
DESCRIPTION
ANFLifiER,
PIIPLIEVING
METHOD, AND
FILTER
Technical
field 100011
The present
invention
relates to
en
ernnlifier,t
n amplifying
method, and
a filter.
Machground
)0002(
In recent
years, with
don [eye
tern on
Chip) for
wireless
communicatio
n wherein an
RF (Radio
Frequency)
circuit and
digital
cirnmiL
drt.,
iflOILIded
in a didgle
(MOS
(Comple(00am
y Metal
Oxide
Seniconoluct
or) chip,
there has
been
clevetoped a
technology
for finer-
RE' vinouits
and lower-
electric
power
consumption,
hy employing
analog
discrote-tim
e signal
processing
technology
such as
current mode
(sampling
wiall
high-speed
clocks,
switched
capacitor
circuits,
and so
forth.
[0023)
An example
of a
technique to
realize
finer RE'
circuits and
lower
electric
power
ponaumption
using a
discrete-tam
e parametric
amplifier
(MOS=
parametric
amyliflen)
configured
of a
MCIM)E1'
(Metal Oxide
Semiconducto
r Field
effect
nnans(d,or)
is Patent
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00011 
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Problem
W0051
]Ioeiever
wIth rile
above-descri
bed
conventional
NMSDDT
pamametinc
amplifier,
'Ale bias
voltage and
voltage
signals
input- to
the MOSFET
paramernic
amplifier
are
amplified
together
while stall
in a
superimposed
state.
Accordingly,
the output
signale or
die MOSFET
parametric,
amplifier
are
ussecessaihl
y Treat, and
the output
signals are
dinficuln to
handle, to
the extent
that high
voltage
endurance
needs to he
provided to
the
downstream
components
which
receive the
output
signals.
Also, when
the output
signals of
the MCSPET
parametric
amplifier
arc
unnecessaril
y great, the
arrangement
becomes
unsuitable
for finer
circuits and
lower
electric
power
consumption.
Further, in
the event
that tam
output
signals of
the MOSFET
parametric
amplifier
are- greater
than the
power source
voitage, the
capacitance
of the
MOSFET
decreases,
resulting in
distortion
of the
signal
waveforms of
the output
signals.
loose]
Embodiments
of the
present
invention
provide a
new and
improved
amplifier,
amplifying
method, and
filter,
capable of
amplifyiny,
of 



bias voltage
and vc leage
signals
input to an
amplifier,
the voltage
signals.
reclurical
Solution
100071
According to
a first
aspect of
the present
inveniion, L
here is
provided an
amplifier,
comprising:
a first
variable
capacitance
device of
which
capacitance
is variable;
a second
variable
capaciLanace
device of
which
calvacr.ance
is variable,
electrically
connected to
the first
variable
capacitance
device, and
of an
inverse
conducnivity
type from
the first
variable
capacitance
device; and
a first.
i.nput uni t
for sel
anti-gel y
nputting a
bias voltage
and a
voltage
signal to
the first
variable
capacitance
device and
the second
variabre
capacitance
device,
wherein, in
the event
that the
bias voltage
and the
vortage
signal are
input to the
first
variable
capacitance
device arc
tile strand
variable
capacitance
device, the
capacitance
ot tile
first
variable
capacitance
device and
the second
variable
capacitance
cevice is
taken as a
first value,
and wherein
the voltage
signal is
amplified
with the
capacitance
at the first
variable
capacitance
device and
the second
variable
capacitance
device as a
second value
smaller than
the first
value_
r00081
"he above
amplifier
has a flint
variable
capacitance
devise, and
second
variable
capacitance
device, and
a first
input unit.
The
capacitalpe
of the filet
variable
capacitance
device is
variable.
Also, the
second
variable
capacitance
device is'
or an
inverse
conducuivity
type from
the first
variable
capacitance
device, and
the
capacitance
thereof is
variable.
The first
input unit
selectively
inputs shins
voltragetana
a voltage
signal to
the filet
variable
capacitance
device and
the second
variable
capacitance
devic*. Tn
the event
that the
bias voltage
and the
Voltage
signal are
input to the
first
variable
capacitance
deyice and
the second
variable
capacitance
device, the
capacitance
is Laken as
a first
value, and a
charge is
accumulated.
Then, the
first
variable
capacitance
device and
the second
variable
capacitance
device
reduce the
capacitance
from the
First value
to a sealler
second
value, So as
to output an
output
voltage
signal
amplified by
tire voltage
signal beim;
multiplied
by the first
value as to
the second
value. Note
that the
bias voltage
le
substantiall
y not
engalified,
since the
charge
equivalent
to tae
amplificatio
n amount is
canbelied
out at the
first
variable
capacitance
device and
the second
variable
capacitance
device. 



[000h] Also,
voltage
fcanceling
the
errptlfloati
cn amount et
the bias
voltage may
be impressed
on the firs:
variable
capacitance
device and
the second
variable
capacitance
device.
[00101
The tdiar5e
equivalent
to the
amplificatio
n amount of
the
amplified
bias voltage
can be
cancelled
out at the
first
variable
capacitance
device and
the second
variable
capacitance
device, by
imbresring
power SQUICe
voltage, for
example.
[0011:
mac, an
arrangement
may be ede
wherein the
first
variable
capacitance
device and
the second
variable
capacitance
device ere
MOS
venlig-ors,
for example,
the first
input unit
has a first
switch, fer
example, the
gate
terminals of
the first
variable
capacitance
device and
the second
variable
capacitance
device are
each
cenrecied to
the first
switch,
these urce
terminal and
drain
terminal cf
the first
variable
cepacitence
device art
connected to
a potbr
Source for
outputting
power source
voltage, or
to tte
crotuld, via
a second
switch, for
example, and
the source
terminal and
drain
terminal of
the second
variable
capdtateme
device ere
connecied to
the power
source, or
to the
ground, via
a third
switch, for
example,
wherein, in
the event of
the second
switch being
connected tc
the power
source, the
third switch
is connected
to the
ground, with
the
capacitance
of  



the first
pp:Act:to
capacitance
device arid
Lire second
variable
capacitance
device being
taken an the
first varuc,
and MI the
event of the
second
switcn being
connected to
the ground,
the tnird
switon is
conne0ei to
the pauses
source, with
the
capacitance
of the first
variacle
capacitance
device and
tan second
variable
capacitance
band oe
being taken
as :he
second
raise.
.0012] flee
first
variable
capac-itaecc
device and
the second
able
capacitance
device are
HOti
vaunters,
for example,
having
mutually
inverse
camductivity
. Also, the
first input
unit
hasfirst
switch, for
example, and
s actively
the bias
voltage and
the voltage
aignau to
the first
variable
capacitance
device and
the sound
variable
capacitance
device is
dee:Urdu=
with
opening/clos
ing of the
first
switch. The
date
terminals of
Llie first
variable
capacitance
device and
the second
variable
capacitance
device are
each
canna:a:Mee
to the first
spit oh.
Also, :he
source
terminal and
drain
Larmtul of
the first
variable
capacitance
device are
connected
to, for
example, a
poser source
for
outputting
power source
voltage, ar
tc the
ground, via
a second
switch, and
the-source
terminal and
drain
terminal of
toe second
variable
capacitaue
device are
connected
ao, fop
example, the
power
source, or
to the
ground, via
a third
switch]  - 7
[00T 3]
acre, in rho
event of the
second
switch,
being
connected to
the power
source, the
third switch
is connected
to the
'Jocund,
with the
capacitance
of the first
verdePle
capacitance
device and
the second
variable
capacitance
device
beingi taken
as the first
value. Also,
in the event
of the
second
switch being
connected to
the ground,
the third
switch is
connected to
ihe power
SW:Alia,
with the
capacitance
of tae first
variable
capacitance
device and
the seechd
variable
capacit
ancei device
being taken
as the
sevpmd
value. Due
to the
second
switch and
thind switch
being
operated so
the'. the
sunned:ion
destinations
are mutually
different,
the
increase/dec
rease in
capacitance
od the
mutually-1
nye
ree-vendilet
ivity-t ype
first
variable 



capacitance
device and
second
variable
capacitance
device
becomes the
sane. [Mc:
Alec, an
aznangeMent
nay be made
wherein the
first
variable
capacitance
device and
Lve second
variable
capes] Lance
device are
MOO
varactors,
far exempla,
the first
input unit
having a
first swittl
the source
terirdnal
and drain
terminal of
the first
variable
capacitance
device and
the source
terminal end
drain is
causal of
the second
satiable
capacitance
device arc
each
connectd ic
the first
switch, the
gate
terminal of
the sesind
variable
capacitance
device is
con:Landed
tuapuver
source for
outputting
Power source
vortage, or
to the
ground, via
a second
awlicib and
the gate
Leiminal of
the aide
variable
capacitance
device le
connected to
the power
source., or
to the
ground, via
a third
switch,
wherein, in
the even, of
the second
switch being
connected to
the power
source, the
third switch
is
of-nada:fed
to the
ground, with
toe
capacitance
of the first
variable
capacitance
device and
the second
variable
capacitance
device being
taken as the
first value,
and wherein,
in the event
of the
second
switch being
connected to
the ground,
the third
switch is
connected to
tie power
sondes!,
with the
capacitance
of the first
-variable
capacitance
device and
the second
variable
capacitance
device being
faker, as
the second
value. 0015]
The first
sociable
capacitance
device and
the second
variable
capacitance
device arc
HOC
varacnors,
for example,
having
sadually
inverse.
conductivity
. Also, the
first input
unit has a
first
switch, and
is capable.
of
selectively
inputting
the bias
voltage and
the voltage
signals to
the first
variable
cepac:rance
device and
the seccnd
variable
capacitance
device in
accordance
with
opening/clea
ted of the
first
switch, for
example. Tee
source
terminal and
drain
texivinal of
the first
variable
capacitance
detice and
source
terminal and
drain
terminal of
the second
variable  



corecdfance
device are
each
connected to
the first
switch.
Also, the
gate
terminal of
the second
variable
capacitance
device is
connected,
to, for
example, a
power source
ter
outputting
power source
voltage, Of
0 the
ground, via
a second
switch, and
the gate
terrdnas of
the first
variable
capacitance
device in
cots's:fed,
for exempla,
to the cower
source, or
to the
ground, via
a third
switch. [C
5161
Acre, in the
event at the
second
switch being
connected Lc
the power
source, the
third sward,
is connected
to the
ground, with
the
capacitance
cf the first
variable
capacitance
dbolce and
the second
variable
ciapaitsmce
device being
taken as the
first value.
Also, in the
event of the
second
switch being
connected to
the ground,
the third
switch is
connected to
tho power
source, with
the
capacitance
all the
first
vaniajole
capacitance
device and
the second
variabla
capacitance
device being
taken as the
second
value. Sue
to the
second
switch and
third switch
being
operated so
that the
connection
destinations
are actually
different,
the
increase/dec
rease in
capacitance
of the
mutually
ireerse-cuis
itictiviLy-t
ypie first
variable
capacitance
device and
second
variable
capacitance
device
becomes the
same.
According to
this
configuratio
n, the
signal
voltage can
be amplified
while
maintaining
the bias
voltage.
0017J
Also, the
amplifier
may comprise
ac least one
or more
adjusting
variable
capacitance
devices, of
the same
conductivity
type as the
first
variable
capacitance
device or
the second
variable
capacitance
cavice, and
smaller in
gate width
taan the
first
variable
capacitance
device and
the secord
variable
canactrance
device; and
at least one
or more
ad-justing
switches,
for example,
for
connecting
each of the
source
:arid:nil
and d;a in
terminal of
the at least
one or more
adjusting
variable
capacitance
devices to
the payar
source or
the ground,
wherein the
at least one
or more
adjusting
Vbrfable
capacitance
devices have
the gate
terraJ nal a
thereof eaba
connected to
the first
switch, i.
parallel to
the -first
variable
capacitance
device or
the second
variable
capacitance
deyice.
1001S1
The
amplifier
includes,
for exanpla,
at least ane
or mare
adjusting
variable
capacitance
devices, and
an least one
on mere
adjusting
switches.
Eect of the
adjusting
variable
capac i sane
devine. it a
variable
capacitance
device of
the same
conductivity
type as the
tirst
variable
capacitance
device on
the seecad
variable
capacitance
device, and
smaller in
gate width
than the
first
variable 



capacitance
device and
the second
variable
capacitance
device. The
gate (Gate)
terminals of
the
adjusting
vaciabie
capacitance
devices are
each
connected to
the Li rot
switch, and
the source
(Source)
terminals
and drain
(Drain)
terminals
thereof are
each
connected Lo
the
muftis:dint
switches
correspondin
g to the
adjusting
variable
capacitance
devices. The
area of the
gate
terminal of
the first
variable
capacitance
device oi
toe area of
the gate
terminee of
the second
vari able
capacitance
device can
be Indirect
ly adjusted
by matching
the
connection
state of the
'adjusting
switches to
the second
as itch la
case wherein
the
adjusting
',Liable
capacitance
devices are
of the same
conductivity
type as the.
first
variable
capacitance
device; or
the third
switch ;a
case wherein
the
adjusting
variable.
capacitance
devices are
of the same
conductivity
type as the
second
variable
capacitance
device).
00191
Also, tee
amplifier
may further
comprise: a
third
variable
capacitance
:levice of
which
capacitance
is variable;
and a
fOlIrth
variable
capacitance
device of
whi rth
capacitance
is variable,
electrically
connected to
the third
arPible
capacitance
device, and
of an
inverse
conclucLiti
Li  ype from
the third
variable
capacitance
device,
wherein the
third earl
abl his
capacitance
device and
the fourth
variable
capacitance
device are
mOS vs
rectors, for
exarnpl e,
the source
tenrinala
and drain
te=inals of
the third
variable
capacitance
device and
the sou rhe
tenni nabs
and ire in
tertMnala of
the four:- t
wart chic
capacitance
device are
each
connected to
the first
sketch, the
gate
terminal of
the fourth
variable
capacitance
device is cc
enacted to a
power source
for
outputting
power source
voltage, or
to the
ground, vie
the second
switch, the
gate of the
third
variable
capacitance
device is
connected to
the power
source ter
outputting
Lancer
entice
voltage, or
to the
ground, vi-a
the third
switch, and
wherein, in
the event of
the second
switch being
connected Co
the power
source, the
third sultch
is connected
to the
ground, with
the
capacitance
of the third
variable
cateacitance
device and
the fourth
variable
capacitance
device being
taken as the
first value,
and wherein,
in the event
of the
second
switch being
connected 



to the
ground, the
third switch
is connected
to the power
senrhe, with
the
capaciLance
cf the third
variable
capacitance:
device and
the fourth
variable
capacitance
device being
taken as the
second
value.
[00101
The
amplifier
may further
chnterise a
third
variable
c-aac_tacce
device and a
fourth
variablu
capacitance
device. The
third
variable
capacitance
device and
the fourth
variable
eapatetance
device are
MOS
vorachors,
for examt
having
mutually
inverse
conductivity
. The source
terminate
and drain
terminals of
Lhe Third
variable
capaciLance
device and
the fOUrth
variaboe
capacitance
bevies are
each
connected to
the t irst
switch, for
example.
Also, the
gate
terminal of
the fourth
variable
capacitance
device is
connected
tO, for
example, a
power source
for
outputting
power source
voltage, or
to the
'ground, via
the second
switch, and
the gate
terminal of
the third
variable
capacitance
device i
connected
to, for
exagple, the
power
source, or
to the
ground, via
the third
switch.
[00211
NosA in the
event of the
second
switch being
connected to
the poker
source, the
third
suite!' 18
connected to
the ground,
wiLth Lice
capacitance
of the third
variable
dapacitar:lo
device and
the fourth
variable
capacitance
device being
Laken as the
ft tat
Value. Also,
in the event
of the
second
switch being
connected to
the ground,
the third
switch ie
connected to
the power
source, with
the
capacitance
of the ilhad
variable
capacitance
device and
the fostib
variable
capacitance
device being
taken as the
seeend
value. Due
to the
second
switch and
third switch
being
operated so
that the
cdnnection
destinatiwns
are
mutually:
different,
the
increase/dec
rease in
capacitance
of the
mutuallaiuve
rse-condacii
vitysiype
tthnd
variable
capacitance
device and
fourth
variable
capacitance
device
becomes toe
same.
According to
this
configuratic
h, the Si
gicel
lclhage can
he amplified
while
maintaining
the bias
voltage.  - 



[00211 also,
Cr.
arrangement
nay be wade
wherein
input unit
seltectiVAy
inputs toe
Sias voltage
arid a
positive
phase
voltage
signal ne1
r'd up a di
fterentiai
signal
serylng as
the
voitagetoe
first
variable
capacitance
device and
the second
variable
capacitance
' device
amplify
posiL ive
phase
voltage
signal with
the
capacitance
as a second
value
smaller than
the first
value, the
amplifier
further
comprises a
third
variable
capacitance
device of
which
capacitance
is variable;
a fourth
variable
capacitance
device of
which capaci
tance a
variable,
electrical]-
y connected
to the third
variable
capacitance
device, and
of an
Inverse
conductivity
type from
the third
variable
capacitance
device; and
a second
Input unit
for
selectively
inputting,
to the third
variable
capacitance
device and
the fourth
variable
capacitance
device, the
bias voltage
and an
inverse
phase
voltage
signal of
which the
phase has
heed
inverted
from the
positive
phase
voltage
signal;
wherein, in
the event
that the
bias mai
cage and the
inverse
phase
voltage
signal arc
input to the
third
variable
capacitance
device and
the fourth
variabl a
capaci Lance
device, the
llaiSACI.Lan
ce of the
third
variable
capacitance
devico and
the fourth
variable
capacitance
device are
taken as a
Mimi value,
arid wherein
the inverse
phase
voltage
signal is
amplified
with the
capacitance
of -die
third
variable
capacitance
device and
the fourth
variable
capacitance
device as a
fourth value
smaller than
the third
value.
t00251
Thc
asspiificr
durther
comprises a
third
variable
capacitance
device, a
fourth
variable
capacitance
device, ends
second input
anti. The
third
variable
dapanitanid
device and
the fedarth
variable
capacitance
device have
mutually
inverse
conductivity
, and
correspond
to the RIM_
variable
capacitance
device and
second
variable
capacitance
device.
Alma, the
accord
i.npl't uniM
is e
component
corressondin
g to the
first input
unit. The
first input
unit
selectively
rapists the
ties voltage
and a
positive
phase
voltage
signal
making up a
differential
signal
serving as
the voltage
signal to
the first
yea-labia
capacitance
device and
the second
variable
capacitance
device.
Also, toe
second :mitt
unit
selectively
;newts the
bias voltage
and an
inverse
phase
voltage
signal, cf
which the
phase has
been
inverted
from the
positive
phase
amltege
signal, to
the third
variable
capacitance
device and
the fourth
variahle
napacitance
device. Now,
input cr the
positive
phase
voltage
signal or
inverse
phase
voltage
signal at
the [gist
input unit
and second
input !MIL
is performed
synchronousl
y.
Accordingly,
the
amplifier
outputs
differential
signets by
outputting
output
feclisge
signals
wherein tne
positive
phase  



