ nIected te the ground, the
third switch is connected to,the power source, with the

capaci tance

capacitance of the firl Varlablg capacitance device and the

se(:on& variable cagagi al’xcg @viLe%eing taken as the second
value. Due to thegggngglhe_ndﬂ:hird switch being
operated so that tteozpnnettgx destinations are mutually
different, the inc%&aapLae,in apacitance of the
mutually—inverse—cpxav*ﬂrty—sﬁ Ufrﬁ eariable
capacitance devicela@if'second variable capacitance device
becomes the same. out put t | ng
(0014} power source

‘Also, an arravﬁ*mt xag}e madﬂqerein the first

)
variable capacitan@ dtvﬁéand the second variable
capacitance device i H le, the first
gfedlfjﬁﬂa,c ov1 ﬁr example e firs

input -unit having afi§t‘e?§fﬁﬁ,dthe source terminal and

drain terminal of the figst riabl apacitance device and

sw t'ch, "and -
the source termina nd drain rterminal of the second
variable capacitange devic® are each cinnected to the first
switch, the gate terxg.r[a[ g_r!k%sseco(n)

e first

vari abl e

‘capaci tance

device in

~rAt ' e f oA

variable capacitance



capaci tance

devi ce and

t he segond

vari abl e
device is connectqd quaﬁe @x outputting power
source vo}.tage, oxdte\y}ie @relfmd, Whesecond switch, and
the gate terminal gfattxeeflrét@taéa capacitance device
is connected to t}le éafdelrnsol;fgt gﬁ tbfhe ground, via a

third switch, wherfiﬁ,ein the event of the second switch
being connected toat p&wgrtslouﬁe the third switch is
connected to the g\r/ouxJé,i wa:E) rh%gpacitance of the first
‘variable capacitance device and the second variable

cltan

capacitance devicecbgpggaken as thg grst value, and
wherein, in the evgng\o/fl tgees§con§'!w§ch being coanected
to the ground, theecgigd witch is connected to the power
source, with the c@p@ﬂ&@cg @,Q fiIspvariable
capacitance devicet ;hia‘neLchonE Qtiable capacitance
device being takenSaV\A.:ht G‘Bhnpd vaad

[0015) t he source

' The first var(a@@@fa@@r)ce device and the second
variable capacitant:%iFVFFia ﬂ:ai’los varactors, for example,
having mutually ln&lde codilrca‘irin. Also, the first input
unit has a first s(:ian,aixdn'_) capable of selectively
inputting the biastvé_rarﬁ aﬁ'{&]}eszoltage signals to the
first variable capfcﬁ:éufeéafce ﬁf. @e second variable
capacitance devicgé.&&cr,frdance with opening/closing of the
first switch, for example., The soufce jtérminal and drain
terminal of the ficso;haﬂg&icaepg:ital_ng device and source

terminal and drain tex?inal of the,second variable

t1s:di
Swi tches
correspondi n
g to the

Aadl 11t NnA



to the

ground, the

third.switch

I's connected
capacitance devicd {3 e‘a*} ennp:emrthe first switch.
Also, the gate tezsjeaﬁ loflff@’secw tahable capacitance
device is connectatih% for example, a power source for
outputting power scxacpa)e:iﬂgtaﬁEéhe ground, via a
second switch, andctfhe gftﬁ grmtnﬁio'f. ae first variable
capacitance device i necgefl, for example, to the power
source, or to thee\éréuf::;é.abg téhlﬁrcésewltch
{00186]
Here, in the evﬁ: of the secomj switch being connected

to the power source, t J.rd Swl ch'is connected to the

ground, with the c\!péc[itlan@b:L gLe first variable
capacitance dev;cecaapcascslzctnaaggle capacitance
device being takel b Vb GB: RBL NEho, 50 te event
of the second swittkakiegnonas.edtth&e ground, the
third switch is coSRE@bOhe power source, with the
capacitance of ther&lstUz@:_i.able capacitance device and the
second variable caﬁa@@ﬂge%vice being taken as the second

value. Due to the-IEh;ed switch and third switch being

operated so that tmlnei:tfoil @ftinations are mutually
different, the incm’defrfjfetih@racitance of the
mutuallyfinverse—cerf.i)fffvé:r—fy?éirﬁ variable

capacitance devicetaﬁ:ii chami variable capacitance device
becomes the same. Ag?_rci‘llr561 this configuration, the

signal voltage can be amollflef whlle malntalnlng the bias

c-aac

devi ce and a
fourth
variablu
capaci t ance

Aoy A~ ThAa

voltage.
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Also, the ampiljﬁre)cu@y cbifljst at least one or more

adjusting variabléS@:Iactit@*@tdiavVAyof the same
conducﬁivity type |asntpeuTrst vhrgye capacitance device
cr the second variSil%cSpaovt@Fetda'ge and smaller in
gate width than t}arﬁlrsd vaaLable capacitance device and
the‘ second v,ariab]pdagicjfarcv gvig; aqd at least one or
more adjusting swi cﬁeé,sfér example, for connecting each of
the source terminal arld rdin terminal of the at least one

source or the grounq, erein the at Jeast one or more

a. al

or more adjusting variable acitang devices to the power
adjusting variable capacitgnga devices have the gate
terminals thereof ‘ea he on@eatdl t@'Lhe first switch, in

parallel to the fiSJt gar;lia':he capacitance device or the

second varianie c9 Yk BYc-AS
[10018] t he.

The amplifierViQ:iluﬁeageteﬁﬁle, at least one or
more adjusting vaﬂc‘ld.blﬁ Gbacitance devices, and at least
one or more adjusdyr@ Bit@Ey} @ach of the adjusting
variable capacitar@%}&@i it ArrC@le capacitance
device of the samedcevqcteréy aFFds the first variable
capacitance devicT thehe g@ttb‘;ﬁrdable capacitance device,
and smaller in gat\7 a).ldtib aib'zl t@ first variable
capacitance devicecaadptéecsrcfnéﬁ&i@le capacitance

device. The gate |(Gata etvrrl%lé of the adjusting variable

amplify
posiL ive
phase

vvAal + Ao



vol t age

si gnel has

been app'

, ifica, from

capacitance deviceh M@ esfnl chn@ktea to the first suitcn,
and the source (SoVkgkl iteatbllileand drain (Drain)
terminals thereof @capaa(;cimt.eaﬂ@ethe adjusting
switches corresponé@vtio @Eadandg variable capacitance
devices. The areatohee g‘ecﬁrﬂldl of the first
variable capacitanvaeﬂieviice ab]}eeﬁrea of the gate terfminal
of the second Varicbmccilttnﬁn‘hé"ﬁe can be indirectly
adjusted by matchld;etvl C&ﬂéﬂftlohﬁae of the adjusting

switches to the sea)ﬂi:]ts ]tlcf fa- cagse wherein the adjusting
variable capac1tance v1ces are of e same conductivity
type as the first var e capacltance device) or the third
switch (a case where,ln tﬁe ag;ustlng variable capacitance
deviées are of the san’g cOon: ucé.\uty type as the second

wherein the

variable capacitan
(06107 ‘rvierse
Also, the ampp,h@:Sn% further comprise: a third

variable capacitanVtee\Iiﬁgﬁahich capacitance is
variable; and a foSritrng\z&Lle I?baa&tance device of which
capacitance is varba@le,nelectrically connected to the third
variable capacitax@ffpv{icie,f apd@d ,an inverse conductivity
type from the thirft r-omd *Pe:itance device, wherein the
third variable ca;%qi!ftiar]cﬂievice and the fourth variable
capacitance device\fm-qosa.\brlacéms, for example, the
source terminals aedac}raarbt‘lerimghscoé the third variable
capacitance devi;edaéc\/tiheCSéurCéhedninals and drain

the fourth

vari abl e

capaci t ance

Aoy A~



source for

out putting

power _source

vol tage, O
terminals of the Iotch thaie;le capacitance device are each
connected to the @ﬁ%ﬂﬂ, the\l;iateSrminal of the
fourth variable cdpdqicdndg device is connected to a power
source for outputlSWp(tw@ ho’urcef YOHfage, or to the ground,
via the second swjegl(,atﬂepglate ;Jf tanrdrd variable
capacitance devic{ :Lhe)ms(ﬁel FOG§ powexr source fo»r
outputting power fouse fALEPFEy| 0 to the ground, via the
third switch, and é}ﬁrd:fo:f. tha Fvgf ﬁ the second switch
being connected t(t téerprqﬁernsglrcg t]befthird switch is

connected to the %rcl}iné, wété &h(e) ﬁaacitance of the third
variable capacitance dewice the fourth variable

capacitance device being taken as the first value, and

wherein, - in the ev(e:n@Qf_a’cgel sgcg'x!i-] gzgch being connected
to the ground, thedt@i\!(; sgiech @rlgmected fo the ;;ower
soutce, witn the dufABaf QUL Plizd vastavie
capacitance dévicevaa(I tiheafbalrtevariable capacitance
device being takeﬁﬁ[&@@&oﬁd&ﬁl%e
[0020] devi ce are
The amplifierGi@IHIEE 1@} ise a third variable

capacitance devicsS@Ed a uUfp@ variable capacitance device.
The third variablep:@\?@ﬁnce device and the fourth
variable capacitarseoﬂavldoe e:’e Mob raractors, for example,
having mutually irt]e(ﬁse t:*lde:tivity. The source terminals
and drain terminalg Isfotaantdl:td vvr',age capacitance device
and the fourth varéab]f Oaﬁﬁ;jfaﬁe device are each

switch, for

exanpl e.

(C26] Now,

TNn the oaviant



One th.i.rd

vari abl e

capacl 3!'B,ane

devi ce of
connected to the i{u]gtﬁs‘ﬂstﬁ.Vf& example. Also, the gate
terminal of the rB:OMGHEGE icavai:itaye device is
connected to, for te;ynp@ “aSvert shp@e for outputting
power source voltdfyq, forgp the ground, via the second
switch, and the sayap g prgne tnird variasle
capacitance deviceciaﬁ)a)eciteti gn é)eexample, the power
source, or to the @y ®i@ the thirdpyitch.
(0024] - and of

Now, in the eveFti o& ﬁxe second switch being connected
to the power sourc‘te,htéeCijda?ﬁiécé is connected to the

ground, with the capacitance of € third variable

capacitance device and t¥e Efourt? varigle capacitance

device being takencag ing @i_gstt @ague t ]Qso, in the event
of the second swit_t:}t‘o@ingf JonLeSt_Ld to the ground, the
third switch is chchQeUt;o tUerU:»er source, with the
capacitance of thJ trh]:chK)batE.aaLle La@aLitance device and the
fourth var.iable ci)@lcatuja eevzf:el bgi&ttaken as the second
value. Due to theSs@G@ Rlcn and third switch being
operated so that NBdbrine@dDdn @stinations are mutually
different, the in@EHYECHA QM G oitance of the
mutually—inverse-c@revtji%_ty;pe PfpcFariable
capacitance deviceggnd qmetasatciawacitance device
becomes the same. fAé:thitgHO this configuration, the
signal voltage cax\/karmip]a%eld éhile maintaining the bias
roltage: capaci t ance

devi ce of

the sail's

conductivity

+vsna ac + ho



the anmpl 1
l'ieu: can be
swi t ched
. b g
over by ,
100221 i ndependent I
Also, an arra%em@xhanlg made wherein the first
input unit selectii‘fmtp@aaefideﬁtage and a
positive Phase volft @SR 1 @fix‘l‘g up a differential
signal serving as @apnptef FiaﬂdEe first variable
capacitance devipea{ld tte(jeond_—gtiable capacitance -
dévice amplify pos"'ytavr 'Fhabiroéage signal with the
capacitance as a secabg\exr tmﬁﬁb@an the first valge,
the amplifier furtfled é()ﬁnfriaeéa 3ﬁavariable capacitance
device of which catpaf]iéancé gcﬁrﬁﬁae, a fourth variable

capacitance device of whiicha.bafaceitance is variable,

electrically connected to the th[rd variable capacitance

device, and of an I V£s_e conduc’ ig.ngge from the third
evl ce

variable capacitanCe deévice; ahd a@Q: d input unit for

selectively inputt@ng, to the third variable capacitance

device and the fo&lﬂp&@ghetcgaggma device, the bias
voltage and an inxaztse ptxaheefoltabsi s[gdl of which the
phase has been imea:B ifxa\b_l'xeemsitive phase voltage
signal; wherein, ﬁapal&ll than@eias voltage and the
inverse phase voltGHR Vibr€i@reGfiof to the third variable
capacitance devic{ ﬁetheffglu:ﬁ tlahable capacitance
device, the capacfs@ prgthy| tixd variable capacitance
device and the foLetapaa:lebile ch&ﬁe}@ device are taken
as a third value, dId @er@ath@@?giphase voltage
signal is ampllfieAleéhd:}ne cfpﬁ:étance of the third

anplifier

may uueprl ae

at- tease

~AAaNnAQr AaanNncAo



Al so, Live

MOO

varactorreve

rse nmode FOS
variable capacita%@c{av&:@tn@the fourth variable
capacitance device{ QQ&?J:] value smaller than the third
valve. al so the MOO
10023] - varaccor nmay

The amplifiedJ@rth@[Yomprises a third variable

capacitance deviceg) @ eoucmjrlaratlp OFjcitance device,
and a second inputy Lajed@e t[E@Bvariable capacitance
device and the foxgtarragiésetc@)rc.itance device have

mutually inverse or@ﬂ:iv , and correspond to the first

variable capacita%déviCMSecond variable capacitance

device. Also, the SE ?nd 1n%ut unlt Xcomponent

corresponding to e first lnput un it. e first input unit
selectively inputs the pias o ee!:nds aepcsitive phase
voltage signal mak:mg up a differential signal serving as
the voltage s:_gnal to E ‘f-:lgsg xrrlatiabpercapacitance device

and the second vax@agle capacitance device. Also, the

second input unit aegthu;Eﬂrl Ln@tsl tgmias voltage and an
inverse phase volt@@@]alh@hic}x the phase has been
inverted from tne YoRik:@Gla@lvoitage signal, to the
third variable capW\:ianl:e@evtch @d the fourth variable
capacitance deviced, QARG Cof AR J@itive phase
voltage signal .or %e Y&k aCc‘EgeFignal at the first
input unit and secaﬂ dnput unit is performed synchronously.
Accordingly, the a&:eieia:rfui)uatdiifﬁﬁntial signals by
outputting output ﬂeﬁ:@e simherein the positive phase

var act or

differ in

t he wor ki ngs

nf hAw



electrically
connected to
the |i bel
vari abf e

voltage signal hast@pgngllifte@,-r}gxethe first variable
capacitance devicé”al;nu. tt‘ne; seca;mdriale capacitance
device, and outpu‘cftiingr Sebue Longutignals wherein the
inverse phase voltaHd ksitmaif n@Ilbeen anplified, from the
third variable caf@@hi@Clicy @b Ve fourth variable
capacitance devicd JPM 1 NG a
to024) bi as vo_tage

Also, an arra&ﬁ\dxt Fy be made wherein the first
variable capacitarme\fcag:@ second variable capacitance
device, the third Sﬁrjg:ﬁea:'apaattﬁxce device, and the
fourth variable caE)ahiéaan ijeiuget are MOS varactors, for
example, the firsf\/iépflb uélb raving a first switch, for

example, the second ::put undt haVLn a second switch, for

Cita

example, the gate terniinals of th flrFl variable
al

capacitance device antJ Ee secon vari ?e capacitance
device are connecteﬁto th irst switch; the gate terminals
of the third variaMQI;alpa@i_ c@ device and the fourth
variable. capacitargg_pvac@ Iar_t aanhg:%d to the second
switch; the sourcydgrlmt\als and/or- drain terminals of the
first variable ca;\M‘j]texrceeJevELe @ thivd varianie
capacitance devici Jrer cSrtqected, for example, to a power
source for outputM@_rpniwabclmee voltage, or to the ground,
via a third switclG a@a@ch@ﬁ@a@ and/or drain
terminals of the ﬁﬁrﬂrld barjaFFd:a;?chtence device and the
fourth variable c%ﬁ@ﬁ device are connected to the !

vari abl e

capaci tance

unit are

narh 2



The step for

anpl i fying

t he vol tage

si gnal "' may
power, source, or tfo l'l!l'retgzt)lugﬂ[ via a fourth switch, apd
wherein, in the e\glg rlptEJ tSi@i. swiah being connected to
the power source, Dite enprthf s Fch is connected to the -
ground, with the J'aﬁaturGe] olagde .EiGENrariab}e
capacitance devicscam({maﬁa@le capacitance
device being takerois e h}'@t ffailuF,gtd the capacitance
of the third ;fariﬂye jc@doilagre device and the fourth
variable capacitaxeacfgxace ibet.naﬂaeeeas tﬁe third value,
and wherein, in t}d evrit Cfe:he&ﬁ,di switch being
connected to the Tnh@, fgeefeua:h dlitch is connected to
the power source, \yJaki. xih%.cﬁf\cétance of the first variable
capacitance devic%ﬁcbréecslecfnéﬁaéiéble capacitance

device being takenda's the secondfvalue, and the capacitance
of the_ third variabee cap?cj_tance device and the fourth
variable capacitance c%vice !beEng taken as the fourth value.
0075] capaci t ance

The first vartane Lalg'agtance device and the second

variable capacitarggng;xgr,@ dre MOS varactors for example,

having mutually llgapacgduct:la.m er; the same way, the
third variable ca@oiSicBdid OF the fourth variapie
capacitance devicanpblod. \falytjtoﬂgfor example, having
mutually inverse Ioh@cibdya&so, the first input unit
has a first switcA/ Q4 Hage ar@ Fr@kctively inputs the
bias voltage and ioh’@vev@ie tloatg% signal to the first
variable capacitaxg# g‘naland [t second variable

‘accor dance

to the ratio

of the first

AAanart t ancro



egr et

vari abl e _

capaci t ance

devi ce”and
capacitance devicet, t]neacc%gg:cong opening/closing of
the first switch. \éa[hé @blwg, the second input unit
has a second switcg aopa::gni:lt,ani(;&ectively inputs - the
bias voltage and idze:Vei pGA& Vaageaignal to the third
variable capacitanSEEQE) ge va kU@ varianie
capacitance device§ [PBhecordapc@fith opening/closing of
the second switch.l 3@ §3te {tdq@nals of the first variable
capacitance devicefa'pdrt§tsecvmafa'rigl;e capacitance
device are each co[m@:%ﬂ_@lche first switch, and the gate
terminals of the thtvh:iatlh Fa§citance device and the
fourth variable cae.z\@iﬁafcis ﬁu’,reaz\teieﬁh connected to- the

second switch. No thegs e terminals and/or drain
terminals of the f‘f:lr’st vgrﬁli)éle capacitance device and the
third variable capacity ?e%evice are connected to a power
source for output 'n(g) poweggogr,ce voltage, or to the ground,
via a third switch, ?or Q)‘;!LBL,IadeI th@z Source terminals
and/or drain termi@psq_f Q)ygeguitvariable capacitance
device and the fou¥L Falfilabge_ cap_acitance device are
connected to the pml sglxt‘cal on Long ground, via a
fourth switch, fortetk%lei. nput
£0026] bi as
Now, in the e\é@lot ag@qond switch being connected

to the power SOUKCE'OMa}}d switch is connected to the
ground, with the cAFcSt@l,ce ot hle first variable ’
capacitance device‘fai'xdl ttxechonmyiable capacitance

further

conprise a

third switch

it t fF Ar



.sel ectiveny

out putting

t he vol tage

signal ”~
sevice heing taxeOM P Wloe vafol, QMNere capacitance
of the third varialb-llg %pacitance device and the fourth
variable capacitaraermvlicie ﬁey'xig nign as the third value.
Also, in the eventUdA ItrE ,secot;dhsetch being connected to
the ground, the tkanﬁp’lldch'f iy i:oﬁgted to the power ‘

source, with the clgkﬁciit%mce of the first variable

capacitance devicei‘mtlhifd:imﬁgriale capacitance
device being takerr. q's Shajsecond value, and the capacitance
of the third varia\k]]areaipaa.iharxce device and the fourth
variable capacitarﬁea.dpva'.cC ibef.natagéas the fourth value.

Due to the second itchy and, 'rf;ird switch being operated so
that the connectiolr?\mvhjls}%tﬁt?ons are mutuallyr different, the
increase/decrease in capacitance of the mutually-inverse-
conductivity-type .firsrt) variable CanClt?nCe device and
second variable capacitance device, an?bf the mutuailyf
inverse—conduc’civi@;[ltgp_e %ir% eagiQDQQapacitance device

and fourth variabl\é %401 e gevice, becomes the same.

(0027) capaci tance
Also, an arraqunLnt maot‘e made wherein the

capacitance of endMst GHbvie capacitance device and the
second variabie cADDE jad i€ @ken as a tnird value
greater than the jiilﬁt ad iin a\blevel;c of attenuating the
voltage signal, ti@|u@Gtidr [k poyprising at least
one third variabl{CORAMECE @¢ke pighe seme
conductivity type tah*\ee q?LzISTT xgr.?'able capacitance device

vari abl e

capaci t ance

turit; with

+ho firet



The

anplifier

has a first

vari abl’é
and of which the Q;@q@t@n@e' it ANCE, connected to the
first input unit g@a\lJnGlecp th6l First second variable
capacitance deviced @@ Ot one fourth variabie
capacitance devicé/tﬁ.ﬁ:}je &bal hductivity type as the
| second variable cﬁa&j@&@haﬁri&ﬁ@i@f which the
capacitance is va)d@])d,i c@'@e’cteda:ﬂ dxe first input unit

in parallel to thﬂsetf)rid lVaSinle capacitance device.

r0026] input unit.

By the capaciTah:e of the first variable capacitance
device and the se(ﬁrépaaichilet (ﬁ)ﬁ:étélce device being
taken as a third \61f.1e Wtér (;Faid I;hgfirst valué, the

voltage signal can bérgittembtled by multiplication by a
ratio of the first value coxnre, pondlng to the third value.
Also, the amplifier, f rt.gecr: Icomp_rlses at least one third
variable capacitance devicce and at least one fourth variable

capacitance device. aI‘Ee té vgiable capacitancé device

is of the same coﬂctSvQUg t)LJl\e the first variable
capacitance devicgs(gcpigerlgpacitance thereof is variable.
Also, the fourth MLaaE)lie a@Jcieance device is of the same
conductivity type Gatpﬂgdorti G capacitance device
and the capaciténz{g @Mﬂec@& VjaxSabJ.@.f Now, the third
variable capacitaraendexiitﬁ\dr@ [EXS @ourth variable
‘capacitance devicdg @rntdeu@r{e |way iaq v.yth ‘vthe first
variable capacitarhy%e as sqctil'icelariable capacitance
device, can perforfniart,p]s’{ication by multiplication by a

vari abl e

capaci t ance

devi ce, and
+ ho



[0042] Also,
I NnT espower
source
vol t age, for

—_exanpl e gn
ratio of the first value chrresponding to the second value,
by reduction of thé cagac:L ance §o a second value smaller

than the first valy Eml:l §1 gxe voltage signal can be

attenuated by multgpeiga.gll b; g[al L8 the tirst value
by coszesponding (0l @V LG wBNG taxing tne
capacitance as a tLiirdSJalSae;CeQadt;an the first value.
Ac¢cordingly, the ngaEfl o&sz eltage signals output from

. the amplifier can Geaspaﬂeh Lvaﬁcedependenuy changing
increase/decrease ae:%lac@:exfe at the first variable
capacitance deviceeaﬂi&bl s@sxd variable capacitance
device, and of cap@ﬁ;axregae the third variable capacitance

device and the foue:q Ualtlvagl c@ﬁ;ttance device.
oozl to the ‘
Also, the amp&ﬁﬁlmfychm}écjéi Tc 6east one

capacitance devicenhava'ng a &rﬁdfterg?ad capacitance and
capable of accumu thn a gharge equivalent to the
predetermined capacit ce, disposed upstream of the first

input unit, wherein Qhe vo@gge 51Enq which the first input

unit inputs is a vljl@age %Daggl rge sharing by the
first variable cachlIchnte dl‘vﬁ.cg,4\:;le%;:ond variable
capacitasce dovicdNar® Ohe atBilhst one capscitance device.
f0030] arrangenent
The amplifiermayiveb &pu{md&tage signals by
charge sharing of\'&‘aecrl%istnanet ch)@itance device
disposed upstream f)ﬂ tfxeSif_rst input unit, the first
taiilable
capaci t ance
devi ce and

+hoa cornnAd



[ 00501

The first

vari abk-e

capaci tance
variable capacitard%i?wii@ eanéﬁﬂsecond variable
capacitance devici,rﬂ%g v%%%%%f(jiq?jls from the charge
sharing can be ama}%§1e1.eftfrné?ngly, the amplifier can be
used as the final étﬁﬁé}bi (thﬁgﬁnt@:m filter circuit
configured w1th adgili ]6% g:f %ample

[0031] -

Also, the MOS varactor fnaé be a reverse mode MOS

var ac
for exanple,

varactor.
[0032]

Also, the MOS varactor 9 A'S be an accumulation mode MOS

mut nai
i nver se

varactor.
[0033]
The MOS varac o@ ggcat rev\e/rlseL de MOS varactor, or

an accumulation mdde MO Mtlr @hile the reverse mode

MOS varactor and churl{lﬁtutionimgap}lkl; varactor differ in
the wortcings of nAMLM:NAS. Bcreaseqsaccreases, potn
are capable of ca;faJiJarSl incr ease/decrease, so the
amplifier can amplsw If Glh ,inplamgs voltage and voltage
signal, the voltaJe bj@na:bi as
[0034] vol t age md
According to B hz@)nd\/a@le&: ag‘ﬁe present invention,

there is providedSri @Eﬁ]:a_:ier, a_zfm}@ising: a first variable
capacitance unit (S@”Ii@@{pd.c:\f@*eys variable; a second
variable capacitadcqquqgtpf @O: {fa@tance is variable,

first

sati abl e

cape

ol hancndevi c

A anA + hoe



[ 00531
The anpdifie
i ncl udes,

electrically connected to the first variable capacitance
unit; and a first input unnp or s"elec%lvely inputting a
bias voltage and a vol@age SJ.gnal Qo th first variable
capacitance unit Jﬂ)!he second variable capacitance unit,
wherein the first daQleleUéperltangunlt and the second
variable capac1tar¥@\rm!t Q:Lb egh a combination of the same
components, and wkglaup,aﬁltkte @JJ& ehat the bias voltage
and the voltage sgx@NJr£§§n toaIQdirst variable
capacitance unit m thJ £ﬁrstvargkﬁ]£capacitance unit,
the capacitances ﬁrtrﬂ‘@;’ﬁcﬁ variable capacitance unit and
the second variab]a.dgpidrsgmje nrgt are each taken as a
same first value, ar\ﬂm]heﬁ:inalﬁ voltage signal is
amplified with thd@GdAra@fs ot @ of the first
variable capacitaraed\jnju srtd|tlﬁ gecond variable
capacitance unit avarsqmﬁ@<ime value each smaller than
the first value. Capaci t ance
(00351 devices i S

According to v&rciana?‘.b,iraeion, the capacitance of the
first variable ca@tpraecc}e\tica.nre ehe second variable
capacitance devicﬁcérvﬁ'ace ée l@(fe the same, so the signal
voltage can be am}tliﬁjéd vgjéeimintaining the bias voltage.
foozel . congucti¥h}y

According to f ylpr asaét present invention,

there is prov1deqfar ?mglffylng method, relating to an
amplifier 1nc1ud1n\5}ar | abl e

capaci tance

devi ce oe

t he second

vvari ahl o



uapet ei t

fl oe device,

the pecsiti Ve

phase
first variable cagfﬁjratcﬁing?ce of which capacitance is
variable, and a sg:i)ngra&f_ble&ﬁ)a:itance device of which
capacitance is vaa’ﬁlelandroévqé.iw&te conductivity type

from the first va 'ﬁﬁg@acitamce device, comprising: a
step for inputting/bfiTSé ggs and a voltage signal to
the first variabl 5 ce 66 ice and the second
variable capac1ta§cf ?ﬁﬁr fm'i %cumulatlng a first charge
corresponding to a ﬁrst capagitance; a step for holding the
first charge, and;a voltage corressponding to the bias
voltage and the voltage signal; and a step for amplifying
the véltage signal by reducing the capacitance of the first
variable capacitance ggylce_ah the second variable
capacitance devicptorz§nlthelfyrset capacitance to a second
capacitance smallQ é§ gle first capacitance.

(0037] vol t age

e step tor oA ohe vorcage signal mey rurtner
comprise: a step Mggugjagn:he chQJitance of the first
variable capacitazeyﬁngetahiahe second variable
capacitance devicI haltthetfh& capacitance to the second
capacitance; a stkﬂifaSmpMang aldﬁas voltage and the
voltage. signal in@AEaafcb1@ the ratio of the first
capacitance as to|tf}\@¥nS Bpacitance; and 2 step for
canceling out a cM@* {qagent to the amount of
amplification of SN# gﬂaied Bfs@oltage at the first
variable capacitalilcﬂ&ﬁute aﬁdOhetshed variable

third
vari abl e
capaci t ance

Aovii ~ro anAd



Al so, an
arr angenent
may be-:srade
wherein the
capacitance devicf.i r St ear |
[0038] abl e
By using thi%né.tﬁcg,cif tt}ﬁﬁr@é bias voltage and
voltage signal, t}dég}iaﬁéfgnat ﬁébe amplified.
002! second vat

According to a hid th aspect of the present invention,

- there is provided a flljer fonllprlsné; an amplifying unit to
which a bias voltage d a volta e signal are input, with
the voltage signal beJ'[ng am lﬁiea and output; a first
switch unit for selectiyvely, ipputting the bias voltage and
the voltage si gna]ygrtllleaatppi ?ylng unit; and a second

switch unit for seq Bvegyloutpu!]:lng the voltage signal

output from the arggééln git, @ngplifying unit
including a firsttz!):gbl_ g}!!!ilane device of which
capacitance 15 vaMIsMI 1:@P)8ra variasie capacicance
device of wh:i;oh c&ﬁ@ﬁ@hl @ﬂ@ﬁ, electrically
connected to the BBV ILB)e cBLoBance device, and of
an inverse conducm type from the first variable
capacitance devicd/ Q@G QIt@ event that the bias
voltage and tne vd1d3@ sfodaf & inpuc to the fiver
variable capacitaricsncpsute aMrﬂljletsecond variable
capacitance deviceh al\léicamgitace of the first variable
capacitance devied dnd 1§d second variable capacitance
device is taken aSAMifsC{alue, tafg@nerein the voltage
signal is amplificg e@}otﬂdca{paﬂiﬁ“{ of the

unit. having

a second

switch, the

Nt



- 32 - bias
vol t age and
i nverse -
phase

first variable cava’fatcaﬁ‘éce and the second variable

capacitance devicgfsgﬁgfnd tatjle smaller than the first

vaine: the third
oo vari abl e

With this cor&nﬁLﬁaéé tthé_ﬁ nal voltage can be
amplified and Out}iﬂt whlle mea:mtalm.eg the input bias

an
the fourth

[o041] .
b

voltage.

Also, the filter may further comprise a third switch
unit for setting tge anlifying upit to an initial state
prior to input of thee voltcagee’sigrllan
(0012] accor dance

wWith this con-flg-t.MyllorI even in a case wherein input
of bias voltage a&pga&erlgéapl Q&en repeatedly

performed, the sildal QIltagengl be amplified and output
while maintainingSRGQAG as vorrage, in a state wherein
the amplificationfi¥¥icteﬂlt3of s];thﬁavoltage is maintained.
[0043] ) gat e
According totaejn‘_mas]aaij S t}Qﬁ)resent invention,
there is providedta1@tef bofoSEing: an amplifying wnit to
which a bias voltééa{ntil abi.t&e signal are input,- with
 the voltage signaCAPAGItrANG€output; a rirst
switch unit for s€]@M{eG@mr@AE the bias voltage and
the voltage signa] RREreS@TOAPunit; and a second
switch wnit for \ari abl e
capaci tance
desMee are
each

~Annort od + N



capaci tance

of rice

first-oz-

vari abl e
;ele;tively outpmé'ap'at-irottaﬁt@al output from the
amplifying unit, id@v}i)lgéngaﬁﬂincluding a first
variable capacitarr:h\éitS)%Vth'tj}hgdpacitance is variable;
and a second varivjé.prﬁﬁTmé unit of which capacitance
is variable, elec%ﬁﬁg(??mtegﬂé%the first variable

capacitance unit; d]éWihe %rsf variable capacitance unit
and the second varlable kca ah:ltiancse unit each being a
combination of the ﬁme col ponentT w}greln, in the event
that the bias vqlt'age and the voltage signal are input to
the first variable pacignc unit and the second variable
cap;aczl.tance unit, the capacitanceg of the first variable

f r

capacitance unit anc! theeseco1¥i varla}ge capacitance unit
are each taken as a same pgt \gMee ngd wherein the
voltage signal is Qr[plified with the capacitances of each of
the first variableal;lgaggxlflalnlt MY tre secona variavle
capacitance unit Js beamygloldag@ each smaller than
the first value. SI gnal ] t he

[0044] anplifier

With this conEil;l{fattjlare rtl:he signal voltage can be
amplified and out}ﬁta.vm:per rinaﬁiiaﬂgg the input bias
voltage. at | east one
{00451 third .

According to Vaifctih a&galcteof the present invention,
there is provided GE{IAC It @AEErg: 2 first variable
capacitance devicJ@\V| ce Of

t he same
conductivity
type as the

firet



The
amplifier
may conprise
at | east one
aci tance

of which capacitang: aip variable; a second variable
capacitance dévice of which capacitance is variable,
electrically connec ngt!) ggfigt variable capacitance
device, and of an Q’lrre%g gxd@[imy Q}@es as to the first
varlable capacitan! device; and a first input unit for
selectively inputt@@pagivxlageﬁ a voltage signal to
the first variablea;ﬁbeiit&apabl £4 the second
variable capacitan&fde\}ice, wherein, in the event that the
bias voltage and t&c@qugat ilrnﬂgput to the first
variable capacitangp d@rhafng'ee second x}ariable
capacitance deviceeq%l i:a\)/aa‘i:aeﬂtf the first variable
capacitance devicetaoi ttehéond variable capacitance
device is taken asparféra:l vﬁfee?‘nmhﬁein the voltage
signal is amplifieédi_th the capacitance of the first
variable capacitange devic anf the second. variable
capacitance deviceégééeéo!'xd vagpecsmeailer than the first

value.

upstream of
the first

The amplifier has a first variable capacitance device,

a second variable IC!;]Qilﬂlat‘\c_e L{lsmi.lcet; und a first input unit.
The capacitance of\mefrlrgl inaI:lbgpacitance device is
variable. Also, tMeQLCInaggable capacitance device is
of "an inverse concscitigiﬂa:lzpe mixec{hst variable
capacitance d.evicet t}e thﬁ i:aFaS'Ltance is variable. The
first input unit :ielﬁhpuatly ibbltk E bias voltage and a

inputs is a

vdl | age

vi gral due

+An ~rhar A

[0046]



Al so, the
MOS var act or
may be an
~accunuf’ati on
voltage signal to E@gigst Mg&m capacitance device and
the second Variabl\! @a@a@i@atxcg Eevice. In the event that

the bias voltage e age signal are input to the
first variable capIclgtencel\we and thé second variable
capacitance device\/% aaGat:iOaEce EFB§é first variable
capacitance deviceba@i t& &nﬁxv &Fls)@ capacitance
device is taken asfmﬂret v%and a charge is
accumulated. The YAGE agtb@rca’xpac@aﬁlce device and the
second variable csaqqitance device reduce the capacitance to
a second value smaalexctllm)fe a?EVF eﬁt value, 'thereby
outputting an outpﬁtt)vd]éage'\ml wherein the voltage
signal has been W%@twi?lying by a ratio of the

first value as tow]-s copd vglpe, Note that the bias
FTe the
voltage is substantla Vy not aépllfledd since the charge
e
equivalent to the ll}ﬁlc\a/téoF gnou t 1s cancelled out at

. the first variable capacitance device and the second

variable capacitance device.