voltage
signel has
been amp'
ifica, from
the first
variable
capacitance
device and
the second
veri able
capacitance
device, and
outputting
output
voltage
signals
wherein the
'rvierse
phase
voltage
signal has
been
amplified,
from the
third
Variable
caracirance
device and
the fourth
variable
capacitance
device.
I0024]
Alas, an
arrangement
may be made
wherein the
first
variable
capacitance
device, the
second
variable
capacitance
device, the
third
variable
capacitance
device, and
the fourth
variable
capacitance
device, aid
HOG
varactors,
for example,
the ?I rst
input unit
basing a Li
at switch,
for example,
the second
input. unit
having a
second
switch, for
example, the
gate
terminals of
the fleet
Variable
capacitance
device and
the second
variable
capacitance
device are
connected to
the first
swirch; the
gaie
terminals of
the third
variable
capacitance
device and
the fourth
variable
capacitance
device arc
connected to
the second
switch; flip
source
terminals
and/or drain
tenni nals
of the
Hostle
capacitance
device and
the third
variable
capacitance
device are
connected,
for example,
to a power
source for
outputting
power
source.
voltage, or
to the
ground, via
a- thi ni
switch, the
source
.erminals
anri/tor
Crain
terminals of
the second
variable
capacitance
device and
the flyer IL
Vdriable
capacitance
device are
connected to
Line  power
source, or
to the
ground, vice
fourth
switch, and
wherein, in
the event of
the third
asitch being
connecied
the power
source, the
fourth
switch t5
connected to
the ground,
a PM the
capacitance
ot the first
variable
capacitance
device and
the second
variable
capacitance
device being
taken as the
first value,
and the
capacitance
of the third
variable
capacitance
device and
the fourtli
variable
capacitance
device being
taken as the
third value,
and wherein,
in the avent
of the third
awl Leh
being
connected to
the ground,
the fourth
switch is
connected to
the power
source, with
the'
capacitance
of the first
vamiable
capacitance
device and
the second
variable
capacitance
device being
taken as the
second
value, and
the
capacitance
of the third
variablE
capacitance
device and
the fourth
variable
capacitance
device being
taken as the
fourth
Vflitte.
[0025]
'The first
vim able
capacitance
device and
the seimaid
variable
capacitance
device are
ties
veractors
for example,
having
inalmally
inverse
conductivity
. in the
same way,
the third
variable
capacitance
device and
the fourth
variable
capacitance
device are
MOS
varactors
for example,
having
actually
inverse
conductivity
. Also, ,he
first input
tint t has a
fizaP switch
for example,
and
selectively
inputs the
hies voltage
and positive
phase col
tage signal
to tie first
variable
capacitance
demi cc and
the second
variable
cape itance
device in
accordance
mith
openipg/clpe
ing of the
first
switch. Lc
the same
way, the
second input
unit has a
second
switch for
example, and
selectively
inputs the
bias voltsgS
end inverse
phase
voltage
signai to
the third
variable
capacitance
device and
the fourth
variable
capacitance
device, in
accordance
with
oparting/slo
sing of the
second
switch. The
gate
terminals of
the first
variable
capacitance
device and
the second
variable
capacitance
device are
eacg
connected to
the first
switch, and
the gate
terminals of
the third
variable
capacitance
device and
the fourth
variable
capacitance
device are
each
connected to
the second
switch. Now;
the source
terminals
and/or drain
terminals of
the first
variable
capacitance
device and
the third
variable
capacimance
theatre are
connected to
n power 



source for
outputting
power source
voltage, Or
to the
ground, vies
third
switch, for
example, and
the source
terminals
and/or drain
terminals of
the second
variable
capacitance
device and
the fourth
variable
capacitafee
device are
connected
Sc, the
power
source, or
to the
ground, via
a fourth
switch, for
example.
(CO26] Now,
in the event
of tue
second'Pit
being
ccnnected to
the Inps,r-
au-arcs, the
third switch
is connected
to the
ground, with
the
capacitance
of tire
first
variable
capacitance
device end
the second
variablp
capacitance
device being
taken as the
first value(
and the
capacitartoc
of tee third
variable
capacitance
device and
the fourth
variable
capacitance
device being
taken as the
Liii rd
value. Also,
in the event
of the
second
switch being
connected to
thetround,
the third
switch is
connected to
the power
accrue, with
the
capacitance
of the first
variable
capacitance
device and
the second
variabe
capacitance
device
toeing taken
as the
second
value, and
the
capacitance
. of the
third
variable
capacitance
device and
the fourth
variable
capacitance
device being
taken an the
fourth
value.-Die
to the
second
switch and
third switch
being
operated so
that ths
connection
destindloce
are
antitank,
dtiterent,
the
increase/dec
rease id
capacitance
of
the.matually
-inyersei
conductivity
-type first
variable
capacitance
device and
second
variable
rdpecittnce
device, and
of the
mutually
inverse-cond
uctivity-typ
e third
variable
capacitance
device and
fourtn sari
able
capacitance
device,
becomes the
sane. [0d21]
Also, ail
arrangement
may be made
where n the
Capacitance
of the first
variable
rwpacitance
device and
the second
variable
cdpardtarta
device is
taken as a
tgird value
greater than
tfie first
value Mt the
evevi er
attenuating
the voltage
signal, the
amplifier
furtner
cemorising
at least 



One th.i.rd
variable
capacitance
device of
the save
conductivity
type as the
filet
variable
capacitance
device  - 20
- and of
which
thecitance
is variable,
connected to
the first
input unit
in parallel
to the first
second
variable
capacitance
device.; and
at least one
feurth
variable
capacitance
device of
the sail's
conductivity
type as the
dye vaidable
capacitanct'
device and
of which the
capacitance
is variable,
connected to
the first
input unit
in parailml
to the
second
variable
capacitance
device. [MU
By the
capocitance
of the first
var iabl.e
capacitance
device and
the second
variable
tapaciten:,
devio, being
Laken as a
third value
greater than
the first
value, the
doltade
signal can
be
attenuated
by
multiplicati
on by a
ratio of the
ritmt value
correspondin
g to the
third value.
Also, the
amplifier
further
comprises at
least one
third
variable
capacitance
device and
at least one
fourth
variable
capacitance
device. The
third
variable
capacitance
device is of
ftc save-
conductivity
typo as the
first
variable
capacitance
device and
the
capacitance
thereof is
variable.
Also, the
fourth
variable
capacitance
device is or
the same
conductivity
type as thc
second
variable
capacitance
device and
the
capacitance
:hared? iS
Variab:S.
Now, the
third
variable
capacitance
device and
the fourth
van able
capacitance
device, in
the same way
as with the
first
variable
capacitance
device and
second
variable
capacitance
device, can
perform
amplificatid
n by
multiplicaLi
dn by a  -
21 - ratite
of the first
value
correspondin
g to the
becord
value, by
reduction of
the
capacitance
to a second
value
smaller
Lisa's Lisa
first value,
and else,
the voltage
signal can
be
attenuated
by
multiplicati
on by a
ratin of the
first value
by
ceiraspondin
g to the
Uhlte.
value, by
taking the
capacitance
as a third
value
greater than
the first
value.
ACcebdinglat
, the gain
of output
voltage
;ideals
output from 



. the ampl 1
lieu: can be
switched
over by
independentl
y chang
incteaae/dec
rease of"
capieflande
at toe =st
variable
capacitance
tdevice and
the second
variable
capard lance
device, and
of
capacitance
at the third
variable
capacitance
device arA
the fourth
variable
capaci lance
d e ea 00291
Also, the
amplifier
may uueprlae
at- tease
capeciaance
device
having a
predetermine
d
capacitance
and capable
of
accumulating
a charge
equivalent.
to the
-predetermin
ed
capacitance,
disposed
upstream !of
the first
trpnt urat,
wherein the
voltage
signal
whiter the
first input
unit inputs
is a voltage
signal due
to charge
sharing by
the first
variable
capacitance
device, the
second
variable
capacitance
device, and
the at least
one
capacitance
device.
10010]
The
amplifier
receives
infect of
voltage
signal, by
charge
sharing of
the at least
one
capacitance
device
disposed
upstream or
the first
inptm unit,
the first
-22-
variable
capacitance
device, and
ihe second
variable
capacitance
device, and
voltage
signals
frren the
charge
fly caul be
auplified.
Accordingly,
cbs
amplifier
can be used
as the final
stage or a
charged main
filter
circuit
configured
with a SINC
filter, for
example.
[0031] 



Also, Live
MOO
varactorreve
rse mode FOS
varactor.
[00321
also the MOO
varaccor may
bc an
accumulation
raodc FOS
sal-actor.
[0010]
The MOS
maractor may
he a reverse
mode MOS
varactcr, or
an
accumulation
mode MOS
varactor.
While the
reverse mode
SOS varactor
and
accumulation
mode MOO
varactor
differ in
the workings
of how
capacitance
is
inoreasedide
sreaaed,
both are
capable of
capacitance
incr
ease/decreas
e, au the
amplifier
can amplify,
of the input
bias voltage
and voltage
signal, the
voltage
signal,
[0034]
According
toe second
aspect of
the present
ir ration,
tirereivorov
ided an
amplifier,
comprising:
a first
variable
capacitance
unit of
chick
capacitance
is variable;
a second
variable
capacitance
inilt of
avlaicia
capacitance
is variable,
- 



electrically
connected to
the libel
variable
capacitance
unit; and a
first input
unit for
selectively
igpMting a
bias vo_tage
and a
voltage
signal to
the first
variable
capacitance
unit and the
second
variable
capacitance
unit,
wherein the
first
variable
capacitance
unib and the
eacond
variable
capacitance
unit are
each a
combination
of the same
components,
and wherein,
in the event
that the
bias voltage
and the
voltage
signal are
input to the
first
variable
capacitance
unit and the
second
variable
capacitance
unit, the
capaciLanvbs
of the first
variable
capacitance
unit and the
second
variable
capacitance
unit are
each taken
as a same
first value,
and wherein
the voltage
signal is
ampl if ied
with the
capacitances
of each of
the first
variable
capacatanca
unit and the
second
variable
capacitance
unit as a
same second
value each
Era liar
than the
first value.
[0035]
According to
this
configuratio
n, the
capacitance
of the first
variable
capacitance
device and
the second
variable
capacitance
device can
each be made
the sae., so
the .signal
rootage can
be amplified
while
mainLaininy
the bins
voltage.
10030
According to
a third
aspeck. of
the present
inventl cm,
there is
provided an
amplifying
method,
relating tm
an amplifier
including a
first
variable
capacitance
device of
which cape
citasic a is
variabie,
and a second
variable
capacitance
device of
which
capacitance
is variable
and of an
inverse
cbnducibiLy
Ltpe from
the first
variable
capacitance
device,
comprising;
a step for
inputting a
bite voltage
add a
voltage
signal to
the first
variable
capacitance
device and
the secvmd
variable
capacitance
device, and
actumulatdng
a first.
charge
correspondin
g to a first
capacbLanthe
; a step for
holding the
first
charge, and
a voltage
correspondin
g to the
bias voltage
and the
voltage
signal; and
a step for
amplifyitg
the voltage
signal by
reducing the
capacitance
of the first
ariable
capacitance
devicb and
the second
Variarne-
capacitancb
device flow
the first
capacitance
to a second
capacitance
smaller than
the first
capacitance.
LOOM 



The step for
amplifying
the voltage
signal may
further
comprise: a
step for
reducing foe
capacitance
of the first
ariable
capacitance
device and
the second
variable
capacitance
device from
the first
capacitance
to the
second
capacitance;
a step for
amplifying
the bias
voltage and
the voltage
signal in
accordance
to the ratio
of the first
capacitance
as to the
second
capacitance,
and a sten
for
canceling
out a charge
equivalent
to the
amount of
amplificatio
n of the
amplified
bias voltage
at the firbL
variable
capacitance
device and
he second
thlibable  -
capacitance
[00381
ny osng this
method, of
the input
hies voltage
ars voltage
signal, the
voltage
signal can
he
amplified.
W0101
According bo
a fourth
aspect of
the present
invention,
there is
prneded a
filter
comprising:
an
amplifying
unit to
which a hiss
voltage and
a voltage
signal arc
input, with
the voltage
signal being
amplified
and output;
a first
switch unit
for
selectively
inputting
Ono bias
voltago and
thc 'voltage
signal to
the
amplifying
unit; anon
scoond
switch unit
for
selectively
outputting
the voltage
signal
output from
the
amplifying
unit, the
amplifying
unit
including a
first
variable
capacitance
device of
which
capacitance
is variable;
and a second
variable
capacitance
device of
which
capacitance
is variable,
electrically
connected to
the first
variable
capacitance
device, and
of an
inverse
conductivity
type fIDER
the first
variable
capacitance
device,
wherein, in
Lhe eveni
that the
bias voltage
and the
voltage
bignal are
inf., rr,
the first
variable
capacitance
device and
the second
variable
capacitance
device, the
caparktance
of the firsL
callable
capacitance
device and
the second
variable
capacitance
device is
taken as a
first value,
and wherein
the voltage
signal is
amplified
with the
capacitanco
of the  - 26
- 



egret
variable
capacitance
device and
the second
variable
capacitance
device aa a
second value
sma....er
than the
first valig,
[05451
With this
configuratio
n, the
signal
voltage can
be amplified
and output
Virile
maintaining
the input
bias
voltage.
[0041]
Also, the
filter may
further
comprise a
third switch
unit for
setting the
amplifying
unit to an
initial
state prior
to input or
the voltage
signal.
[0042]
With this
configuratio
n, even Joe
case wherein
input of
bias voltage
and voltage
signal has
been
repeatedly
performed,
the signal
voltage can
be amp-ified
and output
while
maintaining
the input
bias
voltage, in
D. state
wherein the
amplificatio
n efficiency
of signal
voltage is
maintained.
[00131
According to
a fifth
aspect of
the present
invention,
there is
provided a
filter
comprising:
an
amplifying
unit to
which a bias
volLage and
a voltage
signal arc
input, with
the voltage
signal being
amplified
and output;
a first awl
rose unit
ro--
selectively
inputting
the bias
voltage and
the voltage
signal to
the
amplifying
unit, and a
second
switch tnit
for 



.selectiveny
outputting
the voltage
signal
output. from
Lhe
amplifying
unit, the
amplifying
unit
including a
:isal
variable
capacitatee
unit of
which
capacitance
is variable;
and a second
variable
capacitance
unit of
wni.ch
capacitance
in variable,
electrically
connected to
the first
variable
capacitance
turit; with
the first
variable
capacitarc
snit and the
second
variable
capacitance
unit each
being- a
sclUbination
of the same
components,
wherein, in
the event
Oath She
bias voltage
and the
voltage
signal are
irpst to the
first
variable
capacgtance
unit end the
second
variable
capacitance
units Lice
cpani
tangles of
the first
variable
capacitance
unit and the
second
variable
capacitance
unit are
each taken
as a sale
first value,
and wherein
the voltage
signal is
amplified
with the
capacitances
of each of
the first
variable
capacitance
unit and the
second
variable
capacitance
unit as a
came second
value each
smaller than
the first
value.
[0044].
Witn this
configuratio
n, the
aigaal
voltage can
be amplified
and output
while
maintaining
the input
bias
voltage.
[9045],
idccording
to a sixth
aspect of
the present
Invention,
there is
provided all
amplifier
compodsing .
Cows
variable
capacitance
device  of
which
capacitance
is vaniate
e; a second
variable
Oapard tAnqe
device of
whims
capacitance
is variable,
electrically
connected to
the first
variable
capacitance
device, and
of an
inverse
conductivity
types as to
the first
variable
capacitance
device; and
a first
input unit
tot eeleciA
vely I
riputt ing a
bias voltage
and a
voltage
signal le
the .first
variable
capacitance
devi ce and
the second
satiable
capacileone
define,
wherein, in
the event
that the
bias voltage
and the
voltage
signal are
iriPUT to
she first
variable
capacitance
device and
the second
variable
capacitance
device, -the
capacitance
of the first
variable
capaciLance
device and
the second
variable
capacitance
device i3
taken as
afire:
vaine, and
wherein the
voltage
signal is
amplified
with the
capacitance
of the fire
t variable
capacitance
device and
the second
variable
ce.pacitance
device as a
second value
smaller than
the fits,
value.
[0046] 



The
amplifier
has a first
variable
capacitance
device, a
second
variable
capacitance
device, and
a first
input unit.
The
capacitance
of The first
variable
capacitance
device i3
variable.
Also, the
second
variable
capacitance
device is of
an inverse
conductivity
hype as the
first
variable
capacitance
device, and
the
capacitance.
is variable.
The first
input unit
selectively
inputs a
biaz voltage
and a  - 29
-- voltage
signal to
the first
variable
capacitance
device and
the second
variable
capacitance
device. in
the event
that the
bias voltage
and the
voltage
signal are
input to the
firs',
variable
capacrtance
device and
the second
variable
capacitance
device, the
capacitance
of the first
variable
capacitance
device and
the second
vaciabis
capacitance
deviee is
taker, as a
first value,
and a charge
is
accumulated.
The first
variable
capacitance
devlce and
the second
variable
capacitance
device
reduce the
capacitance
to a second
value
smaller than
the above
Chet value,
thereby
outputting
an entpui
vol tage
signal
xhercin the
voltage
signal has
been
amplified by
multiplying
hy a rat lo
of the .
first value
as to the
second
value. Note
that the
bias voltage
is
substantiall
y not
amplXfied,
since the
change
equivalent
to the
amplificatio
n amorist is
cancelled
out at  the
first
variable
capacitance
devise and
the second
variable
capacitance
device.
E0017]
1 tege in-
canceling
the
amplificatio
n amount Of
the bias
voltage nay
be impressed
et Ole first
variable
capacitance
device and
[he second
variable
capacitance
device. 



[0042] Also,
imrespower
source
voltage, for
example on
the first
variable
cepaciterice
device and
Lis second,
variable
capacilance
device,
enables
charge
equivalent
to the
amplificatio
n amount of
the bias
voltage to
he cancelled
out. 1,04191
Also, an
arrangement
may be made
wherein the
first
taiilable
capacitance
device and
the second
variable
capacitance
device are
MOO
varactors,
tor example,
the first
input unit
having a
first
switch, for
examble, the
gate
terminals of
the first
variable
capacitance
device and
the second
variable
capacitance
deviate are
each
connected to
the first
switch, the
SOtlfCC
terminal and
drain
terminal at
the first
variable
capacitance
device are
connected to
a power
S01:7:Ce for
outputting
power source
voltage, or
to the
ground, via
a second
switch, for
example, and
the source
terminal.
and drain
terminal of
the second
variable
capacitance
device are
CUlitiefIlte
ti to the
power
source, or
to the
ground, via
a third awl
ten, far
example, and
wherein,. in
the event of
tot second
switch being
connected to
the power
source, the
third switch
is Certeeted
to the
ground,
witih the
capaci
tenet, or
the first
variable
capacitance
device and
the second
variable
capacitance
device being
taken as the
first value,
and wherein,
in the event
of the
second
switch being
connected to
the ground,
the third
switch is
connected to
the power
source, with
the
capacitance
of the first
variable
capacitance
device and
the second
variable
CapaCitanee
device being
taken as the
second
value. 



[00501
The first
variable
capacitance
device and
the second
variable
capacitance
device are
MOS
varactors,
for example,
having
mutnaily
inverse
cenductiviLy
. Adam the
first input
antM has a
first
switch, and
the bias
voltage mnd
the voltage
signal are
selectively
input co the
first
satiable
cape
olhancmdevic
o and the
secund
variable
capacitance
device in
accordance
bilMa
opening/clos
ing of Ac
"Out switch.
Tim gate
terminals of
llte first
variable
capacitance
device and
the second
variable
capacitefwe
device are
each
connected to
Ilia first
switch.
Also, the
source and
drain
terminals or
the first
variable
capacitance
device are
connected to
a power
source far
outputting
power source
voltage, or
to time
ground, via
a second
switch, box
example, end
the source
terminal and
drain
terminal of
the second
variable
capacitance
device are
connected to
the poker
source, or
to the
ground, via
e third
slitter, for
example.
[0051]
Now, in the
event of the
second
switch being
connected to
the pews'
acidic., the
third switch
is
cmainected
to the
ground, with
the
apace:Lance
of the first
variable
capacitance
device and
the second
variable
Capacitance
device being
taken as the
firs, value.
Also, in the
event  - 32
- of the
second
switch being
connected to
the .ground,
the third
awi fib is
connected to
the power
source, with
the
capacitance
of the first
variable
cepaciltaroe
device and
the second
variable
capacitance
device being
taken as the
second
value. Coe
to the
second
switch and
third switch
being
opeepted
'as, that
the
connection
destinations
are mutually
different,
the
increase/dec
rease in
capacitance
of the
butually-inv
ersetconduct
doity-type
terse
variable
Capacitance
device and
second
variable
darpc
itrance deed
cc becomes
the same.
:00521
the sap l f
er slay cum'
floe at
tease one or
more
adjuathdg
van shse
capacitance
devices, of
the saie
conductivity
type as the
first
variable
capacitance
device or
the second.
variabee
capacitance
dcvi cc, and
sop 1 lpr in
gate width
than the
firer
variable
canaciaance
device and
cite second
Yar able
capacitance
device; and
at least one
or more
adjusting
switches for
connecting
each of the
sourcs
:ermined and
drain
terminal of
tie at
_Least one
or more
adjusting
variable
capacate.nce
devioee to
the power
source or
the ground,
whelpid the
at least one
or more
'adjusting
van i chic,
capacitance
devices have
the gate
terminals
thereof each
connected to
the float
input, in
parent:4 to
the first
vent  chic
capacitance
device or
the 'second
veritable
capacitance
device.  



[00531
The ampdifie
includes,
for
'example, at
least one or
more
dcbjuspi ng
variable
capacitance
devices, and
at least one
armors
adjusting
awn clan.
Each of the
adjusting
variable
capacitance
devices iS
variable
Capacitance
device of
the same
conductivity
type as the
first
variable
capacitance
device oe
the second
variable
capacitance
device, and
smarter in
gate width
(Lan the
first
variable
capacitance
device and
the second
vendable
capacitance
device. Mae
gate (Cate)
terminals of
the
adjusting
variable
capacitance
devices are
each
connected to
the first
switch, and
the source
(Seurcol
terrine-al a
and drain
(Drain)
terminals
iberesii,
are each
connected to
the
adjusting
switches
correspondip
g to the
adjusting
variable
capacitance
devices. The
area of the
gate
terminal of
the 1 rat
yeti and e
capacitance
device or
the arca of
the gate
terminal at
the second
variable
capacitance
device can
be
indirect]y
adjusted by
retching the
connection
state of the
adjusting
switches to
the second
switch (a
case wherein
the
adjusting
variable
capacitance
devices are
of the seete
conductivity
type as the
first
variable
capacitance
device) or
the third .
switch (a
case wherein
the
adjusting
variable
caDacitance
devi ces are
of the same
conductivi
ty type as
the second
variable
capacitance
device) -
[0054]
Pasco an
arrangement
may be made
she rein le
first input
unit
selectively
inputs the
bias voltage
and a
positive
phase
voltage
signal
making up a
differential
signal
serving as
the voltage
signal, the
tiret
variable
capacitance
device and
the second
'variable
capacitance
device
amplify the
capacitance
as a second
value
smaller than
the first
value, the
amplifier
further
comprises a
third
variable
capacitance
device of
which
capacitance
is variable;
a fourth
variable
capacitance
device of
which
capacitance
is variable,
electrically
connected to
the third
vaciable
capacitance
device, and
of an
inverse
conductivity
type from
the third
variable
capacitance
device: and
a second
input unit
for
selecnhvely
inputting,
to the third
variaPie
capacitance
device end
this fourth
variable 



uapeteit
floe device,
the pcsitiVe
phase
voltage
sigral and
an I revercc
phase
voltage
signal of
which tlb
phase has
been
inverted
from the
positive
phase
voltage
signal;
wherein, in
eventthe
that the
bias voltade
and the
inverse
voltage
signal are
input to the
third
variable
capacitance
device and
the fourth
variable
capacitance
device, the
napaciparce
of the third
variable
capacitance
device and
the fourth
variable
capacitance
device arc
taken as a
third value,
and wherein
the inverse
voltage
signal is
amplified
with the
capaciLarde
of the third
variable
capacitance
device and
the fourth
variable
capacitance
device as a
fourth
value.
amaller
than the
third value.
10155]
The
amplifier
further
comprises a
third
variable
capacitance
device, a
fourth
variable
capacitance
device, coda
second input
unit. The
third
variable
capacitance
device-and
the fourth
variable
capacitance
device have
mutually
inverse
conductivity
, and
correspond
to the above
first
variable
capacitance
device and
above second
variable
capacitance
device.
Also, the
:second
input unit
is a
component
correspondin
g to the
above first
input uhii.
The first
input unit
selectively
ingots a
positive
phase
voltage
signal.
making A, a
differential
signal
serving as
the voltage
signal to
the first
variabic
capacitance
device and
the second
variable
capacitance
device.
Also,. Lhe
second input
unit
selectively
inputs Sr
inverse
phase
voltage
signal, of
glitch the
phase has
been
inverted
from the
positive
phase
voltage
signal, to
the third
variable
capacitance
device and
the reurth
variable
capacitance
device. Now,
input of the
above
positive
phase
voltage
signal or
inverse
phase
voltage
signal at
the above
first
and above
second input
uldl. is
performed
synchronousl
y.
Accordingly,
the
amplifier
outputs
differential
. signals by
outputting
output
voltage
sigtels
wherein the
positive
phase
voltage
signal has
been
amplified,
from the
first
varldble
capacitance
device and
the second
variable
capacitance
devi ce, and
cutout 1 rig
013tput
voltage
signals
wherein the
inverse
phase
voltage
signal has
been
amplified,
from the
third
variable
capacitance
device and
the fourth
venial.] a
capacitance
device.
[005E] 



Also, an
arrangement
may be made
wherein the
first earl
able
capacitance
device, the
second vat
lab] e
capactr, ce
. device,
tile third
variable
capacitance
device, and
the fourth
vivriable
capacitance
device, are
MOS
varectoia,
the first
input unit
having a
first
switch, the
second input
unit. having
a second
switch, the
gate
terminals or
the first
variable
capacitance
device and
the second
variable
capacitance
device are
connected to
the first
switeer; the
gate tern: i
nate of the
third van i
able
capacitance
device and
the fourtn
variable
capacitance
device are
connected to
the second
switch; the
source
terminals
andror drain
terminals of
the first
variable
capacitance
device and
the third
variable
capacitance
device are
connected on
a power
source for
eutplitting
power source
voltage, or
to the
ground, via
a third
switch, the
source
terrdnals
;Indio c
&cal n
terminals of
the second
variable
capacitance
device and
the fourth
variable
capacitance
device are
connected to
a power a.
co for
outputting
power source
voltage, or
to the
gronnd, via
a fehrth
switch, and
wherein, in
the event of
the third
switch being
connected to
the power
source, the
fourth
switch is  -
37 -
connected Le
the ground,
with the
capacitance
of the i
variable
capacitance
device and
Lhe seeond
variable
capacitance
device being
taken as the
first value,
and Lb
Capacitance
of the third
variable
capacitance
device and
tbe fourth
variable
capacitance
device being
taken as the
cultvalue,
and wherein,
in the event
of the third
awiMot being
connected to
the ground,
the fourth
switch is
connected te
the peter
scarce, with
the
capacitance
of lbw first
variable
capacitance
device and
the second
variable
capacitance
device being
Laker, as
the second
value, and
the
capacitance
of the third
variable
capacitarte
devise and
the fourth
vatiah]e
Capacitance
device being
taken as the
fourth
value.
(0053]
The first
variable
capacitance
device and
the secend
variable
capacitance
deviow are
MOS
varactors
for example,
having
mutually
inverse..
conductivity
. In the
same wayh
the third
variable
capacitance
devree and
the fourth
variable
camweitance
device are
HOS.varacter
s for
example,
having
mutually
inverse
conductivity
. theingot
unit has a
first evilch
for example,
and
selectively
inputs the
bias voltage
and positive
phase
voltage
signal te
the first
variable
capkitiLance
device and
the second
variable
capacitance
device, in
accordance
sea' Lb
oloening/elo
sing of the
first
switch. In
the same
way, the
second input
unit bas a
second
Switch LOS
eXaMple, and
seder:Lively
;sputa the 



- 32 - bias
voltage and
inverse
phase
voltage
signal to
the third
variable
capacitance
device and
the fourth
variable
capacitance
device, in
accordance
-.NMI:
cpening/olos
g of the
second
switch. The
gate
terminals of
the first
variable
capacitance
device and
the second
variable
capacitance
desMee are
each
connected to
the first
switch, and
the gate
terminals of
the third
variable
capacitance
device and
the feurXIt
variable
capacitance
device are
corrected to
the second
switch. Now,
the source
terminals
andrer drain
terminals or
the first
variable
capacitance
device 'acid
the third
variable
capacitance
device are
connected to
a power
source fur
ouipottimg
power source
voltage, or
to the
ground, via
a third
switch, for
example, and
the source
terminale
and/or drain
tesahinals
of the
second
variable
capacitance
device and
the fourtb
variable
capacitance
device are
connected to
a power
source for
outputting
power source
cottage, or
to the
prup.M, via
a fourth
switch, fol
eminple.
[00581
Now, in the
event el the
third switch
being
cunnexcLad
to the power
source, the
fourths-witc
h is
connected to
the ground,
with the
caper:flambe
of the first
variable
capacitarme
device ate
the second
variable
capacitance
device being
taken as the
first value,
and the
caracitance
of the third
variable
capacitance
device and
the Fourth
variable
capacitance
device being
token as the
third value.
Also, in the
event of
thebeing
connected to
the ground,
the fourth
switch is
ciannected
to the power
scarce, with
the
capacitance
of the first
variable
capacitance
device and
the second
variable
capacitance
device being
taken as the
second
value. and
the
capacitance
of the lAdrd
wecapacitanc
e device and
the fourth
variable
capacitance
device being
taken as the
fourth
value. due
to the
second
switch and
third switch
being
operated so
that the
cannection
destinations
are
flutdally
different,
the
increase/dee
rease in
capacitance
of the
metuallv-inv
erseconducti
vity--type
first
variable
capacitance
device end
second
variable
capacitance
device, and
of the
mutuallyinve
rse-condacti
vity-trpe
third
variable
capacitance
device and
fourth
variable
capacilarve
device,
becomes tee
same. [Usti
illso, an
arrangement
easy he made
wherein the 



capacitance
of rice
first
variable
capacitance
device and
the second
variable
capacitance
device i
aneken as a
child value
'greater
than the
firer value
in the event
or
attenuating
the voltage
signal, the
amplifier
further
canprising
at least one
third
variable
capacitance
device of
the same
conductivity
type as the
first
variable
capacitance
device and
-of which
the
capacitance
is variable,
connected to
the first
input unit
in parallel
to JIB first
variable
capacitance
device; aid
at least one
iourtia
variable
4(1 - .
capacitance
device of
the same
uoncluc.tivi
ty type as
the second
variable
capacitance
device acted
which the
caps(dtancn
ca variable,
connected to
the fitsi
ingot unit
in parallel
to the
second
variable
capacitance
device.
100601
By the
capacitance
of the airst
variable
canacitance
device and
Lice second
variable
capacitance
device being
taken as a
third value
greater than
the first
value, the
voltage
signal call
be
attenuated
by
multiplicati
on by a
ratio of the
first value.
Also, the
amplifier
further
comprises at
least one
third
variafle
capacitance
device and
at least one
fourth
variable
capacitance
device. The
third
variable
capacitance
device is of
the same
nfnductivity
type as the
first
variable
capacitance
device and
the
capacitance
thereof is
variable.
Also, the
foutth
variable
capacitance
define in of
the same
conductivity
type as the
second
variable
capacitance
device and
the
capacitance
thereof is
yeti:oh:a.
Now, the
third
variable
capacitance
device and
the fourth
variable
capacitance
device, in
the same way
as widh the
first
variyhle
capacitance
device and
second
variable
capacitance
device, can
perform
amplificatio
n by
maltiplicaLl
oh by a
Latin of the
first value
correspondin
g to the
second
value, by
reduce inn
of the
capacitance
to a second
valae
ahnalter
than tho
first value,
and also,
the voltage
signal can
be
attedmaLed
by
multiplicati
on by a
ratio of the
first value
by
correspondin
g to the
third valve,
by taking
tan
capacitance
as a third
value
greater than
the first
value.
Accordingly,
the gain of
odtput
voltage
signals
conput from
the
amplifier
can be
switched
over by
independentl
y changing
increase/dec
rease of
capacitance
at the filet
variable
capacitance
device and
the second
variarle
capacitance
device, and
capacitance
at the third
variable
capacitance
device and
the fourth
variable
capacitance
device.
[00til] 



The
amplifier
may comprise
at least one
capacitance
device
having a
predetermine
d
capacitance
and capable
of
accumulating
a charge
equivalent
to the
preolorermin
ed
capacitance,
disposed
upstream of
the first
input unit,
wherein the
voltage
signal which
the first
input unit
inputs is a
vdllage
vigral due
to charge
sharing by
the first
variable
capacitance
device, the
second
variable
capacitance
device, and
the at least
one
caPaultancs
device.
100E2]
The
amplifier
receives
input of
toltage
mignals by
barue
sharing of
the at least
one
capacitance
device
disposed
upstream cf
the first
input unit,
the first
van able
capacitance
device, and
the second
variable
capacitance
device, and
voltage
signals from
charge
sharing can
be
amplified.
Accordingly,
the
amfdifier
can he used
as  - 42 -
the fina:.
stage of a
charged main
filter
circuit
configured
with a SINT,
filter, for
example.
[0062]
Also, the
MOS varactor
may be a
reverse mode
MOS
varactor.
E0064] 



Also, the
MOS varactor
may be an
accumulation
mode MOS
varactor.
[0065]
The MOS
varactor may
be a reverse
mode MOS
varactor, or
an
accumulation
mode MOS
varactor.
While the
reverse mode
Mum varactor
and
accumulation
mode MOM
varactor
differ in
he worXings
of how
cabacitance
is
increased/de
creased,
bath are
"capable of
capacitance
increase/dec
rease, so
the
amplifier'
can amplify,
of the input
bias voltage
and voltage
signal, the
voltage
siyipal.
10060]
According Lo
a eeveotls
aspect of
the present
invention,
herm: is
provided an
amplifying
method,
relating to
an amplifier
including a
first
variable
capacitance
device of
tidcb
capacitance
is variable,
and a second
variable
capacitance
device of
which
capacitance
hi variable
and of an
inverse
conductivity
typo' tram
the first
variable
capacitance
device,
comprising:
a step for
inputting a
bias  oltage
and a  - 41
- 



voltage
signal to
the first
variable
capacitance
device and
the second
variable
capacitance
device, arid
accumulating
a first
oltdrpe
correspondin
g to a fl at
capacitance;
a step for
holding the
first
charge, and
a voltage
correspondin
g to the
bias voltage
and the
voetage
signals and
a step for
amplifying
the voltage
signal by
reducing the
napaci hence
of the first
variable
capacitance
device and
the second
variable
capacitance
device from
the first
capacitance
to a &Gaon,
capacitance
smaller than
the final:
capacitance-
1016']
edra step
for
amplifying
the vol taga
signal may
further
Comprise : a
step for
-madded ng
the
capacitance
of the first
variable
eelmedLarme
device and L
he second
variable
capacitance
device from
the finost
capacitance
to the
second
capacitance;
a step for
amplifying
the bias
veltaige and
the vol rage
signal in
accordance
to the ratio
of the first
capacitance
as to the
second
capacinance;
and a step
Oct
canceling
out a charge
equivalent
to the
amount of
amplificatio
n of the
amplifimd
bias voltage
at the first
variable
capacitance
device and
the second
variable
capacitance
device, Wein
By using
this mennl,
of the input
bias voltage
and
voltagethe
voltase
signal can
be
amplified.
[00591  - 44
-
ACCOldiny -0
an eighth
aspect of
the present
invention,
there is
provided an
a-mph:tier
comprising]
a firs_
variable
capacitance
device of
which
capacitance
is variable;
a second
variable
capacitance
device of
which
capacitance
is variable,
electrically
connected to
the firra
variable
capacitance
device; and
a tirst
input Imild
for
selectively
inputting a
biae voltage
and a
voltage
signal to
the first
variable
capacitance
device and
the second
variable
capacitance
device,
wherein, in
the agent
that the
bias voltage
and the
voltage
signal are
input to the
first
variable
capacitance
device and
the second
variable
capacitance
device, the
capacitance
of the first
variable
capacitance
device and
the second
variable
capacitance
device is
taken as a
filet valte,
and wherein
tne voltage
signal is
amplified
with the
capacitance
of the first
variable
capacitance
device and
the 10001id
variable
capacitance
device RS a
secrvd value
smaller than
the first
value.
[0070] 



The
amplifier
may have a
first
variable
capacitance
device, a
second
variable
capacitance
device, and
a first
input unit.
glie
capacitance
at tae first
variable
capacitance
desire in
variable.
The second
variable
capacitance
device is
electricaLay
connected to
che first
variable
capacitance
device, and
the
capacitance
is van able
4N - as with
the fi rst
variable
capacitance
devl cc. The
first input
unit can
seleofively
input a bias
voltage and
voltage
signal xi
the first
variable
cepa& ranee
device and
the second
variable
capacitance
device. en
the event
that the
bias volisge
and the
voltage
signal are
input to the
first
variable
capacitance
device and
the second
variable
capacitance
device, the
capacitance
of ei e
first
variable
capacitance
device and
the second
variabie
capacitance
device cab
be taken ass
first vaeue,
with a
charge beta
ace:am:later
'. The first
variable
capacitance
device and
the second
variable
capacitance
device each
reduce the.
capacitance
to a second
value
smaller than
the above
first value,
thereby
outputting
Cr- output
voltage.
signal
wherein the
voltage
signal has
been
anplitied by
multiplying
by a ratio
of the first
value as to
the second
valise. Note
that the
bias voltage
is
substantiall
y not
amplified,
since the
-charge
eqlli V3
lent to the
amplificatio
n amount in
cancelled a
out at the
first
variable
capacitance
device and
the second
variable
capacitance
device.
According to
this
configuratio
n, the
signal
voltage can
he amplified
while
maintaining
the bias
voltage.
[0071i Also,
voltage for
canceling
the amplof
the bias
voltage may
be impressed
on the
fir-at
variable
capacitance
device and
the .second
variable
capacitance