10047] accunul ati on ,
Also, voltagerggfdzglceMe amplification amount of
the bias voltage m\(ﬁé %xtesgeﬁ on the first variable
capacitance devicdthd F Lokt Phrianie capacitance
device. he wor Xi ngs
[0048] of how
Also, impressQ:@ DP@&E bobr& VO ge, for example, on
the first variab.le| @acitance device and the second
ncreased/ de
creased,
bath are

" nanahl & Af



vol t age
signal to
the first
vari abl'e
variable capacmangeagrﬁgl ttaﬁgcﬂgrge equivalent to

the amplification Qng)yt o(; gze a:[ldoltage to be cancelled
out. t he second

[0049] Var‘i abl e

Also, an arraﬁ;axpxaﬁxj/ teaérac@erein the first
variable capacitarChONHicE @y thdlFedold variaple
capacitance devicﬁ@@@f@kc&tsi ﬂgexample, the first
input unit having @ fiftsit ﬁws::t:h, for example, the gate
terminals of the @:Istt ve*]lapj.e capacitance device and the
second variéble caeaolltarcegeptaﬁ\dleaﬁh connected to the
first switch; the g)uﬁ:eo‘:erg_naf rnd gtin terminal of the
first variable capCcétﬁﬁéeCﬁevfcaﬁ:é g?nected to a power
source for outputréng §<twéé urf:e voltage, or to the ground,

i

via a second swit flo dax le, f F]the source terminal
and drain termina Qf the secold variable capacitance device
are connected to the power source, or to the ground, via a

third switch, for examal gand’ wheg in,” in the event of the

second switch bein@ co\{nQJteti @)gge power source, the third
switch is connecteG QJ t@e&ﬁﬂm@,n«dl} ﬁe capacitance of
the first varialeca$cQtaxLJl}elice and the second
variable capacitarbej caISce Vega'xlg taaga the first value,
and wherein, in tkaraxa”tt Em second switch being
connected to the M@@L @eJBixd svitch is connected to
the powsr source, SitiOHFFOHREGei t@FRChE the first variable
capacitance devicaan(stlhfsﬁcorfﬁ vmriable capacitance
~anmplifying
t he vol tage
si gnal by

roadiicrt nAa + hoe



The
anplifier
may have a
first -

device being taken as the second value

0050] capaci t ance
The first vargkgeyéaPGQ’danceadeVlce and the second

variable capac:.tangaggn e MOS varactors, for example,
having mutually ln\/eag Lo&bllety Also, the first J_nput
unit. has a first saapaﬁlttyeanceltage and the
voltage signal aredeéﬁi:i@e,inpandthe first variable
capacitance deviceandftiaersstnd variable capacitance '
device in accordan.peniputpenuﬂi:ltsi_ng of the first

switch. The gate ‘g#mines of the first variable

capacitance deviceca&paciactnaﬁeéle capacitance
device are each coaufctef aéheffi.r?tgvtitch. Also, the

source and drain tvé't.ra sdbl:héfirst variable capacitance

device are connect dé?aﬁyref éﬁ& éor outputting power
h

source voltage, orde e i:_round via a second switch, for
example, and the source ter nrl and drain terminal of the
second variable ¢ J.talnce device' are connected to the
power source, Or jat eegr§uned VJ.D third switch, for
N vari abl e
(00511 capaci t ance
Now, in the edﬁ\él’ gh&sel‘,o§i switch being connected
to the power source,l t%cttu_Edl sci&L-ay:onnected to the
ground, with the onQcﬂE]meeCan &Q fitsOvariable
capacitance devic&hje:hef slecEnS trariable capacitance
device being takenVaaﬁh.ks aw.bslt @:lue. Also, in the event
capaci tance
devi ce, . and
t he

AAanart t ancro



- 46 device.

(00721

Al so,

i rnpri’aing
of the second switgloogi%rconégurtgt@e ground, the
third switch is coynQ,Jtetl @ggipowtrgiarce, with the
capacitance of theeera:rmlia@'e (;apaQiane device and the
second variable cataahieance device being taken as the second
value. Due to thelshckn® twOD|a@ third switch being
operated so that t@eap)&@:iiotn BN 0@ions are mutually
different, the in(@@sﬁ’/iﬂe@r@iseaﬂ épacitance of the
mutually—inverse—cp:h:etivstee@rfdst variable
capacitance devicvairs'Fcaxb Iraelable capacitance device
becomes the same. CapaCI t ance
1o devi ce,

lede amplifierénﬁléﬁhfr'ggat least one or more

adjusting variable acitance devices, of the same
conductivity type as the ffrst variable capacitance device
or the second. variabge capacitance device, and smaller in

gate width than the Iirst variable capacitance device and

e secon variao@ IRk fd GALL Qs oe reast one or
more adjusting swi@che@'m ‘_Lorxlﬁtctig;teach of the source
terminal and drairt tlgxelnatl |0f8c$e at least one or more
adjusting variablchQJactwagaedevth to the power source
or the ground, DB 62N Cek @@ more adjusting
variable capacitar@dﬂevic{e%?&} gate terminals thereof
cach connected to Ale 3@ ibda@in fabatiel to the First
varisble capacitaige@devidg @ thegeypn@variable
capacitance devic{:apaci t ance

devi ce and

t he second

vari abra

AAanart t ancro



al so, an

arr angenent

may be wade

wherei fi 't he
[0053} ! . f I r St
The amplifiervigcgul:{eg,'QLr%xample, at least one or
more adjusting va;qgip_aagatitaép Qeaces, and at least
one or more azijustdr@ijitGh%. andof the adjusting
variable capacitaJcJ‘lgvioSs&G Qnadable capacitance
device of the sand/@adet@Ol @pe as the first variapie
capacitance devic@@_pla_@eicctnﬁxﬁ@@le capacitance device,
and smaller in gafd @Mfth €@ & fErst variable
capacitance devied gnd t(r_;ehs&ﬂxm @Iriable capacitance
device. The gate t((?:ﬂe;ertlir:a%@@the adjusting variable
capacitance devicv arieaaektc@)regt,ed to the first switch,
and the source (S(tu]ﬁeé tﬁrniinfléfnd drain (Drain)

terminals thereofiarﬁ ﬁtco 2. tiedt to the adjusting
switches corresponding to the adjusting variable capacitance
devices. The areha?it/hle na té:minal of the first
variable capacitance device or the grea of the gate terminal
of the second variyaAM capgcit’ance }elllce can be indirectly
adjusted by matchlsngoéflxer c_grgection state of the adjusting
switches to the s;cgl mtcjan ca@%d:ein the adjusting
variable capacita I@Jic:gs are of the same conductivity
type as the firsttvgfam @@Jital@i device) or the third
switch (a case whlrhﬁthi ddﬁﬁlﬁ'xg variable capacitance
devices are of thé/a;reicazjacltﬁity type as the second
variable capacitaﬁap‘a_t@)i.t ance
00541 devi ce and

the gate

term nal of

t he second

vvari ahl o



vari abl e

capaci t ance

devi ce and

the gate

Also, an arraxgglnmamlnadeq.terein the first

input unit selecti enenp§£igmg voltage and a
positive phase voltlgirligéik)iafing up a differential
signal serving as GBéifiiiEEi L ANCE: £irst variable
capacitance deviced@\ﬁi}eeeon@}raeable capacitance
‘device amplify the&&@hance as a second value smaller
than the first val@Q) [M) @@ Ir@Jfadtigr comprises a
third variable cap‘Ech:elcefdiav"mSttf which capacitance is
variable; a fourthsyvvﬁatlf:FT?acitance device of which
capacitance is var 1, lectgisally connected to the third
variable capacita ﬁgﬂ?g’e, artzdi:o]féan inverse conductivity
type from the thi iable o citan device: and a
second input unitrtffi%age@ft:;lgé 'tnglting, to the third
variable capacitance device and the fourth variable
capacitance device, the ‘p051.tiveephase voltage signal and an
inverse phase voltggé'rs)i_ghgll oti QXD:Q L@Le phase has been
inverted from the o@i\!ilvecpgasel v&tage signal; wherein, in
the event that therQaQ uzecg;t g\d tht [rlverse voltage
signal are input La- tl’L Q]V&e Bariable capacitance device
and the fourth va S L8 tafc@Bevice, the capacitance
of the third var:‘.a@Jlslthatmie Ebfjce and the fourth
variable capacitaifdOAWEE 2:8 GLH G@ third value, and
wherein the inverdd @cllt{a:@_gi@i,al i@ fmplified with the
capacitance of th{ {@ird ¢¥E§b1e capacitance device and the
fourth variable Cga‘t%cﬁ de’vicw g fourth value smaller

a second

switch, for

ens/ vol e,
AanA + ho



[0079] - 5C
The first
vari abl e
capaci‘t ance
devi ce and

than the third value’

10055 t he second

The amplifier%ﬁ[hetr%@riges a third variable
capacitance devicec aaa&ivlraﬂ&:cepacitance device, )
‘ and a second i-ﬁputdlav.i ﬁ&t.hirdavEI&ble capacitance
device and the foufdh chan nsaic{tatncy device have
mutually inverse cp@xctwﬁ}\j and correspond to the above

first variable capv:&ianac’dtv@f ac} above second variable
capacitance device‘f e*so, etxaqc‘Tﬂ 1e:’m: unit is a
component correspoa}ﬁxd toa‘reebove first input unit. The
first input wnit évlgriiveabrpgs a positive phase voltage
signal making up acdéfﬁge:ilat ﬁ'(ﬁl?}éerving as the

voltage signal to tha gvi: veagable capacitance device and
the second variablﬁ érfx{/ai:ihance %eﬁcé. Also, the second
input unit selectively d t& an inverse phase voltage

signal, of which t§e phase has begen jnverted from the

positive phase vol agensmyagttL Mulz Ihxd variable
capacitance devicet aydpcge fg§ch %ggﬂ capacitance
device. Now, inpupgfhgrabove’%!s§ioa phase voltage
signal or inverse Eht]se vottng ﬁgnal at the above first
input unit and aboivenspcultl inbbDlofe is performed »
synchronously. Achasnzlﬁ tlfeialrpsitier outputs
aifferential signaSAWW BuGktring@RBle voltage signals
wherein the positltieol@as{)xio]ase signal has been amplified,
fron the first vanygl t:a&g,encaﬂadce and the second

the vol tage

siglidi can

he

ol arcrt 1 vl v/



third switch
i's connected
th the power
sour ce¢ - and

variable capacitance device, ,and outputting output voltage

acltan

signals wherein the Qiperse phase vo]gage signal has been

amplified, from tthhirE anbfe Ic!p§ittance device aﬁd
the fourth variaply @Ea@mcﬁdevice.
[0056] capaci tance
Also, an arraxq&éﬂti IG)&DE aﬂed»rherein the first
. variable capacitantehi&ics e@eagd variable capacitance
. device, the third %aEbieab!aceance device, and the
fourth variable ca@aapzaeiietianeebdos varactors, the
first input unit hEOV b G Bt @F the second input
unit having a secohjewitcak@natagrminals of the first
variable capacitanfehi@ics é\@ 6?-] ﬁcond variable

capacitance devic [er cted to the first switch; the
gate terminals ofvhglﬁxgﬁ.ariable capacitance device and
the fourth variablAéa&aéitr:aale ﬁlevicetare connected to the
second switch; the source terminall and/or drain terminals
of the first variable I::-]apac:‘n:ance evice and the third

variable capacitance devicé are connected to a power source

for outputting ponod e DLBSLNE o e grouna, vt 2
third switch, the Is(QrYeetQLiLagsnand/or drain terminals of
the second variablta bagaSleancg sevice and the fourth
variable capacitarpt,I :QVVCJe dedxnr&ted to a power source
for outputting povfelj dob @ Foitage, or to the ground, via a
fourth switch, an:()@dﬂep{, Eni t‘Sel eﬁg; of the third switch
being connected t@ffe power source, the fourth switch is

anpl i fying

unit to

whi ch a bi as

vvAal + adaa aAanAd



Al oe, if-ha
filter may
further
conpri%e a
thard switch

connected to the ground,, with the capacitance of the first
variable capacitance devige and the second variable

capacitance devicesbginj t!akgnga_s th grst value, and the

cepacitance of IR LIVL Ncicance sevice ana che
fourth variable cangar;liltatnce t{cheQQng taken as the third
value, and whereirj, m ttuJ e&l’ﬂ: of the third switch being
connected to the gScha,ttee fp;[tl'x @lcch 1s connected to
the power source, (¥ tihan:ﬂ:u:ttan&tof the first variable
capgcitance aevicd dAeena/@bt &g @1e capacitance
device being takerSds @18l @kopd value, and the capacitance
of the third vari{b]@@%}i}ancvvetih and the fourth
variable capacitart:ehcievs‘ce pbeing taken as the fourth value.
toost configuratio

The first varha:)le Wéﬁncf ﬁvice and the second
variable capacitaréea%véceﬁméof éairaﬁ:ors for example,

having mutually inverse cqgnductigity. In the same way, the
IApat T of
third variable cagﬁci ance devicle and the fourth variable
I a ta

S.VO

capacitance device are MOS vaﬁactors i example, having

0]

mutually inverse c%q uctiv\:{ty. Ehea'gre;t input unit has a
first switch for esxalmger,] %‘Ald sehe@cgvely inputs the bias
voltage and posit eep%J;]e voltage signal to the first
variable capacitarrcue@xg@targqje yecond variable
capééitance devicp err ictQJ;iarrT(E dj,th opening/closing of
the first switch. Sﬂn %&L\e way, the second input unit
has a second switdf @clrte;&@ﬁ, ﬁﬁ;é]lectively inputs- the

be aumified

and out put

whi | e

not! Nt A1 NI NA



- [Fig. 1A
Fig. iit is

an
expl arfat ory
bias voltage and iQILnglraé'mltaqe signal to the third
variable capacitanLel dLvl{l§;n(r @J JO\ILJIQ variable
capacitance devicet neccordance with opening/closing of
the second svitch. P10 kpl@ s @fcne rivsr variavie
capacitance deviceand the second variable capacitance
device are each codiiec&@fo ate Si'rsit dvmch, and the gate
- terminals of the t@mparala{r@{a@jar@e device and the
fourth variable ca&ﬁp#cé Efe\iiesfe connected to the

second switch. Nowa.n'lﬁlscimf:%erﬂﬁgals and/or drain
terminals of the fve:nftr'aiggcapacitance device and-the

third variable capg:iit ﬁdfvge are connected to a power
source for outputTnFFo r solxrge] voltage, or to the ground,
via a third switchFifo exami:l?, and.the source terminals
and/or drain terminals »f the second variable capacitance
device and the fourth variable capacitance device are

anat or

connected to a power, serce ¥ output¥ing power source

voltage, or to the glrog'zg rvgm fouz:th switch, for example.

(0058) illustrating
Now, in the el’eaef the third switch being connected

to the power sour@,rtLenfGJictp Lwe:cho.ﬁ connected to the
ground, with the d@bacitance of the first variable
capacitarice devicdHid HEY s@ba@ vatibol¥) capacitance
device being takernChs paf:.&ﬂeb;FJ a@l the capacitance
of the third variaa]ﬁpaba'pifailce pevice and the fourth
variable capacitarmllicie ‘Peyx'F Hagn as the third value.

vol t age

si gnal s.

[Fig. 1(

Ci A 1 A 1|



[Fig. 5A
"fig. SA i
an
explahﬁfory
|

Also, in the event of%g h@'rnsvutch being connected to
tro groma, tho sdulcl HSE LALEDY to ene pover
source, with the @pacitance of the first variable
capacitance devicggcntther Je@;@éh&é capacitance
device being takerf aGrte @sEondi vﬂue, and the capacitance
of the third vari{ille SIhQikdd @flce and the fourth
variable capamltax@# de@c@t)epug]taken as the fourth value.
Due to the second \#i@|c @}@ird switch being operated so
that the c?nnectigidgﬁ.'aqioss apequtgylly different, the
increase/decrease GROPNRIES °O FFa futvaily-inverse-

' ¢conductivity~type mpﬁble capacitance device and
second variable Cﬁﬁ;ktaa.cﬁ.éefrlf:ei énd of the mutually~

inverse- conductlvn:y»-g;ﬁ thlrd variable capacitance device
and fourth variable CGBTCI‘E?}GE def_n.ce, becomes the same.
[Q059] CB
Also, an arrJ'-n emerg 'maé be made wherein the
capacitance of the )lfl]gt variable calpagitahce device and the

second variable cg citance device is taken as a third value

greater than the BXPLANALOLY:: of sctemating e
voltage signal, tdla@grug-mrther comprising at least
one third variabl& l:allaquth c&ticle Hﬁg:he same
conductivity type@s the first variable capacitance device
and of which the &ﬂﬂtarrcd buatr:'ialﬂ]eg connected to the
first input wnit fn@@{LQY tojtq first variable
capacitance devicdiagita‘opztsti O{fourth variable

at out put

vol t age

mgnals in a

~AANV/IonNncQct Anal



[Fig. 81

Fig. 8 is a

noon: hart

i | lust'tating
capacitance device%p the same conductivity type as the
second variable ca@mlmcl gex}{(i,e r;lrg]of which the
capacitance is var[mt,h:QldctAJSJ \Begfirst input unit
" in parallel to enelsbl@a variable capacitance device.
{0060} princi pl e of

By the capacifaﬂpkitxfe ifiC:@ ok i€ple capacitance

device and the secfjd vadiabagapatc:@ance device bsing
taken as a third thlfperepfx:elsteim1 first value, the
voltage signal canj bﬂveﬂlttfaenn:ultiplication by a
ratio of the first[vrlFeg Alscgﬂ]e amplifier further
comprises at leastPi’xeqhlrdgﬁlakil%capac:wance device and
at least one fourtéiffrlable capacitance device. The third
variable capacitange device is of the same conductivity type
as the first varlabe)e(pa ac:.l,ance dev1¥ and the capacitance
thereof is varlable lso, h four’c,h variable capacitance

device is of the same conduc 1v11.a typag the second

variable capacitance dev@n‘g!i lhI lalgvrltance thereof is
variable. Now, thx_a'gﬁgtpyagz!bﬂ gap 1Qance device and

the foqrth variabla caEal:iEa?bI device, in the same way as
with the first varEND QAR ce and secona
variable capacitan&fdevtcbl&an perform amplification by
nultiplication by pEaEi.e &n:t\e first value corresponding
to the second valup, [PV @Mttio@ ¥, the capacitance to a
second value smallErpi'lag the 98} value, and also, the
voltage signal canfRe q_tenuggi by giltiplication by a

an

expl anat ory

di agram

11T iictvrati nA



t he present
i nvent inn.
[Fig. 13]
Fig. i§7is
ratic of the first valu by corresponding to the third value,

by taking the capagjitance as aatgurdrVYlue greater than the

first value. BAccqr J.nalg t%r Qn of output voltage

signals output frclsm tl‘el‘!@L! e@'taln I;Lgv.utched over by
independently chax nglnce%get:rteagaeaf capacitance at
the first Varlablgtapa(slalgn(ajlts and the second
variable capacitafd® @Q[edeincﬂ@patﬁt@ce at the third
variable capacital!t:L IﬂeA‘:etarrditkieﬁ:ﬂtth .variable
capacitance devicei f bOdl rrenh

[0061] si Trmh an

The amplifieF]i\aCcomprlsz at least one capacitance
device having a p[:eFE'Feg\inedlcipicitance and capable of
accumulating a chFr'Fegquivlalrnt \ioghe predetermined
capacitance, dis upstream of the first input unit,

D p
wherein the voltaée)(s#fr éﬁ‘taf tél? first input unit inputs
is a voltage sign ue to char e sharln by the first
g g | g
variable capaz:lta-ni Ide J.ce the second Va‘”lable capac:.tance

ustra

device, and the at least one Icapafl;tanc device.

[0062] rer

e anpiiri ol mceov cu,pmf $Quge stgnats vy
charge sharing o@thi aQUeEt: Ll;e capacitance device
disposed upstreanl\@okglflrrgt %m unit, the first
variable capacitﬁ{e diu'ih@ and 'éhe second variable
capacitance deviddf LS8eNLe sigrals from charge sharing
can be anplifiedl RM@IHk, OFF, anplifier can be used as

(Fig. 151
sig. ISis
an

avinl anat Ar v/



il lustrating
t he
wavai i kd-11'S
of signals
the final stage oat @B”Feali\aﬁgiltevocircuit configured
with a SINC filtet, H@ egﬁui'lpkzt h
foos3! enbodi nment
Also, the MO%\ﬁlaim mTy ﬁe a reverse mode MOS
varactor. F| g 17
[0064] f r |

Also, the MOS varacgor Iay é-l an accumulatlon mode MOS
varactor.

an

[0065] | t
The MOS varac(iqr Fm)ay% a reverse,ymode MOS varactor, or
an accumulation mode P%gvaramr While the reverse mode

MOS varactor and accumu}?!lé.on mo%t l&op\gractor differ in
the workings of hg clgc@ﬁig i§:gl<§'med/decreased, both
are ‘capable of cagcig ce gmase/decrease, so the

amplifier can ampﬁ'gplfltIeliI%l[lt bias voltage and voltage

signal, the vorta@Srofa0F di NQ
ooss] to a ssventh
According to emla%m ihe present invention,
there is provided aFim@ifyi%Q&hod, relating to an
amplifier includilEiagirstzgialilCeﬁcitance dev‘ice of
which capacitance eé(ﬁl'laﬂa{nof ¥cond variable
capacitance devicdci»fagfhamtitance is variable and of
an inverse conduc{itify 48§ fr&@trie Agst variavle
capacitance deviceg c{B@RJq: a step for inputting a bias
veirage a2 gt ate of the
anplifier
according to

t he seventh
armhnd nmmnt



[Fig. 227e€]
Fig. 23Ais
a ashematic
di agram

illustrati

voltage signal to the first var 35 capagitance device and
ev

the second variable capac:.zance 1ce, and accumulating a
first charge corre\s/péﬁ_[!iQQE Q{irstscgpacitance; a step
for holding the fi l::hgr , and a voltage correésponding to
the bias voltage a@ml vi)ltaj;ee{gnal; and a step for
amplifying the vol@.@e&hg%dj)yngucinﬁthe capacitance of
the first variabletctlu@;it&&\é@ﬂe Qi the second
variable capacitan&n@l&d .Ern'feﬂtfirst capacitance to a
second capacitanceOsha@&maix fie first capacitance.
[0067] Fig. 19 and

The step for ﬁ'plggingz@ vzhtags signal may further
comprise: a step fE)zPiEdg:.ing QStﬂacitance of the first
variable capacitanr:ei dgv.ice ?st?e izeﬁnd variable
capacitance deviceafr%Hhéiﬁhfafa(&tance to the second

capacitance; a stea =fo, lifying the bias voltage and the
iagfam
voltage signal in -a<1cc1rdance to thf ratio of the first
| ustratin

capacitance as to ttl'ﬁ éecoidlcapéc'jj:éxﬁ, and a step for

canceling cut a charge equivtalent to the amount of
amplification of t\{e a.rllnp%§iedqrias \lz\olgage at the first

variable capacitance clevq e and the second variable

capacitance devicea.'npl I f I er
10068) accor di ng to

By using il 1B, SEWE NENbias voltage and
voltage signal, tt%l?fcb@g{é“sj&&l% be amplified.
[0069] 'shown in Fi g

e9 and Fig.
20 nen.
[nip. 240]

Ci A M'NE 1 o



il lustrating

a. charged

main fhl-ter

circuit

According to hfas\j/q'hth gspeacnof the present invention,

there is providedalrm}fliffe:i‘ geyerising: a first variable
capacitance devicacﬁ c}éf’xd?pﬁ'gance is variable; a
second variable chitCJ‘danﬁ dﬂic? (ﬁiw}iich capacitance is
variable, electricéﬁbﬁla?c%ﬁutthe first variable

capacitance deviceg gmnd aﬁ' st input unit for selectively
inputting a bias ?)Jif; Inandga voltage B‘gnal to the first
variable capacita Vev1ce aﬁg]:? second variable
capacitance device,..whe elnzg;Ahe event that the bias
voltage -and the volt!_a .signal are 1nput to the first

I ana

variable capac1tance dellce ain the second variable

str

capacitance dev:.ce, ti/e capacitance of the first variable
capacitance dev1ce Exel igle Secorl varlag_s capacitance

device is taken as a _grst value, _and wherein the voltage
signal is amplifiQrwlt}nEh;_ éB!:iénce of the first
variable capacitafd de@_g and the second variable
capacitance devic@mlsécin!i @[ue smaller than the first
value. according to
[0070] a.n
The amplifiexewiaJlbedifHB Ri:iabie capacitance

device, a second @AlianteR@acitance device, and a first
input unit. The cﬁlﬁ:etsxeenétf the first variable
capacitance devicd s [\M@RE.1 ONgecond variavie
capacitance devic{ Eiegctﬂgsiz &unected to the first
variable capacitai@SdBviteSan@ e capacitance is variable

expl anat ory

di agram

illustrating

+ ho



I lustrating
a Boost
state of the
anpl i ffer
accordin

as with the first v lab?e capacn:gce deVice. The first
input unit can seltectlgely 1np§v %B; ltage and a
voltage signal to e Q lral:[gﬂtcapaCLtance device and

the second variablL _Ealpagitancs ;e]ice. In the event that
the bias voltage aEcJ t%- vol&;e sigﬁl are input to the
first variable capa;i]tance device and the second variable
capacitance devic£ |t}~re t:apalzlaﬂ:atf@}re first variable
capacitance deviceyanc(jtih@g:ﬁnavariable capacitance
device cah be takein ia4 E{J@%trvatei ‘ﬂg a charge being
accumulated. The tlhse Vamvefp@;\rtqrﬁe device and the
second variable ca®a|c1tae1e qﬁ.&l eg:h reduce the
capacmance to a sa.cere oallud Ismﬁ,gr thij the above first
value, thereby outfalhténg an output voltage signal wherein
the voltage signa ag be 1f'f‘ed by multiplying by a
ratio of the firsiejrg;tsu)f; ?%:ﬁthehs cond value. Note that
the bias voltage ies subscgaétia.lly not amplified, since the
charge equivalent Lq the amplification amount is cancelled .
out at the first varia®le cdpaCita CD evice and the second
variable capac1tance! <g\f1ce§ co::d this
configuration, thJ:_J. <gal v§t2ge lcas be amplified while
maintaining the b@:nvoltage.
[0071] eXpI anat or Yy
Also, voltagsdfimag'éeaim the amplification amount of

the bias voltage xia} lle Uxﬁxtesrs@_tsr{ tﬂaqirst variable
capacitance devicﬁancﬂ-ﬁhﬁ;@cknd variable capacitance

atate of an

amplifier

accordi ng ne

Aa +wal £+ h



| QUB1

Crete r.-red
enbodi nent s
ot thec-

pr esent

0072) i nvention

Also, irnpressyr\xﬁg !)o\!zer Qngce voltage, for example, on

the first Variablea:Lp§cgt£nLehgge jmnthe second
variable capacitandeeiLV@L,lenab&lc}QQe equivalent to
the amplification axlouLtt of the bias voltage to be cancelled
out. reference to
(0073] the attached

Also, the fir€Hvaryibre c}a@gt_ance device and the
second variable ca@ifta@ce Bepjggtmay be of the same
conductivity type.\M t h t he
toor43 ?resent

With this conbi@]gatifni abxteilorﬁarge equivalent to
the amplification Fyqe ltS haécelled out at the first

variable capacitarder %We ﬁnd the second variable

device.

1
capacitance device, so_the sighal voltage can be amplified
) Uconponent s
while maintaining the bias voltage.
havi ng

[0075] av

Also, an arra§glélm9n§ tmag'getdeQ'Lerein the first
variable capacita¥e ;enag _ax§ @g‘_eecond variable
capacitance devicI prgzthelnrgln@gle MOS varactors, the
first input unit QQL}EEQQJ rsv»aitzﬂ, Qxe source terminal
and drain terminanofVM.Lelf:{rst b&iable capacitance device
and the gate ternG @ NOLEGcoivE 1o capacitance
device are each ctnheedsaﬁ%first switch, the gate
reforence

nuner al s,

t her eby

AMmMm tt1 NnA



wi il be
descri bed as
foll ows.
First,“in a
terminal of the fi-l;r %E:igblescg ;ac!tagce device is

voltage, or to the gr gld, W and sw:Ltch, and the

source terminal an§mél'n sermL Q of the second variable
capacitance deviceaagel chELctédq\l)he power source, or to
the ground, via a St.at 8o, SOuherein, in the event of
the Second switch t;ehie co.lmgl:peuto the power source, the
third switch is cvr@dedh age g€hind, witn the
capacitance of the fSrsfalE)rpaklia EC:Etance device and the
second variable capa@itdpde @evice being taken as the first
value, and whereirvarqlheaiiyalnte)f the second switch being
connected to the ma‘ceei ffklg.rf@.@h is connected to
the power source, djétvtihtc'é)ate‘ance of the first variable
capacitance devica\ﬁndathi sﬁCénd variable capacitance
device being takerswtlte éﬁon%ﬁlue

el Accord

The first varlable apac:L anc de 1&e and the second
variable capacita: e d v*ce a n—channel type MOS varactors,
fér example, and ar yariable_capacitance devices having the

same conductivity ! a(g ac}l §her. Also, the first input

unit bas a tirst & Ih,aeinnﬁgbiﬁsoltaqe and the
voltage‘ signal arl QﬁctpLQQMC\L the first variable
capacitance deviceomd ‘Iheh&cmid npiﬁktle capacitance
device in accordaMO‘IlithagﬁngMiosing of the first
switch. The sourc@ BeGhida @ drain terminal of the tirst

capaci tance

G of the

vari abl e

AAanart t ancro



GG

<CO, O<CD Co
CoCo

[ 0094]“ Thee,

variable capacitance dSvice and the gate terminal of the
second variable caloalgittagcl; EeaLeeaQte!ch connected to the
first switch. Alsg g gate terminal of the first variable
capacitance devicaoigt:oa'lgzt:eii ala power source for
outputting power Lol IvoOcVUia,nagto the ground, via a
second switch, forCeaaQM lanﬁ a_ln @)ece terminal and
drain terminal ‘of @h&ﬁ}:@elariiaS.e capacitaﬁce device are
connected to the p@xﬁro@@ﬁ,t O.F @natground, via a third
switch, for exampl@. t 0
100771 (C | COO.

Now, in the e h efo: switch being connected
to the power sourggtgegtgi?fos';ﬁiﬁlh ‘E.:,conne'cted to the

ground, with the 1aplzﬁit§nce of the first variable

capacitance devic the geoond variable capacitance
Tl 8-tie’™

device being taken as t e flrst va :F] Also, in the event

of the second sw;x_tch belng qo cte to the ground, - the

third switch is connegg(f‘ t’\e power source, with the

capacitance of theo irst ar@able capacitance device and the

second variable ca\éé‘_g'énéeiv:ge being taken as the second
value. Due to thecs@g@%tthaemjctﬁm switch being
operated so that Ldgééxln&!eon Symlons are mutually
different, the indedd@tiecEBe & chitance of the
mutually—inverse—ca.lldtlcﬂms—«t)tphﬁfst variable
capacitance devicd)@d Rt jvdriable capacitance device
pecomes the same. (Hedbdii@d 1@ [pEs@ontiguration, the

gener at ed

bet ween both

el ectrodes

nf Cn o



Mew] , the

probl ens of

canent i onal

nosert® -
signal voltage cangea'aerLrIE; wrhillecngaintaining the bias
voltage. earTIJT aficatio
(00761 n using the

Also, the fir@bzgi\!ﬁe capacitance device and the

second variable caQLi&QK 818l IbdB-channei-type Mos
varactors, the £ir@ iRANAMBEfylaGirse suiten,
wherein the qate t&ﬁimpl;frt@ifettmxiable capacitance
device and source ]:ebm@al and drain terminal of the second

variable capacitandaeiSI@F Prbedi connected to the first

switch, the sourcWrt\ihzl and drain terminal of the first

variable capacitanlceeifv‘e:r_ éh e)éﬁectebto a power souxce
for outputting powpsi spprce zﬁage, or to the ground, via a

second switch, andt tﬁargbtﬁ &gﬂgal of the second variable

capacitance deviceFiis nnecsa the power source, or to
the ground, via a fthd itch, and wherein, in the event of
the second switch co§Icted to the power source, the
third switéh is o neclt 4 To the ground, with the
‘ capacitance of fhe fE.r(s)t var@a cap’acitance device and the
second variable catp-chiQa‘nce v ceai:’gl(j; taken as the first
value, and wherein, Iin‘ thezeam,acrf the second switch being
connected to the 53&9,' mtr@!vu ch is connected to
the power Bource, d:’.tka-‘tger camtance of the first variable
capacitance devici JnJ dﬂSleJoratVJrﬁ@e capacitance
device being takext hehe second value.
[0079) configuratio
n of an to
(negative) -
St vith a

~Anvial At 1ir T



As shown in
Fig. 22 and
fig. 20,
witha
The first vam@kQJ‘c\!ﬁ:@c@anLeQﬁggL and the second

variable capacitanm-v!iellclz Qe p—charmél—type MOS varactors,

for example, and agafrﬂﬂ'm&gﬁcii@nce devices having the
same conductivity aMgd&ithio@err’ Also, the first input
unit has a first sbi:casnd\ll@ |biaavgl®ge and the
voltage signal can@€)i4le@Belf Sput to the first
variable capacitan@Q@RIREEE Eedsecond va;riable
capacitance devicelit Gcotdh@ w:@%ﬁeeing/closinq of the
first switch. The{oghy o‘eﬁmlﬂaalof t-tbfffirst variable
capacitance devicetaﬁéouﬁé Tm']_.'Enr drain terminal of
the second v’ariablv Faﬁcif&ncgwifz 61ﬁ each connected to

the first switch. gtscl, t}Ie source tegminal and drain
terminal of the fifshvaﬁ%aie cagacitance device are
connected to a power s?xrce !foraoutputting power source
voltage, or to the ound, v¥a, a second switch, for example,
and the gate temigE)LfQQe ch§xd variable capacitance
device is connecte@'pon elpgl sguge, or to the ground,

via a third switcht, lgLe ex§§te .
10080] termnal in

Now, in the AL COMIANGEBiteh veing connected
to the power sourc\Ni tttehhit‘dhsetc'n is connected to the
ground, and the coGAOUHRE bt theOIS variable
capacitance deviceGfogihe@eckM\f(efe capacitance
device can be takestas&tmeef}rstcrﬁlue. Also, in the event
of the second switt:hg:oei_ngsjgm"lefteiho the ground, the

sun_t. Al so,
t he Source
term nal and

Cvr a1 N



Bul k
torrenal is
connect:ed |t
t he
third switch is cwa@@rtsvb}fo‘teagurce, and the

capacitance of th@figbﬁfiﬁ@ capacitance device and the

second variable cg?caﬁce device can be taken as the

second value. OUt put t | ng
[o081] .
t he power

According toééiljtrh és@ect of the present invention,
there is provided a f \ter compri d an amplifying unit to
which a bias volt@lmd a ié;aé:_[}/sllgdnal are input, with
the voltage signal being ampllfled 4nd output; a first
switch unit for selec 'velrylitgutt!_ing the bias voltage and
the voltage signal to the ampllfylng unlt, and a second )

switch unit for sgectlvel gutpthlng the voltage signal

output from the amplIfying unit, the amplifying unit

including a first pg’[aﬁ'%[@;agri!arge device of which
capacitance is Vaggg,l AHI z! g!‘ond variable capacitance
aevice of wnich MMclilnce DELIBAC corricarsy
connected to the M]gtl anbla-mapacitance device, wherein,
in the event that rt]ﬁe mO{t&And the voltage signal
are input to the {iﬂgélilﬂggble capacitance device and the
second variable cedﬁﬁﬁ{eldbﬁd the capacitance of the
first variable caﬁi*ﬁﬂaﬁt&EQevice and the second variable
capacitance device {s aﬂges a first value, and wherein
the voltage signa( a'q@.ilil{dlwgaﬂh* capacitance of the
first variable ca@diadce @ficetafg@ne second variable

Gate

term nal

vol t age

cores due to

~hannoa 1| N



- 65 -
conventi onal
HOBFET
parametric
capacitance device mfc?nf i’aél?- smaller than the first
wi L. be
foosz] ocsori bed
With this coWthrﬁion, the voltage signal can be
amplified and out?ufeTh'éL? [@ﬁfééunf tdle input bias
voltage. .
7 Fig. 3A

[0083]

Also, the fi I gay furt er comprlae a third switch
unit for setting pllfy 'unit to an initial state
prior to input ofl\E) olta e 51gnal

3A and

With this conflngatlon even 11 & case wherein input

[0084]

of bias voltage arr _vg.ﬁage_ nal has been repeatedly

performed, signal Q/!ﬂ.[ag;l'éintbe amplified and output while

maintaining the lxg\lltagg @mge, in a state wherein the
amplificacion cr=J-BRF 8SEAl Al 1o maintainea.
ravantageous =zers@0@ Of  the
[0085] schemati c
According to GHe @M BRGSin@ of the present
. invention, the bigivgtagzad,volaﬁdignal input to the
amplifier, the voEiggsign£5§n be amplified. Also,
according to the WV{ hbo&hegg ofm present invention,
the bias voltage dnd fol4S Fi@41IHAG to the filter, the
voltage signal caipe FIPRGHK-
Brief DescriptionQf a{w‘eg’;s | ns)
to0se Fig. 32 a
Boost state,

respectively
rn1nN02521
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is high

hi ol at ar dact
ed to’tie

[Fig. 1A] Fig.g (I)s an plg’xlatgrg diagram

illustrating the prt gﬂ o chrete~t1me parametric
amplifier amplifying vgyéae-signals.

[Fig. 1B] Fig[ QlQA-]explanatory diagram
i1lustrating the oG of hatcrete-tine parametric
amplifier amplifyitghetafeisp@rs-

IFig. 1C] Figi fC@s_etn@;gp:@r@tory diagram
illustrating the pgiacgﬁalf a discrete-time parametric
amplifier amplifyild] vﬂpgea@ixalsl_l

(pis. 281 o] PPUE “FOrheiere
illustrating the ceofPIAEIPTLF OrREPsre” in a
conventional MOSFE] paTGSFETlifier.

{Fig. 2B] Fig ﬁrléﬁefplanatory diagram

illustrating the confl ulratlon of an n—MOSFE}'I1 in a
conventional MOSFE rra@ametrlc ampllfler

[Fig. 3A] Fig. Q 1s an explanatory diagram
illustrating a con%elm, OSF gnt&rlc amplifier.

[Fig. 3B] Flgn 3Bt1t]§1 egl @&)ry diagram
illustrating a con egjlotxa@-g)@ﬂz’r parametric amplifier.

[Fig. 4] Flg.vh's axséxp@nldry diagram illustrating
the waveform of s:t;rlgﬁ ON‘@J &)ra@tﬁonal MOSFET
parametric amplifJSJj @cnrajln [‘Jsl ﬁ and Fig. 3B.

[Fig. 5A} Fi(ﬁ_EPeLs an explanatory diagram
illustrating a co%ﬂkp@rrgifquo:s eiétortion of output
voltage signals ir; a azsenish@\quEWarametric

Fig. 4 (b)
[ 0105]
In this

avar nl



Consequent | 'y
, the
gonventi onal
POPPET* -
amplifier. par anetric

erg. 5o 7io OR) L ELEL L Riugran
illustrating a con[m §§f_actor in distortion of output
voltage signals intarcanlsloxtai DQSBET parametric
amplitier. to the Boost

[Fig. 6A] mgs&agrae,exp]aa@y diagram
illustrating a Trawptate and Hold state with an amplifier
according to an enBAPCH traneet invention.

[Fig. 6B} FigOEfB i hexplanatory diagram
illustrating a ‘I‘raﬁ(etai:eg@nl?ltf:ftﬁr'e with an amplifier
according to an emﬂ:é‘.tertéa§1e§?sent invention.

[Fig. 7a] E‘igAtA iT ﬁie)glanatory diagram

illustrating movemfnit ﬁechargf ﬁl a Boost state with an

amplifier accoxdin o, an emoodlment of the present
Giat'e

invention. t er

[Fig. 7B] Fig, E& is an explanatory diagram

illustrating movemen of charge in a Boost state with an

amplifier according $ot aL ;EL‘&: olf §1e present
invention. h0| dl ng a.

(eg. 701 £igC AL B€4p1a8Qry atagran
illustrating N ¥ o [ dhaELPUIa Boost state with an
amplifier accordin\f@{$ erg:eiment of the present
invention. si gnal

(rig. 81 rig.\A ik & pu,t:hart {llustrating an
amplifying method [ugin@ hl*aﬂrgeisle pigprplitication

a val ue
anplified by
mul tiplicati

An hy + he
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Accordi ngly,
wilt a
circui’t-
convent i onal

according to the present invention.

[Fig. 9A] Fig. Ts an explanatory diagram

illustrating anvamRQLQLé[oﬁIng ;L@ first embodiment of
the present invent_abmpl I f I er

{Fig. 9B) E‘iglg,is Qie;@lanatory diagram
illustrating an amQ.liH.eputording to the first embodiment
of the present invWh@bsl age

(rig. 101 FigV@iif Predprachiofy diagran
illustrating the wfy@ICr@ PREQnals according to the first
enbodiment shown ip| FEFIEE &% Sk |

[Fig. 11} Fig| y igiméxatar:atory diagram
illustrating an analﬁfder b:é)ci@qﬁ.é: second embodiment
of the present invepriani t gbl e

{Fig. 12] Fig, 8 is gn-explanatory diagram
for fifer
illustrating an amplifiexr acc0fding to acrhird embodiment of
, I rcurts an
the present invention.
[Fig. 13} Fig. I3 is !n explanatory diagram

tri

illustrating the w@vef@r@r\: of sigials according to the third

embodiment shown :QQJ_\é\BlE i

rig. 100 10 QUSWELREL QN cgram
illustrating an amplimtaﬁorctula@l a fourth embodiment
of the present PRRTYIE N o gl g.

{Fig. 15] EiJ. @5Ci gn explanatory diagram
illustrating an afdii8dr Ofedrdi®@ Mo a fifth embodiment of
the present invenfi§. Pr €Sent

in the
out go!:
vol t age
\niit ntit 1 1



il lustrating
a

contri buting
facto<in
distortion

[Fig. 16] Fig. is an explana ory diagram

illustrating the ch;ematics o@ a charged main filter circuit

having the amplifieQ ggtccpcuntg o the present invention.

[Fig. 171 Fig.vlglistaaggglanatory diagram
illustrating a chaMQ u;irgiu]tter icjmcuit having an
amplifier accordin; he sixth embodiment of the present
invention. conventi onal

[Fig. 18] Figj{xplanatory diagram
illustrating the wpafnaﬁeiiqh%l{:according to the sixth
embodiment shown 1armllrf | er

[Fig. 19] Fig.lg.is a'iiergl.ana@y\diagram
illustrating a Tra'rkgta*ér?f an amplifier according to a
seventh embodiment

[Fig. 201 Flgg,%(glygrlxa.ltarg!oyy diagram
illustrating a Boostl i: the fmpllfler according to the
seventh embodiment.

[Fig. 21] Fig. 2leis Vyaéxpgnatorymagram
illustrating the waveform ofesig; 2als according to the

seventh embodiment sho nsin Fig. 19 and Fig. 20.

trig. 228 wib [ XBOMEEM.oesc atagran i11ustrating
a p-MOS varactor g)&}tlf};x atgltlﬁed according to the seventh
enbodinent shown In FQMs LR iy, 20 nas.
trig. 2281 rQUbHOME M@k ic @agram 1llustrating
the p-MOS va:actoSli‘l gl'ri]ca_lamplifier according to the
seventh embodimen\/@@1 puts- 1p Jnd Fig. 20 has.
as a
conti xook
rise

wmnvoaf Ar m



That is to
say, aitn

t he

cor penti, nal

[Fig. 23A] Fig. 23A is a schematlc diagram illustrating

an n-MOS varactor a‘hlc@ Lam 11 ler accordlng to the
T €7 s 0. 20 1o,

[Fig. 23B] Fig— 98 is a schematic diagram illustrating
the n-MOS varactordl ﬁ!ctoaﬂngtldfimccording to the
seventh embodiment Q@@ Ul Sq. A and rig. 20 nas.

(Fic. 2¢a] Fid. he isOaUst;hpchH;’,c diagram illustrating
an n-MOS varactor MG*i«th&g:@fier according to the
seventh embodiment \/@ULPUE: 19land]Fig. 20 has.

[Fig. 248 Fig {24 fidpeecterpipptiagran. illustrating
the n~MOS varactorolf th}Oﬂgtfie:nagcording to the
seventh embodimenttshped it pSUtnd Fig. 20 has.

[Fig. 25A] E;LV 61At1aagséhemat1c diagram illustrating
a p-MOS varactor %ﬁf TjtflerlacTrdlng to the seventh

embodiment shown ln Fl fnd f ?_ _ZO has.

seventh embodiment shlo;lg r!

[Fig. 25B] E‘J‘. 255 ematlc d:\.agram illustrating
the p-MOS varactor P2 which am ll_F;Ler according to the
seventh embodlmentpsg)wn 1%2; r1!9 and Fig. 20 has.

[Fig. 261 E‘lgaﬂpl ggipglraﬂory diagram
illustrating a cha§ Qd mL hglter circuit having an
amplifier accordingmgghalrle;b&lment of the present
invention. V\hl Cb

(Fig. 27] Figl &GELn\éalalahe diagram
illustrating a cnﬁdglctnpsutfnter circuit having an
amplifier accordiﬁd@:l irag@mbodiment of the present

Vout puL
must perform

correction
Ar thoa i o



[01141 Al so,
Fig. 71
t hrough Fi g.
7C até® -
expl anat ory

invention.

[Fig. 28A] Fig- I28§ §s an explanatory diagram

illustrating the pli\lclpfel Q; i\g&lll it according to an
embodiment of the ggéétem;lm Of

rig. 2081 rifo RAROE ebilhatbhy disgran
illustrating the BROS s SE@liLer according to an
embodiment of the ;Sisen{ :hverttjhre

[Fig. 28C] Fnﬁnqghsl afx iexelgnatory diagram
illustrating the pAGOB i ﬁrglilti@ according to an

embodiment of the gyffent invention.

[Fig. 29] Figeéﬁ*bsoad ie;ﬁerﬁtt)ry diagram
illustrating a Traﬁfstateﬁéan amplifier according to an
eleventh embodimenpr esent

[Fig. 30] Fig; ] ezpl tory diagram

i AVentTen,

illustrating a Boosh: sfaﬁ oLthe nplifier according to the
W nyy.
eleventh embodimen f t
S:
[Fig. 31} Fig' 31 is an exp]ﬁnatory diagram

illustrating the waveform gfas;Lanals according to the

eleventh embodimenL |sh|ow!fl§1tF[ga'£9l al;llg"ig. 30.

[Fig. 32} Figmvigmglanagfy diagram
illustrating a Tragcllaacege antaQJlifier according to a
twelftn emvoainend N€ BOOST

(rig. 331 rigSkAl @ <@V@Fory diagran
i1lustrating a Bodkt JAARS, of Eh@lmﬂ_l&)er according to the
twelfth emsodiment] 11 N

reference to
Fig. 61

t hrought c

71



Al so, the
first

vari abl e
capacPtance

Best Modes for Carryln(hOut t% IF:Ientlon

(00871 nected to
Preferred embo% I;\le ts QtOtV\;BpEesent invention will be

described in detai§gux xﬁ@ reference to the attached
drawings. Note thad Qlt 1@ sent Description and the
drawings, componenSQLHAE Bysta@ACk the save
functional configufal@ «8O€ OA@ed vith the sane
reference numeralsy Qfrpb@ D]t @ng redundant description.
(0088} capaci tance
(Principle of discgh@\ting @rafRfrjcguelifier)

First, the pr'{f@ﬁﬁéctﬁecdetetténe parametric
amplifier ampllfyltghfé.tagr 6Tjﬁdlll be described with
reference to Fig. N thrmtl"é tCh éql::e that Fig. 1A is

a diagram 1llustra\1?w]ql | éackt hte wherein the discrete-
time parametric amplifier accumu‘Laies charge, Fig. 1B is a
diagram illustratx:bg a Hol, \s/tg:e whergn the accumulated
charge is held, and further Fig. 1C is a diagram
illustrating a Boo§t sQaY\e”-]yhe_rte vo*gagé is amplified.
[0089] h In
As shown in FE}I g;- thr@ﬁ\ Fig. 1C, this discrete-time

parametric amplifiLIhiI; Q)laligzh:edFoif gpower source for
outputting an inpuZOo,ltagje t/i, L &riable capacitance
device of which tlQ e@dlltﬁrs S’xan&e@ and a switch SW for
controlling input Sﬁtye Jtlph:aztltaﬁehle as to the variable
capacitance devicg@[ [ angenent

IS not

rest hi et ed

to the

ahAvo 1 anal



i mredi ately
prior to the
switch Sta
openirg is
hel d at the

The overall operatlons of thlS parametric amplifier

[0020]

will be described as% m n%rst in a Track state (Fig.
1A), the switch SW bg t !)n (&I state, so the input
voltage Vi is applyea[o t&a-vblaﬁe capacitance device Ci
via the switch sw.Cﬁ(pﬁﬁ(jht, ARG ¢ (= ci + vi)
which is obtained ds&kél pG)@tctRf the input vo_ltage Vi and
the capacitance Ci(ot hxe variable capacitance device is
accumulated at bottl ellisnsr nailariate capacitance device.
(00811 the side

In this stateQ @‘mp‘u‘eetl‘rc}t @dhanging to OFF, and
the parametric ampeié‘_ertmh(é‘xg transition to the Hold state
(Fig. 1B), the varga\l?ﬁe faeahitagérievice holds the charge
Q accumulated in &} c 'ta‘ , and consequently, the
potential differetlher‘]]z:w:g b t? lectrodes of the variable
capacitance dev1ce.|.1ﬁ ma:.nt n{ ai the input voltage Vi
directly prior to the Swl‘CCh S&

[0092]

~

In this state, 1nn:¥xe event that the capacitance of the

variable capac1tanc e [=! from Ci to Co as shown

in Fig. 1C, the thMEde@Lr@J n¥nerated between both
electrodes of the eria@J cagta@tartchcgvme changes as
follows. switch awW
(0093] opening is
(uatnematical zxpRA@legirat t he

Gat e

term nal of

t he second

vvari ahl o



shown in
Fig. 7.A

t hrough Fi g.
70, but-is
an i magi nary

Va=~c%=g— ”SW:%COhcafOG(P)
- {Expression 1) Sake of
B descriptiofb

Thus, the 1nte-lr-ué'ltro<le §otJmQa1 following
capacitance change a-ymporElJng:e %o (Ci/Co). Accordingly,
based on this rela@,B, @ng EL gpaCLtance of the
variable capacitanZealﬂiicaFue; that Co < Ci allows the
potential differenee&,tn&étl\[&nl:e@y;oth electrodes of
the variable capachtGh@NEvicE & re soosted (amplified) to
k" times (however] fin tﬂgg@}t A tifF co. the intec-
electrode potentisfl eiﬁfeclenenlf gttenuated) . Note that
"k" in Expression F:iisg:.alle7ﬁfacit:ah:e change ratio.
(00951 swi tch

(Problems with co éOﬁFET @etrlc amplification)
Next, the proiolﬁns f hérxvenfaanal MOSFET parametric
amplification using the above fil—s?erle*tlme parametric
amplifier will be 'iels ribed ééh re;erﬁnce to Fig. 2A
through Fig. 5B.

charge of
[First Problem] t he hat e
Fig. 2A and EtLgean;rsnsaJlaanry diagrams

illustrating the Iongurit orr §tan n {(negative) -MOSFE

[0096]

with a conventionMazfsi.wsﬁ;blax%tric amplifier. Note that
Fig. 2A shows a 'I'Gaa;paeel tnaﬂ}@eB shows a Boost state.
device P is
Opt a -d
Vpl - -171
(\/dA/l o _
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Al ec, the

vol t age Vp2'
0071 i mpressed on
As shown in Fip.qg Ia:])d _lQ q;:’ W]QI a conventional
MOSFET parametric at‘ngtl‘i@iexf 'bigssvt)ltage source is
connected to the G§@Lter-mitlaabfl 8 n-MOSFET via a switch
sWl_1, and the bia@@)@a@ec\jbitasa@ G ied to. the Gate
terminal in sccoral@VinCe PhndctSons state (on/0FF
state) of the switMpm_.lzzﬂso,—_ the Source terminal and
brain terminal are chma.zttd.d d</ a2power source outputting
power source voltaé@ﬁvﬁ;(r;ereeaqqadrenieﬂed to as "power
source voltage souaﬁ‘p*rit}te g:imeﬁ via a switch SW2_1,

with the voltage abyedbeihh@urce terminal and. Drain

terminal being capﬁaﬁlof li)e'?j«f iw'ﬁaed over in accordance
of the connection b: e tfﬁ? switch SW2_1. Note that the
Bulk terminal is c&nﬁbtﬁcti) f‘ne round.
{0098} Cha a Ce

In the Track stat ,rt]'_lgeabove MOSFET parametric
amplifier is in a .-state ;lh;rel the switch SWl_1 is ON and
the switch SW2_1 is :cogn'ec’ced %o the ground (Fig. 2A).
Consequently, the ilasnvg.gatge VE.LS’ is applied to the Gate
terminal, and the e tSL@ﬂ.mE and Drain terminal
maintain ground vw.y Not,hethe event that the bias
voltage Vbias is ¥1OJO taatgee klid.hem 2hah the threshold
voltage Vt of theinm@ﬁ‘ﬁsts e—@osﬁlnis in a strongly
inverted state, s{ mirtvhsi(e mds B is formed at the
interface between@fe oztid'q @ilm A and P substrate (P-

second
vari abl e

capaci t ance

Aovii raa N 1



anti the
charge at |
be Cate
term—riat of
econd

substrate), and electrons (Elegtrons) are accumulated. As a

result thereof, the capacitance oI the n-MOSFET increases.

00s8] cases: Lb: bee
Next, as showrd§|F1§.t 2IB\,I ulpos the switch SW1_1 going

to OFF and the swi zZ_FbeQ(Zconnected to the power
source voltage sou(cygg/ 2an:lition is made to a state
wherein the power KMervdtage V(ﬂi@ﬂ_applied to the
Source terminal an24g_Drain terminal, and also the bias
voltage Vbias is nmm(}iedt hrethis state, the inversion
layer B which had &pnfffref en}eenterface between the
oxide film A and Prfi;bttra'ehafulgeate) disappears due to
the power source vbé?e\/@énaptlhéto the Source
terminal and the D@'axttgminal, with negative ions
(Negative Ions) infréxfirgdﬁiélle c%s)fcitance of the n-
MOSFET decreasing., ﬁseo, Tt-this ii:ime, the Gate terminal 1is
t je! I rl§ h h .
in a state of a charge being h thereat, so upon the
varT abl e
connection state of switches, changing as shown in Fig. 2B
and change in capacitancg occurran,Ct e voltage of the Gate

terminal changes to ?Vallug gtal ed%p e bias voltage

Vbias having been tBJ:)]s ed $a§pgiggrld by multiplication by
the capacitance c}M:@JJa@b(lseg Expression 1). Note that
while Fig. 2A and G;sz@@nlovl ARNELET, the principle of
voltage amplificatdtthj B:aNtdrnSnal is the same with
o p (positive) -uda@d z(;,wells Ot JA@h there are the
differences that MOJoz{d@@x@ty Spialerse, and also the

I mpressed on

bot h ends of

the first

\v7ari ni al o



[ Eat her ee
":l1cc |
EXpreSSI 011
3] vn2)-

Bulk terminal is connected,to th) pov;er‘ source vocltage

source side outputting the power source voltage Vdd.

Hereafter, descripgigsol g§r§;§&c9atl t’IOSFET parametric
amplifier will be r;é)e uLirQ]axann;lasmT.
16100] Accor di ng]

Now, as described Mot Bonds R@rieication) of the
Gate terminal voltaml:uisfdwilee{ change in the inversion
layer B. Now, in @CEH Iana(Mosﬁ@, the voltage
endurance of the dtv@e &} be deternmined taking into
consideration the @FRYOQT{iffEMte betueen the cate
terminal - Source eefmintlhe the Gate terminal - Drain

terminal, i.e., thprae‘nfgéntf voltage applied to the Gate

terminal. BAccording the ;G terminal voltage being
Boosted by change Erf?aia?igéce{ a]?fzénly the voltage
endurance of the MQSEET where fhe Gate terminal voltage has
been amplified (i. on\éenETl agr;[]ala.lg performing the
Boost), but also the voltage endurance of the downstream
MOSFET where the & p@l@i@'ﬂ%&agel ig: to be input, needs to
be taken into coz;sgdre@tlioL.f Acgldin;ng with circuits
having conventional’l @EETepaer gic amplifiers, there is
difficulty in han@ilngaﬁtpu\/ QLntlag%ut from the MOSFET
caranetzic smpriri@dd VOl tage
[0101] signal are
[Second Problem] ( Up| ifted
Next, a seconfl @g;eatz kr@fe avove-descrived

while stil

in a

superi nposed

st At n + ho



anplificatio

n wth the

adplifier

according to
conventional MOSE‘E'E IlgmeB!c %%1?1?19.3: will be described
with reference to Flg A, n}gl 8 Fig § n, and Fig. 4B.
Note that Fig. 3A anQ 3B circuit diagram
representations of t%sthgm!ltgztdggngs of Fig. 2A and Fig.
2B, with Fig. 3A lIlgtrItgga Track state, and Fig. 3B a
boost state, respe@QY €~ dESCI M
[0102] bed case,

Also, Fig. 4 ARG a0 D@rgran i1lustrating
waveforms of signa&ppktined’a c#n@zftional MOSFET
paranetric amplifie:)q.aﬂi‘pzii @ rigl @ and Fig. 38, with
Fig. 4(a) illustraging(CEG@ clock signals for controlling
the switches in Fime Fre i?iﬂ 3{,“‘@. 4{b) input voltage
signals Vinput 1’1t @Iatsth i;hr arvrﬁional MOSFET
paranetric amplifisfl0. i g (a gueput voltage
signals Voutput 1 11: éuéplutnféog the ::otl;frﬁltional MOSFET

parametric amplifier 10, resfe tively.
I to
[0103]
Now, let us assume that the following relations hold

with the conventlonal MG JE’Ipparame ritc amplifiexr 10.

(1) The switch SWL lhopeQ lfleg I;lanEJODg)Sly with a clock
signal $1_1 shown 1nQ‘ aL8, to hae to be "ON" when the
clock signal ¢1_1 %onugrhc;hegh) and "OFF" when low (low).
(2) The switch sd:ﬁzrpmtﬂa;incmaxﬂﬂw with a clock
signal $2_1 shown [ 8. [(a), so as to be "connected to
the pover source To@dofiolIB lsia@fimen the clock signal

the firost

vari abl e

capaci t ance

Aovii ro D anAd



Al 3C, the

term nal s at

the 5.de

, . - LGnor
$2_1 is high (high)oatndh"éognegtad éohthe ground side" when
o104 Sill will be

Note that the 1n§§ 90 a@ gigml Vinput 1_1 input to

the conventional MQ@J‘ ;Q}}é!ue1§-§ arli)llﬁilfeer 10 is a signal

wherein the bias v@&eemas and the voltage signal Vin
are superimposed, Ise{omunacl 4(B)f
[0105] the first

In this exampMa»rhilatbe{ @ock signal §1_1 is "high”,
the switch swi_l i€ &pa@i& figan@eciock signal $2 1
" which is inverted dsev i;he eocpsiaﬁdl__l is "low", such
that the switch SWF—h@ c%té to the ground.
Conseguently, the -Eoerrnﬁ:‘:\nﬁafll)SFE& Faﬁmetric amplifier
10 55 in a Track sgakpf (éig.gécaiﬁfrsion layer is
formed at the P su‘kfériatie éEﬁ éthe Gate oxide film, with

the voltage of the é term-lnfl changing in accordance with

low (low).

the input voltage alénal. Vlnéuté , and charge being

accunulated in the n-|
se&Pect i vel i

[0106]

Next, upon the cl[) leg'rg)l]lb], 1 changing to "low", the
switch sSwl 1 goes(mlﬂlsf yt tﬂg time, the clock
signal ¢2_1 goes JIELJHOQ aJeJ(Sclanguth the clock
signal 91 1, and $NBicen sw2 1 is comnected to the power
source voltage soagplciuzfliycat im@rsicn timing of the
two is offset, bunthprpj>iﬂ®ilp$e@escribed later).

according to
t he present
i nventi on)

~ N



(0135)

The bi as
vol t age and
vol t age-

Consequently, the cdo.nvg‘rlonal OSFET parametric amplifier

10 makes transition fo thefBQOSt state, and the capacitance
of the n-MOSFET decreaseg. trt1§st time, the Gate terminal

of the n-MOSFET isvhglrd'i!‘xg@_ a%e, so the input voltage
signal Vinput 1_1 QQ,ELQQJ atvg-.[l]ec;u%lified by
multiplication by Q—Aeya[aagigncagudxge ratio. Though not
shown in Fig. 32 atlche; SLCORHx 15 made £rom the
Track state shown \{rafﬁd Ao @ Boost state shown in Fig.
3B via a Hold stai€:HPAE knt QLG @onal $2_1 rising
after the clock siGF@\ML_C @118 [i., due to there being
a time difference aznTﬁ ipvfrpigngfrinjing) of the two
signala). accor danse
o107 with the

Now, let us cenalqéale Il_oé’:a;ﬁ goost voltage) at the
Gate terminal of fehr‘a‘/ﬁ gEé atr tﬁi bilmé of the

conventional MOSE‘E;T_F)araIm c amplifier 10 making
transition to the Boost stat , i.e., the output voltage
Voutput 1_1 of th B%gEaT'Cpa!ratme(aa'rlc amplifier 10. At this
time, as shown in Flg 9(); the output voltage Voutput 1_1

is a value whereln erlnh o@ﬂg\gx)put 1_1 (= bias
1=}

voltage Vbias + vg age Vin) has been amplified by

multiplication byctna!gggan&e Qhange ratio (k times).
That is to say, ngaﬁa@i $.A0NE Bynar vin which should
be Boosted, but alsnthSi{i&polt?zJeGAas is also
multiplied by the(c%&@&)e_change ratio accordingly.

[ 31313

The charge

equi val ent
+n + ho



- SO- a
second
capaci tdnce
which s
smalier th

Accordingly, with a ircuit, having a conventional MOSFET
parametric ampllfler 10, the output voltage Voutput 1 1

becomes unnecessarl Beat and%!ggg unsuitable for

finer circuits and gér e ripxg\;ter consumption. Note

that with Fig. il %gto[tloycls %gsent in the output
voltage Voutput l_t,QucI nia$qrt AR awpiirica vortage
signal Vin being alpheed by multiplication by k' (0 < k' <
X}, which will be &apa@iettance
{0108} of the first
Irhird 2roblenl VAl | abl e

With the seco@aplaﬂliot BN Eentional MOSFET
parametric amplifjdfelq Fee:e’.bearbile, description has
been made that thet O'&f,élt §)€Cgbﬁ>d.put 1_1 becomes
unnecessarily grai\‘],aafdi 1ébar @a seen from reference to

Fig. 4({c) that the aéb &slcrf.bed dlstortlon is present in
the output voltagedVéut tdlo . Accordlngly, the problem of
this distortion o currln.g 1n the ou ut Wtage Voutput 1_1
will be discussed ext as a thlrg prsngem of the

£ .r;l)agaru‘\re]trict amp?lfier 10.

[0109] I rst .

Fig. 5A and Eggagaagel etgpaamagg/ diagrams
illustrating a cortt).QbuigngthgLe}:rQ distortion of the
output voltage Voxgla.tpaekietmadgzeﬁnal MOSFET parametric
amplifier 10. FiMbi € B disSanatory diagram
illustrating the @feeatoet[he 1 lRaRequency extractea

the firs.
capaci t ance.

this case,
1N ctoon <1 CC

conventional MOSF



first
erboi |l nert
orc protect
irvenﬁien

from the output volta ) 51gnal g:utput 1_1 as a continuous=-

time waveform. Also (g 5B 1L §1 @lanatory diagram

illustrating the fg4u§QrMm of Fig. 5A.
[o1161 | lustrating

With referenceatm Fi@.ujts,pl.utdd_ltlon to the
fundanental wave oM Ollal, AGR are present a -60 [dB] DC
(direct current) c&qi;mgxﬂ ald 2 narmonic wave with a higher
frequency than 5 MO pkutDC component and harmonic
wave component dis@tjtncpw{ ouiipl{t Ofjtage Voutput 1 1.

The above distortitnhedue to the capacitance of the n-

MOSFET dropping wh&n,wloixtfu", @Fage Voutput 1_1 exceeds

to the power sourc age Vdd. Accordingly, in Fig. 4(c),
g

there is the relat'a:b 86rtaigﬁ§erttﬁ capacitance

change ratio is, tfeh;gatfrit?esdtstortion occurring in the
output voltage Voukbpuiyl 1 pecomes.
mm gibodient
That is to say, with the conventional MOSFET parametric
amplifier 10, dist r{l%sogzprg at the output voltage
Voutput 1_1 at thel Lll]my gfnag LtQ}Q the output voltage
Voutput 1_1 outpu foo;lr4hl]408E‘ET parametric amplifier, so
the components wthrLctllve the output voltage Voutput 1_1
must perform correr:iﬂ: f;zO:[leelm(Q& the output voltage
Voutput 1_1 as ap;tr@riade.. g SA
[0112] and fi g. Oh,
As described @:@Ie,arlifp}:hia ﬁoi'zveirional MOSFET
i
according to
the First

armhnd nmmnt



capaci tance
of the o-NCS
sal : actor -
Si and®t NON
ractor Ni

parametric amplifler 10 the bias voltage’ and voltage signal
input to the MOSFET parametric amgl\llf?el;] 0 are amplified

together while still iy a supe 1§osed state, creating at

least the three ab§ry\4i lmgl!gd ;lerl\émé'ZAccord;mgly, with
the ampritier accobaSy CONNELEEM cainent,
technique for solvtngthl l}]zee problems by the following
technique in generpoki @& empioyed.
[01131 source:
(Principle of ampl&@latloa‘ge amplifier according to
present invention)SOQUI C€ t he

First, the amSWc{t‘{tJﬂhpr% according to the
present invention ]usl ve @ﬁﬁ@tti@defemnce to Fig.

6A through Fig. 7Ct dott ﬁ% Fig. 6A and Fig. 6B are

explanatory diagrag@riat}jﬁaing ah?‘dack state and Hold

state of an ampllfileh acf ﬁhng to an empodiment of the
even

present invention, ith Fig. eﬁ illustrating the Track state,

and Fig. 6B the Hcld state, F]esp%:rslveir

{01143

Also, Fig. 7A t?%coug Q‘ %CE %}glanatory diagrams
illustrating movem: DQ o ¥ @ge in a Boost state with the
amplifier according [t:_o_oau Qndodit\ehce)f the present
invention, with Fid. W t:l'gohgh 3VB.: situstrating

movement of chargeJ ]S the Boost state over time.

(0115 cor nkcct ed
With referend@® HoN& POWETs- 7, the
source
vol t age
source.