- 46 device.
(00721
Also,
irnprlsainq
poser source
voltage, for
example', on
the
firstable
capacitance
device and
the second
variable
capacitance
device,
enables
charge
equita I Ant
to the
amplificatio
n ahrtnt ct
the ties
voltage to
be cancelled
out [0373]
Also, the fl
vet variable
Capacitance
device and
the second
variabra
capacitance
device may
be of the
51=
-conductivit
y type.
[Ct74]
With ih]w
configuratio
n as sell,
charge
equivae.nt
to the
amplificatio
n emourt is
cancelled
OAL at the
first
variable
capacitance
device and
the second
-variable
capacitance
device, so
the signal
yr)] Lege
can be
amplified
while
maintaining
the bras
voltage.
[0775] 



also, an
arrangement
may be wade
wherein the
first
variable
capacrtance
device end
the second
variable
capacitance
device are
ri-channel-
type 1.100
varactors,
the first
input unit
having a
first
switch, the
source
terminal and
drain
terminal of
the first
variahle
capacitance
device and
the gate
terminal of
the second
variable
capacitance
device are
each
connected to
the first
switch, the
gate  - 07 -
terminal of
the first
variable
capacitance
device is
connected to
a power
source
tornutputtin
g power
Coulte
voltage, or
to the
ground, vice
second
switch, and
the source
terminal and
drain
terminal c.f
the second
variable
capacitance
device are
connected to
the power
COUTO., or
to the
ground, view
third
switch, said
wherein, in
the event of
the ;ed.:di
switch doing
connected to
the power
SCArCe, the
lhatC switch
is connected
to tae
srtarxh with
the
capacitance
of the first
variable
dap.aoitance
device ach
the second
variable
capacitance
device being
taken as the
first value,
and wherein,
in the event
at the
second
awftbic
being
connected to
the ground,
the third
switch is
connected to
the power
soc.roe,
with the
capaci tanse
of the flit
van able
caper. Le
noe dsvtce
and Uhe
second
variable
capacitance
device being
taken as the
second
value:.
[0076]
The first
variable
capacitance
device and
the second
variable
capacitance
device are
c-channel-ty
pe MOS
varuetors,
for example,
and are
darianiC
caper i
lance
devises
having the
same
candid,:
Lielry type
as each
other. Alto,
the ti rst
input unit
has a first
ay.:itch,
and the bias
voltage and
the voltage'
signal are
selectivety
input to the
fireL
varies]
capacitance
device and
the second
variable
capacitance
device in
accordance
with
openingrcios
inc of the
liral
exdthh. The
source
iermirel and
drain
terminal of
the first
45 - 



variable
capacitance
device and
the gate
terminal of
the second
heniable
capacitance
device are
each
connected to
the first
switch.
ALso, tie
gate
terminal of
the first
variable
capacitance
device is
connected tn
a tower
source for
outputting
power source
voltage, or
re the
ground, via
a second
switch, for
ems/vole,
and the
source
terminal and
drain
terminal of
the second
variable
capacitance
device are
connected to
the power
source, or
to the
ground, via
a _laird
switch, for
example.
[0071]
New, in the
every. of
the second
switch being
connected to
the power
Source, the
third switch
is connected
to rhe
ground, with
the
capacitance
of the first
satiable
capacitance
device and
the second
variable
capacitance
device being
taken as the
first value.
Also, in the
Avant of the
second
switch being
colnierhed
to the
ground, the
third switch
is connected
to the power
science,
with the
capaciLence
of the first
variable
capacitance
device and
the second
variable
capacitance
device being
taken as the
second
value. Due
to the
second
switch and
third switch
being
operated an
that the
connecaeon
destinations
are mutually
different,
the
increase/dec
rease ill
capacitance
of the
mutually-lrv
erse-mendtot
ivity-type
first
variable
capacitance
device and
second
variable
capacitance
device
beeches the
same.
According ho
this
confIgnratie
n, the
signal volt
a ran bei
died while
maintaining
the ii as
voltage.
[HM]
Also, the
first
variable
capacitance
device and
the second
variable
capacitance
device nay
be
is-channel-t
ype MOS
Evalactotk,
the first
input unit
having a
first
switnk,
wherein the
gate
terminal of
the first
variable
capacitaace
device and
source
tenEdnal and
drain
terminal of
the second
variable
capacitance
device are
each
connected to
the first
switch, he
source
terminal and
drain
terminal of
the first
variable
capacitance
device. are
connected to
a power
SCOICe for
outputting
power source
voltage, or
to the
grouter via
a second
switch, and
the qaae
Lenninal of
the second
variahle
capacitance
device is
connected to
the power
source, dr
to the
grdund, via
a third
switch, and
wherein, ins
the event,
of the
second
switch being
connected to
the power
source, the
thine switch
is connected
to the
ground, with
the
capacitance
of the first
variable
capacitance
device and
the second
variable
capacitance
device boing
taken as the
first value,
and wherein,
in the event
of the
SeCeed
switch being
connected to
the gruand,
the third
switch is
connected to
the power
source, with
the
capacitance
of Lhe first
variable
capacitance
device ard
the second
variable
capacitamm
device being
taken as the
second 



[0079]  - 5C
The first
variable
capacitance
device and
the second
varteble
capacitance
device. are
p-channsitty
pa MON
vaiactora,
for example,
and are
variable
capacitance
.d&Vie3
having the
seAGI
conductivity
type as each
other. Also,
the firer
input unit
has a first
switch, and
too bias
voltage and
the voltage
siglidi can
he
selectively
impet to the
first
variable
capacitance
device and
the second
vazdable
capacitance
device en
accordance
with
openimg/clos
ing of the
first
cadtch. The
gate
terminal or
the first
variable
capacitance
device and
source
teitainal
and drain
terminal of
The second
variable
capacitance
device eta
each
connected tu
the first
switch.
Phan, the
source
tviimirdl
and drain
terminal or
the first
variable
capacitance
device are
connected to
a poker
source for
outputting
power source
vcCtage, or
to the
ground, via
a second
switch, for
example, and
the gate
termi,h1 of
thc second
variable
capacitance
device in
connected to
the power
source, or
to the
ground, via
a [bard
switch, for
example.
00801
Now, in the
event of the
second
switch being
connected to
the power
source, the
third switch
in connected
to the
ground, and
the
capacitance
of the first
variable
capacitance
devipe and
the second
variable
capacitance
device can
be taken as
the first.
value. Also,
in the eveni
of the
secont
swiLch being
connected to
the ground,
the  - 51 - 



third switch
is connected
th the power
source, and
the
capacitance
of the first
varable
capacitance
device and
the second
variable
capacitance
device can
he taken as
the second
value.
[0081]
Accerdiup to
a ninth
aspect of
the present
invention,
these is
provided a
filter
0cup:rising;
an
amplifying
unit to
which a bias
voltage and
a voltage
signal arc
input, with
Lhe voltage
signal being
amplified
and output;
a tirst
swiich unit
for
selectively
inputting
the bias
voltage and
the 'collage
signal to
the
amplifying
unit; and a
second
switcth unit
for
selectively
outputting
the voltage
signal
output from
the
aplifying
unit, the
amplifying
unit
including a
first
variable
capacitance
device of
which
capacitance
is
variathre;
and a second
variable
capacitance
device ot
which
capacitance
is variable,
electrically
connected to
the first
variable
capacitance
device,
wherein, in
the event
that the
bias voltage
and the
voltage
signal are
input to the
first
variable
capacitance
device and
Lhe second
variable
capacitance
device, the
capacthance
of the first
variable
capacitance
dc-rice and
the second
variable
capacitance
device is
taken as a
first vaThe,
and wherein
the voltage
signal is
asthlified
with the
capacitance
of the first
variable
capacitance
device and
the second
variable  52
eanaciLancp
desecond
value
smaller than
the first
salve.
[0082]
With th's
configuratio
n, the
voltage
signal can
be amplified
and output
while
Maintaining
the input
bias
voltage,
[0083] 



Aloe, if-ha
filter may
further
comprise a
thard switch
unit for
setting the
amplifying
unit to an
initial
state prior
to input at
the voltage
signal.
[0084] With
this
configuratio
n, even in
case wherein
input of
bias voltage
and voltage
signal has
been
repeatedly
performed,
signal
voltage can
be aumlified
and output
while
maintaining
the input
bias
voltage, in
a stmtp
wherein the
ineation
efficiency
of signal
voltage is
maintained_
Advantageous
Effects
[00851
necerding to
the abovw
embodiments
of the
present
intptrtion,
the bias
voltage and
voltage
signal input
to the
amplifier,
Lhe voltage
signal can
be
amplified.
Also,
acmpedifly
to the above
emlodiments
of the
present
invention,
Lhe bias
voltage and
voltage
signal input
to the
filter, the
vu' eage
signal can
he
aMplified.
Brief
Description
of Drawings
[008fi]  



- [Fig. 1A]
Fig. iit is
an
explanatory
diagram
illustrating
the
pignelple of
a
discrats'idm
e parametric
amplifies'
amplifying
ventage
signals.
[Fig. Is]
Fig. ira is
an
explanatory
diagram
illustrating
Lae
principle of
a
dincrete-tim
e parametric
amplifier
amplifying
voltage
signals.
[Fig. 1C]
Fig. lA is
an
explanatory
diagram
illusLiallug
the
principle of
a
discrete-tim
e,
parametric
amplifier
amplifying
voltage
signals.
[rig. 2A1
Fig. 2A is
al
explanatory
diagram
illustrating
Pie
configuratio
n of en
n-MOSFET nn
a
conventional
603JAMa
parametric
amplifier.
[Fig. 21[
Fig. 26 is
an
expinnatOry
diagrs.
Illnstrating
the
Aonfiguraiie
n of an n
FlOSTSEIT in
a
conventional
MOSFET
parametric
anplifier.
[Fig. din]
Egg. 35 as
an
explanatory
diagram
illustrating
a
conventional
MOFFAT
parametric
amplifier.
r'jg. 35[
Fig. 35 is
an
sm.:pi-amato
ry diagram
illustrating
a
conventional
MOSparametri
c amplifier.
[Rig. 4[
Fig. 4 is an
explanatory
diagram
ilAustrafing
the waveform
of signals
o2 the
convaltioral
MC6FET
parametric
amplifier
shown in
Fig. 3A and
Fig. 30. 



[Fig. 5A]
'fig. SA is
an
explanatory
diagram
Illustrating
a
contribeAiRy
factor in
distortion
of output
voltade
signals is a
conventional
MOSFET
parametric
- 54 -
amplifier.
[Fig. CB:
Fig. 511 is
all
explanatory
diagram
illustrating
a
contributing
factor in
distortion
at output
voltage
mignals in a
convencional
MOSEET
parametric
amplifier.
1Fig. 670
Fig. OA is
an
explanatory
iagran
illustrating
a ndek state
and held
stare oi it!
an
ariplitier
ace:ceding
to an
embodiment
of the
preaeat
inventiole
[fig. CB]
Fig. fin is
an
explanatory
diagram
illastnating
a Track
state and
fold state
witn an
amplifier
according
roan
emixabirent
of the
preserft
intention.
]Fig. 75:
Fig. 7A is
all
explanatory
diagram
illustrating
abundant of
cnarge in a
B0081, state
kite an
boplifier
according to
all
embodiment
of toe
present
invention.
[Fig. 713]
Fig. htt is
at
explanatory
diagram
illustraLing
atorement of
charge in a
Boost state
with an
amplifier
according to
an
embodiment
of the
present
invention.
[Fig. 1C1
Fig. 70 is
an
explanatory
diagram
illustrating
movement of
charge in a
Boost state
with an
amplifier
according to
an
oukbdiment
or the
prosent
invention. 



[Fig. 81
Fig. 8 is a
noon:hart
illustrating
an
amplifyirm
method using
the
principle of
amplificatio
n  diag to
the present
invention.
[rig. 9A]
Fig. 9a is
an
explanatory
dies:ram
illueLhatiag
an amplifier
according to
a First
embodiment
of the
preeent
invention.
[Pig. 9B]
Fig. 93 is
an
explanatory
diagram
illustrating
an amplifier
according
tri the
first
embodiment
of the
present
invention.
inc. lel
Fig. is is
an
explanatuiy
diagram
111d:dilatin
g the
waveform of
signals
according to
the first
embodiment
Shown in
Fly. 95 and
Fig. lia.
Trig. 11:
Fig. 11 is
an
explanatory
diagram
illustrating
an easel
lifter
according ma
a second
emlisislirie
nt of the
present
invention.
[Fig. 12]
Fig. 12 is
an
explanatory
di
illastrating
an amplifier
sopording to
a third
a.inlet 



the present
invent inn.
[Fig. 13]
Fig. is is
an
explanatory
diagrara
illustrating
the easettne
of Signals
according tO
IlhA triird
eifbodimenh
siTrmh an
Fic. 12.
[Fig. li]
fig. lr is
an
explanatory
diagram
illustrating
an amplifier
according to
a fourth
Mbodirient
er the
present
invention.
(Fig. 151
sig. IS is
an
explanatory
diagram
illustrating
an amplifier
according to
a tifth
extedided of
the
pf,9setvt
[Fig. 16]
Fig. 16 is
an
explanatory
diagram
illustrating
the
schematics
of a charged
main fieter
cibrnit
having the
aumMifier
according to
the present
invention.
[Fig. 171
Fig. 17 is
an
explanatory
diagram
illustrating
a fn.:target
main filter
circuit
having an
amplifier
according to
a sixth
embodiment
of the
present
invention.
[Fig. UM
Fig. 18 is
an
explanatory
diagram 



illustrating
the
waVaiiiIIIS
of signals
according to
the sixth
embodiment
shown in
Fig. 17.
frig. 19]
rig. 1.9 is
an
explanatory
diagram
illusLcating
a Tramk scam
a of am
amplifier
as-fording
to a ssventh
embodiment.
[Fig. 201
Fig. 20 icon
explanatory
diagram
illustrating
a Beast
state of the
amplifier
according to
the seventh
embodiment.
1Fig. 21]
Fig. 21 is
an
explanatory
<Sieges
illustrating
the waveform
of signals
according to
the sever-Jr
ea-Pediment
shown in
hdu. 1.5 and
Fig. 20.
[Fig. 2211
rig. 22A is
a schematic
diagram
illustrating
a w-M09
varacter fd
phiran
amplifier
according to
the seventh
embodiment
shown in
Fig. 19 and
Fig. 20 has.
[Fit. 228]
Fig. 228 in
a schematic
diagram
illtistwatin
g the p-MOS
\duration P1
which
anTlifier
according to
toe seventh
embodiment
shoer in
Fig. 19 and
Fig. 20
]las.  



[Fig. 227e]
Fig. 23A is
a ashematic
diagram
illustrating
an n-1105
varactor 52
which
amplifier
ansheding to
the seven di
embodiment
ohoem in
Fig. 19 and
Fig. 20 has.
[Fig. 23U]
rig. 23? ih
a schematic
diagram
illustrating
the 11-2100
varastor N2
which
amplifier
according to
the seventh
embodimenc
shown in Fig
e9 and Fig.
20 nen.
[nip. 240]
Fig. 245. is
a schematic
diagram
illustmeting
an r-MOS
varactor Ni
which
amplifier
accesding to
the severth
embodiment
shown in
Fig. 19 and
Fig. 20 has
[Fig. 2451
Fig. 722 is
a schematic
diagram
illustrating
the n-MOS
varactoryi
which
amplifier
according to
Mee seventh
embodiment
ahown in
Fig. :9 era
rig. 20 Ads.
[Fig. 250]
Fig. 25A is
a schematic
diagram
illustrating
a p-MOS
vafacEor P2
WiliCh
amplifier
aeon/Piing
to the
seventh
embodiment
shown in
Fig. 21 end
Fig. 20 his.
[hag. 25R]
Fig. 259 is
a
scllefflatic
diagram
11111Stiatin
g Lhe p-MOS
varactor 92
which
amplifier
according to
the seventh
etdricLent
nnown in
Fig. 19 and
Fig. 20 has.
Irish 76]
Fig. 26 is
an
expianatery
diagram
illustrating
a el-Arend
main filter
circhit
having an
aim:difier
according to
an elphth
embodiment
of the
preser.t
invention.
[rig, 27]
Fig. 27 is
an
explanatory
diagr, 



illustrating
a. charged
main filter
circuit
having an
amplifier
abcording
[to a uirnii
embodiment
of the
preneui  - 5
[Vip. 287t;
Fig. 28A
isejeapianat
orycieqtao
illustrating
the
print:Apia
of an
amplifier
according to
an
eirbodimont
at the
present
ifIVention.
[Fig 285:a.
88B is an
explanatory
diagram
illustrating
the
principle ei
an amplifier
according to
an
embodiment
of the
present
invention.
[Fig. 21C]
Fig. 28C is
an
explanatory
eiagram
illustrating
the
principle of
an
amp:tinier
according to
an
embodiment
of the
present
invent-idyl.
[gig. 29]
Pig. 2
iteonoxolana
icay diagram
illustrattng
a Traub
state or an
-.simplifier
according to
eleventh
embodirrent.
[mtg. 301
Fig. 30 is
an eXp]
rinatory
diagram 



illustrating
a Boost
state of the
amplifier
according to
the eleventh
embodiment.
[Fig. 31]
Fig. 31 is
an
eirtplanator
y diagra
iiluatrating
the waveform
or eignais
according to
the
els.venth
embodiment
atown in
Fig. 29 and
Fig. 30. 321
Fig. 32 is
an
explanatory
diagram
illustrating
a Track
atate of an
amplifier
according ne
a twelfth
eirbodbment.
trig. 331
Fig. 33 is
antory
diagram
Muer:rating
a Freest
state of She
ampli fler
according to
the twelfth
embodiment.
- 51 :leaf
Modes for
Carrying out
the
Invention 



IOUB1
Crete r.-red
embodiments
ot the
present
invention
will be
atscribed in
detail beloo
alit
reference to
the attached
drawl lgs.
Note that
with the
?resent
bescription
and the
drawings,
components
having
substantiall
y the same
functionai
configuratio
n will be
denoted with
the same
reforence
numerals,
thereby
omitting
redundanton.
00tal I
7rincirie of
discrete
-Lime
parametric
amplifier)
First, the
principle of
a
discrete-tim
e parametric
amplifier
amplifying
voltage
signals will
be described
with
reference to
Fig. in
through Fig.
IC. Mote
that Flo. lA
is a diagram
illustred
lig a Track
state
wherein the
dlscretetime
parametric
amplifier
accumulates
charge, Fig.
15 is a
diagram
illustrating
a Hold state
wherein the
accumulated
charge is
held, and
further Fig.
1C is a
diagram
'finstrating
a Boost
state
wherein
voltage is
amplified.
[OHM]
As shown in
Fig. 15
throegnFig.
1C, this
discrete
parametric
amplifier is
configured
of e power
source for
outputting
an input
voltage Vi,
a variable
capacitance
device of
Wiliera the
capacitance
chancres,
and a switch
SW tot
controlling
input of the
inpnt
voltage On
an to the
variable
capacitance
device.
[00901 The
overall
opions of
this
parekterric
amplifier 



will be
described as
follows.
First, in a
Track state
[Fit. 1A9 ,
the switch
SW is in
anion (ON)
state, so
the input
voltage di
is appliecc
to the
variable
capacitance
device Ci
via the
switch 3f,.
Accord]ngly,
a charge
SSCi  Oil
which is
obtained as
the product
on the input
voltage Vi
and the
capacitance
Ci of the
variable
capacitance
device is
aeCtililLii
aced at both
ends of the
variable
capacitance
device.
In this
state, upon
the switch
SW changing
to Off, ard
the
parametric
amp] i fier
making
transition
to the hold
staie (Fig.
113), the
variable
capacitance
device holds
the charge Q
accumulated
in the Track
state, and
corsequently
, the
potential
difference
between both
electrodes
of the
variable
capacitance
device i.s
maintained
at the input
voltage Vi
directly
prior to the
switch Si]
opening.
100921
in this
.ntotc .in
the event
that the
capacitance
of the
variable
capacitance
device
changes from
CiIn Co as
shown in
Fig. 1C, the
potential
difference
generated
between lath
alectrcdes
of the
variable,
capacitance
device
changes as
follows.
1009111
(Mathematica
l Ciao,-ion
- 61 - 