Trn1121



Al so, the

i np- ut

vol t age

si gnal™ -
amplifier accordin\/t!o Qrpel'r‘!algodinlxeng qul}ne present
invention has (1) a 1rst nggqble capacitance device P with
variable capacitancae',ml !2) J sgljnd variable capacitance
device N with inve nductix_fity as to the first variable
capacitance devicea,cwg_gradlanglt;-q@\/dd/2 and voltage
signal Vin being irtpwneo Ih«l LSI variable capacitance
device P and the s;&{madibﬂe{ﬂi&:itance device N in
accordance with thgtonntch@ state of the switch SWl1.
Also, the first vap!b&&@ﬁttami;e device P is connected
to the power sourcevefgt so@ ¢}/ %nsthe second variable

capacitance deviceaI is Fog}ﬂ:afl to the ground N. Note
that while the biaMérgeiﬁanbetnh]éwn to be Vdd/2 in
Fig. 6A through Flbl 7aS‘Lt vsdzreflag’ré say that the
arrangement is notvﬁrr"' éed é(.)ﬁ&f above.

o vol t age

First, as shown in Fig. oA, when the switch SW1l is in
the "ON" state, the bias voltage Vdd/2 and voltage signal

Vin are input via the sSwitch SW1, whereby Vpl = vad/2 ~ Vin

is applied to bothselﬁl S gtrtlhe@rgtsvgrgable capacitance
. device P, and alsd ana:SV_da%n*e\AM]is applied to both ends
of the second varilabri]e c@aagbancelcgvice N. Consequently,

the first variable( ck;paJitance device P and the second
variable capacitar[cgclexeg]l\l accumulate charge.
[0117] Wth
In this state] @'ft@e"e@eﬂtc@at fb@ switch sWl opens
Fig. SA v
the Track
state, Lee

1 nnt |



synchr onousl
y with the

: hock signed
$2, wier eby

and is in a state vxmereethe bias voltage vdd/2 and voltage
signal Vin are not a alpg%olt’i gtg:g) the following
relations hold at t famptl @r p'

(1) The charge Qpl\AIaCSt ek - E)dl (Vda/2 - Vin)
immediately prior @Q}d slrir INOSning is neld at the
Gate terminal of tM afracirﬁﬁe Mlcitance device P

(the temminal at tE}@GF BAGBSto the suitch SWL in Fig.
68) . At this

(2) The charge Qn1t=icn‘E\{n1 £ h@vad/2 + vin) immediately

prior to the switc@t @ening is held at the Gate terminal

of the second varitbercmcﬁafesievbfl\l (the terminal at
the side connectedt‘,hée fwitw% in Fig. 6B).

roares var act or .
Now, the dlffgﬁa in chw fﬁien the Gate terminal

of the first variable caaac:Lfance deyice P and the second
variable capac:Lta dle & is an amount proportionate to

the voltage 51gnal

che
{6119} ar ge Se

Next, descrlp@ D’neuly @lmgd@'ggrdlng the Boost
state, with referéS(Je m 7M A rig. 7. Fig. 7R
is a diagram lllus!t:xStu@rtm loldlsltagéis with Fig. 6B,
but is illustratmbay a bﬁﬂda]gtlon with a switch SWO not
present in Fig. sd T Jnie:p‘clo ja@@ive movement of charge
in the Boost statbyNovt, @ switch swo is a switch for
controlling conne@axpla@éelt aneet variable

change
ratio, with
t he

nmAant fi1ida Af



vol t age

signal s
asi er, and
also~ 7"

capacitance device P and the popeg source voltage source as
shown in Fig. 74 thgo(u)gggig.l 7p,l‘l>£t| 19!]1 imaginary switch
for sake of descripti_gn. ‘I‘Lapgrto say, Fig. 6B and Fig.
7B are essentially QJer@ﬂ.balk“ t S and
{0120] | ower

With referenceeJo &Gt7£,| t& awitch SWQ is open, so
in the same way as pﬁN\ﬁJ 6B, the charge of the Gate
terminal of the fiﬁoﬁsﬁmécm_e device P is Qpl =
—c1 - vl = ~c1 (vfadr-tvihe fend afsdq@e charge at the
Gate terminal of tlﬁr‘seémt xa#iible Icapaicitance device N is
onl = ¢l « Vnl = Cf ydd@ﬁ thh eNote that other states
are the same as wirm‘gnth ude Of
ozt the out put

In this state onsider a case wherein the

vl t&ge

capacitance of thesfiirstﬁfa:rable capacitance device P and
the capacitance of thegsecond variable capacitance device N

are reduced to "1/k" times (1.e.%} the post-change

capacitance C2 = CQ/Q)eaA]:Z &l t!mb% charge at the
Gate terminal of ttnehfgrstnrgrmg capacitance device P can
pe representsd as SQOULLC v - o1 vaarz - vin) = -kc2
(vdd/2 - Vin)., andViQ IthL &%eﬂayvglk dﬁarge at the Gate
torminal of the sdod@dhaddBic PBRLBnce dovice i can be
represented as onV-Ed1 Y w8 Bl feprz + viny = w2
waasz s viny. SO there 'a

[0122) no
di stortion
I n out put
vol t age

cl Aanal A



[ 0150)

| hmh t he
p-r103

var aclbor Pl

ang_ n- MOS
Also, the voltage 27 1mpresse on ‘both ends of the

Qr

first variable capac1tarce %ev:Lce P is 'vp2' = k{vdd/2 - Vin},

and is amplified b)hé\é§mullt1@l\!e§ Eyst% capacitance
change ratio, i.e. Cptgxgy Cltn l:hyL I\e%ay, the voltage
Vn2' impressed on koth ends of the second variable
capacitance deviceAG.cﬂf' dlkm@JZy,\lin), and is
amplified by beinglmntiﬁied@ rthetca(aacitance change
ratio, i.e., k timﬁath@hth{c h'e principle of voltage
amplification is tixen@\f ealgeldle:iple with the
discrete~time para@lﬁr@agéfier shown in the above—
described Expressiedhange of

0123

to123] capaC| tance,

Next, as showgé FW tc,hupctn ﬁhé SWltCh SWO being
closed from the stétaglé‘lqofB Eh first variable
capacitance device P is onnfcted to tne power source
voltage source. time, (t power source voltage
source Vdd is 1mpres ed bn the\fi rlt varlable capacitance

device P and the secong varlabga capacitance device N, so

the charge Q' = (k -~ aLZ °t % moves from the first

variable capac1tar§e\MevtcgbtoS}A2>ower source voltage
source side. mmht&eo@@ﬂﬂe&tl@d: the charge Q',
charge of an amourtt Qquitzahkec th‘M\EvErge Q' disappears
from the Gate terrSIQJLHf G2 first variable capacitance
device P and the éé@ddtlaaigee capacitance device N. That
is to say, the ch@@ Y G€sath [f@uinal of the first

swat ch OW 3

Ls connect ed

to the

Ay n1inAd



oltage 'PIO

can be made

very

2farl7i,, so
variable capacitancte !;]egircee]? ils _Q)Z DQZZ (vdd/2 - kVin),
and the charge at t_gel G§tL QeEmEnLlQJp the second variable
capacitance device IN rl‘s CQZLLtCE)UItid/Z + kvin}.
[0124] yOl sege

Now, the diffeSeincg R&La&¢ beazadthe Gate terminal

of the first varialﬁ’&csﬂ.acrlt&da device P and the second
variable capacitandd Ldivmjbf is he@cd so the voltage Vp2
impressed on both {n@g@hesq.i)gtnxariiaSle capacitance
device P is expres@aﬂth b}@ression 2, and the voltage Vn2
vimpressed on both @htoai'h(nﬁﬁnd variable capacitance
device N is expresfeaimﬁl:]pression 3.
(oxzst (Second
[Mathematical ExprEﬁﬁxdai n‘E‘nt )

Vo2 = (Vdd 1 2) ~ k - Vin Vbias — k - Vin .
’ A¢*déscri bed

« (Ezpression 2)

w th the
{0126} . . .
[Mathematical Exprgérs'[lgxl 35 f ! Cat I 0

Vn2=(Vdd/z)+k-wﬂVb9sU~MC| mo
. meression » O T he
[0127] anplifier
Accordingly, aQ]Cchagi.iﬂg: afc@aing to an
embodiment of the G4 C-ABAL Srike the conventional
wosrET parametric @f1ididA@ were the pias voitage and
voltage signal ar{)aﬁ@ﬁj@cn{ogether while still in a
superimposed statd, 3¢ @ tede Opal Vi is amplified k
with the
anplifier
according to

ornmhnd nmnt o



of the

pr esent
is,entien
has ffé‘sane

{capacitance change rath tlmes, but the bias voltage Vdd/2

ur al

= Vbias is not ampllfled COT d1ng1 w1 h the amplifier
according to an emboz§mer!;c e p ent invention, the
output voltage is necessarlly great as with the

conventional MOSFE'@J}QI\[ Jrlc anglrlfler 10, so the

probability of the llQQ problems of the conventional MOSFET
parametric amplifiaGCQrcdljeJ]@ovet drurring can be
made very small, itefd@ fnfd@diing to finer circuits and
lower electric pov@ FRO@HABNT |
[0128] further

Note that witrptrheovivﬁ eﬁdcription has been made
that with regard tv\/'fht ﬁ'_rst variable capacitance device P
an the second varlﬁﬁgtpiarrﬁmt? device N, the terminals
at the side connecj&a fou:ge_sxt Plgsm in Fig. 6A through

Fig. 7C are respec 'ée _the Gate Terminal of the first
variable capacitance device Eand the second variable
capacitance deviceCNarH?v:vgrer,otrheSprlnc1ple of
amplification with the ampllfler accorolng to the present
invention is not restrl(, ed gocttlha@ e~described case, and
can be applied, for g:Qr@lL,Qo a case wherein the terminals
on the side connec&w vxxees[;itch SW1 in Fig. 6B through
Fig. 7C are the S(bleé ngginal and Drain terminal of the
first variable cagﬁ(e{QrMej ({j\&d P iarﬂ the Source terminal
and Drain terminapartal sl}c@li vati@le capacitance device,
respectively. t he p- I\m

-reflector

21. The gate

wi dth of the
Nn. \ N



In the event

that each of

the switches

SVWHI “t’hr ough
i SVP4 have

Now, for a caste I;:L@rei§ %re‘r‘@erminals on the side

connected to the SVQQJ Q{ JntE‘M @-%rough Fig. 7C are
the Source terminaI ncEDerT 151%1 of the first variable
capacitance device WL AG sToe Bhspar and prain
terminal of the seiondearialea;{ahtance device,
respectively, all thhes ﬁafmy is to interchange the
first variable cap&ORRAETcE OMA the second variable
capacitance device(JES Fip- Rl ErEo@M Fig- 76, for example.
Due to the configuagontdheibgfgg’for example, the
amplifier according hem a?o@!antof the present
invention allows tkﬁaba%tyéf the three problems of
the conventional Mfsg?: Pf.i:aﬁgrc agfifier 10 described
above occurring totbh gade vSrgtﬁl, thereby contributing
to finer circuits d lowe, 161710§fwer consumption.
Note that it is neZ?éEsa’&giay that the amplifier according
to the present inveption is no§ Testricted to a

configuration havingoarGatg)t(egmriI:Ql_, ?Source terminal, and

a Drain terminal. a's Shom I n
(0130] Fig. 11, in
Also, the tert\ines ae\éie ate connected to the switch

SW1 will be descronJa ailow tash‘t&e Gate terminal of the
first variable ca;SJ'ﬂ@xchTchvictend the Gate terminal of
tife second variablswacaﬁcd detvhseﬂ, respectively.
fo131) swi t ches

SN | through

SWS are

connected to

+hoa nAit -



he gate

wi dt hsof the
p- MOS Val
dors*fii

1
{Amplifying method us:.ng thé’l gnhl flc;rioﬂ- principle

according to the presen@ invention)
An amplifying me'th§d ag:t]:tl %CLO an embodiment of the

present invention Wit h D QW b:Sncipie will be
described with ref(QefncettA/\@g,, :1 @ 8 is a flowcnazt
illustrating an am;rlﬁaxs @dAroa using the amplification
principle accordini hekre @@Efsnt invention.
(0132} bei ng fur

Bias voltage A4 folta@Oth Qe input, and a first
charge correspondifgyfte t het a;rae’\ance is accumulated
in the first variaSCCa@Titatcehcévice and the second

variable capacitan@tvée (8100)

term nal uf

Input of the e bigs.voltage and voltage signals is
tHe”Fi'r st

{0133]

stopped, and the c?/aég.;F IaccuB;tiLated in step S100 is held
(S102). At this t].me, a volta e equlvalent to the above

bias voltage and th ove vol é 51gnal is impressed on

the first variable capac:.tgng Sce and the second

variable capac:Ltance drel\rlcharrpl e
[0134] I n an event

The capacitanQafof S;U'leoyahﬁg capacitance

!
device and the se&n]d vaSiable capacitance device is reduced

from the tirst caGOAfd @Lglrseaincl @pacitance which is
smaller than the fArs{ cﬂpaiitia;ge_, while still holding the
chazge held in stép 102 duip] s

control,

i.e., area

Sp of the

At oo



the Gate
terni nel of
t he second
yard é° -
0135) capaci tance

The bias voltageeayé vgl@agel\slignal applied to the

first variable capgltjnrfe Q&licedauaethe second variable
capacitance devicetag amplified in accordance with the
capacitance changelrlt:';o r(&lg'tuJa;acritjarrce / second
capacitance) of end €Sge ANBAAGeance in step 5104
(s106) . devi ces, the
{0136] magni t ude of

The charge eqfifgi@nt [gq tgeGemount of amplification of
bias voltage, amplvgii ttagéirst variable capacitance

device and the sec?nhcfiﬂééﬁacitﬂce device in step

5106, is cancelledtoﬁ:ésli)%?hghtavocanceling out of the

charge equivalent \tfd:retagq‘eof amplification of the

above bias voltage_gcc he power source voltage Vdd
S NEER

being impressed ony the™first variable capacitance device and
the second variable capacitanceg devig. 7
(0137] I nt al ned.

The amplifyinE meghodous]ing the amplification principle
according to the p elsetltui§v£n.t1§x amplifies, of the bias
voltage and voltag@rs"i.gjalls ﬁ.nlpue [o the amplifier, the
voltage signals, 122&1@ above step S100 through $108.

[0138) accordi ng to

Note that in Erﬁ&los,&&o:ﬂ)d:itance of the first
variable capacitax@{]@x@cé iaxﬁ@i’e Meond variable
capacitance devic@fs r&ichhe_d erom the first capacitance to

present -
i nventiorm

in the sane

Wy, ac vAdtr h



[0162]
[Third
Enbodi ment /
Next [ *a

a second capacitancg Iwht.c lesrsrgaﬂ'é-rl téjm the first
capacitance, but is' n.ot@re‘gpr!icl:eﬁ yol tgl and the
capacitance of the (f‘ilrs_E Canth\e capacitance devi;:e and the
second variable ca}:’dlcStlanQagievtcb %y be increased from the
first capacitance tpE |tm L:apal:iaanceflhich is greater
than the first capﬁjrmcle.i fnitﬁataj;e()in step S106 the
bias voltage and vcﬁ]‘taﬁ@i@t@]fi@&:ireﬁ]s@i on the first
variable capacitanzte @ev:tc%’]@ second variable capacitance
device are attenuaﬁcr. esent
(0139) i nvention
(First Embodiment) SI | | be

Next, an embocax@xg Cfrarx Br%l‘dfieégccording to the
present invention \5imt Fﬁ ?cae—described amplification
principle accordin o the present ipvention will be
described with ref;brhgzetdhl“ig e9Ani_hroug‘n Fig. 10. Fig.
9A and Fig. 9B are explanatory diagrams illustrating an
amplifier 100 accoy dlngeéeBQErst embodiment of the present
invention, with Fil n_)y le;ﬂlgtLagx_rL'the Track state of the
amplifier 100, and Ellgg 9B i;i;trLtgg the Boost state of
the amplifier 100.en .
[0140] eapl anat ory

Also, Fig. IOdii &j ardamm illustrating control
clock signals for t:cbclroﬂl&ﬁ Ew&t:hlesn)g Fig. 9A and Fig.
9B, Fig. 10(b) is aﬁia@ﬁ'p]lluistdaiti@ran input voltage
signal Vinput inp@@cOthe amplifier 100 according to the

according to
the thii,

enbod| aunt
nf + hoe



| 0164]

Wth

reference tc

Pig. 12, the
first embodiment ofatq'sg relselnttilnvgn ion, and Fig. 10(c) is
a diagram illustrating an output voltage signal Voutput
output from the amp@i(;igrolgodalccagingtto the first
embodiment of the ;Imj;eet JIWL:UEAEnd
[0141] enmbodi nent

With referencechJ Eit;.haﬁ and Fig. 9B, the amplifier
100 according to tle AME Bbdaine@I Pt the present
invention is confijuﬂcdfud‘@@la@lg a p-MOS varactor Pl
and n-MOS varactorfij. Npw@Ehe p-MOS varactor P1 and n-MOS
varactor N1 changea agi ding on whether or
not there is an inuggi Lg‘{y;‘gjﬁg@ the MOSFET shown in
Fig. 28 and Fie. 2 i ch t he
foraz) positive
The bias volt. h\gjéseanci vﬁtﬁaﬁ signal Vin are input

to the Gate termingl o he p-MOS varactor Pl and n-MOS

vol t'ehre

varactor N1, in accordance with the connection state of the

the p-MOS varactor\jl np _lc"fQuLcted to the power source
voltage source andocpetgg}lmp QQCcayance with the
connection state o§ Up%tthrm,o&lj ne Source terminal
and Drain terminaiCbe LD ba@S ox w1 are connectea to
the power source vCl@a@J o€ B the ground in accordance
with the connectioV D@ St «BelbGhtcn sws. wow, the p-tos
varactor P1 and n-p@Sairatctlor\ﬁ\e have inverse conductivity,
so in order to matlchTthﬁiSc@ease/decrease change of

vol t age

signal Vin/2

in

AarrAr Aanco



and the

p- MOS
varactor 52
to thé& power

capacitance of the %—Qolél Eagagtor Pl and n-MOS varactor N1,

in the event that t\{eoslwitr_c@'gﬂg isscgnustted to the power
source voltage soujgeetheostlitctx QJC@ is connected to the
ground, and in the QJHQ k30 sbbc\’xvﬁwz is connected to
the ground the switIc}h@Ii jp?:cl%d to the power source
voltage source. war - a.Ct ors
[0143] Pl and E2

Now, the swit@ [BQ shdi@nizks with the clock signal
41 shown in Fig. 1o as to close when the clock signal
¢1 is high, and lnwta}ﬂﬁmars @*sge Mias and voltage
signal Vin to the aﬁdemeles hfaV%p—Mos varactor Pl
and n-t0S varactorjNp. a}R%T réeeswitch SW1 opens when the
clock signal ¢1 isdﬂnaﬁ%hziori}:)i‘ol:ljtng input of the

bias voltage Vbiasynd volbageisi nal Vin to the Gate

})
terminals of the p>MOS yaractop Pl and n-MOS varactor NI.
Note that the relation betyeen tE clock signal $1 and the

switch SWl is not restricted to & above, and the switch

SW1l may close whenntgerc og'css?g(lag %q! low. Also, while
various embcdiment§@§aeingcct] @nQ g:g;ent invention will
be described, the QJlatigrxajpc%GnI clock signals and
switches aze not rbAdMEE, Ofne tdrBay as witn the
above relation be@&%lock signal ¢1 and switch SWl.
[0144] varacters
The switch sw2 byncnrgoieeh PR the clock signal $2

shown in Fig. 10(ﬁ,rsgias lto ibencennected to the ground

n- MOS

varactore N

and N2, in

+ hoa oviant



varactor P2
and netl CS
var aci or

52t he*swi t ch

when the clock sigé\%)i(s h?ggeapdsconnected to the power
source voltage source when thé I::]lgck signal ¢2 is low. Also,
the switch SW3 syncq ox‘gg ith the clock signal ¢2, so as
to be connected tofiAeSJJJéi lsourceledicage souzce when the
clock signal ¢2 ls|h§h | rb\é\&mected to the ground when
the clock signal ¢ J’;er.eb;y, as shown in Fig. 10(a), the
clock signal ¢1 andC@dAL L. b 2Be(frput such that the
phases thereof do ioﬂputap. Of rrsppeute. Hola state,
and Boost state arpge1e¢ {t Yt @molifier 100 according
to the first embodph’ageheipﬁﬁﬂt‘mvention by keeping
the relation of pavgiot aguéock signal ¢1 and the clock
signal $2 from ovegiap,g'nﬁal
[01451-‘]3150 th v ngtp%| n)é(l \Ergut nput to the

, the J.nplt Ha™ 19 i i

amplifier 100 acc0fd1nF to, the first emb?dlment of the
present invention jisja sxgna_v. in the bias voltage Vbias

and voltage signal Vin axre superimposed2 as shown in Fig.

varari or

01461 and n-11011
With referency @rE‘@.CgAp[n 3 Brrack state, the

input voltage sigr[alovln@,\gls input to the Gate terminals
of the p-MOS vara£&lr SlOapd nt—b'h\iEvaractor N1 by the switch
SWl closing syncherWs]jy Gl 5Dk signal ¢1. Also,
the capacitance oow@ #@Sctor P1 and n-4OS varactor
N1 increases due tsyl’ﬁ @vhtfckmmﬁlgd connected to the

y wth the

a OCk signa

42 shown in
Ci A 1 a7 al

10{b}-



I's the same
day, the
second

arr pfftyi ng

power source voltage source sg’\gﬂmously with the clock

signal ¢2, and the sw_LE!':c %é being connected to the ground

synchronously with tthre ans LJ’Ln'alQ)E] Accordingly, the
voltage at the Gate,I tb}:ﬁugiu;gala tht hﬁ)s varactor Pl and
n-MOS varactor N1 Iarngasclk acSbabeBith the input
voltage signal vmd& |ard c}SzEea:EJ@s,sponding to the input
voltage signal Vin;aﬂj(é - B@OSE: in the p-MOS varactor
p1 ana s varac®i @t €, based
(0147) on the clock

Next, with re@q’exgsntafis. 9@, in the Boost state,
the input voltage aﬂﬂ V;tnlzt Jgh(ﬁ\mut to the Gate

terminals of the pypM A7 ctqr P1 and n-MOS varactor N1 due
T .

to the switch SW1 ¥ nchronously with the clock
T3(a)

signal $1, also, t}teﬁwitc

ere

synchronously withd;}uetclock sfgeal ¢2, and the switch SW3

1}
%2 is connected to the ground

is connected to thg powe ource vO ge source
synchronously with t eeclock slegnsa§ E whereby the
capacitance of thep - @%Qacgyglgﬁtn—vms varactor N1
decreases. At thiy gjnet Latggte terminals of the p-MOS
varactor Pl and n—%s gauaal)r N1 hold a charge, so the
voltage signal viVO %JPELLE Lyl teing multiplied by the
capacitance changWMAEY, @k knd ABitude of the pias
voltage Vbias peidd h@Sas M b1 @RSingly, as shown in
Fig. 10(c), the odrM G@aadT@Sput of the amplifier 100
according to the {J@@qfpodiment of the present invention

mai nt ai ned

and the

i nverse

~rhano



el | oodi nent
of the

pr esent
'nvenﬁibn, a

assumes a waveform wlﬁreln the vo tage signal Vin has been
lp§16d by lEL ant:ltance change

ratio, with the mangude oaghg bias voltage Vbias being

amplified by belng

held as it is, as e @r@tlt woltage signal Vinput. Now,
the output voltage\m@\[t eJ J;tlalﬁr than the power source
voltage Vvdd, so thQQﬁsinI i MBrion output voltage as
with the conventiopthﬂsﬁ parametric amplifier 10. Note
that while not ill\ls&lattdageg. 9A and Fig. 98, having
the clock signal ¢8 i:ogﬁa*olthSthe clock signal ¢1
falling as shown i) @@[}0(a) causes transition from the
Track state shown a-nrp} PAfviLaeﬂa Hbystate to the Boost
state shown in Fi%@i. ng

toza8l nul ti pl Aed

Accordingly, it tfeﬁlglifier 100 according to the
first embodiment oé é}béesen 1nvent10n, an output voltage
signal, wherein a vhtagﬁ s.1énal has b.een amplified by being
multiplied by the ita change ratic with the
magnitude of the bilas voﬂ_age §e1ng held as it is as to the
input voltage sugrrrpgan be outgxe sthhe cutput voltage
signal never become ﬁne J a@§y great. Accordingly, a
circuit having thygl Ifgrgﬁcordlng to the first
embodiment of thegggengnvh&clndo longer needs to be
provided with spea.s. mjaaturej Sgaamg output voltage
signals of the amElG‘iet h@rding to the first embodiment
of the present inpa@S)id,tmiakaehandling of the output

phase i nput
vol t age
signal, can

hoa A1t it



112 - are
netuaily
corlll eotso,
t he rdhin

voltage signals eagiee.f,r m Qs@'leébliggfcontribution to
finer circuits and@@&ﬁb&@c Jovlgleconsumption.
Further, the probaﬂlii§$(;§5£he magnitude of the output
voltage signal bechag &Q{e]oﬁlas the power source
voltage vdd can bealnldvetyhr@ll, so there is no
distortion in outp&S(}bjféﬁéegignals, and desired output
voltage signals cat @romlhﬁl S. of
[0149) each of the
_ [Modification of Fjrpt Eubod NS

With the ampl‘rf‘ar éG T:@IIdiDNO the first

embodiment of the Efffﬁft fntféfion shown in Fig. 98 and Fig.

9B, a configuratioF hanS illustrated wherein the Gate
terminals of the p»M&S varacfor Pl ar'\d12~MOS varactor N1 are
valrnct oz
connected to the sﬁfcb SwWi, tfe Source terminal and Drain
€ no
terminal of the p-MOS varactor Pl He each connected to the
switch SW2, and theNEourceeteCrminea ;n rain terminal of
the n~MOS varactor ar§ _lélagq on%ct?d to the switch SW3.
However, the confi@u@a@itnl OWL‘LE Q!\Llhfgr according to the
first embodiment Jg thE%resent invention is not restricted
to the above. Ford}gﬁagar [hbﬁlﬁifier according to the
first embodiment ca.bzgyresera&vention may have the
Source terminal a%rlajln ’terntmhl.e)f the p-MOS varactor Pl
and the Source te:@aapa@imtajaﬂ@r@ﬂal of the n-MOS
varactor N1 each c@tfnecitehfe tl*BshS@BWL with the Gate
terminal of the n v < cted to the switch
i valeotor <Pt "
ir-Mls
varactur PS,
n SOS

\7ar anl 1inr



positive
phase i nput
vol t age
si gnal”,” can
SW2 and the Gate telgmelnaloogt}Q U—LOB varactor Pl connected

to the switch SW3. t he

(01501 positive

Now, the p—Mospvtl;a—.&e PlQUitnplu;tvaractor N1 have
inverse conductiviMOkctoaigxay,us order to match the
increase/decrease la.Inqe neadx@crltance, as with the case of
the amplifier 100, beCOITES
(1) in the event tYFIACEESSAL] donnected to the
power source voltagp sgfmetei syitqh ﬁW 3 is connected to
the ground, and, t he sane

(2} in the event t%y.e sw'éﬁ SW2 is connected to the
1

ground the switch fWhVé?ngﬁed to the power source

voltage source.

positive
A hase out put
With the abovPco figuration as pwell, a Track state,

Hold state, and Boosft state n be created at the amplifier
100, so the voltag§ Isigx!;la@.n’can be amplified by being
multiplied by the mgiga%L Qxan@erlatio, with the
magnitude of the bliaQVo%:EgS %ias being held as it is, as

shown in Expressi

(01527 vol t age
Thus, with th® iamgﬁ&L 238G to the first

embodiment of the l&&s@ﬂ invention, an output voltage
signal, wherein a acm@gle jsfrpier@s tbay anplified by being
multiplied by the be@aicqqagce change ratio with the

mul tiplied

by the

enpaci t ance

~rhanAnoa rati N



| Pl RCN

(fifth

Tnt hedi ment)

An shéwn] in
magnitude of the bi@gglcag%§!\qqad as it is as to the
input voltage signal,ll cana>e output, so the output voltage
signal never becomed hnSeGeEsartl@artaL.fAccordingly, a
circuit having the Lm@iiﬁer according to the first
embodiment of the Mt&m&tiﬁni o€ longer needs to be
provided with specjalrf?@alsljreé jre@fding output voltage
signals of the ampIG@dA an@mh |t1tye first embodiment
of the present inv@tlon,a@kﬁ.re ﬁsada.ing of the output
voltage signals ea@;n 341 agﬁo'a'.\la%ing contribution to
finer circuits and bge_r electric power consumption.
Further, the proba%la’tﬁafciihet négﬁjéuée of the output
voltage signal beccﬂ\ﬁ% 2, tér than the power source
voltage Vdd can be made very small, so there is no
distortion in output voltage gignals, and desired output
e sty SICEOLAINGL Y

{0153} '

(second esoanene 1ESCI 1 PLI CN
As described xyi\thtxle a@ﬁfiﬂ@&i €rinciple of the

amplifier according gg@gdqmgf anpresent invention,
with the amplifier&wliii)gfti) E@Fcdiments of the present
invention, the sarBlGG@NEl kg 1f Qiminated at the
Gate terminal of t& fﬁristfvgrhable capacitance device P and
the Gate terminal G HEk- 56 L capacitance device
N, so the voltage @fmalgly@wiified by being multiplied by
the capacitanc.e ckﬁ"geersteT;l alile maintaining the

i nventi on,

which is

capabl e of

cwva trht A



The first

arr,ol I fylfl

Ccri.Lt 502

rant “f’he
magnitude of bias VS@Q Accordlngly, it is preferable
that the area of thg Qa'EL tLrgLL[ @ttLterst variable
capacitance device D.aS. LrtLQf the Gate terminal of
the second variablea:iaglacdtianf:ei d@zﬁce are the same.
However, in actual JEQQacturing processes, there are cases
wherein the area oftGL@HE CHrdMg of @e first variable
capacitance device {7 [Ar@ tif jadeaSdr the cate terminal of
the second varizbl@dAATliamestce Off not agree, due to
irregularities in Qahectppegéﬁtdemcss. Accordingly,
next, a second embzidhvieVﬂtriirotﬁe area of the Gate
terminal of the fudég:éarb]ie baéaditance device P and the
area of the Gate tﬁ'b?ﬂ/g the éﬁdd variable capacitance

device can be ad]uﬁgsm_g be de . Fig. 11 is an
explanatory dlagrar\n/ a.:rt_ustrai ((); .an lifier 200 according

to a second embodlmer\td) 61(3 prgent invention.

{0154]
As shown in E‘lg the a ;I)l ier 200 according to the
second embodiment oI the pm ts nvt h@ has the same

basic conflguratloln ELp;Lth of the amplifier 100 according
to the first embodyng'llt,t fagler provided with nultiple
adjusting p-MOS vaSJctgdél Ak througn P14 having minute gate
widths being provi¥dd E}pplalrﬁlleb@ci tfpQp-10s varactor Pl.
The gate width of kA PAUds vera@roi e ¥ = o, and the
gate width of the AP @aractor W1 is W = . Also, the gate
width of the adjudt SGMeSBractG el is # = 4[pm], and

of the p-HOS

varactnr at

end n- SOS vu

rartnr Al 1 n



(1) At the

tivitt of

transition

from the
in the same way, th-e!-[;agecwlfdthg’ gfeﬁe%djusting p-MOS
varactors P'2 throu';;hoP'éltabeQJ =§%$Ie[m], and 32 [pm] .
Here, for sake of chs,stcr%ttlgm Vel w@.l assume that the gate
lengths of the p—MJs Iva-ractbébem,drMos varactor W1, and p-
vos varactors 21 Do 14, archiliym) .
101551 t he

The Gate temiaaﬁmlf khﬁ iadelFting p-MOS varactors P'l

through P'4 are colp@@@a @Nfe Gfen suL, and the bias
voltage Vbias and @ftag{ ﬁheal vin are input in accordance
with the connectioyfftd € @ QviG\RPL- Further. the
varactors P'1 throahaé XS\AFhe 6fllowing relations.
(1) The Source terfiﬁéanf li)ri,igtteminal of the adjusting
p-MOS varactor P'ldﬁﬁfnfcfe?ioﬁﬁ power source voltage
souxce in accordanﬁfﬁitf theetjﬁecllosn state of the switch

SW'i, and in the sgne wat/,
(2} the Source terminals and Drain terminals of the
adjusting varactors P' througg§'§§:e connected to the

power source voltage_nsaurce @n agc rQagc with the

connection state o§ lth@ gva:lchesaZ'Q through SW'4.
(01561 and the

In the event EHEAQAE bet NG Bhes sw'1 througn
SW'4 have the sam ola}I’ltlges tp;dzlu)SSaractor pPi, i.e.,
with the same conM@foraGdt Bt 1o the sw2, the area of
the Gate terminal @a@e odMGrtor P1 increases. For
example, as shomnTQGY @ 13théevent that the switch

I ncreases or
decr eases.
(2) At the

+1vro nf



That is cm
say, as
illustrated
by thé ‘above
sW2 and the switcheggseﬁouﬁ-@'ﬂﬂl ga connected to the

power source voltagMoIrn, Iheoﬁea Sp of the Gate
terminal of the p—M&rmLci:of i’le{, based on Sp = «, Sp' =
o + {4 + 8+ 16 + 3500, + 60 [pm2], which is maximal.
Also, in the event ag@:o:@rsdl:cﬂgz {oQthe switches SW'l
through SW'3 are cotmh:ed fol tfetphler source voltage
source, and the swme:r.rbwlc}df meed to the ground, the
area Sp of the Gatestkrmm&] ofi th& p-MOS varactor Pl is Sp'
= o + {4 + 8 + 16) F)iocg.ZS [1«@’. As described above, with
the amplifier 200 aacrarbi.lnqetpélﬁ&éohdtembodiment of the
present invention, |a Opéiﬁtélﬁ inldeﬁendently switching the
connections of the tsvﬁtéhes SW'L roug)l SW'4 enables the
area Sp of the Gate terminal .of the p-MOS varactor Pl to be
indirectly changed. o%?nlql‘lt\{],qpecareea ratio Sn/Sp value

f

between the area Sp of th%%a_(f\e tejginal of the first

variable capacitangetlegic!é‘ !n(?tthe area Sn = P of the
Gate terminal of t@mlm& IaMibggapacitance device N
can be precisely o“QLrIximzﬁQZadeusted to 1.
[0157] and the -
Now, in Fig. ]]LO’59 qate SEGONM dhe p-MOS varactors
p'1 through P'4 aramap;lxtiaduznix tovers of two, the reason
thereof being for B 4nt@n glDbe@ga sp of the Gate
terminal of the fi@sapae'aniletcsaﬂzeexce device P. For
example, in an eveethaaﬂrgle/inF =5t Fo@?iguration in Fig.
i1, 4-bit control,aivﬁ'.,. aFeCf’f’O?é‘f é.f\te terminal of the
e in the
foll ow ng
Erg:if-frith

-1 1 F



Al en. the

asp:Lit:4.er

505

according to
first variable capatilzkg:e fle.lritetPh can be varied in 16
ways. As a matter &m@glcﬁﬁcﬁ&f the area Wp of the
Gate terminal of t}QEirst: hie.able capacitance device P is
not restricted to tperaeaw}st:ribéd, and the gate widths
of the p-d08 varactod W'@ fcho® Y4 can be arbitrarily
set. shown in
fo158] Fig. 15 has

Also, in Fig. 'E]_V\bne area Sp of the Gate terminal of

the first variable aa@isntfxcﬁ WlﬁegP was indirectly
changed by changlnL{Jti}ﬁ ;fa)ér’lty ffhvéltage to be impressed

on the Source tem'flailsr gi Drain terminals of the adjusting
p-MOS varactors P'la.thro‘.igl'i ?‘4, iinna state wherein the Gate
terminals of the adj rsr}??g var}étors g'l through P'4 are

connected. However, thle arteaSSp 5f the Gate terminal of the

first variable capac1tancetde i%e P may be indirectly
changed by providi%%»g’g}_agat the Gate terminal side of
the adjusting varaaﬁpl'l Ih%\igtngL

[0159] unit 504,

Accordingly, W]ﬁirlﬁbijOO according to the second
cnbodiment of the SWybnl thj\tng is capable of adjusting
the area ratio bet&iand@raregﬁf ttehee terminal of the
first variable cap‘Ech:Fn@elevtcypesthe area of the Gate

terminal of the s d v blg) capacitance device N.
ofc vgrabin

Accoxdingly, even g..l t'rxetesent thei arfa of the Gate terminal
L |

of the first variaEX paFaélgach 6ﬁ‘1ce£ and the area of
can be
per f or ned,
but the

arml i1 fi1 ar



Ki-i+l ]+k+]
1+1 Fk+k
k+1+k k+k+1
2k ci”

the Gate terminal Jf tl'le 'séco'nd]wlciable capacitance device
N differ due to irkc_;tgr-t\iKes “mong devices, the magnitude
of the bias volcage( M@I@GxStSe ingdVo1tage signal can
be maintained. Sl 1010 AS
{01601 shown

Thus, with thd duftiE@ e to the second
embodiment of the fr*shf i,nveldue ixt e same way as with

the amplifier 100 tcheinanrphe first embodiment of the

present lnventlon,ac @@Y’t flﬁﬁ s;thﬁl, wherein a

voltage signal hastb amfpliffe being multiplied by the
trie

capacitance changeéﬁ:ﬁd:d:r %ﬁfﬂltude of the bias

voltage being held it,ip as to the input voltage signal,

of “t'hé

can be output, so the oué)ut Vfltage signal never becomes

unnecessarily grea Accord;—ngly, a cir cu:Lt having the

amplifier 200 according to, t!'xe second embodiment of the

present invention noelonge L h:>§ provided with

special measures Qgeoutput voltage signals of the

amplifier 200 accc@cr[r‘p |tJ ttxeyslecgg embodiment of the
present inventlon,ut[a])lntg Sam@)ﬁsg & hieoutput voltage
signals easier, afiladsSdaniing contribution to finer
circuits and lowext sh{c@]ld gdqer consumption. Further, the
probability of thd fAdnft:@e of the output voitage signal
becoming greater @_ﬂpﬂeipfwviscﬂge voltage Vdd can be
made very small, @hl}etess, nofdfyrtion in output voltage
signals, and desi%ﬂfﬁp\éag@?edéfls can be obtained.

rease

changes of

fi epaciteaue
nf +the h. N



%apaci t ance

change

ratio

times, nr
[0161) attermate |u

Also, while Fi;./lkshrtwsi NBSiguration wherein the

area of the Gate tet-njinEm ot tbyirst variable capacitance
device P is adj\lsteh,wep@ﬂ@ent Jot restricted to
the above-describedyf an hraaﬂ;gn'pnnsg\ay pe made, for

example, wherein muutli}:ee adjusting n-MOS varactors with

very small gate wi y E £ justing the area
Fner egse/ det

of the Gate teminali efatgsesecond variable capacitance

device N, or wherejc h(é}')ntgeeagea 6ﬁfthe Gate terminal of

the first variable Caé.aﬁjéaécle fie j_ﬁeCPeand the area of the

Gate terminal of tkﬁfemﬁd variabl, =) itance device N

e -
are adjusted. nat aCt gr g_&ﬁagl
.and er ECO

Next, a differ\én i_r;laagptiieﬁn§ circuit using the

[0162]

{Third Embodiment

principle of amplifzC ngx cclrnrg to the present
invention will be eLc[i§£ as a third embodiment of the
present imrention.t J-:JJ nglgn explanatory diagram
illustrating an am&lnier dJO according to the third
embodiment of the a:Eprl: iinteycioﬂg

10163] uni t, have,

Also, Fig. l3tih@ e@ai;aﬂryefagram illustrating
waveforms accordin@ It]aeheO:ui.tde:Pdiment of the present
invention shown 1rvEm E.Zagle‘e, Fig. 13(a) is a diagram
illustrating contrg]i cgﬁa'kaﬂignals for controlling switches

Voul put is
121s +
11/ (1) . +

91 Ar



present
i nventi on
maki ng handl
ng of “tie
in Fig. 12, and Figo %‘ibp lrjsta diagram illustrating a
positive phase inpuygz J;gégﬁal Vinputl input to the

amplifier 300 accor§ilngg.p @L Siird embodiment of the
present invention. GG IrGI 1,3(c)afsld diagram
illustrating a posi&]ve&ﬂase output voltage signal Voutputl
cutput from the ampeil'ﬂia:baboi afPEfding to the third
embodiment of the (4 Fbddbit PrO e 13 s a
diagram illustratidy Alafifeqp@ipl output voltage signal
Voutputl - Voutput(® iou‘t;etuq'mtn e a(}a'lc'fier 300 according
to the third embod:‘meom rthe ecleséré Iintrention. Now, the

VoutputlX in the diffenpré:v\bqutput voltage signal Voutputl

- VoutputlX is an ﬁ\ﬁﬁeslg.m\?Atput voltage signal
wherein the phase Tabﬁen inverted from that of the
positive phase outﬁt vo.t e signal Vgutputl.

ur't h
[0164] Obzer , the

With referencp Fig, 1 ,I tlhel atm ifier 300 according

to the third embodiment ofhhee present invention includes a

first amplifying Jregn LothgetheQIsitive phase input
voltage signal Vin£un.,e ob.g!‘:‘)tdguguperimposing the bias
voltage Vbias and yogavel pagSoltage signal Vin/2 in
accordance with ths l:ogugﬁlan state of the switch SWI1, a
second amplifying h&Cs@anEb mxg:h the inverse phase input
voltage signal virgfes@ al- ks o B@FLrrosing the bias
voltage Voias and tiff@se POWET age signal ~vin/2 in
accordance with tIS @‘tﬂé@]@ state of a switch SWiX, and a

vol t age Vvdd

can be made

very snal |

cn thare 1K



[01 ii]

The char ged

main filter

accofding to

switching unit 306 g)[] connecting the first amplifying unit

302 and second ampl@fmqgl gmatthe power source
voltage source or thfgropr.elsgnit'ne J'lnverse phase input
voltage signal vndieNent Li@R wheSin the phase has
been inverted from a'\atCaif Ehe H)i;itive phase input voltage
signal Vinputl. kbl nma
(01651 per f opm

The first ampl@fhi.&[‘ugeBOZ apd the first amplifying
unit 304 are of th{ s@xaﬂ%fﬁzerlaticb?s the amplifier 100
according to the fjrgh pnéoa;tnefni crfnthe present invention
described above. mtﬂ.el.]f'ecstkfgéiifyéng unit has a p-MOS
varactor Pl and n_%b‘é?ﬁf INlO ﬁ%h the positive phase

input voltage Sign?erin%l_tl ﬁlrg ipput to the Gate
terminals of the p-MQS Wi ractorePl gnd n-MOS varactor N1 in
accordance with ths ogecteién state of the switch SWl.
Also, the second amp igygg gg has a p-MOS varactor P2 and

n-MOS varactor NZ,SwgigthginvegD ase input voltage

signal VinputlX be%’l mt %tt@tsge terminals of the p-
MOS varactor P2 an]-h@)s @QQVI&IZ in accordance with the
connection state Raset...shat e, '
[0166] Char ge )

The switchingSbi€ k08 in;ludansdtches SW2 and SW3,
with the switch sv@ﬁ:c@@:pmﬁttmat—wes varactor N1 and the
n-w0S varactor N2 GG @@CIPrdg @lrage source or the
ground, and the s»peraslwq' czyeedtilbyhe p-MOS varactor Pl

schematic
swi t ches
such as

chmrwnrn 1 N



I'n the Dunp
state, the
char ge

secufil"at od

and the p-MOS varaclopPZ_ttht%e power source voltage source
or the ground. Now,vm ;L i ar@ctors P1 and P2 and the
n-MOS varactors N1 Q@Q&Qi Inancenductivity, so in
order to match the dﬁ%%iseﬁi&&asdjzhange of capacitance
of the p-MOS varactasgd a@}Z ImS the n-MOS varactors N1
and N2, in the event; Ehan;&fse.fcf edis connected to the
ground the switch FPO.s @nnected to the power source
voltage source, ancdj@\ymsrtnr e&nqw switch SW2 is
connected to the pn@qr FoerEﬂ vt:l:cage source the switch SW3
is connected to tbtqnetar , V\A t h
toxem too Drab

Now, the swit%fWéfpér’atesb-srné}jéonously with the

clock signal $1 sh an Fig. 13(a)y s0 as to close when the
clock signal $1 isvhrib%, tanégngut Ith§ positive phase input
voltage signal vinr[é shovgtina'hlign zcia) to the Gate
terminals of the p-M@S V!Ialac'tOJ! }and n-MOS varactor N1.
Also, the switch SW1 opéns when the clock signal ¢1 is low,
thereby controlling ﬁga&ltxeqagge phase input
voltage signal Vingx 1 tt hu;eGate terminals of the p-MOS
varactor Pl and n»vanaLaablNe
{01681 capaci tance
Also, the i@ Wil xCRS e Chynchronously with the

clock signal ¢1 s}aﬂd’x E@_. 13ta0 sbe; to close when the
clock signal ¢1 is9nic® [ERH ipput the inverse phase input
voltage signal Vixg\tzjatcaethe(q'at_e ee_rm’inals of the p-MOS

Boost

state), and

the vu] rage

cl Anal



Wth

reference to
Fig. 17, the
char g&€d mai n

varactor P2 and n~r/}§)sj vlarQ:[o; N2. Also, the switch SW1X

opens when the clocg Isirg;ngtvm .Is IQI,OQLereby controlling
input of the positiaeCpGaQeri@Ltn/thageQignal VinputlX to
the Gate terminals the pSJIiJSX/trh:’cor P2 and n-MOS
varactor N2. eFecol i nent
[0169] of Um

Blso, the switp\rS@S:@eﬂtes synchronously with the
clock signal $2 shdui iy @Bt IE @ so as to comnect the n-
Mos varactozs N1 afjd (NCHo (g @Qundgphen the clock signal
$2 is low, and to '{Orrn%tr]teacnd’ﬁgdvﬁlrﬁcélrs N1 and N2 to
the power source vgjjege (sgm wheE(yD ,clock signal ¢2 is
high. The switch 53.3 cPeiraf:eéfynchronously with the clock
signal ¢2 shown in & 3@, o gs ,to _connect the p-MOS
varactors Pl and Pg:i'rﬂﬁﬁ?w;g t eevroltage source when
the clock signal $2 is low, and 1? connedt the p-MOS

varactors Pl and P% to. the ground when the clock signal $2

is high. I I't e_r
(01701 ~circuit 606,

In the same wé}rlgwia@he amplifier 100 according to
che tizst embodincBMALOGLLE Glebtion descrivea
above, the first a@;llifyclg RAM-EF@uakes transition
through the Track btat@Nio1€ bEc€ WhdtBoost state, based
on the clock signaésAm ak @ghotnon Fig. 13(a), thereby
outputting the poam@ brbsg putput voltage signal Voutputl
shown in Fig. 13(@Oﬁs\yeezrttaee1¢a;s voltage Vbias has been

)r,C) 608.
(0202] The

: nacoconduct
Ar RCND 1 A



circuit egg
according to
the sixth
enbodi’rment

maintained and the positive p}ga'se voltage signal Vin/2 has

been amplified by being ed by the capacitance change
pr.esent

ratio. | _nvent 1 on
(01711 will be

In the same wag elscxcclm(bﬁgdifying unit 304 makes
transition through Lh@&&@@iat@ nlold state, and Boost
state, based on thetch)e( s@glla@;@kand $2 shown in Fig.
13(a), thereby out;&titi@;n:&l ifverse phase output voltage
signél VoutputlX w@xh;@\mq bjiasnmltage Vpias has been
maintained and the iiriverse M’voltage sighal ~Vin/2 has

. 1
been amplified by xv‘hgl rt}u]éipltieﬁéy the capacitance change
ratio. 1
to first 55150

toarel flitor

Now, the positéve cutput voltage signal Voutputl and

i Feti t 00

the inverse outputﬁﬁéage signal VoutputlX are used as the
differential output voltage signal Voutputl - VoutputlX

capacli I ci t st

shown in Fig. 13(d).

hrough 09,

Accordingly, Qngult n@ng the amplifier 300
according to the tgﬁsiﬁ;glghgkengslflthe(;resent invention
can cancel out noitel (Qiet'ortion when even) generated in the
positive output vo@tjaé Gilgha it vol G0 and the inverse
output voltage sim&utﬁn@l@,rby taking the positive
output voltage siﬁaﬁrpclutip\fclyaincntge, inverse output
voltage signal Voyti@iAL du@ut 6r1r0the amplifier 300

t hrough 616,
descri ption
will Ito

nmAdAoa fAaciiecad



- 117 -
accunul at ed
in the
capaci'tor 02

according to the third embodiment 4 ’ge present invention

as the differential oF‘]cput x’roltacge !‘i!;nal Voutputl: -

VoutputlX shown in Fig Q3(g|. OCk
(01741 signal 02

Also, with theglgliﬂg BIOQccording to the third
embodiment of the pmseghnven&hxea positive phase output
voltage signal, wheSem atpsshivgmge voltage signal has
been amplified by bISJ.Sg nﬁlltlgl&@ dy" the capacitance change
ratio with the magrﬂme E@:byolag h:eage being held as

it is as to the posGHife E)r@qalinput voltage signal, can be

output, so the pos:‘@:‘UH’_ F[fﬁﬁ outfpv.t: bcﬁs.age signal never

becomes unnecessar{l)h@eat. in the same way, an inverse

positive phase outTlfr ‘aﬁ?t%ﬁﬂu‘d&Teln an inverse

phase voltage sign@ rhas 6ﬁr2am;ili§ied by being multiplied

by the capacitance;c atio with fhe magnitude of the
I"RPUT, ° and

bias voltage beingthﬁeas i? is as to the inverse phase

input voltage signal, can be.output, so_the inverse phase

ca

output voltage signal gvaég:!;egorgg unnelZssarily great.
Accordingly, a cirélccqg’!rgxy Lh§£m8§ier 300 according to
the third embodime% a[h gesent invention no longer
needs to be providg-dhdg;n spchap gkmsures regarding
differential output l‘,lﬁta;e GLLnQka the amplifier 300
according to the tSjjrcgama:Jimengéﬂf the present invention,
making handling of.gm cﬁ}@ere&@al output voltage signals
easier, and also ehaib]gxh ’conttrih@ion to finer circuits and

sw tches SW

and SWC are

cl osed,

whoar ohy A



[ 0206] Mmo,
in the sane
way ash the
capaciitors

a S

L)
lower electric power nsumi%ion. Further, the probability
of the magnitude of Lhe dlf"egqt1a£ out%ut: voltage signal

becoming greater than the ow_rls ulchﬁaltage Vdd can be
made very small, sorl!le[qulotdis@gén in differential
output voltage signgg q?dtdnged differential output
voltage signals can@mtakr‘tdyt ng

{01751 units 610

(Fourtn EmvodinentidNd 612 Of :

Fig. 14 is a dtah@t iaenfRan amplifier 400
according to a fouxitki 4mt|ocgnenﬁ |of| Te@resent invention.
0176} circuit 606,

With referencqthéig. 14, the amplifier 400 according
to the fourth embocérarb attihT pﬁeﬁegt invention is
basically of the s@coﬁﬁﬂat@as (t)kf amplifier 300

di to the thi ogdi t_gf th t 4 i
acc:r ing to deffltlﬁém Tdimjrns% e presen A;nven ion,
configuring a di ntg ifying circuit. sa, in

eine 2 SEGEAT FI 'Ter g
comparison with tha Tmfltf er 300 according to the third
embodiment of the present invention” shown in Fig. 12, with

the amplifier 400 according OQE\G fourth embodiment of the

present invention,qnegLalmftanimag of the p-MOS varactor
Pl and the p-MOS vL’r@doe% a@]métually connected, but the
Drain terminals of&ELd ofalealbo(zlefpﬂl\dos varactors and the
Source terminals df he p—&ﬁm Pl and the p-MOS
varactor P2 are ncSlcomtiil a-llgothile the drain
terminals of the Ciod Gdddtd 35D Bene n-vos varactor N2

perfsum

char ge

shari ng and

Aori ot i AN



anal og/ di gi t
a
conver si on
ci rcui't- 606
converts

are mutually connected, the Drain terminag of each of the
n-MOS varactors andothe sburce terminals of each of the n-
MOS varactor N1 and t,tca)e n—Magagractor N2 are not connected.
With such a configu%alt'gxna_§ tie_!scribed above as well, the
capacitance of the g—@ llalrattl)r%d, phdbé varactor P2, n—
MOS varactor NI, arl:i @)S varactor N2 can be varied by
changing the inver@cmlyeir ﬁyyiinp%ing powér source
voltage Vdd to on :Git}re ecurch \'Srml&l& Drain terminal.
[0177] and 612 into

Accordingly, GH vgdmt; & the witn the amplifier 400
according to the fVﬁ*l eﬂkeﬂn;ent aj‘nt(}je present invention

can be simplified és ﬂom}{alh%with that of the amplifier 300

according to the t@\ferﬁ;1dtxnent ﬁakte present invention,

and also, the swit¢h W2 d re connected only with
i@ 1 GER Y
the Source terminals;o ~MOS, raetors Pl and P2 and n-
Sicgrel ™ +271s
MOS varactors N1 aﬁiiN ﬁo the load on the switches SW2 and
SW3 can be allevia&e !

onvertn the

[0178]

Also, with thgalﬁlntlpfye! Ioo according to the fourth
embodiment of the \p/r_gsen g}%@tiom, as with the amplifier
300 according to t%el tgipd_aelnbodimeht of the present
invention, a posiL@JJpJaJe fjnit;@tdvolbaye signal, wherein a
positive phase vo]_ttJa£siqnal has been amplified by being
multiplied by the a;l@;‘ltdlmfe ykiaxrdegratio with the
magnitude of the ﬁis Frcﬁil;ldetb@ng@dl(aas it is as to the

and EIf into
digital

val ues,

{ 0DONN:



- 120 -
according to
the first
enbodrnment
of the

positive phase inpu Y_oletaéeesﬁgfﬁal, can be output, so the
positive phase output voltage Signal never becomes

tron

unnecessarily great. In the same way,! an inverse positive
phase output voltagea'pl]maquthgegxl an inverse phase
voltage signal has }JIE_EQI a&pégg by being multiplied by the
capacitance change salcigmaxlthe magnitude of the bias
voltage being held s T inverse phase input
wher.ei o -d
voltage signal, canvbo Lutpa;ge the inverse phase output
voltage signal neved be@)ﬁalmnehtasily great.
Accordingly, a circbi@&ﬂng the amplifier 400 according to
the fourth embodin@t{ 1D ks Prieed inbeytion no longer
needs to be provid@eiitkr}sgcial measures regarding
differential outpu td4gq gppdnal the amplifier 400
ey q
according to the fcb h T%nent of the present inventiomn,
making handling ofcﬁﬁjéfé:iexttiélno(\jtéut voltage signals
easier, and also e?flﬁzéghﬁréributi n.to finer circuits and
tati o

lower electric powgxr: Con umpfti n. Further, the probability
®TH t he

of the magnitude of the differential output voltage signal

becoming greater tha e pover sourceovoltage Vdd can be

made very small, so there 1s|noa'§.stortion in differential

output voltage sig\n/aQS_, gngggred differential output

voltage signals capgel o_g:gneb.er d
[0179] as it is as
Also, while atchfituhxeoni 13| FMH in Fig. 14 wherein
the switches SW2 amDJWi a&gamected only to the Source
si gnal by
char ge
sharing, can

hoa A1t it



[0211d Tor
exanpte, in
t hecapaci t an
Ce - 104 -

di : C areng

terminals of the p‘%)sevaréctors PL gz and the n-MOS

varactors N1 and N2, this is not res§ricted to the above-

en th

described, and a configuratlon may be a%e wherein the

switches SW2 and SWQ aa'rpgglicle@&lgeo the Drain
terminals of the p—ggg vatangs tliagdsl and the n-MOS
varactors N1 and N2\./ar I a-bl e

10180} CapaCi tance

(Fifth Embodiment) devi ce F and

As shown in EXErhaonseeﬁﬂéte—time parametric

amplifier can ampliAEE lt@HDht@ signals by capacitance
change ratio. Acco@jaxpaoliext,&ﬁe'etion will be made
regarding an ampli@%vq'm{g(@ig ibﬂ a’ fifth embodiment of
the present inventtorh ehicc hsaﬂa;g%e of switching over
* the gain of output atlta{e hjéna]@é.xt the process of
transition from thy E?F]fﬁtﬁeajo thé rBoost state via the

Hold state, by com}ti i cases wherein the capacitance of p-
HE “Fi°r'st
MOS varactors and n-—MOS va]éaB:Trs increases and cases

varl

wherein the capacitance thergof ?ecreases. Fig. 15 is an
explanatory diagrag %pusat'rcatlrtmgaarn _acmgifier 500 according
to the fifth embod1n}§r¥ Iotctge ;Ee_sAthinvem:ioa. Here, Fig.
15 illustrates a Tralckg'tate-.r IS
{01811 gr 0, 1 - T CI
With referenCQOCF[gl. gl er amplifier 500 according
to the £ifth embo@xiexrt dﬁ, enedd@ent invention has a first
amplifying unit 5@ |28 Qecdrd@r1ifying unit 504 to which
charge at
the Gate

term nal of

+ Ao cornnAd



fromtee
anplifier
via the
Boostoss] at e
shown in

an input voltage sif'le Vinpqu@relinSthe bias voltage
Vbias and voltage stgﬁa%in haye been guperimposed is input
V\x er e

in accordance with thg conn ction statelotnthe gwitch SWi.

Here, the first amplifying un:lLt é and second amplifying

unit 504 are connec\t/eg Leglgg'e
(01821 Thies =

The first amplgggluzt hﬂﬁ of the same
configuration as tl’@-lan$lQEier 100 according to the first
embodiment of the Jrermﬁi&fienfialb:#syribed above, and has
a p-MOS varactor ijaeﬁ‘lq’los varactor N1, with the input
voltage signal Vin[a_‘cn%jlmj ququfed ,the Gate terminals of
the p-MOS varactorananshmmacitqq N1 in accordance
with the connectiorEgpcf o’f @A’e gg&ickrfvﬂ Also, the

Source terminal amFdraixO?T'?al of the p-MOS varactor Pl

are connected to t](ewtrﬁnéﬁ%voltage source and the

ground in accordan@dfth the connection state of the switch

S1 on

&Kéhe\;}a:a source voltage source
a

and the ground in ac-ti_o d e with the connection state of

SW2, and the Sourcp={ inal and.drain terminal of the n-MOS
EXpres
e

varactor N1 are COE.FC

the switch SW3. W, Te p—m varactor Pl and the n-MOS
varactor N1 have inverset co%g;ctgrity, so in order to match

the increase/decre! change of capacitance of the p-MOS

varactor PL and tnl .'nLlo's }za4a@'or' N)bll’l a situation
wherein the switc“biwﬁg '!:‘J&rlecit@ to the power source
voltage source, t12Qi1tch Meeds to be connected to the
:reprasaim
W (021.41



Sow, the
anplificatio
n anmpount of
t he bias
vol tag

ground, and in a 51vation wh the switch SW2 is
.connected to the ground the sw:.tch Séé needs to be

connected to the po@source volta @ source.

{01831 pr en

The second amp& §/1n§ ngih04t ha-tthe same
configuration as ok t]x@llf@eﬁeol) L& kuing to the sirst
embodiment of the ;Ic invention described above, and has
a p-MOS varactor Pﬁﬁﬂa\m +:E @, with the inmput
voltage signal Vin;dtj kfeifn:ﬁjrn@ﬂ@ @he Gate terminals of
the p-MOS varactor Ad\nd 1§Hos tfg@or ¥2 in accordance
with the comnectioS{VTRS @ stifyeswi. Also, the
Source terminal anaﬁp* iefm:ine at iih@)—MOS varactor P2
are connected to thg paﬁafuﬁt vobfge source and the
ground in accordanteh"éb tj;f ag}ection state of the switch
SwW4, and the Sourcv Gfmtnaggsirain terminal of the n-MOS
varactor N2 are cowf ééo theé)ower source voltage source
and the ground in ééfdance w1th the connection state of
the switch SW5. New, the p- MOS varactor PZ and the n-MOS

varactor N2 have inverse COIX q,ctlv:.ty, so in order to match

the lncrease/decregsl;rpljange of Gagat Itapce of the p-MOS
varactor P2 and the n—@(}gp lilalgtto b@fln a situvation
wherein the swltcht 4els bc!nr@éed to the power source
voltage source, tt¥ QVJ:LLL:kagﬁneeds to be connected to the
ground, and in a sﬁ{mjozl fudc@din@diiten s s
connected to the ctrrhﬁ, the switch SW5 needs to be

above-descri

bed

conventi onal
NP CET



F!g. 19 and
Fig. 20 are
expl anat ory
di agrans
illiatrati ng

connected to the power source vgltage source.
an’ anpl i

[0184)

This amplifier 500 accord7in9%o the fifth embodiment of

the present inventioaﬁco(p:ega[eg Ias r}gioxgs.o

(1) At the time of g‘:angﬁgynggx N rrack state to the
Boost state via thee{&chQL,rIEﬁt amplifier 500 ON/OEFF
of the switches SWZOatd 4Ne the £irst amplifying unit 502
is switched over bl eSeNtock signal ¢2, and the
capacitance of the bW @R th:OMN pnd n-tos varactor N
increases or decreddst N Fi g. 19

(2) At the time of [riadsiyiSt freq trie fpgp™ state to the

Boost state via thaﬂol-FIsiate,kat the amplifier 500 ON/OFF

of the switches SWS{maiWéof t}aﬁﬂo‘nd amplifying unit
504 is switched ovtfrib ed oxl:I % ock.signal 43, and the
capacitance of the Bﬁ[ﬁgtrac’gi Eétaxéd n-MOS varactor N1
1
increases or decre?,sﬁs eCt | Ve]
[0185] p
., 02111

For example, y se a) we will assume, at the time of
transition from th, rack Ltate togche Boost state via the

Hold state {i.e., at the t§me oafrlwost), cases of [i]

reduction of capac?t_za( el O@QQL—Q)E yaractor P1 and the n-
MOS varactor N1 of_dt!heafgxgtaa%}ufying unit, and [1i]
increase in capaciltJnJe tafxttaerpabd WAEktor P2 and the n-
MOS varactor N2 oy\@ygtoﬂraﬂ;ﬁfyﬁf unit. .In this case,
the amplificationsderatg@aﬂ Se overall circuit is
according to
the seventh

eal sedi gent
nf 191



(0215]
Wth

reference
itr,-Fg. IP
and tic

cancelled out at thf ﬁn%llfler 500 and thd gain of the
output voltage signal Vourout ig "1", and the output voltage
signal Voutput is a s@; 1 the sameras the input voltage

signal Vinput. (Case also, in the event of reducing both

the capacitance of g&g&!}g galcagg Pt Qd the n~MOS
varactor N1 of thetf I;Le améefylg;nlt hand the capacitance
of the p-MOS Varactezrmgld thembt varactor N2 of the
second amplifying LQlfc atI taaime of Boost, the gain of the
cutput voltage sigrpf\aslﬂ:nig k {capacitance change
ratio), and the culpA V@A js i@ voutput is a signal
cbtained by the infla 81t de @i Gippg: being amplified
by being maltiplief) Q| (Case ) In the same way, in the
event of increasine@ﬂftliegﬂa‘ciafxie Of the p-MOS
varactor Pl and thnn—lggvaraMr Hl of the first

amplifying unit ary capacitance of the p~MOS varactor P2

e
and the n-MOS varag NIZ i) ftre second amplifying unit at
the time of Boost, tﬁdaln of the output voltage signal
voutput is 1/k, an& the outpcf voltage s:l.gnal Voutput is a
signal obtained by, e input volta& 51gnal Vinput being
attenuated by being lIItlpl:Led §/L

" *“grbot M

[0186] g 0 ns

That is to 539 as tlhlec rated by the above cases a, b,
and ¢, with the ang1§z§ %dataccordlng to the fifth
embodiment shown J.n J\.éeﬁt Jm@g@qdently changing the
capacitance of eahut thi ﬂxrs{ Jﬂﬁfﬁylng unit 502 and the

i ncludes a
p- MOS

mar act or P2
Aand Nn. \ N



connected to
the pcim
source

vol t-age

sODl ED-e and

second amplifying urLti EFDZX enablr@socapacatance change ratio

switchover as in the frcillow:m Expressa’on, i.e., gain

accor
r.ce with

switchover.
{0187

[Mathematical Expression 41

connecti on
k+k

Tk state of the
k+1 1+k H

el Lk, switch area,
111 and the Gate
ek kO tezninal of

. (Expression 4)
t he p- MOS
(oz86] varactor 52
also, the amplfiiGer eO@FFﬂ)eienﬁ é:d;he fifth
embodiment of the Qrﬁemt h@nt]prowr in rig. 15 has two
amplifying units, glbafsfc@plifying units 502 and the
second amplifying vxtleftla %eby switching over of the
three types of galg 8‘i3w? é‘ xpressan 4 can be performed,
but the amplifier t‘)OF] accordln%to the fifth embodiment of
the present inventdon is n restricted to the configuration
shown in Fig. 15. E‘or example switching over of gain such

as shown in Expressn}n 5 can gl;LQt@rmed by further

providing a third ampl gt&Dle {not shown in the
drawings) . ConneCt | on
[0189] state at the

tMathematical Exp§molt gh Sild.
(V221) New,
t he p- SOS
VaraDLCl: 01

Aana_ NP



OM goes to
an opened
state 0..e.,
f066%ﬁ; and
i nput of the
exk_ hies voltage

1+1+1

ktk+l _k+ltk \Akd]/ %Hand

D IETVbE age

w i Sigriah Vi e

s s Lo each of

L mmmesston 5O T he Gat e
10190} term nal s of

As shown in Ex;rtlgonp,' Al OGe amprifier 500
according to the fiViﬁEna:@iEeQrof Rlz present invention
naving the three arﬂ]ﬁ]ﬂingTJ’xitsl%Be first through third
amplifying units, M&imfreas@/tie@cpase changes of
capacitance of the [NJMos vaqq‘dz(s jerid ]1—MOS varactors which
the first through {niq@amSELE v@° have are all made to
be the same, wheretyelfem:hniéltheaw voltage signal
Voutput is kX or l/a- Pa.cloﬁlngly, the amplifier 500
according to the Etféremdﬁmgr %f the_fpresent mvemlon
can amplify the 1nt>uh éOltﬁ pf wlnput to k

{capacitance chaﬂgv éath)thmeS' ori tenuate to 1/k times.

Also, by 1ndependentnydpnang1nﬁ tie increase/decrease

changes of capacltance of t e P varactors and n-MOS
varactors which the flrs@% g(!;l tég!ampllfylng unit have,
the gain of the ou Dut J]]gage signal Voutput is (2% + 1)/(k
+ 2}, or (k + 2)/&19*[];) QJC cﬁ’gly, the amplifier 500
according to the J}.‘@I gﬁbol'llgxa.tof the present invention
the relation
bet ween t he

cl ock signal
Al aAarnl + ho
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and the

Sour ce

termmnal and

Dr ai n
can output an output volt?.rhp ﬁlgnil Voutput which has been
amplified or attenuf ﬁx in acSoi\% With the gain.
{0191]
Accordingly, tbe amp 1Qerg% aggding to the fifth
embodiment of the pre e\A(’ invgntigi can perform switching
"over of the capacitan&pcu.s\txge ratio of the overall
amplifying by havity 1ttp@ega€pnfymg units arrayed
serially, i.e., arLSJn‘g natjlple CMOS made up of p—-MOS
varactors and n—Mos\Aa;Qcpclplst bush, thereny
outputting output {oBasd f@a1s amplified in accordance
" with the capacitaman?prlgei fitar
101921 700

Thus, with thia.@[ejéj'exdﬁOCnagcorfig to the fifth

embodiment of the @s%t ’gnév'ﬁrhtizhthe same way as with
the amplifier 100 é:atdtnéalcﬁéﬁit embodiment of the

present invention, ou{pﬁc voltage signal, wherein a

voltage signal has amplified by being multiplied by the
Fesent

capacitance changel ratio with the magn,ltude of the bias

ven | Ol;]ne L.m

voltage being he1d as ' voltage signal,
can be output, so tSe ou putgvolnage signal never becomes

unnecessarily grea gll_mgly,t h:gcult having the

ricier 500 accddls ngso VOl £ 8G8uinenc of the
present lnventlonycng <2 n@dg do be provided with
special measures Ier!gﬁlnyzgilpwtt agﬁge signals of the
amplifier 500 acc&imgna«lhe MicHembodiment of the

ar e

euperi nposed

, as shown

T n E A



Accordingly,

in the Track

state

showni9,

nt i i . nv?rgl orf]the tput 1t

present invention, npal andling o output voltage
signals easier, and[}allasye%ar 1slng %or;ltr utlon to finer
circuits and lower electrlc power aonsumpt:.on fFurther, the
probability of the magn;tude oq the O&tﬂ: voltage signal
becoming greater than t!me poweQrI @g‘gltage vdd can be

made very small, so Lererlglatdl %rtlon in output voltage

signals, and des:.reb@leQWolt L‘lalgnals can be obtained.
[0193) Cake
(sixth Embodiment) term nal s of

gext, a charge@BGN110f citcli@naving an amplifier
using the principldQet EMNBication according to the
present invention Vapaetorsgs P {ixth enbodiment of
the present invent@Nd 52 i . n
toxoa1 SCOS var aet
(Basic operations ¢§PPErIN ™" according to
embodiment of presTnzvent:élﬁd t

First, the ba é s of the charged main filter
according to an em%b]i(?.lmené.t of Itressent invention will be
described. Fig. 16ois an explanatory diagram illustrating
the schematics of I 6;ir% %?n%?lér circuit having an
amplifier accordir;_to an odiment of the present
invention. . .