CiCi
<CO,O<C0 Co
CoCo '
[0094] Thee,
the
inter-alectr
ode
potential
following
capacitance
change is
proportionat
e to
(C_/COO.
Accordlinlr,
based on
this
role-tie:',
setting the
capacitance
of the
vaaiaele
capacitance
device such
that Co < ei
allows the
po.entirl
difterence
generated
between both
electrodes
of Co e
variable
capacitance
device to be
Boosted
[amplified)
to     times
(however, in
Vtc event
that CA <
Ce, the
inters,
electrode
potential
difference
is
attenuated).
Mote that
"k" in
Expression
2. Is called
capacitance
change
ra(9).
[0095]
egrablems
with
cenventianal
MOSIbi
parametric
amplificatio
n) 



Mew], the
problems of
canentional
mosert
parametric
amplaficatio
n using the
above
discrete-rim
e parametric
srnplr0ietw.
]be
described
with
reference to
Fig. 2A
throng()
Fig. 513.
[0096]
[First
Problem]
tic. 2A and
Ti. 2B ar
explanatory
diagrams
illustrating
the
configuratio
n of an to
(negative) -
St vith a
convelAiurTa
l MOSIET
parametric
amplifier.
tage that
tag. 22
Thews a
Track state,
and bMg. 23
shows accost
state.  - 62
Egg m 



As shown in
Fig. 22 and
fig. 20,
with a
conventional
muJliu
parametric
avgditier,
bias voltage
source is
connected
Ito the Gate
terminal of
the n-MCGFET
via a switch
Stl_l, and
the biaa
voltage
Vbiaa is
applied to,
the Sate
terminal in
accordance
with the
conneutions
state KW/OFF
state) cf
tge switch
sun_t. Also,
the Source
terminal and
Frain
terminal are
=nested to a
poser source
outptAting
power source
voltage Odd
(hereafter
referred
toss "power
source
voltage
source") or
the ground,
vise switch
OW2_1, with
the voltage
applied to
the Source
I:demi:m.1
AM Drain
terminai
being
capable of
being
switched
over in
accordancb
of the
cbrection
state of the
switch
5512_1. Note
that the
BuIN
terminal is
connected to
the ground.
100901 In
the 'matS
stats, the
above MOUNT
parametrio
star-c
wherein the
switch 001_1
is ON and
the switch
5h2_1 is
connected to
the ground
(Fig. 2el.
Consequently
, the bias
voltage
'/hiss in
applied to
the Gate
terminal,
and the
Source
teraMnel and
Main
terminal
maintain
ground.
voltage.
Now, is the,
event that
the bias
voltage
Vbiaa is net
so as to be
nigher than
the
threshold
voltage VL
of the
n-MOSFET,
the
nallOSIET is
in a
strongly
ii,vetted
state, SO an
inversion
layer 2 is
longed at
the
interface
betstebn the
oxiMc Siam A
and P
substrate
itm
electrons
(Electrons)
are
accumulated.
As a
aubatrmte(
end result
thereat, the
topacftance
of the
n-MOSFET
increases.
NOGG)
Next, as
shown in Fig
2B, upon the
switch Sell
going to OFT
and the
switch SW2_1
being
connected to
the power
srbrce
voltage
source side,
transitica
is made
to-estate
wherein the
power source
voltage Vole
is applied
to the
Source
terminal and
the Drain
terminal,
and also the
bias voltage
Votes is net
applied. In
this state,
the
inversion
layer B
which had
been formee
at the
iitestace
between the
oxide film A
and P
substrate (P
substrate)
disappears
due to the
power source
voltage Mild
is apolied
to the
Scarce
terminal and
the Drain
terminal,
with
negative
ices
(Negative
Ions)
increasing
and the
capacitance
of the
nMOStEr
decreasing.
Also, an
this time,
the Gate
terminal, is
in a state
or a charge
being held
thereat, ea
upon the
connection
state of
switches
clanging as
shown in
Fix. al end
:Mange in
capacitance
occurring,
the suite ye
or the Gate
terminal
changes to a
value
obtained by
the bias
voltage
Xibias
laving been
Located
(amplified)
by
multiplicati
on by tae
capacitafma
iange ratio
see
Expression
1). Note
that      le
Fig. 2A and
ago. 23 show
an,
n-MOSPEI,
the
principle at
voltage
amplificatio
n at the
GaijS
terminal is
the smite
with a p
totaitivel
-mosezr as
well, even
though ifene
are the
differences
that the
conductivity
is inverse,
and also the



Bulk
torrenal is
connected lt
the
pacersvoltag
e source
side
outputting
the power
source
voltage Vdd.
Gereafter,
description
0.f a
cansegtional
MOSFET
parametric
amplifier
will be made
using an
n-MOSI(BM.
[0100]
described
above,
-range
(amPlificaii
sn(' ci the
Gate
terminal
voltage
cores due to
change in
the
ineessian
layer B.
Now, in the
case of a
POPPET, ahe
voltage
endurance ef
the device
must be
determined
taking into
cansideratio
n lhe
potential
difference
between the
Gate
terminal -
Source
terminal, or
tad Gate
terminal -
Drain
ternenal, ,,
e . , the
magnitude of
voltage
applied to
the Gate
terminel.
Accordingly,
pier the
Gate
terminal
voltage
being
Boosted by
change in
capacitance,
not (hly the
voltage
endurance or
the MOPPET
where the
Gate
terminal
volragra has
been
amplified
(i.e., the
MOPPET
min:nary
performing
the Boost),
but also the
voltage
erahrance of
the
downstream
Soars: where
the
amplified
voltage is
lc he Input,
rteds to be
taken
Into
consideratio
n.
Accordingly,
with
circuits
leaking
conventional
MOSFET
parametric
amplifiers,
there in
liffiahlre.
in handling
output
signals
output from
the mosna
parametric
amplifiers.
RAU (Second
Problem()
Next, a
second
program of
tire above-
dererihed  



- 65 -
conventional
. HO3FET
parametric
-Amplifier
wi L. be
ocsoribed
with
reference to
Fig. 3A,
fig. 38,
Fig. 4A, and
Fig. 4R.
Note tact
Fig. 3A and
big. 38
circuit
diagram
represenlaid
ona of the
schematic
drawings og
Fig 27), and
Fig. 25,
with Fig. NA
illustrating
a Track
state, :ins)
Fig. 32 a
Boost state,
respectively
. [01021
Also, Fig 4
is an
explanatory
diagran
illustrating
waveforms of
signals
relating to
a
convenitoral
MOSFEI
parametric
amplifier 10
shown in
Fig,. TA and
Fag. 32, a)
rdFig. 4 (a)
illustrating
control
cloodc
signals "en
controlling
the switches
ins Fig. OA
and Fig. 38,
Fig. 4.(b)
input
voltage
signans
Viaput 1_1
input to the
conventional
)103Fra
parametric
amplifier
10, and Fig.
4(c) output
voltage
signals
Voutput 1_1
ostput Store
the
conventional
1403FE5
parametric:
amplifier
lb, ',deo
"'rely.
[016:31
Now, let
Lisassuase
that the
following
relations
hold witit
Lisa
conventional
14O.Srit
parametric
amplifier
10. :11 Tine
switch
3451._1
operates
sanclicaarad
Y with a
Sleigh
signal 0_1
shown in
Fig. 4 (a),
so as to be
'ON' sites
rho clock
signal 01_i
is high
(nigh) and
"OFF" when
low (low).
(2) The
shiliet
SaroperaLgs
synchronousl
y Air!' a
clock
sigasil
4'2_1 shown
in Fig.
4(5), so as
to be
"connected
to the power
scarce
voltage
source side"
when the
clock signal



- it - 42_1
is high
hiolatardact
ed to tie
ground aide"
when low
(low).
[0104]
Note that
the riper
iro_te.ge
signal
Vinp-aci 1_1
input to the
conventional
1.10SFET
parametric
amplini en
10 is a
signal when&
n the bias
voltage
Vbias and
the voltage
signal sin
are
superimposed
, as shown n
Fig. 4 (b)
[0105]
In this
exarpli,
while the
clock signal
el 1 is
"high", the
5,1 Lob
Sl51_1 is
"CM", and
also, trio
clock signal
e0_1 which
is inverted
as to the
Clock sigr
el +lit is
"low", each
that the
;witch 052_1
is connected
to the
ground.
Consequently
, tea
ocnvern
tonal
IltigrEl
parametric
antpli fri
en 10 ia in
a Track
state (Fig.
IA), an
inversion
layer is
formed at
:he I
substrate
aide of the
rate oxide
fiLm, with
the voltage
of the rate
terminal
changing in
accordance
wit)) the
input
volc.agc
signal
Vinput 1_1,
and charge
being
ascumalated
in the r
elOSFET.
(01051
Next, upon
the clock
signal 1,1_1
changing in
"low", the
switch gel_l
goes "Ott".
Alec, at
toil tiro,
the clock
signal $2 I
gees to
'high" in
accordance
with the
aloof signal
$1_1, and
thc switch
552 1 is
connected to
the power
Solrite
voltage
source
(actually,
the
inversion
Lining et
the two is
offset, but
this point
will be
described
later).  



Consequently
, the
gonventional
POPPET
parametric
amplifier in
makes
transitton
to the Boost
stare, and
Up
capacitance
of the
netigen.F.T
decreases.
At this
time, the
Gate
terminal of
the
nstIOSZEI is
holding a
charge, so
the input
vottege
signal
Vittput
lichanges to
a value
amplified by
multiplicati
on by the
capacitance
change
ratio.
Though not
show. it,
rig. NA and
tag. 3it,
transition
is made from
the Track
state shown
in Fig. IA
to the Boost
state shown
in Fig. lb
via a hold
state, Lire
to the clack
signal 02,
rising after
tee clock
signal .pl I
falls (i.e.,
due to there
being a time
difference
in the
inversion
timing of
the two
signals).
islgat
Now, let us
our sinter
the voltage
(Boost
voltage) as
the Gate
terminal of
the
tanaletiFET
at the time
of the
conventional
MCYPEt
parametric
amplifier 10
making
ransition to
the Boost
state, i.e.,
the output
voltage
Voutput 11
of the
MAIMMT
paramatri 0
amp) lifer
10. At this
ime, at,
shown. in
Fig. tic),
the output
voltage
Gott-PlI1
1.1
value
wherein the
input
voltage
Vinput Ii
tit bias
voltage
Vtateavoltag
e signal
yLn) has
Peen
amplified by
multiplicati
on by Lite
clapacitance
change ratio
La times).
That is to
say, not
only the
roltage
signal gin
Whid, shout:
be
Stoosteci,
but also the
bias voltage
Vbias CS
aloe
multi-tidied
by _he
capacitance
change retie
accordingly.



- F
Accordingly,
wilt a
circuit-
conventional
WOSFET
parouretr1a
amplifier
10, die
output
voltage
Voitprt 1 I
becomes
unnecessarli
ly great,
and becomes
unsuitable
for firer
circuits and
Lover
electric
power
couswftprion
. Note that
with gig.
l(c),
distortion
is present
in the
outgo!:
voltage
Voutput 1_1,
soul: as a
parr of the
aoplafiaa
voltage
signal Vin
being
amplified Dv
multiplicati
on iv k' (0
< k' < IN,
which will
be descighed
fart. [0108]
[Third
Problem]
With the
second
problem of
the
conventional
MUFF=
parepaetris
empiifier.
10 described
above,
dearo]ption
has been
made that
the output
voltage
Voutpht 1_1
becomes
unnecessaril
y great, and
it can be
seen frge
reference to
Fig. V(c(
that the
above-descri
bed
distortion
is present
in the
output
voltage
Voulimt 1 1.
Accordingly,
the problem
of this
distortion
occurring in
the output
voltage
',forgo, It
will he
discussed
next as a
third
problem of
the
conventional
MOSFET
parametric
amp-trier
10. [0109]
Fig. bh and
Fig. 5C arc
explanatory
d'agrams 



illustrating
a
contributing
facto< in
distortion
of the
output.
voltage
Vourgut in
the
conventional
MOSPFT
parametric
amplifier
10. Fig. SI\
is en
explanatory
diagram
illustrating
the waveform
or the 5
Yles
frequency
extracted
from the
output vol.e
signal
Voetput 11
as a
contixook
rise
waveform.
Also, Sig.
ER is an
explanatory
diagram
illuatratimg
frequehcy
spectrum of
Fig. 5A.
[0110: With
reference Lu
Fig.
5Baddition
to the
fundamental
oave of 5
MHz, there
are present
a -60 Teal
Or (direct
current,
component
and a
hararmic
wave with a
higher
frequency
than E KHz,
with Lhe no
component
500 1ermonic
wave
component
distorting
tre output
en tag.e.
Voutput 1_1.
The above
distortion
is due to
the
capacitance
of the
nMDSPAT
dropping
when the
output
voltage
noutpat 1_1
exceeds to
the power
source
voltage ndd.
ACCOldillg 1
y, in Fig. 4
lc), there
is the
ralatAmn
that the
greater the
rapschange
ratf 0 1-6,
the greater
the
distordlim
ornurrEng
the output
voltage
Vortput 1 i
becomes.
[01111 



That is to
say, aitn
the
corpenti,nal
MOSEET
parametric
amplifier
10,
distortion
occurs at
the output
voltage
Voutput 1 1
at the Lime
of Boosting
the output
voltage
Voutput 1_1
output from
the PCB=
parametric
ampldbier,
so the
components
whicb
receive the
output
voltage
VoutpuL
must perform
correction
or the like
of the
ranger
voltage
foutput 1_1
'a.s
appropriate.
[0112] A,
described
above, with
the
uur,wenti
0,1st MOSFET
- 70 -
oarametrio
ailitior 10,
the hi as
voltage and
voltage
:signal
Input to the
MOS=
parametric
amplifier 10
are
amplified
together
walls stilt
in a
superimposed
start),
creating at
least the
three
above-descri
bed
problems.
Accordingly,
with the
styli:Fier
according to
the presents
embodiment,
F. technique
for solving
the above
problems by
the
following
technique in
general, has
been
employed.
101131
(arinoirge
of
amplificatio
n with
amplifier
accordino to
present
invention;
litht, the
enp.Lificati
on pr rodyle
according to
the present
invention
will be
described
wtth
roister,. to
Fig. GA
through Fig.
70. Note
that Fy. 65
and Fig. NH
are
explanatory
diagrams
illustrating
the Crack
state amp
Hold state
of an
ampltflmr
according to
an
embodiment
of the
present
invention)
with 71,1.
65
illustrating
the Trar-,
state, and
tgq. Oh the
Hold state,
respectively
. 



[01141 Also,
Fig. 71
through Fig.
7C ate
explanatory
diss
illuotrating
movement of
charge in a
Boost stare
si.th the
amplifies
according to
an
embodiment
of the
present
invention,
with Lny).
CA Yowls:ft
'IC each
Illustrating
movement of
charge to
the Boost
state over
time. [0115)
11th
reference to
Fig. 61
throughtc
71 -
amplifier
according to
an
embodident
at the
present
invention
has pl) a
first
variable
depart lance
device F
with
variable
cepecihance,
and (2) a
second
variable
capacitance
devisee N
with inverse
criductivity
an to the
first
variable
capacitance
device P,
with a hi as
voltage
Vdd/2 and
voltage
signal Vin
being input
to the first
vat: able
capacitance
device
Pandahe
second
variable
capacitance
devin
accordance
with ihe
connection
state at the
switch SW1 



Also, the
first
variable
capacitance
device P is
ochnected to
she power
source
voltage
source, and
the second
variable
capacitance
device N is
connected to
the ground
N. Note that
while the
bias voltage
has been
shown to be
Vdd/2 in
Fig. 6A
through Fig.
70, it la
needless to
say that the
arrangement
is not
resthieted
to the
above. Lana]
Fl rst, as
shown iv.
Vie. ,A,
when the
switch SW1
is in trio
sONg state,
the bias
voltage
Vdcif and
voltage e)
geed Via are
input via
the act h
Sidi,
whereby Vp)
= Vea/2 -
UMn ls
applied to
bc:h ends of
the first.
variable
CapaCitande
device P,
and also
VnlVdd/2 +
Win is
applied he
both ends Of
tee second
variable
capacitance
device N.
Consequently
, the firat
variable
capacitance
device P and
the second
variable
capacitance
device N
accumulate
charge.
(0117] In
this
state,tflthc
eve,iL. chat
the switch
SW1 spat  -
72 - anti is
istate where
the bias
voltage
Vild/2 and
pcitage
signal Wilk
ase not
applied
(gold
state), the
follobing
relations
hold at Like
amplifier.
(1) The
charge Qpl =
-CI  trpl -
-CI (idel/2
-Vin) 



immediately
prior to the
switch Sta
opening is
held at the
Gate
terminal of
the first
varis.bla
capacitance
device P
(the
terminal at
the side
corpretited
to the
switch Sal
irk Fig.
ER).  (2)
The charge
gel - Cl
`Int
=(Vdd/2n)
immediately
prior to the
switch aWl
opening is
held at the
Gate
terminal of
the second
variable
capacitance
device N
(the
terminal at
the made
connected to
the switch
Ni in Fig.
REG. (01 III
Now, the
diftererifle
on chary,
between the
Gate
terminal.
or-the first
variable
capacitance
device hand
the second
variable
capacitance
derion N is
an amount
proportionat
e to the
VGItage
signal Via.
(0119]
Nest,
doscrLpUon
will be bade
regard:Loy
the Roost
state, with
reference to
Fig. 'IA
thEOLlyh
Wig. 10.
Fig. 75 is a
diagras
illustrating
the Hold
state as
with Fig.
is, hut is
illustrated
as a
configuratio
n mirth a
switch SPIO
not present
irr Fig. 60,
in order to
describe
maventelt of
charge in
the Roost
state. Now,
the switch
SAO is a
switch for
controlling
connection
between Lie
first
variable -
73 -
capacitance
device e and
the powereve
voltage
source 



shown in
Fig. 7.A.
through Fig.
70, but is
an imaginary
switch for
sake of
descriptiofb
That is to
say, Fig,-
6B and Fig.
75_ are
este:Manley
identical -
It 120] With
referents
Fig. 7A, the
switch
SWOspen, SO
in the same
way satith
Fig. 66, the
charge of
the hate
terminal of
the first
variable
capacitance
device P is
Opt a -Cl
Vpl - -171
(Vdd/2 -
Vie), ann
also the
charge at
too Gate
terminal of
the second
vnriable
capacitance
device N ia
- ci (V61/2
+ Virg. Note
that other
states are
the tate a
with Fig.
6P. (01211
In this
state, let
16 onsider a
case wherein
the
capacitance
of the Tirat
variable
capacitance
device P and
the
capacitance
or the
second
variable
capacitance
dean.= N are
reduced to
elike Tjaken
(i.e., the
post-ebante
capacitance
c2 - Gl/k).
At this
tine, the
charge at
the Gate
terminal of
the first
variable
capacitance
device P can
be
represented
as 0171 -
-CI I del -
-el (Vddie -
vin;.-he/
(Tdd/2Viol,
and in, the
same way,
the charge
at the Gate
terminal of
the second
variable
capacitance
device N can
be
represented
as got - CI
Vol - el
("Odd/2 +
gin) -kCI
(Tdd/2Via). 