(01051 following in

The charged n@in filter according to an embodiment of
present inventiondgs&;{ctji\pbﬁﬁicla:larforms charge

of the
capaci t ance
of the p-NOS

\7ar a~rt nre D1



[ Capaci t ance

of petiCS

sar ector

?1 Traek
t £ b tSttatbe’ i £ R t stat
ransfer by repeatlir; as abions of a Reset state,
Charge state, and Dig;! :gaé%lgl‘ge)s;bo!vesl??set state, Charge
state, and Dump statelcan each be reaJized’ by schematic

switches such as showT J[nck;‘lsg glrﬁ,al‘!:lr example.
[0196] I

For example, tbjacs'ges;t Igt@te Tsr Ma@iked by the Reset
switch closing, andecLeal;age Qaftchtaheump switch
opening. In the ReQ*E Nm the bias voltage Vdd/2 is
impressed on the va@iad{eaeptcagnce&ayices ¢l and C2, via
the Reset switch, Wl G itihi@i2ed to bias voltage.
Now, with the Reseaﬂmal, jurfitjis@ipation can be performed
€aster by making thf @Qdghcitance of the varisble capacitance
devices Cl and C2 a@s{:@slmaéli ﬁqage to Boost state).
103971 the seventh

Also, the chazasi faéegnls ﬁaé]ﬁzted by opening the Resel

switch from the Reﬁf stLtsh énd closing the Charge switch.
In the Charge stat rt?g‘.xéﬁtvoltage signal Vinput is
impressed on the vrrWee cﬁxfalci’bance devices Cl and C2, via
the Charge switch,hso %S to umulate charge. Now, with

the Charge state, the cai)aci_tance of the variable

capacitance device(s; glpa_g'dCCIZ E.s_auta]d!é ga%e a great state
(i.e., Track state). m C pl I n
{01981 the Track
Also, the Duréttatt es ]’_&SJ‘.ZEd by opening the Charge
switch from the CMLgSA»Jﬁed FalcOMg the Dump switch.
e IlsLe
t erm nal
side has the

ol artri ~
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Con di gd
+Cgs +Q d
+Ci s+« -Cdep
teddros s

In the Dump state, fhbﬁargig umulated in the variable

capacitance devices [CO??%]E

circuit. Now, with t@ump state, bias voltage is

ié transferred to a downstream
maintained by making the apacita?ce of the variable
capacitance devices CIL and {2 to De a small state (i.e.,

Boost state), and the volga!;e signal Voutput can be cutput

in a state of the v}o/lgage%gjl;at gtingMen amplified.
(01091 in track

The charged ma%tfatr%]rcuit according to an
embodiment of the J%elsegc. i@ dreSsters voltage
signals to a downs@eaSCAGITRIE gerations such as
described above. pdslo,ag EngyfNgbove, the Charge state and
Boost are in an ex:‘thls:lv“@]aqlca.:t ili
(02001 g the Track
[Charged main fileStipppacyfiing el embodiment of
present inventionifl_ 1109

Fig. 17 is an\?ﬁlrararexty 6ifgraRIiillustrating a

charged main filerﬁfru&:ﬁlavtnhg amplifier according to

a sixth embodimentof th resent invention. Also, Fig. 18
anpl e

is an explanatory & m illustrating waveforms of signals

relating to the sixth embodig_nt of the present invention.

cor.d].n

Now, a’ charged main cf\i;er circuit gs attg)e of circuit using
reconfigurable RFE:eDh@olo y_eﬂ ienanables reception of
wireless signals o@ polexeis glEoBJncy bands with a single
RF {(Radio Frequeng;f ciJcJZke

pr esent

i ndenti on

neat The

AAanart t ancro



-CGor a Cgd +

Cgs n

dr,Pl,,,,,,e

1 C I - 1[50232 1

[ Capaci t ance
mzol;'th £ Of p-7lg;103k d in £il

1 reference g, 1 chy main filer

circuit 600 accordixi\xzoat.(f a.Cstixci‘_)I;F mbEiZnent of the present
et 007 i’ Tt e ‘
invention includes a iran conjuctor (gm) 602, a first SINC

filter circuit 604, a.secon INC filter circuit 606, and an

analog/digital convgrlsigx'cirg152;?l<!g$o pigital
Converter; ADC) GOS.a' SC hermt | C'

(02021 di agram

The transconduLtLrl GMSI I attigngrrent conversion
device which cohvexfts] i@putTvEl&@aksiqnals into current
proportionate to tlstvﬁttaﬁ si@lﬁls,tahieutputs. The
first SINC filter @m\m has capacitors Cl through C4
having a predetermvarc@@ftt@e, d5<125witches SW1 through
swl2. The second AN EiCHE fopiffefoe hes tiest variable
capacitance deviceaﬁrp*himfﬁi Céli— equivalent to the p-MOS
varactors accordin?@(}he first embodiment of the present
invention, second a\éié)ﬁrca‘icﬁﬁmetdeovices Clp through
C4p equivalent tO fhﬁ é-MO% yaractor, ccording to the first

gient h

embodiment of the present inwention, and switches SW13
through SW22. Thaté @Odal,rirr‘xeFlg. 17, the second SINC
filter circuit 606 is of a configuration having four
amplifying units {fgrsou%hng;ﬁ corresponding to the
amplifier 100 accor(!ir}é Q‘(nthqu]rst embodiment of the
present invention.h@is, 'anal_txghie;ital conversion clrcuit
608 is a circuit Qa@a&lutg arBGtEsignals into digital

Cm din

the Track

state

ryr ovzi owan A



cav. 2=Cox+
Cgd +Cgs
+Cd+ r
+Cdep16 -
) i rapress, on
[Oi;‘; [t0 7( ;21191
aCI t enggin filter

’
rirst, the operatdons of the c¢harge

circuit 600 accordi o the Jlxthl el od@nﬁnt of the present

invention will be descriQedlbaQedtmr LaeCJfock signals shown
in Fig. 18. Now, wl'§1g %}L @ilist SINC filter circult 604
has four Capacitors’%@ggggld(iﬁlngl qu second SINC V
filter circuit 606 efour amplifying units 610 through 616,
description will b&&pas&iseﬁ aNEQSpacitors €1 and €2,
and the amplifying G,it,s c10€hd 1@ sake of
convenience of des@pt,iop. a" , of
[0204] t he
First, input/oa;ppp |of| cfa'Fgeme the first SINC
filter circuit 604 70@5 Sieﬁ\d t?'_?ﬁ £ilter circuit 606
will be described.'l'lipoaéﬁk clgcf ﬁfnél $1ir going to high,
the switch SWl is fhéﬁ atﬁléias voltage Vbias is impressed
on the capacitor cé)eﬁrcléa?%aeccd\mulaatsed in the capacitor
¢1 is removed. Alzo, upon the clock signal ¢lr going to low,
the switch SWl is ened and impgession of bias voltage
ybias is stopped. prupeonst%é cqgk signal ¢1 going to
high, the switch SWZ is @ll;ls d, _whereby the current output
from the transcondgc)gdp r60§$ssllnpecn and the capacitor Cl
accumulates charger£In the same way, upon the clock signal
$2r going to nign] ESPEL touds VﬁJloyed and bias voltage
Vbias is impressed on[t)QZ4Qi1’_or c2, and charge
[ Mat hermat i ca
alExpression
1

— AV NntCraAd n



C' -

Cos, n+Cgd, r1
. Cgi f ol +Cacp
-1-Cgdy,- p +

S, P + C
accumilated in the pacitor i moved. Next, upon the
clock signal ¢2 goig.t i h:ﬁtheﬁs@igch SW5 is closed,
whereby the current outpgt frdm the transconductor 602 is
input, and the capa ‘togz_ a?:cBmlates charge. Then, upon
the clock signal ¢4 §;’tl) Pxigh:l-the switches SW3 and SW6
are closed, whereby a pza(r!: .oerhe charge accumulated in the
capacitors Cl and ég\&utlput &41’@ second SINC filter
circuit 606. At thgggng;thep:lodk%\al ¢l goes to high,
so the switch SWl4 ri)s c_hm,eapd. cargg is accumulated at
the amplifying unit 61Q so as to maintain a state of
equilibrium with the Eﬁggé_@@\?,ri the capacitors ¢l and C2
of the first SINC Eli-rtér 011‘@24(&] Now, sharing a charge

among multiple capz}\qbes; (if fyeosixth embodiment of the
present invention,@apac:fptcuﬁcé amplifying unit) so
as to form a stateCo:;f ?qghﬁw ai; ﬁscribed above, is
called charge SharEX’pF@S%T %ﬁge input to the

amplifying unit 61%7 4s a cpar utput from the capacitors
TSR
¢1 and C2, and acceréiﬁgéy the, sam lénge rate is decimated

cita
t he upper
LN

Sl E
Next, focusin ondt e second & It\lcgllter circuit 606,

(Decimation) to 1/t2 .
0]

[0205] .

with the amplifyin gunita'!-l] ’ uJorl e crock signal 94 going
‘é\griIbIe ha@aoﬁﬁus!vice Clp and the
second variable cg cittrhiglice Ccln increase in capacitance,
in the same way aQaﬂaQiptManee-cor Pl and the n-MOS
of the
p- 1403

varactor F3
AanA + ho

to high, the firs



t he ear, or

Expression a

and

Expr-essi on
varactor N1 of the 191f'.er 100 acc?rding to the first
embodiment of the pj;:}] %Jtinvelntr;.g.. Next, upon the clock
signal $ir going to Jﬁrk) thg 'sw1t§h| S l?s closed and bias
voltage Vbias is im resse@'QQhe_amplifying unit 610, and

X)glgrm%§§lnp\mit 610 is removed.

Then, upon the cloc s nalfd)pz;oing to high, the switch

charge accumulated i

sWl4 is closed, ande%@ml a@ymulated by charge sharing.
Upon the clock signGQXgoinpto high again, the
capacitance of the Elep pa@&@ﬂ:ﬁp@itance device Cilp and
the second variabid dob@itEDEEXdevOf Clgdecreases as with
the case of the p—bps- vﬁ@So,r p1 and n-MOS varactor Ni of
the amplifier 100 AFQIATE O ’first embodiment.
described above, araﬁrd m@jtxv’oltﬁe signal is amplified
in accordance withrckérET Jég@ﬁittgce change ratioc. AT
this time, the switchingC;’vbi%scé:fosed in accordance with

the clock signal rbhﬁo ﬁe jfied output voltage signal
is output from thedg%ifygéfnit 610. Note that the

ar

amplifying unit 61% pcgumulates charge by charge sharing in
the same way as with the a!npligytlng %Et 610, and upon the
clock signal ¢4 golit ?o%gh,a)ttght voltage signals are
output from the aJplif@ingSLgi[JElz @5 the output voltage
signal is decimate\é,eiln |the tJ(m,DzQIZ:melifying wnit 610.
[02061 Conpari ng
Ao, in the L OLSSH hScapacitors c1 and G2

of the first srnckBee@R it 604 and the amplifying

Expr essi on

12, h, can

he seen

+11 ar whi |l o



(0214) Next,
W th
referenac to
Fig-20, in
t he Boost
units 610 and 612 Oftt eéec%nWINecgﬁter circuit 606, the
capacitors C3 and c4_af, the first SINC rilter circuit 604
and the amplifying units 614oapde6ﬂsof ysecond SINC
filter circuit 606 pexform charge g’lgr(:hg and decimation of
output voltage SJ.gne§ kgjg n Lhollock sxgnals $ir
through ¢4r, ¢1 throggg |¢4n - 1.Qugh ¢4r, and ¢1 througn
4. | ow, and
10207} | nput of the
In the event ttiain*peullock signal ¢4 is high, the
analog/digital coanf@lJntcagxe 508 converts the output
voltage signal amplef]leg ﬂ/&}\e ampllfylng circuits 610 and
612 into digital vayfesh th tpegpront that the clock
signal ¢2 is high, t:ohretts%oéput voltage signal
amplified by the antp]eflym cﬁran]lté 616fnd 616 into
digital values. t he p_ IV[B
[0208] a ne dr t

Accordingly, charged gmain fllter circuit 600
according to the :Elh eahlment of the present invention
can amplify and de01mate oltage signals input to the

dqger tpml digitized output
voltage signals. t O t he
(0209] Sour ce

Also, with ok %ﬂﬂen al S charged main filter
cireuit 600 accordld 0. L el Qemodinent of the present
tnwention, in the 5@ M RalesoOfwritier 100

t he p-SOS
nax:. act or -
P2 and n- MOS

nmy "r nt nr

transconductor 602 and



Fi g. 248,

and big.

258. [0247]

[ Capaei-t ance

ot p-MOS
according to the flvﬂ?mla.cllpteré rof tm present invention,
an output voltage si.gﬁl, Bﬁﬁgta voltage signal has been
amplified by being g}t;i,p ied.by the capacitance change
ratio with the magn‘zﬁfgobfieil!le bias voltage being held as

S.a

it is as to the input vpltage sigpal by charge sharing, can
be output, so the ougfput vo[.v[aagjg Isig;ual never becomes

. unnecessarily great. IAg:g!u@m the amplifier 600
according to the s:r.leJn |emu>§itne[;tat i:hpgesent invention
no longer needs to LJ@ovi@QQ&t special measures

: regarding output v§11‘a£tsienal@tf ttleh@)lifier according
to the sixth embone'nme present invention, making
handling of the cu@lv@lade @RS Piier, end also
enabling contzibutWhio GlRer fefq@its and lower electric
power consumption.aqm‘lexeftl'ie erlobability of the
magnitude of the o%@@voltage signal becoming greater than
the power source v&@@dfdd?nﬁgmaﬁ éery small, so
there is no distort:ih'xein §€Véﬁtaﬁ signals, and
desired output vol@@dz(if&ailsi c?febi;]fbtained.

[02101] or t he

(Seventh Embodime )r eS n
As described in the principle of amplification with the
. lnventli e,
amplifier according to an embodiment of the present
invention, charge of € e same an!;: t is cancelled cut at one

terminal of the firs Qariable capacitance device P and cone

terminal of the sgglc_p@glb{e eﬂgﬁance device N
Cain, pl in
t he Bons!
state as

v owvvnAd fram



[ Capaci t ance
or nBoost s
_e] -
Fig.-2312 is
a segerctic

electrically connec‘ad to t}g one ferminal of the variable

e

capacitance device P, Iw egbry%xsetvolt.age signal can be

Ii(g?lx%; 't,rheaja}!acrilgnce change ratio,
while maintaining the mgni gQLSIhe bias voltage.
However, there is a%tsgtigtyQIat ;ehf.ed effects may not
be sufficiently obtﬂaeSQEhe event that an unexpected
situation such as mVr&EcaJGingFreg5§2j.ties of the first
variable capacitanc\é\,&ivi&h stdh@ona varianle
capacitance device a,rm:] d.xaﬁlpilee pcours, such that a
capacitance differe?c@@: occurs between the capacitance of
the first variable @G OPC |deﬂv.ge B gyt the second
variable capacitande h@ics%\;§rffahm thereof will be
priefly described te)ﬁvbvbﬂlreﬁeéercﬁe to Fig. 6A through
Fig. 7C. Of 1.1.

amplified by multiplica

oz pr esent
For example, 3n rt]heee that a capacitance difference
AC occurs between apacitance of the first variable

capacitance device P and the, second variable capacitance
device N, the charceaépgxg La{e.alg:&gl of the first
variable capacitan@lgbv’ice P inl F[L. GB is Qpl = -Cl(vdd/2
— Vin), and also ttneneargBQcoc&tGate terminal of the
second variable ca@e_ci‘tan@- d@t& N in Fig. 6B is Onl = (Cl
+ac) » wdasz + Wi ewedls ErOmMrig. 68, the total
of the charge at Jheh(ﬁte mrarialnof the first variable
capacitance devicl efnmhen@aque at the Gate terminal of

and Scarce

term nal

cannot vi ew
CAv anAdA CAan



rig. 24Sis
a schematic
fl agman
i |l ustrating
t he Boost
the second variable gtpﬁjttaéce 6eT,vicet bhlé Qtotal = {2 *» C1

+ AC)Vin + AC « (Vdd/2), yith the charge being dependent on
U-'-yéa

the bias voltage VAd/2. .
v.iactor N

[0212] .
, which the,
Accordingly, the output voltage—signal Voutput output

from the amplifier x?almg'!sogs]c gﬂé lZn in Fig. 7C is
that wherein the biQs v&%@%ighag& has also
undesirably been amglgfieti,he shown in Expression 6.
102131 sevent h

[Mathematical 2P edi nent

the
Voutput = (1 + ﬁ@&gk @zn t

(e LUtk 1T S/ L
- memssion o 1AS. di th
the
ozt capani t anee
Now, the amplgﬁvi.on esﬁliurﬁ oi tﬁeebias voltage Vbias

shown in Expressi086 i\fsstlch tshftai.:feesmaller the

capacitance differgxée A\C/ is, the smaller the amplification
amount of the biasgvoltage vbias, is as compared to the
amplification amouw of the bias vgltage amplified at the
above-described conven i@n_al MOSFET parametric amplifier 10.
However, if the bi-as_r v%lmg i:as is amplified as shown in
Expression 6, thex%li Qe pos@@j}gity that the advantages
of the amplifier @len@ relﬁ)ta.iments of the present

can be

vi ewed due

to the

1 N\v7ar ol AN



[ Capaci t ance
of anplifier
700 in scant
st ate}s -
Accordi ngl y,
invention, which art H%inq nandling of the output voltage
i:i“iiifiiii;S?é%?%é‘liiiﬁéiﬁﬁéﬁliii;fiiiil

voltage signals canCaobtainéd", may not be obtainable.
)

th

In order to deal wgh the a.\bove—described problem, &

[0215]

configuration where@hrmel alre Lag.g of the Gate terminal of

the first variable ZaQaQitalan det'ibza and the Gate
terminal of the seﬁz@%fiablesip%t&ce device can be
adjusted, has been Qlalmtraﬁ as a second embodiment of the
present invention. %@Er&&&&datag for handling the
above-described prnibﬂm are not restricted to the second
embodiment of the $r%@*r e@:s:]orc h&ccordingly, next, a
seventh embodimentkgataﬂd another configuration for

haﬁdling the above ko bl 411 be described with
pressyor

reference to Figs.]}@through 21.
(oz26] respectivel

Fig. 19 and Fig. f0025€1f11at0ry¥iiagrams
illustrating an a%ffeﬁ éOO acfo.rding [\o a seventh
matil ca

embodiment of the ﬁresent invention, with Fig. 19

. , apr assino
illustrating a Trai éateC?n" Fig. 20 a Boost state,

[T nn
(0217} C C

Also, Fig. ZlC:gtar: £plaeadoeJ\£agram illustrating
waveforms of sign!ls according to the seventh embodiment of
(gd, p+Cgs. p
Cgdo i Cgs,
Cos, p

10 dan n n

respectively.



Ca". Cd" Cgd
, n
i egs, n+Cgd, p
+Cgs,:p+17fii
p (7ft,p
the present inventi@dy'(t’h ha) ebu'stéjar:ing control clock
signals for control@ évit'yh,eslﬂb) illustrating the input
voltage signal Vinpuf, (c) i trating the output
+cgtl, ptCgs

voltage signal Vout;z'# Te. gze i thp that while Fig.
d, n+
19 through Fig. 21 @ssrate-lt_he bicas voltage as being
n+p+Cy.
edless tpsay t §’the bias voltage
is not restricted tb the above-described.

{02181 Cax, n"'Cdep, n

With reference(tpgg.gél-gnd Fig. 20, the amplifier

Vbias = vdd/2, it is

700 according to the |serze§ch embodiment of the present
invention has tne dr@ G e BIAG @0 as with the
anplifier 100 accodiind®F 118 [R@PAmodinent of the
present invention, |b1m further includes a p-MOS varactor P2
and n-MOS varactor@(p@teasp-gﬁ varactor P2 and n-MOS
varactor N2, as wiﬂ’_x?heiM(gFE'it ﬁ(em in Fig. 2, capacitance
can be changed depela‘patimttlah eéot there is an
inversion layer. Itlﬁ' Gthﬁ%MOiJ ﬁcéofs P1 and P2 and
the n-MOS varactorg i\lldéi Nf hf € ei agiifier 700
preferably have geieglléﬁﬁa saﬁl Gat. terminal widths and
lengths (i.e., in %Or% of manu ctufing variance is
pernissible) . h S u m O
[0219) the .

As with the agp?lpiércll(mt a@cjgr‘;i to the first

embodiment of the p:esexgt x@en@&n!\@)voltage vdd/2 and
voltage signal vin! QJEQ!: grtheF(?Jte terminal of the n-
and the
c. apadi

ranee of the
n_ 1Y 1NN



vatdoliors,
t he ot her
itens are

t he same.
Accor di ngl

MOS varactor N1, in gccordance with“th chnnection state of
the switch SW1. Also, a, w1th the amplifier 100 according
to the first embodlm nt o) the esend invention, the Source
terminal and Drain tsrml 1 o Iglh p-MOS varactor Pl are
connected to the pMQ‘rJureeSvol$Jaeom and the ground
in accordance with trQ connection state of the switch SW2,
and the Source ter&p%cetsﬁxi tQ]rn]inal of the n-MOS
varactor N1 are coclzteca.iro tthe tpclae source voltage source
and the ground in Ma*didzeSgith the connection state of
the switen sw3.  SPICONI N
[0220] Expr essi on

Also input to 11‘8 (lhaxvtea terminal and Drain

terminal of the p—m)iﬁ fafatéTréh Cvé further to the (2}
Source terminal anv\h?itﬁrming of the n-MOS varactor N2,
are the bias voltaﬁéﬁé ﬁﬂéﬂftagedﬁnal Vin, each in
accordance with tbf ectig state of the switch SWl.
Also, the Gate termlﬁ?of dl —MOSSvaractor N2 is
connected to the pC er soug voitage source and the ground,
in accordance with the 6nnectlon 3tate of the switch SW2,
and the Gate termigé[](i the Q’JQS varal r P2 is connected

to the power sourc ?cage sourgeggi the ground, in
accordance with th@tot}xgtionrl;@&d)f the switch SW3.
[0221) gl th Add and
Now, the p—MOQfatactIrhEanS inZ @ros varactor w1,
and the p-MOS vara&f)r b hue thSEDs varactor N2, have
+/ exacters
IS genera
it the sane,

+hoaro 1| o



N2ECA Al so,
t he

capaci tance
of thes05
accordlng to

inverse COnduCthlt . so there is th d to match the
increase/decrease chan apac1tance Accordingly, with
the amplifier 700 acc@ngdo the seventh embodiment of the
present invention, 9. le Ih gltch sW2 is connected to the
power source voltag_ptovgé,e{}!; switch _SW3 is connected to
the ground, and wnile MBI QN5 kdbectea o tne
ground, the switch the Jragko we power source
voltage source. St at e, | . e y
(0222 the nesi mum

Also, the swit@avpag@riattesasm’@@nously with the
clock signal ¢1 sho@@YRNY- izna),t shes to be in a closed
state {(i.e., "ON") afm*eicfo@kejrgnal ¢1 is high, with
the bias voltage Vdvc@ votf.aﬁsig'naé.éin being input to
each of the Gate tetmaﬂéﬁ tlé.ngTG ﬁaéactor Pl and n-

MOS varactor Ni, an%tjle gurﬁfterminal and Drain terminals
of the p-MOS varactes P2 and nh- MOS varactor N2.
oo, Ex e I Oon
Also, when the ock 31gnal 41 goes to low, the switch
bias voltage vdd/2 an voltage signal Vin to each of (i) the
Gate terminals of tézpaﬂg Q&cagl fxlg n-MOS varactor
w, ana (1) the sobe1€eTBXEIMMN corninars of tne
p-MOS varactor P2 a&aQaGLJCanﬁeheing controlled.
“Note that the relatOF pelwlb@tne clock signal ¢1 and the
switch SW1 is not rasFFpLeii foit@rabove—described, and an
700 is
expressed by

SXpr 8381DS
10 V. T

SW1 goes to an opene



(EXp0e881

DTl 19)

[ 02021 El se,

he - 127 -
aci tance

arrangement may be m depwh rein, for example, the switch SWL
closes when the cloCk signal %1 is low.

| if ter

On the other thQ,othe switch SW2 is arranged such that

the connection desﬁthQ:udLieJB gwitICst over
synchronously w1entRES B S:1e8NE Bhown in rig. 21021,
being connected o CINROEI MB AL clock signal 42 is
high, and connecte@fo t}alp@er source voltage source when
the clock signal ¢:pfs @S ehversely, the switch SW3 is
arranged such that|tiR\r@fefyjosNfefyination thereof
switches over syncixrﬂoutlo‘e‘th b‘BOS‘tk signal $2, being
connected to the pg]tratuée to]ﬁ@e source when the clock
signal ¢2 is high, ﬁkdaﬁrl\ecfteri che ground when the
clock signal ¢2 lsd(g(?ééﬁ tfaéﬁ éown in Fig. 21(a),

the clock signal ¢ the clock i ﬁal $2, as with the

[0224]

first embodiment of the fres?nt invention, the clock signal
¢1 and the clock si $2 are outpubsuch that the phases

thereof de not overlapk iherg)ya'gea lneg a Hold state.

(0225] en as the
With referenc§{%\tf‘rg.t 19,a'1_tn the Track state, the
switch SWl closes gg(art%&gl:k%@nal $1 going to high,

and the input voltgqe Zignanldlput is input to the Gate

terminals of the pEEXsPE Q28 @f L tre n-vos varactor wi.
In the sane vay, ACGOIEERGENE] vinour is input to
the Source terminaf Fh@ DrfFBEE-KTRLIPE the p-MOS varactor

capaci tance

cf the

anplifier

710N 1 o



201 [ 02E4]
As shown in
Expreé%ion

P2 and the Source tzemlnaq and q“aln terminal of the n-MOS
varactor N2. Now, @gpnpu§ §o§ttgg ggnal Vinput input to
the amplifier 700 2dind L oAl cavodinent of the
present invention ne s§ﬁﬁ»merllrhtaet bias voltage vdd/2
and the voltage SLQQXIlnanadupgh\gpd as shown in Fig.
21(). contribute
10226] to the

also, the suiCABAG jcdh-@IHE € the power source
voltage source whe haﬂ@esiqhe ad is low, and the

switch SW3 is connmvv:o t}izenround when the clock signal
k)

¢2 is low. At thipt_in?,4j@v§rsion layers are formed at each

of the p-MOS varacVaFlayéitkdl?Séaractor N1, and the
capacitance of eacéﬁa‘eaﬁs.lﬁcoxgingly, the voltage at
the Gate ternlnals\féf_heéf)l)ﬁ)s varactor P1 and n-MOS

varactor N1 changewrccgdance wlth the input voltage
signal Vinput, in th same way ag with the amplifier 100

erl es

according to the present e&aodlment and a charge according

to the input voltage spggllll; @qggcumulated in the p-

MOS varactor Pl anQ Ehe %g vaggtn N1.
10227] Cdep in the

In the same wQaSSA therfith Jﬂes connected to the
power source voltaBOEQ}ScL, a&tt&tse;ch SW3 is connected
to the ground, invSr@i.onaLaylsrayrg Ehtred at each of the p-
MOS varactor P2 as@f-uch @ctor w2, and the capacitance
of each increases,f | n‘pl | f | er

700
according to

t he seventh
armhnd nmmnt



Prreor di ngl Y,
t ae out put
vol t age
Vout put ~of
[0228] t he
Accordingly, Qgplml <I( Ist@te shown in Fig. 19,

inversion layers a med at _’che semiconductor interface
directly below theaggggngilncg e;:roof the p-MOS
varactors p1 and o1 € SEMENALIN and 12, and the
capacitance of eaclenbegi. rT'ent
[0228] of the

The following [ £8@ftion of the capacitance of
the p-M0$ varactorf PI\A@[ME {ROAHO] Gractors NI and N2
in the Track stateawimVEanrtmig. 22A through Fig.
25B. Note that inmezﬁperimﬁug}t }hge 25B, Fig. 22A, Fig.
23R, Fig. 24R, andyfig| tsﬁ @ illustrate a Track state,
and Fig. 22B, Fig. B 248, g. 25B each
illustrate a Boosf{ia%ﬁal haz%‘?

{0230]

Now, in Fig. 221—\eteh rlug? Fig. 25B, Cgd indicates the )
overlap capacitance an frlnge capacitande between the Gate
terminal and Dralnertermlnag I IQ! y&»n;gdlcates the
capacitance of the M:e Exﬂ?film, and Cgs indicates the
overlap capacitancg Q‘Apaggetc@aggce between the Gate
temminal and sourcS NANYE ale@lodeDinaicates the
depletion layer caMit:ah:e B@.ct1y vetow the cate terminal.
also, G3d indicateFIEbE) bt ibbO@acOfnce of the prain
terminal, and cjs (Hi@tef) pn€] Ginction capacitance of the
Source terminal. Vol t age

vdd/ 2
mai nt ai ned.
VWow, the

Nttt Nmniit



[ 02t 2]

t he
anplifier
700 - 130 -
according to
the seven

102311
[Capacitance of p-MOS ractor Pl in grack state]
Fig. 22A is a sc!;emaglc (Iilagraplllustratlng the Track

state of the p-MOS garact Pt gu.ch the amplifier 700

according to the sﬂpernt@Smg:&!;\ent of the present invention
has. The capacitanlcertyae,n:t anﬁ Track state as viewed
from the Gate ternGAR R S Bbhlc £iela
terminated at the :tml'axeion layer (Inversion layer), and
accordingly is expﬂa@ ﬁd Jt’l u}d:@ssi@if%
(0232] t he bi as
[Mathematical Exprssyl@|71 age
e T 0l uded O

toe I nput

rozs3t vol f age

[Capacitance of n- T N1 in Track statel
Fig. 23A is agj;h m;fjl%leagram ;Ll?urs]tratlng the Track

state of the n-MOS varactog ?2 which the ampllfler 700
according to the seven h e dlment of the present invention
has. The capacitance Cmax, 2 in t e Track state as viewed
from the Drain termlnay and Sow inal can be seen as
Cdg, Cox, and Cgs gthe Gate terminal, and also Cid,
Cdep, and Cjs as tggplmllk tlarﬁnal, and accordingly is
expressed as in ExeQsOLon 8.
{0234] according to
{Mathematical Expleilaien ﬁevent h

enbodi ment

of the

present

' Nnvyiaont i AN



i 02711 61g.
2.5 1is an
expl anat ory
di agrdm df a
Cia = Cox+Cgd + gsi+ (l’jdtt &l cdep
.mpeession ) @ Feraft 800
[0235] havi ng t he
[Capacitance of n-mci:ot hle.ﬁ G statel
Fig. 24A is a OFfeghl:@ii@rat N@strating the Track
state of the n-MOS edragchntzqh which the amplifier 700
according to the se@eﬂﬂ@@r@nﬁ%ﬂf the present invention
has. The capacitargefcmt Nh'e the Track state as viewed
. from the Gate termfp:fl @igEt the slectric tield
.terminated at the hTevuén 1Lajlere rar]d accordingly is
expressed as in EXTHG?GFZ]
N
Copnm = Cox+Cgd + 5r6n ttohgl g
- {Expression 9) i) .
(02371 chargedfilte

[Capacitance of p#!:los Qal:a[tgq‘i In Track statel
Fig. 25A is a érdlatic diagram illustrating the Track
state of the p-MosHErCOF Qlwﬂgx theQuplifier 700
according to the vaien&&mbai_mglhtfhhe present invention
has. The capaciCa&maodiirt M V:ck state as viewed
from the Drain ter@ifial finf) @urce terminal can be seen as
cdg, Cox, and Cgs [psQ € fate terminal, arnd also Cjd,
Cdep, and Cis as fo [P @ F-exly contact), and
accordingly is exqmleaied’ as -Fn@lxpression 10.
exanple, a
6105611 802

serving as
+ho ChAar Ao



- 149 - 202

has are each

excl usively

I mpr essed

wi th panel
rce

{Mathematical Expressijn 10]

Coarpr =Cmc+ng+C}{—£},v dlC_@ga%
- - {(Expression 10) Char ge.

(0239] Al so, an

[Capacitance of amllulef LXFELL state
Accordingly, &Ma&)nca&lﬂd‘“ and Cp, max OF thée

amplifier 700 in tp-Tm&Tan be expressed as in

Expression 11 and mksﬁh 12t, h@pectively.

02401 MOS= 804 has

Iathematical Exprgpfi@ 1@ACh

Com ~Comn *Cu@ X C| US| VeEI
=Cox, p+Cgd, r +Cgs. p+Cox n+Céd1+Cgs n+Cid,n+ Cjs,n+ Cdep,n

« {Expression 11) X
Mﬁth power
[Mathematical Exprgse:.a)rlee
Come = Sy O T QG

= Cox,n+ Cgd, 5t Cgs. n+C +C('§élp+Cgs ,p+Cid, p+Cjs, p+Cdep, p
= Cox, p+Cgd, ox n+ n+C]a' p+Cjs,p+Cdep,p

. (Expression 1?)an h CCSEET
(R A) and

Now, the capal: l;l.mc vl =)~ shown in Expression 11 is

the capacitance td oo udbbr MMVECAY. 16 ana rig. 20
{the sum of the c%)Jai HMMELOS varactor Pl and the
capacitance of n30Bs RAS: & @c., the sum of
sxpression 7 and K@AGHn 8). Also, the capacitance Co, m

excl usi vel y

i npr essed

wi th power

NIy N

10238]

[0241]



Al so, the
charged ruin
flitter

ci rcui’t - 800
on ou

shown in Expressiorp 2 is the }a;pclijttance to the lower side
in Fig. 19 and Fig. h the Sum J? ® capacitance of the n-
MOS varactor N1 any_g) Eaéggnce of the p~MOS varactor P2,
i.e., the sum of Eéleggxa and Expression 10). Note that
in Expression 11 aMQL&IeQQJ 12, for example, Cox, p
represents the COxaHpHmJ Ja@Bor, and cox, n
represents the coxW EaRods R@actor. a1so, otner items
are the sane as weDi @S VOl t age
(02421 bei ng
comparing Exp{¥RIoNTE &id ﬁ;e.@ls’sion 12, it can be

seen that while Cjbycjst h«ecdeba'giesamong those
relating to p-MOS Upaerratncix xcrﬁuaractors, the other
items are the same fAccctrchrély, it can be understood that
the values shown l& ﬁ;gfs@@xdl %‘imhvalues shown in
Expression 12 have, df'.flfefeéze which is dependent on the
values of Cjd, c;sC Ianrq (c:dﬁf. tOn the other hand, C3jd and
Cjs are called junctlon capac itance, and 1f the size of the
MO8 varactors (here, sxze in lCateg the w1dths and lengths
of the Gate terminals.] is generally the same, the junction
capacitances dlff€,Ap Mle bgwegn%aﬂg‘rvaractors and n-MOS
varactors. ConverLe ,e e (_Sdep is the depletion layer
capacitance directemadkemgte&inal, so the
capacitance differ@fbetvg;n]eand n. However, the depletion
layer capacitance iisﬂs\(ﬁﬂi&nitl@ Ehall as compared to the
total capacitance [oOqZh?xG:’apacitances, and accordingly can

Aci pAdi ngly,

by using the

charged main

N1l +ar



(0279]

Accordi ngly,
t he charged
coinftrter
GlCnit toe

be ignored as a negligible errox.

be

[0243]
Accordingly, 1n the evenL thétecgats[le of the MOS

varactors making up Jh! ag}!hSlext is generally the same, no
capacitance dlffereCScQ G(f CICLQJJ rlra-tthé ’LQack state
(strictly speakingUdhe @Scitance difference AC can be
made extremely smaﬁ,OJIpﬁrEn@cdasB@egngible error.)
with the amplifiert7h ecchh@rtzgeedseventh embodiment
of the present inve{nﬁ(inn f | | ter
[0244] circuit 800.

Next, with rei[e@lzs()t@]:ig. 20, in the Boost state,

- the switch SW1 opere@? cl@lvéﬁal 61 going to Low,
and input of the iwttvﬁtateﬁ'énal vinput to the Gate
terminals of the pdfﬁﬁfrfcgu?léfd ngos varactor N1,
and to the Source rm Draln terminals of the p-MOS
varactor P2 and n ?os gﬁgv{@vz ef F'I is stopped.