[0122] - 74
-
Alec, the
voltage Vp2'
impressed on
both ends of
the first
sat-table
capacitance
device P is
Vp..2; =
kratid/2 -
Vin;, and in
amplit ied
by being
multiplied
by the
capacitance
change
-at--n,
i.e., k
tines. Tt,
the same
way, the
voltage lin2
impressed on
tm,th ends
of the
second
variable
capacitance
device N is
Pri2.a
(Vdc1/2 +,
and is
amplified by
being mai
cipiitd by
the
capacitance
change
ratio, i.e.,
It thues.
Note that
the
principle of
volta,ge
amplificatio
n. is the
same as the
principle
with the
discrete-Li
me
parametric
aspl=fier
shown in the
above-descri
bed
Expression
1. [0123]
Next, as
shown in
Pig.witch
SWO being
closed from
the state in
Fig. 713,
the
tire.able
capacitance
device S is
connected to
the ;beer
source
voltage
source. At
this time,
the power
sourhe vol
'cage Source
Vdd is
impressed on
the first
variable
capacitance
device P and
the second
varlat, a
capacitance
device N, so
the charge
4' - (1 .-
11 02  Vdd/2
moves free
the first
variable
capacitance
device P to
the power
spurge
voltage
source.
side.
Simultaneous
y with
moving eft
the charge
4', charge
of de amount
equivalent
to the
charge 4'
disappears
true the
Cate
termalial ea
the first
fa-liable
capacitance
device 2 and
the second
variable
capacitance
device N.
That is to
say, the
charge at
the Cate
terminal of
the first
variable
capacitance
device P is
tip2 -C2
(End/2 - 



anti the
charge at I
be Cate
terminal of
the second
variable
cases:Lb:bee
deistN is
Qp2 = 02
(Vdd/2 I
kVird . 101
241
Now, the
difference
nit charge
between the
Gate
teridnal of
the first
variable
capacitance
device 2 and
the second
variable
capacitance
device N is
held, so the
voltage Spa
impressed on
both ends of
the first
variniale
capacitance
device la in
expressed
wild'
Expression
2, and trio
voltage Vrt2
isp-ed on
both ends of
the secoind
variable
catoactitans
e device N
Is expressed
with
Expression
3. (1125j
[Mathematica
l Zxpreasi
t,r,2] Vp2 e
(Veld 12)-
kYin= tides
-4 Via
(EXID,,,SSiO
n 5) (0126] 



[Eatheree
':1cc I
EXpreSSI011
3] Vn2)-
(Vdt112)-:+
k  Vin
testdesstott
3) [01271
According]
y, with the
amplifier
accord( ng
to an
embodiment_
of the
present
invent ion,
unlike the
conventional
MOSFEE
parametric
amplifier 10
where the
bias voltage
and voltage
signal are
(uplifted
together
while still
in a
superimposed
:state, the
voltage
signal
',rill is
amplified k
(capacitance
changetimes,
hut the bias
vu1tage
Pdd/2
Mbias is rot
amplified.
Accordingly,
with the
amplifier
acmnreling
to an
embodiment
of the
present
invention,
the output
voltage is
not
unnecessaril
y gceak as
with the
conventional
MOYEdb
parametric
amolitinr
10, so the
probability
cr the three
problems of
the
conventional
MOSY2T
parametric
amplifier 10
described
above
occurring
can be made
very small,
thereby
contributing
In finer
circuits erg
lower
coectric
power
consumption.
[012*1 Nets
that with
the above,
description
hashIsade
that with
regard to
the first
varialMe
capacitance
device P an
the second
variable
capacitance
device N,
the
terminals at
the side
connected to
the switch
Sr in Fig.
EA through
71g. ?C are
respectively
the Gate
terminal of
the first
variable-
capacitance
device P and
'the second
variable
capacitance
device N.
EOWeVeL.,
the
principle of



amplificatio
n with the
adplifier
according to
the present
invention is
not
restricted
to the
above-desciM
bed case,
and can be
applied, for
example, to
a case
wherein the
tershrialm
an the side
cosines...me
i to the
switch SW1
in tip. Ch.
through Fig.
PC are the
Source
Lermimai and
brain
iernimel at
the firost
variable
capacitance
device P and
the Source
Germinal and
Drain
terminal of
the second
variable
capacitance
device,
respectively
.  [0129]
Now, for a
case wherein
the
terminals on
the side
connected :o
the switch
Slal in Fig.
6A through
hIp 7it are
the Source
terminal
and. Drain
terminal of
the irst
vartatri
capacitance
device ? and
the Source
terminal and
brain
terminal
at: the
second
variable
capacitance
devace,
respectively
, all that
is necessary
in to
interchange
the first
variable
capacitance
deviceand
the second
variable
capacitance
des ice N in
lip. EA
through Fig.
if, for
example. One
to the
configuratio
n described
above fir
example, the
amplifier
according to
an
embodiment.
ot the
present
invenathe
allows the
probability
of the thane
problems of
the conveni
final act
rat
parametric
amplifier ID
described
above
occurring to
be mane very
smell,
thereby
contributing
to finer
circuits and
lower
electric
power
consumption.
NW_ e that
it is
needless te
say that the
empl i fier
according to
the present
invention is
not
restricted
to a
configuratio
n having a
;ate
terminal, a
Source
terminal and
a Drain
terminal.
[0130] 



Al 3C, the
terminals at
the 5.de
,:-LCnor
acted t
otheswiich
Sill will be
described
below as the
Gate
terminal of
the first
variable
capacitance
device P and
the Gate
terminal cia
safe SeCOIRi
variable
capacitance
device 55,
seSPectiveli
n [0:131]
(Amplifying
method using
the
amplificatio
n principle
according to
the present
invention)
an
amplifying
method
according to
an
embodiment
of the
present
invention
based on the
above
principle
will be
described
,Mth
reference to
Fig. 3. rig.
0 is a
flowelna.rt
illustrating
an
amplifying
mettoci
using the
amplificatio
n principle
according to
the present
invention.
[0132(
Bias voliage
and voltage
aignals are
input and a
first eta
age
correspondin
g to a tiro:
capacitance
is accueal
aced in the
first
variable
capacitance
device and
the seeend
varisble
capacitance
device
(51001
[0111]
Input of the
above bias
vd1Lage and
voltage
signals is
stepped, and
tne charge
accumulated
in step 5100
is held
(S102). at
this time, a
voltage
equivalent
to the above
Oise voltage
and the
above
voltage
signal is
impressed on
the first
variable
capacitance
device and
the second
variable
capacitance
device. [01
n
The steel
Tomcat of
the f Mist
variable
capac tienee
device and
the secand
variable
capacitanca
device is
reduced from
the first
capacitance
to a second
capacitance
which is
smaller than
the first
capacitance,
while still
helding the
charge held
in step S1U2
(0104). 



(0135)
The bias
voltage and
voltage
signal
applied to
the first
variable
capacitance
device and
the second
variable
capacitance
device are
amplified in
accordanse
with the
caged Leone
change ratio
:first
capacitance
/ second
capacitance)
of the
change in
capacitance
in step 3104
(3106).
[31313
The charge
equivalent
to the
amount of
anr.'l
ficattorl
hies
voltage,
amplified at
the first
variable
capacitance
device and
the ncccnd
varimbld
capacitance
davice in
step 3101,
is cancelled
cut (3101).
Now,
canceling
out of
thecharge
equivalent
to the
amount of
atiplificaLe
cu of the
abcve bias
voltage
occurs by
the power
source
voltage vdd
being
irgoessed on
the first
variable
capaciiarbe
device and
the neccnd
-saleable
capacitance
device.
0133]
The
amplifying
method using
the
amplificatio
n principle
according to
the present
invention
amplifies,
of the bias
voltage and
voltage
signals
input to the
amplifier,
the voltage
signals, hd-
tee above
step Slue
through
3108- (0138]
Note that in
step Sigi,
Joe
capacitance
cd the first
varlehie
capacitance
device and
the second
variable
capacitance
device is
reduced from
the first
capacitaime
To 



- SO - a
second
capacitdnce
which is
smalier than
the first
capacitance,
be: 19 net
restricted
to this, and
the
capacitance
of the first
variable
capacitance
device ar1
the second
variable
capacitance
devido nay
be increased
from, the
first
capacitance
to 8 therd
capacitance
which is
greater than
the firs.
capacitance.
this case,
in step SICG
the bias
voltage and
voltage
signal
impressed on
the filet
variable
capacitance
device cod
second
va.avele
capacitance
device are
attenuated.
[0139)
(First
118bodi0e0t
Next, an
embodiment
of an
amplifier
according to
the present
invention
using the
above-descri
bed
amplificatio
n principle
according to
the present
invention
will be
described
with
reference to
Fig. 9A
through Fig.
1C. rig. 9A
and Fig. 99
are
expianatosy
diagrams
illustrating
- an
amplifier
100
according to
a first
embodiment
of the
peasant
invention,
with Fig. 9A
illustrating
the Track
state of the
amplifies-
100, and
rig. OR
illustrating
tea Boogt
state or the
ampeitier
100. 0140]
Alan, Fig.
10(a) to a
diagram
illustrating
control
clock
sir:vials
for
controllirei
switches of
dip. 9A and
Vig. DA,
Fig. 10(e)
is a diagram
illustaating
an input
voltage
signal
Vinput input
to the
amplifier
100
auras:ding
to the 



first
erboilmert
orc protect
irventien,
and Fig.
10(0! is a
diagram
illustrating
an output
voltage
signal
Voutput
output iron
the
amplifier
100
according to
the first
embodiment
of the
present
invention.
[0141]
With
rafforence
to fig. SA
and fig. Oh,
ee amplifier
im]
according to
the First
embodiment
of the
present
Invention is
conficured
of a CMOS
having
so-los
varactor WI
and neNCIS
varactor Al.
thoit the
p-MOS
varactor Pi
and n4131
varactor NI
uhange in
capacitance
depending on
an ether or
tot. there
is an
inversion
layer, as
with the
MOSPET shown
in Fig. 2A
dfld F14.
212. [Aleg]
The tgas
voltage
tibias and
voltage
signal Ain
are inparL
to the Gate
terminal of
the p-MOS
varactoratd
rr-MOS
varact4r Al,
in
accordance
with the
connection
state of the
switch 351.
Also, the
Source
terminal and
Drain
terminal of
the te-MOS
varactor 21
are
connected to
the power
source
atilage
source and
fne ground
in
accordance
with the
connection
state of the
switch eon,
and the
Source
terminal and
Wrath
terminal of
the n-MOS
varactor 101
are
connected to
the power
source
voltage
source and
the ground
in
accnordance
with the
connection
state of the
sWiLtth SW3.
Now, the
csMOS
-'tractor WI
and n-MCI
varacter Al
nave inverse
cenductivity
se in order
to match
Lila
increaberdec
ianse cnange
of  



capacitance
of the o-NOS
sal:actor-
Si and r NON
varactor Ni,
in the event
that the
switch liv42
is connected
te the
pokier
source
collage
source the
switch SW3
is connected
to the
ground, and
in the event
that the
switch 5512
is connected
to the
ground the
switch 3W3
is
cornkccted
Co the power
source
voltage
source.
[01131
Now, the
switch teal
synchroni.ze
s tith the
clock signal
01 shown hp
Gig. 10(ato
close wden
the clock
signal 41 is
high, and
inpoL the
alas voltage
Vhias and
ih]iaga
signal Via
to the Gate
terminals of
the p-MOS
varactor P1
and n-HOC
varactor NI.
Also, Lim
switcn SW1
opens
t4r,"2.71
the clock
signal 41 is
low, thereby
coltrolling
input of the
hi as
voltage
atlas and
voltage
signal Min
to the Cate
terminals of
the p-MOO
vazacter Pa
and NOS
varactor Ni.
Nett, that
the selairms
bOtWeen the
clock signal
41. and the
switch Sal
is not
restricted
to the
clove, and
toe switch
OW1 fay
close when
the clock
signal 41 is
low, also,
kihile
vhrious
embodiments
relating to
the .tresehl
inventich
will be
descri hod(
the isle
e'en between
clock
signals and
switches ere
not
restricted,
it the same
way ae khth
the above
rotation
between the
clock signal
41 and awl
0h [flhi]
The switch
5E2
synchronizes
(Li th the
clock signal
02 shown in
Ay. 10(a),
so as to be
connected to
the ground
- 23 - when
the clock
signal. 47
is high, and
cowneoted to
the pokier
source
voltage
source when
the el coh
signal e2 is
low. Also,
the switch
SW3
synchronizes
with the
clock signal
$2, so as to
be
refine:Med
to the Newer
Samson
voltage
source when
the clock
signal $2 is
high, and
connecred to
the ground
when the
(Jock signal
e2 is low.
Now, as
slow,. in
Nig. Ulla),
the clock
signal el
and clock
atonal 0 are
input such
that tie
phases
thszeof do
not overlap.
A Track
state, Nolb
state, and
Boost state
are created
at the died.
fist 100
according to
the first
embodiment
of Lha
present
invention by
keeping the
relation of
passes of
toe clock
signal el
and the
clock signal
+2 frost
overlapping.
Pleb] 



Also, the
inp-ut
voltage
signal
Vinput input
to too
amplifier
120
according to
the first
embodiment
of the
present i
overt on is
a signal
wherein the
bias voltage
Vbias and
voltage
saw:al kin
are
superimposed
, as Snewn
in Rig. 10
(b I .
[glee]
With
reference to
Fig. SA, iv
the Track
state, Lee
inptl
voltage
signal
Vinfatt to
it-bet to
The Gate
terainals of
the -o-P,OS
varactor PI
and n-MOB
varagtor Ni
by the swi
tot uwl
closing
synchronousl
y with the
clock signal
01 . &LSO,
the
capacitance
of the 2-Kos
va.,eLOr 21
and n-mas
varecLor
wlases dile
to the etei
ten SPL1
being
revealed to
the  - power
source
koltage
source
synchronousl
y with the
clock signal
p7., and the
switch 513
being
connected to
the ground
synchronousl
y with the
clock signal
$2.
Accordingly,
the voltage
at the Gate
terminals of
the p-mou
vdractor pi
and n NOS
caractor N1
changes in
accordance
wfth the
inotit
voltage
signori
Vinput, and
charge
corresoondir
g to the
lnprd
voltage
signet
Vinpat is
scounubated
ii the p-MOS
cermet= Pl
and it-MOS
carselet Nl.
F01.47:
with
reference to
kid. 25, in
the Boost
state, the
Input
voltage
signet
Viramt is
not input to
the Gat,
terminals of
the 0-N101:
aerostat Dl
and n-MOO
varactor Ni
due to the
switch SW1
opening
synchronousl
y with the
clock signal
01, also,
the switch
CW2 is
connected to
the rilmood
synchronousl
y- with the
cGock signal
02, and the
swItch 553
is connected
to the power
source
voltage
source 



synchronousl
y with the
:hock signed
$2, whereby
the
capacitance
of the p-MOB
waster Pi
and n--NOS
varacter N1
decreases.
At this
time, the
Gate
terminals of
Lhe r,MOS
varactor Pl
and n-M1101
varactor Ml
hold a
charge, se
the voltage
signal Vim
is amp111iod
by being
multiplied
by the
capacitance
change
ratio, with
the
magnitude of
the bias
voltage
Vbias bet
rug held as
it is.
Accordingly,
as shown in
Fig. 10(0),
the output
voltage
Voutnut 02
the
amplifier
100
according to
the first
embodiment
of the
present
invention  -
85 - assumes
a vaveform
wherein the
voltage
signal Yin
has been
amplified by
being
multiplied
by the
capacitance
change
ratio, with
the
magnitude of
the bias
voltage
tibias being
held as it
is, as to
the input
voltage
signal
Vintett.
Now, the
output
voltage
Voutput is
smaller than
the power
source
voltage
`ids, so
there is no
eistertion
output sal
tage as with
the
conventimat
HOStaf
parametric
anvilfi.er
10. Note
that chile
not
illustrated
in Fig. 9A
and Fig. 95,
having the
et nek
signal +2 1n
rise
following
the cluck
signal +1
failing as
ehom in Mg.
lnial causes
transition
from the
Track state
shown Co
Fig. 9A via
the Hold
state to the
Count state
shown in
Fig. 92.
(0148]
Accordingly,
with the
amplifier
100
according to
the first
esbodiuttene
of tne
present
invention,
an output
voltage
signal,
wherein a
voltage
signal has
Men
amplified by
Ming
multiplied
by the
capacitance
change ratio
with the
magnitide of
the bias
voltage
being held
as it is as
in the
voltage
signal, can
be output,
so the
output
voltage
signal never
becomes
umecessafily
greet.
Accordingly,
a circuit
having the
amplifier
according to
:the first
emboiiment
of the
present
invention
110 longer
needs -to ha
Provided
wita epaulet
measures
regarding
catgut
voltage si
goals of the
amplifier
according to
the first
erboliment
of the
present
invention,
making
handling of
the output
- 96 - 



voltage
signals
asier, and
also
enabling
contribution
to finer
ciabuits and
lower
electric
power
consumption.
further, the
pre:tali I i
ty of the
magnitude of
the output
voltage
signal
becoming
greater than
the power
source
voltage Void
can be made
very small,
so there 'a
no
distortion
In output
voltage
signal a,
and desired
output
voltage
signals cao
he obtained.
[01,19:
[Modffibatie
n of first
Febo imcne]
With the
amplifier
100
according to
the first
embodiment
of the
present
invention
shown in
Pig. 971 and
Fig. DB, a
configuratio
n has been
illustratect
wherein the
gate
terminals of
then-ails
vatactor ci.
and - .i MOC
varacrot NI
are
connected to
the switch
Sill, the
Source
terminal and
Drain
terminal of
toe pstiO6
varactor 51
are each
connected to
the switch
Sea, and the
Source
terminal and
nrain
terminal of
the in-MOS
mg-actor ND
are each
connected
7..o the
switch 5913.
Howetrem,
the
configorntio
n of the
amplifier
according to
the first
embodiment
of the
present
invention is
nut
restricted
to the
above. For
evample, the
amplifier
according to
the first
embodiment
or the
present
invention
may have the
Source
terminal and
Drain
terminal of
the p-MOS
varacter and
the Soorna
terminal and
Fr a in
terminal of
rite h-110.6
vat:actor NI
each
connetired
to the
switch tIMI,
el hb the
Gate
terminal ct
the n-1105
varactori NI
connected to
the switch
SW2 and the
Gate
terminal of
Me p-MOS
varactor PI
connected to
the switch
5W3. 



[0150)
Ihmh the
p-r103
varacLor PI
ang n-MOS
varsctor Ill
have inverse
conductivity
.
Accordingly,
in cider to
match the
increaSedele
crease
change of
capacitance,
se with the
case of the
mnplefier
100,  (1) in
the event
that the
switch SW2
is connected
to the power
source
voltage
source the
swatch OW 3
Ls connected
to the
ground,
arid,  (2)
in the event
that the
switch 5W2
is connected
to the
groLual the
swatch 353
is connected
to -lie
fader source
voltage
50CrCE.
(01511
With the
above
configuratio
n cc well, a
Track state,
hold state,
and Bags,
state can be
created at
the
amplifier
100, so the
voltage
sagnal gin
can Me
amplified by
being
multiplied
by the
capacitance)
change
:olio, with
the
magnitude of
the bias
voltage
Thies being
held as it
is, a; shown
in
Expressions
2 and 3.
le1521
Thus, with
the
amplifier
according to
the first
enkhaflment
of the
of-esprit
invention,
an output
voataga
signal,
wherein a
voltage
algnal has
been
amplified by
being
multiplied
by the
capacitance
change ratio
with the
magnitude of
the bias
voltage
being held
as it i a as
to the input
voltage
signal, cran
he output,
an the
output
voltage
signal never
becrren
Imulocessall
Amr great.
Accordingly,
a circuit
haring the
amplifier
according to
the first
embodiment
of the
present
insrargemn
no longer
beeds to be
provided
sift special
Traaeries
regarding
output
voltage
signals of
the
samdirker
according to
the fit-at
embodiment
of the
present
inventiorh
making handl
dug of the
output
voltage
signals
easier, and
also
enabling
cortibuti on
to finer
fiord rs and
loser
electric
pekrar
consumption.
Further, the
probability
of the
magnitude of
the output
voltage
signal
becoming
greater than
the poser
source 



oltage 'PIO
can be made
very
2farlii, so
there in no
distortion
in output
yolsege
signals, and
desired
outmur  cd
rage signals
can be
obtained.
[Olmt]
(Second
Embodiment )
As described
with the
amplificatio
n princlmlo
of the
amplifier
according to
embodiments
of the
present
Invertion,
with the
amplifier
according to
embodiments
of the
present
invention,
the .same
aniTint or
Charge is
eliminated
at the Gate
terminal of
the first
variable
capacitance
cleric Feud
the Gate
terminal of
the seeing
vardoble
capacitance
device N, an
the voltage
signal is
aumb i find
by being
multiplied
by the
capocisenne
change rot m
while
saints:
n-Lng the
magnitude of
bias
voltage.
Accordinglib
it is
orwieriole
that the
area of the
Gale
terminal of
the first
variabie
capacitance
devise Pan
the area of
the Gate
terminai of
the secend
variable
capacirarpe
device are
the same.
HOW8Vet, in
acted:
manufacturin
g processes,
there are
cases
waerean the
area of the
Gate
termir.1 of
the (list
variable
cat...if:nee
device P and
the area of
the gate
terminal of
the second
variable
capacitance
device do
not agree,
due to
irregulariti
es in
manufacturia
g of the
decrees.
accordingly,
next, a
second
embed-Meet
wherein the
area of Cie
Gate
ternaaal of
the first
variable
capaciraus.
device r and
the area of
the Gate
temnii.1 or
the second
variable
capacitance
devlse can
be adjusted,
sill he
described.
Fier 11 iS
an
explanatory
diagram
illnstratiug
an aMpLifier
2.08
according to
a second
embodiment
of the
present
invention.
na shown in
hg. 11, the
amplifier
200
according to
the eccend
embodiment 



of the
present
is,entien
has ft. same
basic
coniguralice
as that of
the
amplifier
100
according to
the that
emoocimenr,
further
provided
with
anatipic
adius-trg
pea=
carachors
e.i
t-sssuchhavi
nggate
&Matter
being
reovided in
parallel to
the p-MOO
-reflector
21. The gate
width of the
p-MOS
ad/actor Pi
is W = or
and the gate
width of she
nclitli
verasMor Ni
is is- p.
?Ls, the
gate width
of -.F1
adjusting
p-MOO
...actor Mil
is w4ipm),
and  in the
same was,
the gate
widths of
the :jesting
c-MOS
vareotors
P'2 through
F.4 are W -
RE (am],
IHIsmh and
02(aml.
Here, for
sake of
descripLidn,
we wile
assurtethat
the gate
lengths of
too p-MOS
varactor II,
n-MOS
varactor Ni,
ErCi pMOS
varactors
P.1 through
P'4 are
lfivel.
L01551
The Gate
terminals of
the
adjusting
p-MOS
varanters
9,1 thtuutlh
are
connected to
the switch
SWl, and the
bias voltage
Vbias and
voltage
signai Vin
are input ia
accordance
with the
connection
stare of the
switch Mc
Further, the
varactors
P.I through
Pul have the
to] towing
relations.
The Source
terminal and
Draim
terminal of
the
adjusting p
MOS varactor
P.I is
connected to
the power
source
voltage
source in
accordance
with the
connection
state of the
swItch
SPIGET and
in LIJe same
way,  (2)
the Source
terminals
and Drain
terminals of
the
adjusting
varacens F'2
Ihrungh P'4
are
connected to
the power
&over.a
voltage
scarce in
accordance
with the
connection
state of the
switches OWS
through SW'
4. 10154] 



In the event
that each of
the switches
SWHI through
SVP4 have
the same
polarity as
the p-SOS
veractmr PI,
i.e., with
the name
connection
destinution
as the S152,
the area of
kha Gate
terminal of
the p-SOS
VaraCt07 PI
increases.
For example.
as shown in
Fig. 11, in
the event
that the
shalmh  91
SW2 and the
switches
SN'l through
SW'S are
connected to
the pout:-
source
voltage
source, the
area Sp of
the gate
terminal of
the 2-woe
varaCtOr el
is, based on
Sp =SP' - a
+ (4 + elb f
S2) = g + 60
hmail,
abseil is
selnjeal-
nleo, en the
event that
the switch
3142 and the
switches SW'
" through
SW'S are
connected to
the power
scare.
,vdtage
court., and
the shitch
SVP4 is
connected to
the ground,
the area Sp
of the Sate
terminal of
the ponMS
varactur 77
is Sc' As
described
above, with
the
amplifier
200
according to
the second
embodiment
of the
present
invention,
appropriatel
y
thdependenth
y switching
the
connections
of the
switches
SWil through
SW' 2
enahths the
al-s. Sp at
the Gate
terminal of
tae pahOS
varactor 21
to be
indirectly
changed.
Accordingly,
the area
ratio Sn/Sp
value
between the
area Sp of
the Gate
terminal of
the first
variable
capacitance
device P and
the area Sn
=off the
Gate
teteinal of
the second
variable
capacitance
device N can
be precisely
or
approximatel
y adjusted
to i.
LO-159t 



he gate
widthsof the
p-MOS Val'
dors -.1
through 12'4
are
-.sighted
with powers
of two, the
reason
thereof
being fur
hit control
or the area
Sc or the
Gate
terminal uf
the first
variable
capacitance
device P.
For example,
in an event
of employing
ti's
configuratio
n in fig.
11, 4-bls
control,
i.e., area
Sp of the
Gate
terminal of
the  - 52 -
first
variable
capaciimme
device P.
canoe 'Peri
eel in 16
ways. As a
oat Ler of
course, Cat
COI of the
area Wp or
the Date
tenninal of
the first
variable
capacitance
device P is
not
restricted
to the
above-descri
bed, and tho
gate widths
of the
fratOS
varacters
P'l through
24 can be
arbitrarily
set. 101581
Also, in
Pic. 11- the
area Sp of
the Gate
terminal of
the first
variable
capacitance
device U mas
indi rectity
changed by
changing the
polarity or
voltage to
be
facuR.ssec
on the
Source
terminals
and Drain
terranals of
the
adjusting
p-1405
varactora
P'1. through
a' 4, in a
state
'Wherein the
Date
terminals at
the
adjusting
varactormIhr
ough P'4 are
connected.
however, the
area Spat
the Gate
terminal of
the first
heriAble
capacitance
device ia
tray be
indirectly
changed by
providing
switches at
the Cate
terminal
side of the
adjusting
varact or
P'S through
id 4.
[011.91
Accordiampli
fier 2C6
according to
the second
embodiment
of the
1resent
invention is
capable et
adjuating
the area
rater:
between the
area of the
Gate
telardnal of
the first
varia.ole
capatri
Lance device
Panel the
area of the
Gate
terminal of
the second
variable
capacitance
devfoe N.
Arbtardifigt
m, even in
the event
the Aced of
the Gate
terminal of
the first
variable
capacitance
device P and
the area of 



the Gate
terninel of
the second
yard e
capacitance
device N
differ due
to
it:regularit
ies among
devices, the
magnitude of
the bias
voltage
included in
the ingtO
voltage
signal can
be
maintained.
[01601
Iltusthe
amplifier
220
according to
the second
enbedimerM
of lh.e
present-
inventiorm
in the same
way as vdth
the
amplifien
100
according Cc
the first
embodiment
of the
present
invention,
an output
voltage
signet,
wherein a
voltage
signol has
been
amplified by
being
multiplied
by the
capacirmario
e change
ratio with
the
magnitude of
the bias
voltage
being held
an it is as
to the input
voltage
signal, can
be output,
So the
output
voltage
signal never
becomes
unnecessaril
y great.
Accordingly,
a. cirsuit
having the
amplifier
200
according to
the second
embodiment
of the
present
invention no
longer needs
to be
provided
with epeute
measures
regarding
output
voltage
signals of
the
amplifier
Afb
accent:lug
to the
seccnd
embodiment
of the
present
invention,
making
handling of
the output
voltage
signets
easielh and
also
enabling
contribution
to finer
circuiLa and
lower
electric
poets
consumption.
Further, the
probability
of the
magnitude of
the nutiont
voltage
signal
becoming
greater tnan
the power
source
voltage Vdcl
can be nede
very small,
so there is
no
distortion
in output
voltage
signals, and
desired
output
voltage
signals can
be obtained.
[01611
Also, while
F g. Ii
si,uesaconfi
garation
wherein the
area ful the
Gate
terminalh of
the first
variable
capacitance
devIce P is
adjastdd,
the
arrangement
iT not
restricted
to the abo,a
described,
and
arrangements
may be made,
for example,
ithe.lein
multiple
adjusting
n-NOS
varactors
with wen;
route widths
arc provided
for
adjusting
the area of
the Gate
terminal of
the second
variable
capacitance
device N, NN
wherein both
the area of
the Gate
terminal of
the first
variable
capacitance
device P and
the area of
the Gate
terminal of
the second
variable
capacitance
des Ice N
are
adjusted. 



[0162]
[Third
Embodiment/
Next, a
differential
. amplifying
circuit
using the
principla cf
amplificatio
n according
to the
present
invention
sill be
described as
a third
enmedinent
of the
present
invention.
Pig. 12 is
en
eapianatory
diajram
tbinstrating
an amplidier
300
according to
the thii,
embodlaunt
of the
present
inumution.
[0167]
Also, Fig.
13 is an
explanatory
diagram
illustrating
waveforms
according to
the third
embodiaeht
of the
pradent
invention
shown in
FON. 12.
Name, Fig.
13;s1 is a
diagram
alustrating
control
clock
signals for
controlling
switches  -
913 - in
Fig. 12, and
Fig. 13 (5)
is a diagram
illustrating
a positive
phase input
voltage
signal
Viabuti
-input to
the
amplifier
300
accordidg to
the third
embodiment
at the
present
invention.
also, Fig.
13(o) is a
diagram
illastrating
a positive
phase output
voltage
signai
I/output'
output from
the
amplifier
003
according to
the third
embodiment
of the
present
invention,
and Fig.
33(d) is a
diagram
illustrating
a
differential
output
voltage
siandi Von
liputh -
ShmilsbtlX
output from
the amp] P f
ier 300
according to
the tldad
embodiment
oi the
present
invention.
Noy, the
anmatoutlX
in the
differential
output
voltage
signal
gbutpitt -
Voutputld is
an inverse
phase
cilfput
voltage
signal
shereih the
phase has
been
inverted
from that of
the sitive
phase output
vantage
signal
ecutputl. 



l0164]
With
reference tc
Pig. 12, the
amiplitior
300
according to
the third
embodiment
of the
inventi on
includes a
fi rat
amplifying
unit 302 to
which the
positive
phase input
volteme
signal
Vinpubl,
obtained by
superimposin
g the bias
coal:dee
Vbias and
positive
lThase
voltage
signal Vin/2
in
accordance
with the
connection
slate of the
shed irt
3I41, a 5
,,111,d
amplifying
nnit 304 to
which the
inverac
phase input
voltage
signal
Vine-a-LK,
obtained by
superimposin
g the bias
voltage
Vbias and
inverse
phase
voltage.
signal
-Via/lift
accordance
with the
connection
sate of a.
switch SW1X,
and a  - 06
- switching
nrdt 336 for
connecting
the first
amplifying
unit 302
arid second
amplifying
unit 6124 to
the power
source
voltage
source or
the ground.
Here, the
inverse
phaae input
voltage
alai-nal
VinputlX is
a signal
wherein the
phase has
been
inverted
from that of
the positive
phase input
voltage
signal
Vinton:-
101651
The first
arnpUc} ng
saiL 302 and
the first
amplifadng
unit 304 are
of the same
configuratio
n as the
mmlinter TOG
according to
the first
embodiment
of the
present
invention
described
above. The
first
amplifying
unit lisa a
pwlMS
varscLur PI
and n-HOE
varacLur NI,
wiCh Cie
positive
phase input
voltage
signal
finputl
being input
to the Gate
termitels of
the p-GOS
varactor 21
and naMS
varactor NO
in
accordance
cite the
correction
state of the
switch Sti.
Also, the
second
amplifying
unit has a
t-MOS
varacior Vs
and n-MOS
valactor
172, willi
The inverse
phase input
voltage
signal
Vinputlx
being input
Lu the Gate
terminals of
the pMOS
varactor 22
and n-MOS
varactor N2
in
accordance
wite the
connect inn
state of the
switch
[01661
Ate
switching
unit 306
includes
switches
8012 and
263, with
the switch
SW2
connecting
the n-MOS
varcctot Ni
and the
n-HOC
varector 012
to tie power
source
voltage
sorTre or
the ground,
and the
switch SW3
connecting
die p-MOS
varactor PI 



and the
p-MOS
varactor 52
to the power
source
voltage sour
ce or the
grouno. Now,
the p-MOS
war-actors
PI and E2
and the I
HOC
vane-roes Ni
and 02 have
irakorse
conduchivi.t
y, so in
order to
match the
ncrease/decr
ease change
or capaci
tance of the
p-MOS
varacters
?I. and P2
argi tine
n-MOS
varactore Ni
and N2, in
the event_
that the
switch 052
is connected
to the
ground the
swiort awl
is connected
to the power
source
voltage
entree, and
in the event
that the
switch Sia2
is connected
to the power
source
voltage
source the
switch NE/5
is connecLed
to the
ground.
L0.167l
Now, the
switch S101
operates
synchronousl
y w:th the
cluck signal
pit shown in
Fig. 13(1),
So as to
cloSe when
-ho clock
signal gi is
high, and
input the
positive
phase input
voltage
signal.
Vinputl
shown in
Fig. 13(b)
to the Gate
terrainals
of the p-Mod
varactur PI
ant rr MOW
varactur NI.
Also, the
switch Mill
opens when
the clock
signal dp.
is low,
thereby
controlling
aren't of
the positive
phase input
voltage
signal
Vinpira to
the Gate
terminals of
the o-MOS
varactor 51
anar n-POS
vstactor
(ClES)
switchthe
219510
operates
synchtonuesl
y with the
clock signet
01 shown in
tic. 13Kal
sr, 8S to
0108e when
the clock
signal 11 is
Mich, and
input tee
inverse
phase input
voltage
signal
a/input:1X
to the Gate
terminals of
the p-M0.2.
- 9.8 - 



varactor P2
and netIOS
varacior
52the switch
SW1X opens
when the
clock
signal. 11
is lbw,
thereby
controlliag
input of the
pueittute
phase input
voitage
signal.
VinprtlX to
the Gale
terntnals of
the p-HOS
vararior 52
and n-11011
varactor 32.
[0159]
Also, the
swiich 5552
operates
synchronousl
y with the
ClOCk signal
42 shown in
Fig. la(al,
so as no
connect the
nMOS
varactors W,
and 52 to
the ground
when the
clock signal
12 is low,
and to
connect the
n-MOS
varacters Ni
and h2 to
this power
source
voltage
sotoi:e when
the tdboh
signal 12 is
aigli Ti.
switch SO
operates
synchronousl
y with the
clock signal
02 shown in
Fig. 13(e),
50 as to
C99111.9c9
the p-SOS
varacibl.
Pl. and 22
to the power
sour,e
voltage
source when
she clock
signal 12 is
low, arid to
connect the
p-MOS
varacters PI
and 52 to
the ground
when the
clock signal
is high.
10110]
In the sane
way as with
the
amplirier
100
according to
the filet
embodiment
of the
present
intntion
described
above, the
fnrst
amplitylng
unit 302
makes
transition
through Lina
Track state,
Hold state,
and Boost
state, based
or ibe clock
signals 11
and 92 shown
in Fig.
13)a),
thereby
outputting
the positive
phase output
voltage
signal
Vontpuil
shown in
Fig. 13(u),
wherein the
bias voltage
Vbias has
heal
maintddsed
and the
positive
phase
voltage
signal Winn
has been
amplified by
being
multiplied
by the
capacitance
change
ratio.
i0121] 



Is the same
day, the
second
arrplitying
halt 304
makes
transition
through the
Track state,
Hold state,
and Boost
state, based
on the clock
signats 0
and t2 shown
in Sig.
13(a),
thereby
outputting
the Hvesse
phase output
voltage
signal
Voutpuilli
wherein the
bias mittens
\Mice has
been
maintained
and the
inverse
ohane
voltage
sickel
-Vir/2 has
been
amplified by
being
multiplied
by the
capaidtance
Malaga
ratio.
(01.721
Now, the
positive
output
voltage
signal
VouLputi and
the inverse
output
voltage
signal
VmatputlX
are used as
ttp
Citterential
output
voltage
signer
Vcitippth -
Voutpatill
(shoun in
Fig. 13(40.
Accordingly,
a eircuii
having the
amplifier
300
according Le
the third
erhodtmert
of the
present
itventien
can carpel
out noise
(cisLortion
when even;
gent-fated
in the
positive
output
voltage
signal
Voutputl and
the inverse
oatpit
voltage
signal
VoutputlX,
by taking
the positive
output
voltage
signal
Voutputl and
the inverse
output
voltage
signal
VoutputiX
output fight
the
amplifier
300
according to
she third
embodiment
at the
present
invention as
the
differential
output
voltage
signel
Voutputl -
VoutputlX
shown in
fig. 13(og.
101741 Also,
with the
amplAfier
300
according to
th 



elloodiment
of the
present
invention, a
positive
phase output
voltage
signal,
wherein a
positive
phase
voltage
signal has
been
amplified by
being
nultiplAed
by the
capacitance
change retie
WWI the
magnitude of
the bias
voltage
being held
as it is an
to the
positive
phase input
voltage
signal, can
be output,
so the
positive
phase output
voltage
signal never
beCerae
UnneCe".rtlY
greet. In
the sans
way, au
inverse
positive
phase output
voltage
signal,
sherein an
inverse,
phase
voltage
signal has
been
amplified by
being
multiplied
by itie
capacitance
change tenth
with the
magnitude of
tee bias
voltage
being held
an it is as
to the
inverse
phase input
voltage
signal, can
be output,
Cu the
inverse
phase oniAmt
voltage
signal never
becomes
unnecessaril
y great.
According 7,
a eiromit
having the
amplifier
350
according to
the third
embodiment
of the
present
invention UV
Jung= needs
to be
provided
with special
measures
regarding
differential
otipat
voltage
signals of
thin
amplifies
350
according to
the third
Embodiment
at the
present
invention,
making
handling of
the
differential
output
voltage
signals
easier, and
also
enaldAng
contrihnticn
to finer
circuits
slid  101 -
lower
else:tie
power
consumption.
Further, the
probability
of the
magnitude of
the
differentia]
output
-voltage
signal
becoming
greater than
the power
source
voltage Vdd
use be made
very small,
90 there
Jane
dieterticn
in
differential
output
voltage
signals, sag
desired
differential
cutout
voltage
signals can
ha obtained.
(0175]
(Fourth,
Mloodirrant
Fig. 11 is a
diagram:
illustrating
an amplifier
400
according to
a fourth
embodiment
of the
present
invention.
[0176]
With
veterenc:a
to Fig. 14,
the
amplifier
400
according in
the fourth
embodiment
of the
present
invention 15
basically of
the scat
configuratio
n as the
amplifier
000
eccornins to
the third
embodiment
of the
present
invention,
coring:mills
a
differential
amplifying
circuit.
Also, in
comparison
with the sap
utter 300
according to
the third
embodiment
of the
present
invention
shown in
rig. 12,
with the
amplifier
400
according to
the fourth
embodiment
en the
present
invention,
the Drain
terminals of
toe p-1103
varacyor Cl
and the
p-0103
varacaor 52
are mutually
connected,
but the
Draininals
of each of
the above
p-MOO
varautors
and the
Source
terminals of
the p-1400
vet:actor 51
end the
ptADS
varactor P2
are not
connected.
Also, while
the drain
terminals of
the n-MOS
maractor 41
and the
nitICS
varagLor 512