{0245]
Also, when th cl ck ggnal ¢2rTlas|atnh1gh the switch SW2

is connected to the grounde !nd when the clock signal ¢2 is

at high the switch CL G Ul gctegooche power source
voltage source. Apﬁﬂ tg\gttnqxvsrsnm layers which
had been generatedt he. Qelultto[;hla&or interface directly
below the Gate ceMiQh A G p-M0s varactor P1 and n-40S
varactor N1 and tks lp% aalractor P2 and n-MOS varactor N2
disappear, and the\@u{it@u{s of each of the p-MOS

anplified

wth the

bi as vol t age

hoat nA



[ 02021
; Tent h
Enbodi nent)
The - -
varactors Pl and P2 an nl Djosfviaractors N1, and N2 decrease.
accord 0
[0246]

The following ls a descrlptlon of the capacitance of
the p-MOS varactors QQ @2 aqqesl\gsrx)aractors N1 and N2

in the Boost state/ v@ jfér;aosvtto Fig. 22B, Fig. 23B,

rig. 208, ana mig. AN OUGH
[0247] ni nt h
[Capacitance of p—@ﬂbﬁgtjr melmtﬁ&t state]

Fig. 22B is a @dhdBatiS lgh@dﬂam illustrating the Boost
state of the p~MOStvhator Ghla_nfk’lgke amplifier 700
according to the spvfth embodiment of the present invention
has. With the capaejaap«a_c:@ri, PlsiﬂoheBoost state as
viewed from the GaﬁcgﬁFSSiﬁu@X and Cdep can be
viewed due to the tnﬁrsw]éxteh(ét?appearing, and

accordingly is exp€§edﬁbtn Expression 13.
[0248]

i nver si on
{Mathematical Exprgssion 13]
Fayers are

Cox-Cdep

Cont = Cox v Cllep ‘B"f*@Sent in
- (Expression 13)t he p 1404
(0249] varactors
[Capacitance of - dara&arm Boost state]

Fig. 23B is MALACCOLE, i11ustrating the Boost
state of the n-10MAMGhtor v2 which the amplifier 700
according to the s&x@rﬁ%bdim&@]of @ present invention

perform
'reverse
nude"

ANnoar atil ANno



Next ,
description
wilt be nade
regaréig an
el event h

has. The capacitance in, n2, 1D the Boost state as viewed
from the Drain terminal ang Source terminal cannot view Cox

and Cdep due to theC 1nver51onelayer disappearing, and

accordlngly is expggsgggﬂt!zxpress:mn 14.
(0250] i nventi on.

{Mathematical Exprmw 14]t he
CmN,—ng+Cgs+Cj qudI rrent S
e 1nd€SCI i bed
above were
10251] each
[Capacitance of n—a)F taeﬁptb}s intB@st state]

Fig. 248 is ag@%ic %(eam illustrating the Boost
state of the n—MosarHWéglwa@dﬁ amplifier -700
according to the shvsxdl efn_bfdilmfné ff the present invention
has. With the capﬁrtaﬁl ,.érr]iln the Boost state as

viewed from the Gat ehterm:.nal Cox and Cdep can be
viewed due to the eﬁs.).on yer disappearing, and

accordingly is ex ssed as in Express;on 15.

[0252] ol e a'
[Mathematical Exprgggnr g I ng at
w@the tine of
Conn = Cox+Cdep VBIF o go
. .{Expression 15 )Boost , by

w2y - realizing a
[Capacitance of p-@%ct{ory@en Boost state]
a-cent: M

usi ng AgB
ger ani um of

1 N\7ar cn



[LOB ii As
shoect AAA,
in the Traoi
sIateP7the
swtch A

Fig. 25B is a schematl dlagram J.llustratlnq the Boost

according to the s

tq EQXent of gie present invention
nun yz 1nQ tBQQ @tate as viewed
from the Drain ter n Sot@c@ dermlnaJ cannot view Cox
and Cdep due to thyg‘l'e:tsa{gleyer disappearing, and
accordingly is expéisgmﬁin E>Aie§s]ion 16.
[0254] are inted.
IMathematical ExprdVPentifnie
Can=Ced+Ce+C@yf t ch et a.

+ (Expression 16JACCO| e| agl y,
[0255] t he
{Capacitance of ampédoﬁet i aclost state]

Accordingly, trh? ?afut‘ltér];:eé ﬁC‘”@ and Cp, min of the

amplifier 700 in t Boo can be expressed as in
°t

state of the p- MOSg ractor P2 whlcn tlr\e amplifier 700

has. The capacitan

Expression 17 and xi;;':aslon 1 ecleely
et 'th
1025631

[Mathematical Express:wnslg}
riable
Com = “ﬂ“ﬁ%apa0|tance

Cox, p- Cdej

m&f R G5 PACE] 7 G+ i G
- (Expression 17va| -

{Mathematical Expr!égid‘/jtaVi n,
and t he
pot enti al
di fference
at both ends
of 1-he

cenornnA



i mredi atel y
prior tu the
swi tch 155
| opert¥f sty
I's held at

samin = Caioa1 + Coin 22

- Cax,n~Cdeptn|:] 2 an?s

ver ,
TG (8 OF the O

Cox,n- Cdep,

=%;~C;eﬁi+?g@pt(—Cgs,p%-ng,n+Cgs,n+de,p+st,p

+ + (Bxpression 18\f Q[ | ahl e
(02571 cnpaci t mce

Now, the capaddk@Wd @@, sAwrl il &pression 17 is
the capacitance totte [hm;: ﬁ:a4 in aitg 19 and Fig. 20
{the sum of the ;::a]ta(h6ncs<if (e p-1os varactor P1 and the
capacitance of theeﬂﬁnef’v{m@lﬁ, It@, the sum of
Expression 13 and Jupygssi@\\j' 1 EIpfr the capacitance G,
wn shown in Exprest)’(n]}iisEtte calgzic' pnce to the lower
side in Fig. 19 an?g’b)Z? (tl‘IzLT of the capacitance of

the n-MOS varactorT}hand théhcaa.[i_acitance of the p-MOS

e C

varactor P2, i.e.,&?fum of ﬁr sion 15 and Expressiocn
16) . .
[ fnidC

Comparing Expx(ngnd('7 an Expression 18, it can be

seen that while ngmi, Englhyseries capacitance of Cox
and Cdep (first tepnriL Qf..1:.0 1! nﬁgxpression 18)
differs among tnosSWilaCLQ;ho Siok Laractors ana n-tos
varactors, the othgrpamsi anzgheis&e, Accordingly, it
can be understood R t€h vALtes EnlV@ in Expression 17 and
the values shown if] p:pesﬁionstia th@ difference which is
dependent on the v@lfxes t)fI”Fei, Cjs, Cox, and Cdep. On the

second

vari abl e

capaci t ance

Aovii ro 11

{0258]



Next, as
shown in
rig. 280, in
t he Boost

other hand, with C]Sd anad'thes 1f tt_hl;] glze of the MOS

aCI ance

varactors is genera f{ he same, ere Ys little difference

between p-MOS varac ;mh eMOsf JBLCSO s, as described
above. Also, the sgﬂé Icagag.l:ag:e of Cox and Cdep is
sufficiently small&&)@@&ip naJBLG e‘MOu varactors and
n-MOS varactors, sd&y&i&&’enonaMeries capacitance
of Cox and Cdep istshﬁci&egcs@andin Expression 17 aﬁd
Expression 18. AccV}ajﬁldlﬁble @fference of the series
capacitance of Cox@agaeintﬁ}aﬁ@@ 17 and Expression
18 can be ignored @@\MPID@PLY <= QAT @
(02501 each reduced

Accordingly, fnrtlﬁ merﬂthatt tOe size of the MOS
varactors making u®215 amplifier is generally the same, no
capacitance dlfferf_nggbgcélfsllw‘aT VOst state
(strictly speaking ﬁle capeacmarﬁ différence AC can be
made extremely sma igpored as,a negligible error.)

with the amplifier, 700 alccordirxg to )he seventh embodiment

byl acing

of the present invention.

(02601 mul tiplied

Also, the capgytanga/ kthe ;l;;nﬂxer 700 according to
the seventh embodll"neSt otf %18 &@ynt invention in the Track
state, i.e., the nL i capacitance Cmax in the amplifier
700, can be taken Gsatp%d‘ & &BRERon 11 and Expression
12. Bccordingly, OF matilR@cafabife@d of the amprifier
700 is expressed Wa{fniesalbll e »

capaci tance
device A
anti the

cenornnA



Accordi ngly,
with the
anplifier
cuntr gute. d
orens of anrieble

[Mathematical Expresskp%ql t ance
— devi ces of

= 2(Cax p+ C L- n%depg Qﬁﬁ
+2{Ced, p+g@ﬂ§%¢gq,n)\fp¢{pyc15 p+Gid,n+Cis,n
» {Expression 19)
type
(02621 actvidire In
Also, the capaaiﬂance of the amplifier 700 according to

the seventh embodix@xnfbodq. mvt invention in the Boost

state, i.e., the m@fmumtcheitance Cmin in the amplifier
700, can be taken ﬁrt@gent Expression 17 and Expression
18. Accordingly, yb 3 3 int £ th 11£]
' tlmwyénﬁnsﬁapécn ’ance o e amplifier
700 is expressed bt h{gesfiﬁﬁbt
{02631
vol t age -

Mathematical EX resslon 20
£CmmC +c,,:,, gn rdl Vin
(goxp Cdepcparl‘fxtb%dep, ]d t
ox, p+ Cde
+2Ced. p+ (erayaCietIaye €+ Gd.n+ Gin

+ {BExpression ZO)C hange
[0264] retie)

As shown in EtpLeEEE)S 19 Mhple@ion 20, it can e
seen that Cox and m mﬁ)hta kon:ga capacitance change
ratio. Now, in p—tﬁoh &.Iaﬂi)rasd n-MOS varactors, Cox
becomes the seried/@dadi@@ERT Cox and Cdep in the case

vdd, e2 -
Vbi as, as
with the

ctoonl i t ar o



thereof .id
| he briefly
descri bed be
Iom;mPth

of the Beoost state, o a layout gqqe amplifier 700

according to the seven enbodiment of the present invention

such that other ca}[a01tg9§]3re EOSLENI. as possible, is
effective in maklnﬁ%mJltentehcednge ratio great.
specifically, when &M ert lertgth At cac mos varactor
making up the amplﬁﬁp‘a&:jjs 1 AT Qe area of the Drain
terminal and Sourcd*ielminil aﬁtf) @H@x@a of the Gate
region can be made/é‘@ce@@ﬁxulﬁz Qmall. Accordingly,
laying out the amp])@fr\WR @{Hedcig@d above enables a
great increase of @aﬁaeqa@%@@ ratio.
f0265] of the first

As described V(oﬁ d]'g‘btlheeamplifier 700 according to
the seventh embom]t?ﬁﬁé%? gtrgéeﬁtxéventlon, there is no
capacitance dlfferalg\?i: %fcérrj&g @ﬁla Track state and

Boost state. Acco vy, the am llfder 700 according to
the seventh embod:xtnen%of thbfreésem: invention can, in the
same way as with the ampllfler 100 according to the first
embodiment, ampllfy @.p vog:age s;gng %:m by multiplying by
the capacitance chanevratlco,e Y the magnitude of the bias
voltage Vdd/2 malnt E]‘A I‘]:@Kg.gl capacitance such as

shown in Expre551oast2 Etldh.e
(02661 | ot ser side
rccordingly, OF oufpll@crfabelv&iput of the
amplitier 700 accVeBtlh LoD s@entn embodinent of the
present invention @:aapa@qoxtn &BE@ the voltage signal
device A n
Fig 290 (the

twm nel at
+ha i Ao



t he
anplifier
via the
Boosc st at e

.3 bi
Vin has been amplifie bybmul 1§1ying by the capacitance
change ratio with t\éeomagnig)geeof the bias voltage vdd/2

maintained. Now, t e o @S voltage Voutput is smaller than

the power source vo\[gtg/\lcg, i]@xSre is no distorticn
occurring in the o@iu&@ltdgﬁruj EJS}J the conventional
MOSFET parametric .¥plhﬁﬂlo

(0267) anglified,

As described B8e, St‘h@n?lmqr fpo accordlng to the
seventh embodiment Ej(pr }@%%q J'O\ﬁntj_on has a
configuration whera?.xil?cth(a@—zig I%ractor and n-MOS
varactor are vertifarlatrhé%ihﬁe, "vertical"™ indicates
a symmetrical plactmiam'c ach as shown in Fig. 19, for
example. Accordin 1" d "diagonal™ are also
included in the co?rgrrtrléoiircgjltg amplifier 700 according
to the seventh embbg\ﬁw the present invention as a
matter of course.),. , Noy, even in the event that there are
manufacturing 1rregu arltles 1n the n-MOS varacters making
up the amplifier 700 he ca Citance difference among the

SnalllgE!. Q as they are MOS
varactors with gen lly t?‘!; e size and of the same

conductivity type.) KcMan@S hkll dmmplifier 700

according to the seventh embodiment of the present invention,

MOS varactors is meQ/

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



1d eaCr

ahnedvi on

211 [ 02981

Now, ~ t*he
can be made extremegm%t f I Cat I C
02681 n ai uouot or

Accordingly, Lt. I‘L%llQL a@ according to the seventh
embodiment of the p\!egejntt lazg:e.on can maintain the
magnitude of the bi\[:bxjo]aaSe SOV, the input voltage
signal, even after iallalification
[0269] Expr essi on
Thus, with thedadolifiprS00Stper{ng to the seventh

embodiment of the ]trzha\t lmﬁritpe'\, in the same way as with
the amplifier 100 sm:lngl rerzhe tf:hs@ embodiment of the
present invention, Capta\ﬁ Ivttltagﬁ Clénal, wherein a
voltage signal hasdf f fngéJIfJédnbé éemq multiplied by the
capacitance change o:with th nitude of the bias
voltage being heldggzatrg%as t? ?{ﬁ?ﬁlnput voltage signal,
can be output, so the ourput voltage SJ.gnal never becomes
unnecessarily great ccord 1fngly, a c1rcu1t having the
anplifier 700 accordﬁg mhe seven‘g embodiment of the

present invention no gnge Leg§to be provided with

special measures ry grét\gaggt voltage signals of the
amplifier 700, makm La@d@ng 0D tn8Sitput voltage signals
easier, and also etxael[:[:sp coaaﬁdonttOflner circuits and
lower electric povah:&nsumption. Further, the probability
of the magnitude Ca.gl‘gio\zltpﬁtl va,fﬁﬁei s@nal becoming
greater than the fdave:OddDE] Ppltas@fad can be made very
small, so there i{ rh@lstb:ltlalsul output voltage signals,

vol t age

anplified at

t he

AabhmviaAdAdocer



[ 0300]
Qorolif ier
acnordi ne
to ee&Ve tl'
hod

and desired output @o’lttage signlal& csag petobtained.
[0270] e

(Bighth smbodimentP I €S € nt

the anpricier S0 VeBDak QNke sevench enpodinent
of the present ian}E%t:a,n pekbblied to a chargéd main
filter circuit, as YA lodierf dhelFpove-describea siztn
embodiment of the &Q@Oinvention. Accordingly, a charged
main filter circiiQIGGO @ ianﬂ]gfietc @© according to
the seventh embodi@F) oP{henyedefpntion will be
described next as eﬁb@ldeimﬁciiw of the present
invention. Of t he
o pr esent

Fig. 26 1is anie}ﬁ)ﬁrétﬁxf/ idiégﬁam of a charged main

filter circuit 800, having the amplifier 700, according to
the eighth embodim\eAW; [fftheEeesen invention.
- de&cri'bed
With reference to Fig. 26, the charged main filter
circuit 800 accord£n§t_oecgeee[];§c]$ emlonent of the
present invention als,gbr e le, a MOSFET 802 serving as
the Charge switch t.hr ngh 16ELhyamplifier 700
according to the Xloen endIBEL o5 the present invention,
and a MOSFET 804 sEmeg; as @ Dset switch, and a MOSFET 806
serving as a pump ki de@St 1 €dr €S
(0273) e Track
an n-vosrer (&1 ghde-MeyfeT frh@which the MOSFET
anplifier
1000
according to

+ho Aol oaviant A



termnal and
trail,
tersitnalthe
n- NOS§*** -
varertnr

802 has are each exciusively impressed with power source
voltage Charge. Also, én n-MOSFET (N'2) and p-MOSFET (P'2)
which the MOSFET Ségmacsgzrrqutnegéusively impressed with

power source voltaw RLSQ. tkls e an n~MOSFET (N'3) and p-

MOSFET (P'3) whichQQnI&%gIO& IQnare each exclusively
impressed with pow@tsatcevogjge iurlge Also, the upper-
stage variable capS:MnteGhicg rual\los varactor Pl and n-
MOS varactor N2) am%r~staheariable capacitance
devices {(n-MOS variacﬂ)pu_tand p-MOS varactor P2) which the
amplifier 700 has Vce Ieath&@:@sigiy impressed with power
source voltage Booyn al \/i nput
to274 i nput to the

Now, with thea}ﬁﬁf Ta:rhifjé‘rter circuit 800, the
components operatizlgoaogriable capacitance devices may be
only the MOSFETs oééh& 8nFl.inier 700, for example. Also,

g 'to

MOSFETs generally txsF'deas éulltceh\e/sg Is;_‘i:fhhas the MOSFETs 802
through 806 such as shown ip, Fig. 26 for example, or the
dike, can be improve? In o eratlngnspeed by making the Gate
length shorter to (r)educeto gasistance. However, with the

charged main filte_p Ei@c%i@ Q)t), the MOSFETs 802 through 806

are parasitic capalci@a\(c_e ELt t'o QIQ vaLi§ale capacitance
devices, and accoza-inggzl cgqn:)a-lfactors reducing the
capacitance changéﬁda&ﬂI QLkchastsliBuitn the charge nain
filter circuit Botbit}aSateVu@clnitxaasge the switches such
as the MOSFETs sod rax]o'.b{ 526 a&ndaferably formed small

the vol tage

signal Yin

ate

clinari nmacecoAd



103061

The switch
al (12

sy: luptnnn
tzes w

in size. Of course, it is nepdless to say that the size of

the Gate terminals of the swnl cgeg such as the MOSFETs 802

through 806, and tké Iccgtri]gg'rat_io the MOSFETs 802

corougn 206, sre n® DOWMIel I tre anove.
(02751 sig. 31(al,

aiso, the chargdd@in 4@ be.it 800 can output
the output voltageGann‘e\G;tmeﬂplirfi@i with the bias
voltage being naintaR@, 1@&1@ uad operations of the
charged main £ilte VAR e @ing to the above-described
embodinents of the @G- Si gna|
02761 02 as high,

Accordingly, Lansdng the charged main filter circuit
800, there is no m@cbﬁﬁléﬁl_aéﬁnsitrﬁm circuit to be
provided with spectahﬁasr\jﬁm?rding output voltage

signals of the chagadljt?i& a.lter circuit 800, making
handling of the out uotl Vflg eesignals casier, and also
enabling contribution to fci:n cirguits and lower electric

source

power consumption. urther, the prolgbri]lity of the
magnitude of the outpu§ vo tag(e)sci!:jglal_becoming greater than
the power source vglkage%l can4[)2 ma!:leSlery small, so
there is no distox,JtiQnV\!n ouEpOcrvoltage signals, and
desired output voleaVeasrigaapJ cel be obtained.
[0277] Al SO, t he ’
(Ninth embodinent:SW T CH SW
Fig. 27 is anseypli};&.kwyoin'brznegustrating a
with the
cl ock signal
42, ec as to

CA ~ronnoart oAd



[ 0309,

Al so, in the
Boost state

shovvn”i’n Fig

charged main fllter c1rcu1t OO $W the amplifier 700,
o) ne

according to a nlnth embodlment resent invention.

[62781 opens

Making refereéi t@%‘é 2$| tgen:aalrged main filter
circuit 900 accordIn% toglglngtg ertbQ:.ment of the present
invention has basijtal.lnae saxangfiguration as the
charged main filvel HQHI s00fccotafdBeo the nintn
embodiment of the j)rﬂﬁutnvention. Now, as described in
the basic operatiohsQF tr@@@ged main filter circuit
according to the efpdQJF@E|of the present invention, the
Charge state and BVFtnspt}tarerilnan exclusive relation.
Accordingly, as shsvt 61 k ea,_ the power source voltage
applied to the MOSFEDT&@T amplifier 700 can be held in

comman. Al so, when
0279
roz7] t he el ocm

Accordingly, gle char%eji ma)'diilter circuit 900 can be
simplified in c1rcu1t F]flgur&tlon F]s compared to the

charged main fllter c:._rcult

(6280] tch SW
Also, even w:LuhaheCchgglggtnggwn in Fig. 27, the

charged main filtek g.rct b@m can output the output
voltage signal w@;@&hﬂﬂi@md @:ﬂdm bias voltage being
maintained, by thevaLeralaiexs of the charged main
filter circuit acchIdi&Cik 18 b @scrived embodinents
of the invention, 4nPthd dAne @y as with the charged main

hi gh t he

switch 5113

i s connected

he +t he NnAawor



(012]

As descri bed

shove, the

anpl i #¥ er
filter circuit 800100C

according to

[0281]

Accordingly, by ustng the charged main filter circuit

900 according to tl@lngMg&ﬁl‘rﬂelv of the present
snvention, thore 1EWROALNUAL downstrean cixeute o
be provided with s@fialtmlgﬁres regarding output voltage
signals of the chagrdasen.tter circuit 800, making
handling of the ouipn\lreﬁieis:@rﬁls casier, and also
enabling contributh:as fRer circuits and lower electric
power consumption.C]@ﬂ}fezi, gl’lﬂlprat%bplezy of the
magnitude of the oﬁpuwhefgf e?(infl becoming greater than
the power source vﬁ.;agw can be made very small, so
there is no distorVaAriaeltp\érvﬁtage signals, and
desired output volWﬁ sa.j;ﬁlsa?née obtained.

oz general ly -

{Tenth Embodiment)

The amplifiers accordl-ng to the .above-described first
through ninth embo ents are such t!l tz%ange in
capacitance occursz‘:f]e to Wr et§e ;Ie‘()t inversion.layers

are present in the — vg Qtogsand n~MOS varactors, and

accordingly perfoztn hre\re*w dﬂt nperatlons Now, the p-
MOS varactors and a—m valtaetagtln operate in an
naceumalation moddd fnel@AtH@ige in capacitance cccurs due
to accumulation OA'. ﬁerctl% miaSL SE)r the oxide £film.
Accordingly, even @l @sed/@ Fbih @@ fne amprifiers

| y arrayed

(here,

"vertical'

1 nAdi ~rat e A



- 164 -
vol t age
signal nan
been- -

, anplified by
according to the ahoveddescribed first thfough sixth
embodiments w;th the p- Még garact_ors and n-MOS varactors
operating in an "a;:\sﬁ'!\!l odle e the bias voltage and

voltage signal inp Xo tIhJN' %leler, the voltage signal

can be amplified, :Qa-rpa&é VL}{&Q C_Le'x the amplifiers
according to the aof3AAG@ea BBE kr@ugh sixen
embodiments. \M t h t he
{02831 magni t ude el
(Eleventh mmbodireftl@ D @S

Next, descriptid® |w5tuacg @de regarding an eleventh
embodiment of the befnn‘gvexhje‘i, d«ow, the embodiments
described above weagac]i: ﬁter’pta t(aglve the above-
described [first ptoﬁemt ﬁréugti ‘tléVéroblem] occurring

at the time of volVngfoﬁ % realizing a CMOS type
amplifier using MO% g .r of 1nverse conductivity types
{p—MOS and n-MOS) . erse t.he ampllfler according to
. the present embodlment an,t mpts to rdalize the same

functions as the above embodlments by using variable

capacitance device(s) l{LJESpv(la’!cgctors) of the same conductivity

cype. vol t age
(0284) si gnal never
[Principle of amplbf%tb}i} S@MNuplitier configured of
variable capacitanm%&s Sxarslainel conductivity typel
Fig. 28A throy;h gs.e&tare explanatory diagrams
illustrating the HA@@@erc@iamﬂgflicyc’ion with an
acircuit
havdny t he
anplifier
100N



il lustrating
an anplifi

et 1100
accorerng to
the | ee

amplifier accordin O . embodin]ent of the present
invention. Here, Fig. Z28A ‘al,lustrates a Track state, 28B

illustrates a Hold state, ancl J&Eiq\]ltlstrates a Boost state,

respectively. O t he
[0285] : pr esen_t

with rererencd TAVENE Qo rig. 280, the
amplifier configur&iogvariabBZapacitance devices of the
same conductive tyﬂ.>el lc“&tnt{ !atareaSbodiment of the
present invention, aav;roedﬁ:rst variable capacitance
device A of wnich §f @fa@tanc@AEks, and (2) a second
variable capacitangidg%ce BiBving the same conductivity
type as the first ifakiiibl,}gtpfc’ain(egevice A, with bias
voltage vad/2 and gpltfBpgjegt Vin being input to the

first variable capgcft e device A and the second variable
stratee;

capacitance devicerBé‘.g ﬁ:gﬁitnTe\yéT Ye connection state
£ th itch SWl. Al et iabl it
o e switc ] iooiéelﬂ?ri varidble capacitance

device A is connecw fohthe power source voltage source,
and the second variablF capacitance device B is connected to

the ground. Note that the bjgsnxglgaget i(s) shown as Vdd/2 in

Fig. 28A through FW %b, b§%f Q[}g is not restricted
to this. |-_9| g. 33, t oo

(02861 axiplitiar
As shown in FlglgSDQn the Track state, the switch
sWl is closed, wha@e@ﬁt@erbdais R age vad/z and voltage
signal Vin are inplutCVt'LJqlﬁe. switch SWl. Accordingly, the
twel fth
enbodi nent
of the

Ny noceoaont



1
Al so, the

Sour ce

term-mal and

Dral n
potential dlfferen:te at both ends of the ff:i.rst variable

m na.

capar:ltance device A :.s Val =_Vdd, — Vin, and the potential
difference at both ends oflthe second variable capacitance

device B is Vbl = \%9! g\grt OCIc'mseng'ntly, the first

variable capacitanérdgice A and the second variable

capacitance device%qamuggl ggge.t o
(02871 t he cower

Next, as showD Q@AUHGCEs, in the Hold state, by the
switch SW1 openingiGJn thaQEk state, input of the bias
voltage vdd/2 and ©ObbE @@alaﬂdtops. Here, the
following relationf |p@ ig) FBORAG e

{1} The charge Qali =n—Cl + Val = -C1 (Vdd/2 - Vin)

immediately prior &Gmrld:aﬁb @ening is held at the

lower side of the Wrsf harifbﬁéapacitance device A {(the

terminal at the s:Léed;rff:fétéiLtr H’ﬁ switch SW1 in Fig.

28B) . .

(2 1St ?t ebl Of (le/ d.

} The charge Qbl_= C V] = 2 + Vin) immediately

~ sunt ah” gn7,

prior to the switch SW opg ng 1s&d at the upper side of

the second variable capacitance device B (the terminal at

the side connected to rthl:answg.]tg] SWloin Fig. 28B).

10288] the p'

Now, the tota\./ @frc@aggt ggtalBZat the lower side of
the first varlale §pa<§tglmllexigct @Q’)d the upper side
of the second vaer@e &Q&tarpeom B is charge
ototalyg = 2 » C1SOAH. G@ordingly, the input signal Vin

vol t age
scarce and
t he ground

1 N



Al so, in the
Boost sl ate
:shown in
hig 3%2-the
switch aw

is equivalent to bein J.rfput to capacitance device having

twice the capacitancp of the capad ance C1.

[0289] e C Y
Next, as showrl 1nglg aJSC $lthe Boost state, the

capacitance of thegg.lxtngla;lgcapaCLtance device A and
‘the second variablL ngitaaDQvice B are each reduced
from €1 to C2 respiecnﬂunhe@f c1t-RBrotas.) by being
multiplied by 1/k.i 'Zmﬂ UI to say, the capacitance of the
first variable cap&k@lante&g&e A and the second variable
capacitance deviceSH| 1) nalci/x.
[0290] ",input is

At this time,gteopperda_rge Q' = (k - 1)C2 » vdd/2
making transition 11:@13%31:51: variable capacitance device
A to the power sourf'F g)&tgh @urce side, charge of an
amount equivalent éol tbec:krggi} gxhﬁfcelled out at the

lower side of the S’lft varlabétcapa01tance device A and
the upper side of F]hle seﬁondtvﬁslable capacitance device B.
Accordingly, the charg® at t e 1BJer szzof the first
variable capacitance device A 1

{(vdd/2 - kvin),

and in the same way, the charge at the upper side of the

second variable ca anI;]alncjg geClt eBtlL Qb2 = -C2 (Vdad/2 +
Xvin) . to toe

(02911 ground, and
Accordingly, whenethace, wme potential
difference impres£c| D6, ends of the first variable
signal 32 is
at irdgh the

ai ds ads
AWl



ion, the
anplifier
1100
accordeng to
the twel

capacitance deviceeA ii \82d=l Vdd/zn— kvin, and the
potential difference  impregsed on both ends of the second
variable capacitance device Beis Vb2 = Vdd/2 + kVin. Now,

the charge total Q_Qw[agcéteap_the lower side of the first

variable capacitanLerJiéégD; AmQJl:le upper side of the
second variable canagncy@-‘rile abzl L@e Boost state is
Qtotalses: = 2 c1C-a;EL&CQ'LotaaQC @.cordingly, the
charge is held wdlevi-cea sof.
[0292] i nverse

accordingly, G ONRE u:@ti]iievicctnygured of variable
capacitance devicef yfpeegamagndtcevity type according
to an embodiment off hueprvsamf inab}ore the input voltage
signal Vin can be evna}ﬁ&elc tcaﬁ:&@ce change ratio}
times, while maintdiéiv;i tteé'sas 6§age vdd/2 = Vbias, as

with the amplifienf haéing CMOS according to ewbodiments of

1 er

the present inventio criped above. Accordingly, with
anpri =
the amplifier conf'gzr f variable capacitance devices of

the same conductivity type according to an embodiment of the
anriordaln

present invention, the output volta is not unnecessarily

great as with the conventciongl MOSFET parametric amplifier

10, so the probabi@;!tﬁo\g eh!gtthl:Le problems of the
conventional MOSF}§ gpagﬁtllcr a@g@i@itr 10 described above

occurring can be uQ(fe v;r)hgall, thereby contributing to

finer cizouits anddfo@SEdMic pover consumption.
[0293] i nventi on,

so the

connecti on

rel ati on of

+hoa vari ahl o



i 3291 Al so,
with the
aspll ler
1100- =4 -
accordin

Also, the principle ampllflgtion with the amplifier
according to the above-described embodiments of the present
invention can be applie rega!rc!lessno cases wherein the

variable capacitance devic %onfiguring the amplifier are

CMOS or cases wherQI §.§xg1rj];ble capacitance devices are
of the same concuchiAMENT1 ON,
[0294) in the same
[Exceptional probi¥MAY aS wth

As described :ighle above [Principle of amplification
with amplifier conanip{i pefvir@ile capacitance devices of
the same conductivﬂf?@pe}, charge of the same amount is
cancelled out at oacze_'g'radi;fﬁlg f@ variable
capacitance devicetPlyps ofeitrrygltal of the second variable
capacitance deviceéarfﬁﬁdfaﬁéﬁtnected to the one

terminal of the vafjﬁﬁée Cfpﬁ:é:ance device A, whereby the
voltage signal can be am llfle by multiplication by the
capacitance change- ratlo, W fls maintaining the magnitude of
the bias voltage. However, there 1s 'a possibility that

ut

desired effects may not 9@ sufpllc'litently obtained in the
event that an unex\[{e_QJecI s@gaeion such as manufacturing
irregularities of st!e gl@sa' ariable capacitance device A
and second variabmsarciecjncg deaice B, for example,
occurs, such thatVQJchiagg difference AC occurs between
the capacitance osdhgﬂﬁd vaxh}sa,'s capacitance device A
and the second vaxbﬁe raapacitance device B. The reason

anplified by

bei ng

mul tiplied

hyy + ho 1A



[ 0329]
Whi | e
preferred
enbodisrent s
of the

thereof will be br'efrly descrikfd below with reference to -
. yresen

Fig. . : .

I nve

(0295) Itton

For example, in Qix\e/ evenbgmec a capacitance difference

AC occurs between tq égch r@eeoq the first variable

capacitance dev;Lce\Maxtd he second variable capacitance
device B, the chargeej Leﬁ,r ﬁ&ggﬁde t)@che first variable
capacitance devicetAhrGFig. 288 (the terminal at the side
connected to the sStcDfAGRBM2E ) 15 a1 = -
¢1(vdd/2 — Vin), a{iféiﬁ&AﬁhJ1@345ge af| the upper side of
the second variablp Spafiti@€lde@Q G in Fig. 288 (the
terminal at the si@e(yon§§€13f t§ fyggwiten sWl in Fig.
28B) is Obl = (C1 t He' Fj‘tdéséﬁt At this time, in
Fig. 28B, the totaF Ff\f@?thafgi)?ﬁ t?esgower side of the
first variable capfxf&tnce device A and the charge at the
upper side of the FeggdtvFriLagf ﬁﬁcitance device B is
Qtotal = (2 + CL +bAC Vi{x hAC + (Vdd/2), with the charge
being dependent on the bias woltage Vvdd/2.
o exanpl I't

Accordingly, Ithes outhut vQ[&ge signal Voutput output

from the ampllfler Vla ?erB§o toQa is that wherein the
bias voltage Vblast n@;@ h_erLeso Sn&Lirably been
amplified, as shox/n A‘:Ldprelssrilm Elhe

(0297] art could

(athematical ExplOIALLE VE
vari ous
vedi hi cetion
S or

~Arrorti Ance



173 -

mul tiplied
by the
capaci®tance
change ratio

e Hz‘:‘*’”g@? ut with

TacirAC Vﬁ'é vin
. (Expressmn 21)
magni t ude cf

(02981 t he bi as

Now, the amo1 Vi LB of the bias voltage vbias
shown in Expressioﬂﬁiiﬂiu&itﬂﬁfﬂe- %naller the
capacitance differgsgq?is, ;N 5@1,& the amplification
amount of the bias(31{adqlvpi@ is as compared to the
amplification amou@ Q) fré 1@15 RAtede @olified at the
above~described coﬂenhag Mﬁ@’e}ﬁrametric amplifier 10.
However, if the biislvfll_jget\lldasv'“* Tm ified as shown in
Expression 21, theteﬁéthtﬁﬁibjg'é}dthat the advantages
of the amplifier aﬁ:i;rﬁfgﬁo Tmlrotfifexé? of the present

invention, which a:&r"%abirg h:lmdling of the output voltage

signals easier”, "enablig catributio? to finer circuits
and lower electric, ppwer consumptih", and "desired output

Sl xt

voltage signals can be obtaiped", mmay not be obtainable.

odl nment

With the amplgfer E ngured of variable capazntance

devices of the sarnp Eo@i&c@ﬁty type according to H
embodiments of thel omeyeebnlt*tvlepan), the first variable
capacitance dev;cewkefteel sEI:onti hae.able capac1tance
device B are of thVE@al dorbuythvﬂg type. Now, with

nni Vs 610

t hrough 610

of the

ceonornnAd <

{0298}



capaci tance
Ls veil
abl e;

a secehd
vari abl e

variable capa01tancce devices of the same conductivity type,

pacl t

as long as the size is ganerally %}e same the capacitance

difference AC is e}greme]!y ZmAlL evgn if an unexpected

situation arises suc as(t\;x ufacturing irregularities or the

like, so the capacggcpagéeler@enﬁ %n be handled as a
negligible error. |A<§ordVrélK/,i ab Lheamplifier
configured of variﬁle eglcrtimg aJviIce of the same
conductivity type GORNEG te@Eindndq of the present
invention, the cap%ﬁdcefof ﬁhs{irst variable capacitance
device A and the sv:im@i’aabl.eeapacitance device B can be
made to be the sanf aﬂagi.ytﬂaﬁe\e, so the above-
described exceptiodévi)beee(’ioesaﬁdccur, and the
voltage signal can(j)f amatﬁied by multiplication by the
capacitance changei rﬁvuer se

00 conducti vit

{Amplifier accordlfgyo elev_Fnth enﬁ::‘]odlmgxt of the present

invention] -
said first

Next, an amplifier 1000 arcor ing to an eleventh

e

embodiment of the présent ?ﬁventlon will be described with

reference to Fig. 99atp§19hl EE aQIC Qere Fig. 29
illustrates a Tracd gt\!tle Gfethe aﬁ:ﬂg;er 1000 according to

the eteventn empodherls bod §d present invention, and pig.
30 illustrates a Jng\pqute dd s tnp1isier 1000 according
to the eleventh b @fent of the present invention.
{0301} sel ecti vel Yy

inputting a

bi as vol t age

and a

vvAal + Ao



the gate
term nal s ot
said first
vari able
capaci t ance

BAlso, Fig. 31 is_an explanatory diagram illustrating
aevlicé an

waveforms of signals accodding to the eleventh embodiment of

the present invention, with éieglqlsr’!rating control clock
signals for contro}/lgig ng 3,6(b) illustrating the input

voltage signal vm&\@RQQ LLANEGE er 1000 according
to the eleventh emﬂgyelutggthagrgent invention, and {(c)
iliustrating the ofEAE nltage signal Voutput, output from
the amplifier 1000GORHNRGE @dc1fe@in embodiment of
the present inventS@l @refrlal Gtie rig. 29 tnrougn rig.
31 illustrate the SWM vp1GIR, 25 being vbias = vad/2, it is
needless to say thftf}E@ bGE FPELEIE is not restricted to
the above-describefli.@r m na| and
(03021 drain

with seferenc pTH PG]C FE§f 20 the awelifier
1000 according to gha plgFenfhy spbgdfnent of the present

invention is config efi of S varactors N1 and N2. As
Var i abl e

with the MOSFET sh&w& inaE‘ci:gi. t2,at.:é'_)]ec:cépacitance of the n-
MOS varactors N1 a 2 can be changed depending on whether

or not there is an inversionelayg'rr: %ow, the n-MOS
varactors N1 and Ng (o)]‘:nt@eea(x%p!:iigigr 11;)09 preferably have

generally the same atQQe\@@ncsl widths and lengths (i.e.,

in the order of m§\9au&g1€ v.rjgrrce is permissible).
(03031 out putti ng
Input voltage HWME K inpStQl EdG€ o the Gate
terminal of the nVAQ® |vzirﬁigem, £X to the source
to. the
yrotlnd, via
n second

v t~rh AanAd



4. The
anplifier
according to
dairoeb;

ci naraccerir

terminal and Drain tedmlnal <tf ﬁhe 11-MOS varactor N2, in
accordance with the connatl n state of the switch SWL. Now,
the input voltage su;nal ht 1nput to the amplifier 1000

according to the eleventh & mgnt of the present

invention is a sigggﬂggl Ihgigg eoltage vdd/2 and the
vortage signar vindBVLG BoolNUs shoun in rig. 3100).
(0304] sai d second

aiso, the souMedn@D 2@ prain terminal of the n-
MOS varactor N1 ar@ aﬁabdtoﬁ}r&@@er source voltage
source and the grodzemiagedaa«f @th the connection
state of the switcP/f and the Gate terminal of the n-MOS
varactor N2 is ccha&FdaCthOfogf source voltage source
and the ground in §8Fddxcefwi.t‘a- gxt connection state of
the switch SW2. wtile'tlie rTIM(tS vﬁﬁ\?ris Nl and N2 are of
the same conductlvﬁg tyg th r_egntnals connected to the

switch SW 1 dlffersﬁc?r%ﬁly, in order to match the
increase/decrease fhﬁn e oé (c)aﬁaFltc::aéze for the n-MOS
varactors N1 and N2, 1F the evenft that the switch SW2 is

connected to the power spurce voltage source, the switch SW3

is connected to the groundn and in the event that the switch

SW2 is connected l,t) %r nrlougdalthe gﬁttch SW2 is connected
to the power sour‘;§ aollt_QJe tolurgeSt
(0305 vari abl e

Now, the swit&&ﬂ&@lkhtoaﬂél @th the clock signal
41 shown in Fig. e e bl ek when the clock signal
sourcm
term nal and
t het a

+arm nal Af



conpri si ng
at | eant one
or nore

adj ust% ng
vari abl e

$1 is high, and inpyg, e _bizs yoltage Vblas and voltage
signal Vin to the %tae. taar.méiialf; Ofr]ih n-MOS varactor N1
and n~-MOS varactor N Also, the switch SW1 opens when the
clock signal ¢1 is low, ere controlllng input of the
bias voltage Vbias arlfél Vo Lagetsz.lgrl\éJ V',Lryto the Gate
terminals of the ntM¥ pgactfxl I\rlglId n-MOS varactor N2.
Note that the relaM@rbtltv@Qltlg clock signal ¢1 and the
switch SW1l is not Q@Q@Qﬂtl @ﬂﬁ(@e, and the switch
sl may close whenARVEG@igQT 41 s 1ov.
(03061 said second

The switch swé./arrclir@iﬁeis @ith the clock signal $2
shown in Fig. 31(a( apa@@ teAPPE@=d to the ground
“when the clock sig@evii{:}eg’h, ahﬂnnected to the power
source voltage sous:ﬂa'nfnlt@rcloi:kﬁignal $¢2 is low, for
example. Also, thga{t(é SWS}dthlonizes with the clock
signal $2, so as tt ﬁaﬁmegﬁitathe power source voltage

source when the c]fcic Figlfl $2 is high, and connected to

the ground when Lh\e/ éﬁ!.Fcik s:.bnrl $2 is low, for example. Now,
as shown in Fig. 31(a), the cl ck 51gnal ¢1 and clock signal’
$2 are input such t atp;he phases € ereof do not overlap,

evi ce and

the reason thereof beéing tlie sam€ as with the above-

described first em§o@.lmeg ($o cgegcggﬁold state} .
[0307] vari abl e

tn the rrack GAPAGH [:AOCEH, tne input voltage
signal Vinput is id;&tvd.o eratea:&dinal of the n-MOS
at | east one
or nore
adj usting

cwva trhoe fFAr



devi ce,
andhi vari abl
e
capacitance
devi ce and

varactor N1 and the Sourca efrm:mal and, Drain terminal of
the n-MOS varactor NZ by e switch sw1 closing due to the

clock signal $1 gclng hJ. pki

0308] capaci t ance
Also, the swltgles\{Zl geonnaste@ to the power source

voltage source wher[vgvzllock signal ¢2 is low, and the

switch SW3 is connééa(r aQIte G;Kqu when the clock signal
$2 is low. AL thist tlﬂre, i&z&Hﬁ.EnCle/ers are formed at the
semiconductor intetf&{ meﬁaleOW the Gate terminals of
each of the n-MOS aﬁdordlﬁarid [§2. and the capacitance
of each increases.t Zeffoquinqq}alch‘argeofFrresponding to the
b}
input voltage signgaindt tshri;ctrmdated at each of the n-
MOS varactors N1 avia??l abl e
0309 1
ro3092 capaci t ance
Also, in the ?Tévit%eeshogrhzd Fig. 30, the switch
SWl opens by the céoa(- signa 1 goingto low, and input of
i*d™°f odrt'h

the input voltage signal. Vin ui: is stopped.
Variab
{0310}
cap Cit
Also, when the cidck signal 15 at high the switch SW2
is connected to the gr\o/und, g}d ﬁ\gnethe clock signal ¢2 is

at high the switcheS@BCi connected to the power source

voltage source. AQ gunggttﬁdnvlrgon layérs which
had been generatecSaa-it}g set\iicondSctor interface directly
below the Gate te: WML t;xCJé]:;q of the n-MOS varactor Nl and
N2, disappear, and theeca@&gr&s of each of the n-MOS

term nal of

said fourth

vari abl e

AAanart t ancro



7. The aspi

i fiat
according to
cl ai ml;
characteri z

varactors N1 and N2 decrease. At this time, the Gate
terminal of the n-MOS waractor N1 and the Source terminal
and Drain terminal he n-MOS varactor N2 have charge, so

the voltage signal :m is agltj_lfl y¥ult1pllcatlon by the

capacitance change rQQ ukty%haéeail dapac1tance, while
maintaining the maplt@§of¥}g |bltaa:gl@age vdd/2.
{0311] and a

Accordingly, Q@‘Svjn td E\{ge 31(c), the output voltage
Voutput of the ampphaseo according to the eleventh
embodiment of the M@J&nt ageion assumes a waveform
wherein the voltags Fl@ﬂaln has been amplified by being
multiplied by the ﬁ'&kti:aﬁgch@:p raio, with the
magnitude of the bdf foftéf @ﬁt Ji;ea(f held as it is, as
to the input volta§| ﬁarlnput. Now, the output voltage
Voutput is smallsrstgi; \}xF ﬁﬁ a)gce voltage vdd, so
there is no dlstortl oiataxt voltage as with the
conventional MOSFET Blrafxetrlc amplifier 10. Also, having
the clock signal ¢2 to rlse Tlowing the clock signal ¢1
falling as shown in FJ. ) causes transition from the
Track state shown 1nqj 29ﬁ v1a §h Hold state to the

Boost state shown *nafrgl

(03121 CapaC| t ance
as qescribed MBV I 1Gm@ Rl 1000 according to the
eleventh embodinerS ad e p8££t{)jnvd1tion has a
configuration aneMA i@ e ors which are generaliy
capaci tance
devi ce
anplify said

nAact +1 vwvoo



and , herein
sai d i nverse
phase
vol t age-

signal is

the same in size (}ﬁre slizie findica s the width and length
of Gate terminals) arerrpr rtica Ilyearrayed {here, "vertical"
indicates a symmetrical placement such as shown in Fig. 29,
for example. Accorgig'zpyaCh!ortz@mlgag'sand "diagonal" are
also included in tg congglatd_on of the amplifier 1000

according to the etetlxlltlr gbodiment of the present

invention as a mat&ﬁgfic@bl.e Now, even in the event
that there are manG%Ei{]Ei&éiiIréﬂJ}&}fEies in the n-MOS
varactors making ud&nyimﬂeieaﬂd, the capacitanceb
difference among tSatbsCarfe@tirif Hrremely small.
Accordingly, with \A@ P13} @00 according to the
eleventh embodimen &p&@i:etean'.cetion, even in the
event that there adzetvxixfczélriaeirraularities in the n-
MOS varactors makifgolﬂ i;hf Wprﬁr ﬁg, the capacitance
difference A can bg Ffﬁl ertéer‘\elyt srsi\&n

s said third

Accordingly, the rm lifier 1000 according to the
val ue. .0,
eleventh embodime: f the present invention can maintain
the magnitude of bias vo t.agF Jincluded in the input voltage

signal after amplific ion as _we%.
05141 according to
Thus, with thglarr@tlifm ﬂmo according to the eleventh
embodiment of the QLIQ@R arcelnteJrl),I J'Ze'xe same way as with
the amplifier 100 dcccircrj]ngt’chtaft first embodiment of the
present inventj.onsaiodpmf x}o]ﬁﬁ{ signal, wherein a
vari abl e
capaci t ance
devi ce, said

noarnnA



t he source
term nal s
and/ or drain
tern fraks of
sai d second

voltage signal has been amplified by being multiplied by the
vari abl

capacitance change ratio with the magnitude of the bias

voltage being heldcasa'g_al'scalsttoatrl]xecigput voltage signal,
can be output, so ggé{llp& ch@g@ dignal never becomes
unnecessarily greais aP!CCdl‘dltnngug Lih:uit having the
amplifier 1000 ach@IgltaQi &eventh embodiment of the
present invention Q&Q@Bia&iaﬂ GLorovided with
special measures r@&&ﬂlg(&&pu’a%eage signals of the
anplifier 1000 accCOIANEGE @@entt @ubodiment of the
present invention,S\ai.ndhapg%f the output voltage
signals easier, an§ @Hretae;mg @prribution to finer
circuits and lowel‘teecttihewer consumption. Further, the
probability of thegnlaga‘_alﬁad):‘_ thv i)ug\é voltage signal
becoming greater tfxab fj‘nr forfr source voltage vdd can be
made very small, ngrf bsn];) distortion in output voltage
signals, and desir\ﬂqo@:fgute Toltage isi?zfals can be obtained.
[03151
{(Twelfth Embodimentt)h.e e?/e|ntcd0f

A configuration uging n-MOS varactors has been shown

with the amplifierSl\MO tacgobding) € 1. cventn envodiment
of the present in\QnQi!;]rn gscatx g&gﬂifteo configured of
variable capacitargz,ac!ex‘;jcesccgw rsame conductivity type
according to an enddddniCL jne $:as|en€l invention.
However, an ampli:fi@ Wdedidares of variabie capacitance
devices of the sa®\Mnd:@€ficd Spe according to an

connected to

t he ground,

with the

AAanart t ancro



di sposad
upst r eam of
said first
I Nput z6s -
urn: whereis
embodiment of the %eae’lntdlnv\ilélrnt :Léqé restricted to

using n-MOS varact0§5i g«\ccor 1ng nex a configuration
using p-MOS varactors W e. of i verse conductivity type
as to the n-MOS varactors w:.ll be iljustrated as an

amplifier according toel%lwelftlﬁl odiment of the present

enptta | a a
103161 V0| t age

Fig. 32 and rral ggraprleLtery diagrans
illustrating an am;lgieph(arazg&ding to the twelfth
embodiment of the &ha{ in‘nxgiorbyFig. 32 {llustrates a
reack state, and rAb3Qiifsicfi&ta Boost state,
respectively. Var| abl e
(03171 capaci tance

With referencde\ﬁgcré’andgiai { rve amplifier
1100 according to Shee:éﬁd en\gﬁment of the present

invention is config;t:eébfl pé‘IOS varactors Pl and P2. As

with the MOSFET shedaﬁxé‘tgr fAé&ﬁié‘g 2B, the

capacitance of the 08 varactors Pl ajd P2 can be changed
deViee, "and

depending on wheth§rao|r apt th re is an inversion layer.
Now, the p-MOS vagpactors Pl and P2 of the amplifier 1100
preferably have generally the sameeGate terminal widths and

lengths (i.e., in he Qr@er OJ mg' fgcturlng variance is

pernissible). d eV I C e .
0316] 11. The
Input voltaqeasrimll I\/J_fxpaclc QIEu to the Gate
ing to
Cair. 3,

characterize
A 1 n +t hat



a first

i nput unit

for

aciechVbiy
uttin

terminal of the p-l E%OEP aractor Pl fnd to the Source

terminal and Drain tezrmi nal of the p—-MO varactor P2, in
accordance with the co nection state of the switch SW1. Now,
the input voltage s:.gnal gt input to the amplifier 1100

according to the téiﬁg Qr@idlmetlt of the present invention

is a signal whereixsgé ).gasvalt[‘agS/t/dd/Z and the voltage
signal Vin are supééﬂ}[oée@-b{l tee same way as with the
amplifier 1000 acc&}a@a&:iihl OB enbodiment of the
present invention @¥H D rANGw).
10319] sai d second

Also, the Souvﬁtfexima@ |are Drain terminal of the p-
NOS varactor PL arg aﬂae@ e E@er source voltage
source and the groulﬂ "Imtaccordance with the connection
state of the switcaﬁ\?a ai]dﬁhetGﬁaterminal of the p-MOS
varactor P2 is congegrddo fhf ?.o?t source voltage source
and the ground in vgfdiingbwft%the connection state of
the switch SW3. Wl&lle the vM%S varactors Pl and P2 are of
the same conductlvn:apy e, the T \"mlnals connected to the
switch SW 1 dlffer Acco dlng y, in order to match the
increase/decrease change of Cal ac19aa for the p-MOS
varactors Pl and qu th@'gf that the switch SW2 is
connected to the pghgﬂpsa\gée t/O@EL_]C erce, the switch SW3
is connected to tl‘U QLIOILId, afﬁ al the event that the switch
sw2 is connected ©@E Prodl, the switcn sw3 is connected

to the power sourds eahi.Ratd. on
of the SSJ.
conponent s,
O-brain, in

+ hoa oviant



a step for
asi i Fyi ng
said vol tage
si gnal; - hy
re6ubbud t he
capaci t ance

In the Track stafe shown, in Fig. 32, the input voltage

[0320]

signal Vinput is inpuyt to the the terminal of the p-MOS
varactor Bl and the \Jour;c_%tceminal and Drain terminal of

the p-MOS varactor \égbry Itk@'bvjitgx SW1l closing due to the

clock signal $1 goigga‘pg.a-.Ci t ance
{0321l devi ce and

Also, the switSiDdiis SBEORED the pover source
voltage source wheQd habli@1 62 is 1ow, and the
switch SW3 is conn@apaelietganﬁtc‘@en the clock signal
42 is low. At this(H@W| @@ sy i@ ave formed at the
semiconductor intega% dreftiy rbgctw the Gate terminals of
each of the p-MOS eaﬁatfltaxaﬁt énd the capacitance
of each increases.t zﬁco:ain%% Chorﬁeoborresponding to the
input voltage signtla"p;axb istacélﬁutl‘éed at each of the p-
MOS varactors Pl agdrFél ler than
o said first

Also, in the BCooas.t state shown in Fig. 33, the switch
aclta
8W1 opens by the clockps\i?g,na 1 g!].ncggo low, and input of

Input is stopped.

{0323] e

Also, when thgmlc Lign}ﬂl‘pﬁg at high the switch SW2
is connected to tr@@xtmg-.d when the clock signal §2 is
at high the switciodeLiO rcodle&lag td t@ power sourzce
voltage source. [Lhadi e tge4.pversion layers which

characterize
din said
step for

arnml 1 Fyvi nA

the input voltage siéna



a second
switch -unit
for

sel eetevel y
out puttin

had been generatedtahthe sem11 rtduct r interface directly
below the Gate terminal of e ch of th p MOS varactors PL
and P2, disappear, and he capaCJf;ances of each of the p-MOS
varactors Pl and P2 y ase. At t[l Qmae, the Gate /
terminal of the p- D%?‘va ctor P1 and the Source terminal
and Drain termlnala'{mal A Joyjaggor P2 have charge, SO
the voltage signal uﬂhl ampl§ﬁcl Id multiplication by the
capacitance changeaﬂpl ll:yfc}}étlgeng capacitance, while
maintaining the maHn‘ide of the bias voltage Vdd/2.
[0324] i ncl udi ng

Accordingly, :a_bclml@rison with the amplifier 1000
according to the e@&pa@.i)otilaﬂcgthe present
invention, the ampdévilb)éacefding to the twelfth
embodiment of the Wffnt hsventj_.on Tgeriable capacitance
devices of inverse_con&;ﬁ' 'éy types as to the variable
capacitance deviceé Ffttgﬁ??éfiisrgooo according to the
eleventh embodime £ the ent invention, so the
connection relatl‘o]}q/ ?fr hed;éc[iable capacz.tance devices
differs, but it can be understood that the function as an

amplifier is the same.

(03251 vari abl e

As described gogpqgél Itpgﬂgtewo accoxding to the
twelfth embodlmentdoe\/kje gzesengtnventlon has a

configuration whe Ip—GCla varactors which are generally

the same in size @@pa@a £ HACO he width and length
is variabl e,
electrically
connected Le

carl A firet



and whereto

sai d vol tage

signal is

anpl rf& ed

with the
of Gate terminals) are vertically arrayed (here, “"vertical”
" éapacitance o
indicates a symmetri placement such as shown in Fig. 29,
for example. Accox Lngly, %orlzontal" and "diagonal® are

also included in the con§guratlon of the amplifier 1100
according to the tMJ@Lrh eng' J!m(gt of the present invention

as a matter of cougap.algwl, tsvaqnlg a:e event that there
are manufacturing Qﬁé&iagﬁes arnde p-MOS varacters
making up the amplsai oo SRCONM: ance aifrerence
among the M0s varaM@{ {sable@1y smatl. accordingly,
with the amplifieroapa@;}dtnaﬂee twelfth embodiment
of the present invE}@NA| €@ L Je @ent that there are
manufacturing irregEGGﬁdn valrﬁévaractors making
up the amplifier 1S)n-&‘:e|c€fcittnﬁaﬁference A can be
made extremely smadlgi  t | r el

oszel val ue.

Accordingly, T7ampl‘tfﬁé1100 according to the
twelfth embodlmentfof It f E:esent invention can maintain the
magnitude of bias voltage lndluded in the input voltage
signal after ampll atlpn as we

{0327}

aiso, with G Q@&@QL@&L&@W to the tweltth
embodiment of the gxesleno 1nfreUcht1 hlﬁ‘ [he same way as with
the amplifier 100 QQJHLB ltosdhenigrsteembodiment of the
present inventionl Jalthpdc SMisd Ch1, wherein a
voltage signal nadUbdh tmpif DX by being multiplied by the
setting said
anplifying
unit roan

T Nt +1 al



a first
val | abl e
capaci tance
runt - of -
which ca is

capacitance change \7aéirg iwiét.ubtreemﬁagnitude of the bias
voltage being held as ify is as to the input voltage signal,
can be output, so the output vpltage signal never becomes
unnecessarily great. Accordingly, a circuit having the

amplifier 1100 accorcal'nrg Ito e tWelfth embodiment of the

present invention rg%gazcrleetisazg ge%rovided with
special measures rég’!x](lnt; O\ngxt voltage signals of the
amplifier 1100 acc([}lillg eﬂthe twelfth embodiment of the
present invention, Gaﬂ&@ﬂdltuaﬁicﬁ output voltage
signals easier, anril SsoVrakfljinﬂbrlt@J’ution to finer
circuits and lover@|e@Q4 wodeiC@lstmayfion. Further, the
probability of the @@ CYE %quoquqa voltage signal
becoming greater ts?iiihtjpo#éi 1o%§1§ voltage Vdd can be
made very small, syt [9¢ %éstortion in output voltage
signals, and desir@laﬁ[ﬁtiot‘cﬁﬁ%(@als can be obtained.
i
TeemmEmt®ald firstm

The amplifiers according to the above-described first
through eighth embodiments aretsuch that change in
capacitance occurs due_pto %Iethera'gfcng inversion layers

are present in theupq'[_kstvarg[l and n-MOS varactors, and

sccordingly perrord Ao SEEONH ions. wow, tne o
MOS8 varactors and —ﬁJE iva@tllvre also operate in an
"accumulation modeG a&&g l:htn&ni.c %pacitance occurs due
to accumulation oﬂ’uﬂejctton &&6 hear the oxide film.

being a

cenbi nai | on

of the sane

~ormMmnnont o



capaci tance
is variabl e:
a second
vari abt e
capaci t ance

Accordingly, even la cases &Eerepla ing the amplifiers
according to the abo e—.des ibed first through eighth
embodiments with the p-MOS va;:actors and n-M0OS varactors

operating in an "aqcu@{h@@lon mode ngf%he bias voltage and

voltage signal lnput %o t\(e@gtpll @DJ g}e voltage signal
can be amplified, L@ltkggatnerwlaycaalbuthlthe amplifiers
according to the aM@QQJr;SeGEl@Q through eighth
embodiments. to Sal d
{0329] first

while preferrdd abdiiadh @ the present invention
nave been describe@;apa{;eir{marq(yee attached drawings,
it is needless to ée\])@tele ;preaﬂ dnvention is not

restricted by thesaex’fmi)lfssﬁt is clearly understood that
one skilled in thei aﬁs:@].d Cﬂ(ﬁivt various modifications
or corrections witf.ib l‘,he scope of the Claims, and these are

alsc encompassed 1§ é\r é&ﬁf f b rpe of the present

invention as a matjer of course
- Fh=c oltage
For example, with, the amplifier according to the second

embodiment of the presen 1nQQ1on, a configuration has
been shown wherein thegal;n-]p@lfler anordlng to the first
embodiment fLrtherS qctlu@e; tnulltIget a'd]\(stmg p-MOS
varactors of whlc}a&]e! gaJ e_v.dth is very small, but is not
restricted to thi@@xp@GJtitzraQrG ©he amplifiers
according to the \dﬁ&/dhz@\ﬁn ﬁﬂkdembodiments may further

sai d second

vari abl e

capaci tance

| Aav/ii A~



20. The
anplifier
according to
d ai m19,
c-ctcrizad

include multiple adjustirtg Ip]—MOtS varactors of which the gate
width is very small fescrlbed bove, the adjusting p-
MOS varactors Whlch the amgggn_er accorrdlnq to the second

embodiment of the present lnventlo as serve to adjust the

bias voltage, and Qlth a configuration wherein the

amplifiers accordl@qplhi IthcCt@:I:JgYDSlxth embodiments
include multiple aglusamu@tzarmors of which the gate
width is very smal eUol e @ignal, of the bias voltage
sal.dobi-as
and voltage signal\AQLtLtS@Eamd.lﬁier, can be amplified.
[0331) i npressed on
Also, while asaiidratficin FaSJtig a CMOS has been
illustrated with tvappp_ab* ecording to the third
through fifth emboei&gacfitteaﬁtfxé invention, this is
not restricted to d]ﬁeavz'fm&i@lraaﬁdand arrangements may
be made wherein, fgrjixad)les gtﬁﬁaiers according to
the third through \fllétP Fméobire%s of the present invention
may be configured &f variable capacitance devices of the
acr f'an
same conductivity epa.s with the eighth and ninth
embodiments of the, pregent inve ntion-. Further, the
amplifiers accorxding to th; third through fifth embodiments

of the present 1nvent1§n may have configurations including

both a configuratl@r[mJlrlg N@I arllga configuration with
variable capacitalcpdexgeﬁjf Hla 1a9eg conductivity type.
With these config@itioﬁﬁﬁ@lﬁ,%tipuz voltage signals
wherein the voltad® iglatbad @ bpiicica by being

said first

vari abl e

capaci tance

Aoyt ~ra AanAd



wherein, in
t he event of
sai d second
swi t ch® bei ng
connected to

multiplied by the c§paciitance change ratio can be output

with the magnitude gfotjel bi rx;o'?t?gee grrl\aintained.
(03321 , said

Also, while a tco_m:!ig_[; _gion has been illustrated with

the charged main eded J;JthCal&«onlgg to the sixzth
embodiment of the é;éngJquJ;Jkﬂan br@n the amplifying
units 610 through Lhe tﬂa|243&ifkﬁkp filter circuit are
of a configuration\Ai ﬁhiWamﬂljﬁiar according to the first
embodiment of the ;Ga@paﬁxiexttaxn @@ is not restricted
to this configuratQf, a@@perolifyving units of the
second SING filterfcjrfugtin the charged main filter

circuit according va]reis'able@odiment of the present

invention are amplé'aﬁve:i:rtixaﬁt%e second through
fifth, seventh, anﬂévl': wdiﬁﬁaof the present
invention. Even ixsai:aﬁ wlgréﬁ 6hﬁ anplifying units are

of the above confi@:g}ilonaﬁmr gplifying units can output

voltage signals wherein the .vo%tage signal has been
capam a X

amplified by being ulvi.plied by, the, capacitance change

ratio, with the matqni udle gfethquals ujgage maintained.

(0333] aken am

The above—des§r@decontil;u¥aSitns are readily
achievable by one g@lléﬂ‘@n the art, and should be

understood to belcgJ]Ld tAMgcgiKraeJnJLpope of the present

invention. is the event
of said
second

switch being
connected to

+ A Ar AtinA



wherein, in
t he event of
sai d second
swi t chs bei ng
connected to
sai d “ptwner
source, said

1: An amplifier thﬁfci.eazenéwccf\péiﬁmg:

a first variatilescap&c‘étﬁnﬁzé{%'ceezﬁ which
capacitance is varjable; .
a‘second variable catpa‘lcignce deyice of which

capacitahce is varg le, eﬂc ﬂical\i\g c!:mtlcted to said

first variable capacitance device, and of an inverse

conductivity type g:g\ggg:iilsl_avgr@aele capacitance
of tale

a first inputfuliiir §1 selectively inputting a bias
voltage and a vore M@ L@ ) @id rirst varianle
capacitance deviceGaaiGRE beto@ RG@>1e capacitance
device, devi ce and

wherein, in 1@ @@ tSOROMHE vorteve and said
voltage signal are\ﬁ.a)pti tab'.déirst variable capacitance
“device and said seeoapf&eai)lf aﬁeénce device, the
capacitance of said éiﬁsit Caélabﬁé;rpﬁ'gance_ device and
said second variabﬁeaﬁpéchtangsjevice is taken as a first
ek said first

and wherein sa‘é oltage signal is amplified with the
©Sralrue

device; and

) :
capacitance of saigd finst v riable capacitance device and

and wher el
said second variable capacitance device Ls a second value
smaller than said f?st el}lu_@'. event

sai d

second

solteln

bei ng

~Annort od + N



a second
vari abl e
capaci tance
devi ce of
- whi ch
2. The amplifier etaﬂia,e ';otcaxﬁldecharacterized in
voltage for cancelii'ng:hevlaJriiiﬁibzln ért;ount of said bias
voltage being imprees'ade:b tafdifjéﬁlv1ri9ble capacitance
device and said secenb Wgstcaaditincs device.
said tirst

3. The amplifier according ;tg Claim 1, characterized in
Variabl

e

that said first variable capagitance device and said second

cap
variable capacitanc ad' vi@écalretmg":nvgrgtors, said first
\VA

input unit having a Trst swirch,
the gate termin lseoE gilldnfirstl vniable capacitance

device and said se!onearieb\{eecguacitance device are each
connected to said L.na;wltcs,al d

the source tefdndSna i@k tteargl@ of said first
variable capacitananigicsaé @nnected to a power source
for outputting poero;Lutcageage, or to the ground, via a
second swiv’tch, andsi gnal are

the source termnpuztd dlta:o terminal of said second
variable capacitarseaﬂiévd:e frf fogntcted to said power
source, or to the VLallﬁdI, atbrl é\ird switch,

wherein, in tcegﬁﬁdf taﬁﬁ%oéd switch being
connected to said doév isoerée, gﬁd hird sw'}tch is
connected t‘o the gz)é.rid,dwitg éhé (c)apaaitance of said firsF

variable capacitance deuice a d salpsecond variable

capacitance device being taken as salid first value,

and in the e&r@@f_a'sgild e@:gdcs%tch being connected
devi ce, the

capaci t ance
O Said

firet
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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.

4. The amplifier according to Ciaim 1, characterized in
that said first variable capacitance device and said second
variable capacitance device are MOS varactors, saild 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 capacitaﬂce
device is connected to a power source for outputting power
séurce 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 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 said second switch being
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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.

5. The amplifier according to Claim 3, characterized in
comprising ét least one or more adjusting variable
capacitance devices, of bthe same conductivity type as said
first variable capacitance device or said second variable
cvapacitance 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
ecach of the source terminal and drain terminal of said at
least one or more adjusting /Varié\ble capacitance devices ‘to
said power source or the ground,

wherein said at least one or more adjusting variable
capacitance devices have the gate terminals thereof each
connected to said first switch, in parallel to said first
variable capacitance device -0r said second variable

capacitance device, as to said first input unit.

6. The amplifier according to Claim 3, characterized in
further comprising:

a third variable capacitance devicé of which
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capacitance is variable; and

a fourth variable capacitance device of which
capacitance is variable, electrically connected to said
third variable capacitance device, and éf an inverse
conductivity type from said third variable 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 coﬁnected to said first switch,

the gate terminal of said fourth variable capaciténce
device is connected’to a power source for outputting power
source voltage, or to the ground, via said seéond switch,

the gate terminal of said third variable capacitance
device is connected to sald power source for outputting
power source voltage, or to the ground, via said 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 third
variable capacitance device and said 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
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source, with the capacitance of said third variable
capacitahce device and said fourth variable capacitance

device being taken as said second value.

7. The amplifier according to Claim 1, characterized in
that '

said first input unit selectively inputs said bias
voltage and a positive phase voltagersignal making up a
differential signal serving as said voltage signal,

said first variable»capacitance device and said second
variable capacitancé device amplify saild 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 inverse
cénductivity type from said third variable capacitance
device; and

a second input unit for selectively inputting, to said
third variable capacitancé device and said fourth variable
capacitance. device, said bias voltage and an inverse phase
voltage signal of which the phase has been inverted from

said positive phase voltage signal;
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wherein, in the event that said bias voltage and said
inverse phase voltage signal are input to said third
variable capacitance device and sai@ fourth variable
capacitance 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 capacitance of said third variable
capacitance device and said fourth variable capacitance

device as a fourth value smaller than said third value.

8. The amplifier according to ¢laim 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 gate Eerminals of said third variable capacitance
device and said fourth variable capacitance device are
connected to said second switchj

the source terminals and/or drain terminals of said
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first variable capacitance device and said third variable
capacitance device are connected to a power source for
outputting power source voltage, oOr to the ground, via a
third swi{ch,

the source terminals and/or drain terminals 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 said third switch being

- connected to said power source, said fourth switch is

connected to the ground, with the capacitance of said first
variable capacitance Aevice 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 beiné taken as said
third value,

and wherein, in ﬁhe 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
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 value.
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9. The amplifier accerding to Claim 1, characterized in
that the capacitance of said’first variable capacitance
device and said second variable capacitance device is taken
as a third value greater than said first value in the event
of attenuating said voltage signal,

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 sald first input unit in parallel 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 capacitaﬁce 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
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capacitance device, and said at” least one capacitance device.

11. The amplifier according to Claim 3, characterized in

that said MOS varactor is a reverse mode MOS varactor.

12. The amplifier according to Claim 3, characterized in

that said MOS varactor is 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
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 saidvfirst 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
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same first value,

and wherein said voltage signal is amplified with the
capacitances of‘éachrof said first variable capacitance unit
and said second variable capacitance unit as a same second

value smaller than said first value.

“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 comprisinq:

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 said first

capacitance.
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15. The amplifying method according to Claim 14,
characterized in said step for anplifying said voltage
signal further comprising:

7 “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 said bias véltage and said
voltage signal in accordance to the ratio of said first
capacitance as to said second capacitance; and

a step for canceling out a charge equivalent 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 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
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capacitance 1s variable; and

a second variable capacitance devicde of which
capacitance is variable, electrically connected to said
first variable capacitance device, and of an inverse
conducti&ity type from 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
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 unft 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
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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 ampiifying unit inciuding

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 value,

and wherein said voltage signal is aﬁplified with the
capacitances of eéch of said first variable capacitance unit
and said second variable capacitance unit as a same second

value smaller than said first value.
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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 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 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
bias voltage is impressed on said first variable capacitance

device and said second variable capacitance device.
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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 accoxding to Claim 21, characterized in
that said first variable capacitance device and said second
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 capacitance device are each connected 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 second switch, and

the source terminal and drain terminal of said second
variable capacitance device are connected to sald power
source, or to the ground, via a third switch,

wherein, in the event of said seéond 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,
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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 capaciténce 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 cabacitance 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 source
for outputting power source voltage, or to the ground, via a
second switech, 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 said second variable
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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 sourcé, with the capacitance of said first
variable capacitance deﬁice 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 cutput;
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
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 voltaqe.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
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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 dévice 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.