112 - are
mstuaily
corIlleotso,
the ronin
terminals of
each ce the
n-SOS
vatectors
and the
Source
termihals.of
each of the
it - MOS
rare:tor Ni
and tbe
r-MUS
varnctoz N2
Are not
connected-Wi
th such a
confiwuratio
n Es
described
above as
well, the
capacitance
of the p-SOS
valeotor P1,
ir-Mils
varactur PS,
n SOS
varanLuar
Ni, and
n-SOS
varactor 52
can be
varied by
changing the
inversion
Layer by
impressing
power source
voltage Vdd
to snot the
Source
teroinal or
brain
terminalb
E0177]
Accordingly,
the witi.nq
of LI with
the
aspfitier
400
according to
the fourth
emborUment
of bi"e
present
invention
can no
simplified
as cumbered
with that of
the
amplifier
300
according to
the third
embodianmt
of the
present
finention,
and alSo,
the switches
5142. End
UW3 are
connected
only AA},
the Source
terminals of
the brIMOS
varactors Si
and P2 and
isMOS
vazactore
Nil and Nil,
so the load
on the
switches Sib
dsd SW3 can
be
alleviated.
01 75] Also,
attn the
amplifier
420 ac ordcc
the hearth
embodiment
of the
present
anventinn,
as with the
amplifier
SCO
according to
the third
embodiment
of 4he
present
invention, a
positive
phase output
voltage
signal,
wherein a
positive
phase
volisbe
signal ban
been
amplified by
being
multiplied
by the
capacitance
chilnye
ratio with
the
magnitude of
the bias
voltage
being held
as it is as
to the  -
103 - 



positive
phase input
voltage
signal, can
be output,
so the
positive
phase output
voltage us
at never
becomes
unnecessaril
y greet- In
the same
way, an
inverse
positive
phase output
voltage
signal,
wherein an
inverse
phase
voltage
signal has
been
amplified by
being
multiplied
by the
empacitance
change ratio
aMth the
magnitude of
the bias
voltage
being held
as it is as
to the
inverse
phase inpit
voltage
signal, can
be outshm no
the inverse
phase CutPue
voltage
signal never
becomes
unnecessaril
y great.
Accordingly,
a circuit
having the
asupimfier
400
scsording ls
the Fourth
embodiment
of the
present
invention cc
longer needs
to be
provided
with special
Treasures
regarding
diffetential
ottput
voltage
signets of
the
amplifier
POO
according to
the fouttb
embodhtent
of 7.L.c
presett
inventicn,
making
handling cf
the
dieferenLial
cutout
voltage
signseasier,
and also
enabling
contribution
to tines
circuits end
lower
electric
power
consumption.
Further, the
probability
of the
magnithde Of
the
differential
output
voltage
signal
becoming
greater Lban
the poser
source
voltage Vgc
can be mede
very smell,
so these is
ho
distortion
in
differential
output
voltage
signals, and
desired
differential
output
voltage
signals can
be obtained.
ig179] Sine,
-while a
couficurati
unit a shown
the switches
sva and SWl
ere
connectedto
the Source
- 109 -
terminals of
the p-AOS
vanactors el
and 52 and
the n-MOS
VaraGtor0 NI
and 142,
this is no
restricted
to the
Earner
described,
and a
configuratio
n may be
made wherein
the switches
SW2 and 8913
are
connected
only to ScC
Drain
terminals of
the p-MOS pa
rectors El
and P2 and
The n-NOS
varactenA Al
and I92. 



IPIRCN
(fifth
Tnthediment)
An shown] in
Expidssion
1, a
discr.te-tif
le
parametric
amplifier
can emplity
01 atfenua
Cm signals
bs-
capacitance
change
tatim.
Accordingly,
next,
descripticn
will be made
regardAmg an
amplifier
according to
a fifth
and-sediment
of ahe
presena
invention,
which is
capable of
switching
cyttl ' the
gain cf
output
voltage
sago-ale in
Lire ercceas
of
transition
from the
Track state
to the Boost
state via
the Hold
state, by
combining
cases
wherein the
capacitance
of pMOS
varactora
and n- MCI
sisrMers
irmeases and
cases
%Wherein the
capacitance
thereof
decreases.
rig. 15 rs
an
explanatory
degree
illustrainag
an amplifier
500
according to
the firth
embodiatent
of the
rresent
invention.
Were. Fig.
15
illustrates
a Track
state.
[01E1]
With
refetence to
Fig. 15, the
asplifirr
500
anger:Lang
to the firth
embodiment
of the
present
invention
has a first
aatlifying
vrit 502 and
second
amplifying
unit 514 to
which  an
input
voltage
signal
Vthput
where':, the
bias voltage
Apia's and
voltage
sigmal Vim
have been
superimposed
is input tr.
accerdarbe
with rhe
connection
state cf the
shUtot dal.
were, the
first
amplifying
unit 502 and
second
amplifying
unit 504 are
connected
serially.
101521 



The first
arr,oIIfyIfl
C cri.Lt 502
rant the
seam
configuratio
n as the
aitdifier
100
according to
the first
enmdinent of
the present
invention
described
above, and
has a p-HOC
varactoi Cl
and 0- 505
vale riot
Ni, with the
input
voltage
signal
Vinput being
input to the
Gate
LSSMIS3.1S
of the p-HOS
varactmr at
end n-SOS vu
rector Al in
accordance
with the
connection
state of the
switch SWi.
Also, the
Source
terminal and
drain
ternunal of
the rehab'
vaiector Cl
are
comiected to
the cower
source
voltage
sourne and
the around
in
accordance
vdth the
connection
state of the
switch S52,
and the
Scrims
terminal and
tlfein
terminal of
the ImMOS
vaxecter Ni
are
connected to
the power
source
voiLdge
source and
the ground
in
accordance
with the
connection
state of the
switch S53.
Now, the
p-hOS
varector P1
and the
n-MOS
varacter Ni-
have inverse
conductivity
, so in
order to
mulch the
increase/dec
rease change
or
rmpacitance
of the p MOS
aurae-tor Pf
and the
reMOS
VSISStOr Al,
in a
situation
wherein thc
switch SW2
is connected
to the power
source
vultage
source, the
sal ton 5W3
needs to be
connected to
the  ground,
and in s
situailon
wherein the
switch 51442
is connected
to tae
grouted, the
switch SM3
neees to be
corroeotch
to the power
source
voltage
source. Dr 3
The 5.,?111d
amplifying
unitis of
the same
configuratio
n, es the
amplifi Au
10G
according to
the first
embodiment
of the
present
invention
described
above, and
has a p-MOO
va r actor 2
and n-.1106
detector N2,
with the
input
voltave
signal
Vinput being
input to the
Gate
terminals or
the prelOS
deractor 02
and n-1403
detector 512
in
accordance
with the
connection
state of the
switch SW 3.
ills, the
source
lerrinal and
drain
termine.1 of
the p-rge
detector 52
are
connected to
the power
source
voltage
source and
the ground
in
racccrisnce
with the
connection
state of the
swi tch
5544, and
the source
terminal
anal train
terminal of
the n-11011
varactor Mn
are
connected
tti the
power source
voltage
source and
the ground
ln
accordance
with tho
connection
state of the
switch 5W5.
Now, the n-
MOS %tractor
52 and the
n-140S
vrisetor 132
have inverse
condretivity
, so in
order to
msteh the
increase/dec
rease change
at
capacitance
of the p-MOS
Naraolor 52
and the
n-MOS
detector Mn,
in a a
Lunation
wherein the
switch 554
is connected
to the power
source
voltage
source, the
switch SW,
needs to be
connected to
the ground,
and in a
situation
wherein the
switch 504
is connected
to the
ground, the
switch SWS
needs to be
Connected to
the power
son)It erje
source.
10184)
This mapfl i
er 500
sticordine
to the fifth
errodlident
of the
present
invention
operates as
follows. 



(I) At the
tiVitt of
transition
from the
Track state
to the Boost
state via
ti. Mond
state, at
the
amplifier
500 ON/OF:
of the
switches 5W2
and SWF of
the first
amplifying
unit e02 is
switched
over basee
on the clock
sienal B2,
and the
capacitance
of the p-HIS
vafactor PI
and n-MOS
=actor 311
increases or
decreases.
(2) At the
tire of
transttion
firm the
Track .ntate
to the Boost
state via
the Hold
state, at
the
amplifier
500 ON/OFF
of the
switches
Sell and
5805 of the
second
amplifying
unit tea is
switched
over eased
on a clock
signal 03,
and the
capacitance
of tine
caMOS
varacten Cl
and rt-MOS
varactor 111
Increases or
decreases.
[01851
For example,
(Case a) we
will assume.
at t]. tine
of
transition
from the
Track state
to the Boost
state via
the Hold
state ((cc.,
at the time
of Boost),
cases of Bil
reduction of
capacitance
of toe p-MOS
:tract.," Cl
and the nPCS
varactor 101
of clse
first
amplifying
unit, and
increase in
capacitance
of the
p-MOOS vu
rector P2
and the nMOS
varactdr 172
of One
second
amplifying
unit. in
this case,
the
ampliticatio
n operation
ot the
overall
circuit 15
cancelled
out at the
amplifier
OCC and the
gain of the
output
voltage
signal
Voutgut is
"1", and be
output
voltage
signat
Voutput is a
signal she
hare as the
input
voltage
sighl
Vinod..
(Case b)
Also, in the
event of
reducing
oath the
capacitance
of the p-MOS
varactor Cl
and the
n-HOC
varactor N1
of the first
amplifying
unit 150 tat
calvesi55Dce
of the p-SOS
varactch 22
and the
n-MOS
vaiamtor 52
of the
second
amplifying
unit at the
time of
Boost, the
gain of the
outout
voltage
sigred
Voutoot is k
(capacitance
change
ratio), and
the: output
voltage
sinnal bent
pot is a
sinnal
obtained by
the input
voltage
signal
Vinput being
amplified by
being
multiplied
by S. (Case
c) Cu the
same say, in
the event of
increasing
Loth the
capacitance
of the pet=
varacter El
and the
h-HOC vat
actor NI of
the first
amplifying
unit and the
capacitance
of the
pralOS
vanactor P2
and ths
n-HOC
veractor 52
of the
second
anglifying
unit at thc
time of
Boost, the
gagn of the
output
voltage
signal
Voutgat is
1/kh and the
output
voltage
signal
gentry,. is
a signal
obtained by
the input
voltage
signal
Vinput being
attenuated
by being
multiplied
by 1/k.
[0186] 



That is cm
say, as
illustrated
by the above
CaSea and c,
with toe
amplifier
500
according to
the flfth
embodiment
shown in
Pig. 15,
arblependent
ly changing
the
capacitance
of each of
the first
amplifying
unit 502-
and the  -
105 - second
anpliunit
504 enables
capepitsnce
change ratio
awj.tchOvera
e in the
following
Erg:if-frith
:1r 1.f.,
gain
switchover.
P11271
IMahhentatic
al tape
scion 47
[01241 



Alen. the
asp:Lit:4.er
505
according to
the fifth
embodiment
of the
present
invention
shown in
Fig. 15 has
two
aphitfying
unirs, the
first
amplifying
shifts 502
and the
second
amplifying
unit 504,
whereby
switching
cider of the
three types
of gain
slits., in
Expression 4
can be
performed,
but the
amplifier
500
hcooriing to
the fifth
embediminh
of the
present
invention is
not
resthicted
to the
configuratio
n shown in
rig. 15. For
example,
switching
over of
ge.in such
as shown in
Expression 5
can be
performed by
further
presiding e
third
assplAfying
'in/It not
shchci in
the
dressings).
011.811
IllathematEx
pre 1on 5j
ktki-k _k
1+111- k+k+1
k
II*l+k-fr2k/
t it1+2+1
ki-1+1k+2 



ki-i+l ]+k+]
1+1 Fk+k
k+1+k k+k+1
2k ci
Iii-i-11
k+k+k -
(Lxprcss _on
Si 1010 As
shown
irrEanfeesnO
flhr, due to
the amp
according to
the fifth
embodiment
of the
present
Mbention
leaving the
three
amplifying
units of the
first
through
third
amplifying
chits, the
Men-ease/dec
rease
changes of
fiepaciteaue
of the b-MOO
veracity:a
and is-MOO
veracto's
which the
Fiume
through
third
amplifying
unit have
are all made
to be the
same,
whereby the
gain of the
output
voltage
signal
%%outputk QC
1/k.
Accordingly,
the slit'1
ift.er ton
according
tr, the
fifth
embodiment
of the
present
intention
fan amplify
the input
voltage
signal
Virrefit to
la 



%capacitance
change
ratio)
times, nr
attermate lu
1/k tines.
time, by
independentl
y changing
the
increase/dec
rease
changes of
capacitance
of he p-1403
matactors
and erECO
varacters
which the
first
through
third
amplifying
unit, have,
the gain of
the output
voltage
signal
Voulput is
121s +
11/(1). +
21, or
(k21/12k r
1).
Accordingly,
the
empeifier
500
recording to
the fifth
embodiment
of the
present
!invention
can output
an output
+roll:age
sigrird
Voutput
which has
been
amplified or
attenuated
in
accordance
with toe
gain. [0191]
Accordingly,
the
amplifier
AOC
according to
Live fifth
embodiment
of the
present
invention
can perfornv
switching
urea of the
capacitance
change ratio
of the
overall
amplifying
by having
milli-1p, e
amol I tying
uni to
arrayed
serially,
i.e.,
arraying
multiple
CMOS cede to
of p-I100
veraclors
and c-MOS
var-acLors
in parallel,
Thereby
outputting
output veil
rage signals
ampl i fled
in
accordance
WI Lb the
capacitance
change
ratio.
[0192]
Than, with
the amplii
Fier !.00
according to
the
embodiment
of the
present
invention,
in toe same
way as with
the
amplifier
100
according to
the first
etahcniment
of the
present
invention,
an output
voltage
signal,
wherein a
voltage
.signal has
been
alaplified
by being
multiplied
by the
capacitance
change ratio
with the
magnitude of
the bias
voltage
being held
an it is an
to brie
input
voltage
signori, can
be catbird,
so the
output
voltage
signal never
becomes
unnecessaril
y great.
Accorbilngly
, a circuit
having the
amp] biter
500
according to
the fifth
duly:aliment
of Lhe
present
invention no
longer needs
to be
provided
with special
ilea:Ares
regarbing
optrint
voltage
si.grials of
the
amolifier
500
according to
the fifth
ennoedinAni
Of the 



present
invention
making handl
ng of tie
output
voltage
signals
easier, and
also
enabling
contribution
tm finer
circuits and
lower elecrt
i power
consamwA
ion.
Further, the
probability
of the
magnitude of
the output
von iags
signal
becoming
greater than
the power
source
voltage Vdd
can be made
very small,
so there 15
00
distortion
in output
voltage
signals, and
dehined
output
voltage
signals can
be obtained.
[019ii ;Six
Ca
Embodiment)
Next, a
chargedin
filter
circv.it
having an
amplifier
using 7.17C
prilmiple of
amplificatio
n according
to the
present
invention
will be
described an
a sixerr
ctsbodiaeot
of the
present
inventiotb
[6194i basic
operations
of bargee
main filter
according to
embodirent
of present
invention]
First, the
basic
operatits of
Lte charged
main filter
according to
an
embodiment
of present
invention
will be de
scri bed.
Fit:. 16 is
an
explanatory
diagram ill
o sh ratitig
rhe
schematics
of a charged
main filer
circuit
having an
amplifier
according to
an
embodiment
of the
present
invention. 



[01 ii]
The charged
main filter
according to
an
embodiment
of present I
rNention is
a circuit
kbi ma
perfopmn
charge
transfer by
repeatfim
the basic
operations
or a Reset
state,
Cfrarge
state, and
Dump state.
The above
Reset state,
Charge
stets:, and
Droop state
can each be
realized by
schematic
switches
such as
shown in
Fig. lh, for
example.
(012.6j
?Or example,
the Reset
state is
realized by
the Reset
soitch
closing, aad
the Charge
switch and
DUMP SWItOt
opening.
lathe Reset
state, the
bias voltage
\kid/1 i3
impressed on
the
vardabletzap
aeitarce
devices Cl
and C2, via
the Reset
switch, so
as to he
initialised
to bias
voltage.
Mow, with
the Reset
state,
initializati
on con he
ye' formed
raster by
making the
capacitance
of Lhe
variable
capacitance
devices CI
and 02 to he
a. small
state (i.e.,
Boost
state).
(0127i
Paso, the
Charge stake
is realized
by opening
the Reset
switch from
the RCSOL
state, and
closing the
Charge
switen. In
the Charge
state, the
input
voltage
signal
Vinpst is
on the
variable
capacitance
devices Ci
and 02, via
the Charge
switch, sacs
to
accumulate
charge. NOW,
with the
Change
stale, the
capacitance
of the
variable
capacitance
devices CI
and C2 is
made to be a
great state



In the Dump
state, the
charge
secumulatod
in the
variable
capacitance
devices di
and C2 is
transferred
no a
downstream
circuit.
clear, with
too Drab
state, bias
voltage is
mel ntained
by making
the
capacitance
of the
variable
capacitance
devices Cl
and C. to be
a small
state (i.e.,
Boost
state), and
the vu] rage
signal
Vettput cast
be output in
a siatm et
the voltage
signal
having been
amplified.
(01g9I The
charged mein
filer
rricuit
according to
tie
embodiment
of tae
present
invention
Lransters
voltage
signals to a
duanstream
citcuit,
with
operations
such An
described
abeam, Alma,
as slcfen
above, the
Charge state
ore BOOSt
arc in an
exclusive
relation.
FMCS(
PChstged
main filer
circuit cc
din o sisath
embodiment
of present
invention(
explanatory
diagram
illustrating
F. charged
main filer
circuit
haying an
amplifier
according to
a sixth
embodiment
of the
nresent
invention.
Also, Eng.
18 is an
explanatory
diagram
illbstratseg
waveforms of
signals
relating to
the &met
embodtment
of the
presere.
invention.
Noad
a-chargad
main filar
cissfuit is
a type or
circuit
using
soconfigurab
le RI
technology
which
enables
',caption of
wifeless
signals of
different
frequency
bands with a
single RF
(Radio
Frequency)
CILQIi.t.
[02011 



With
reference to
Fig. 17, the
charged main
filer
cirawit 600
according to
the sixth
eFecoliment
of Ulm
present
invention
includes a
traneconducc
or (gm) E02,
a first
STFIC filter
eirmait 604,
a second SIM
filter
circuit 606,
and an
analog/digit
al convene
i.en circuit
(Analog to
Digital
Converter;
)r,C) 608.
(0202] The
:nacoconduct
or 602 is a
vme/culrenL
converatar
device which
converts
input
voLtage
signals into
current
proportionat
e to the
voltage
signals, and
outputs.
first SINS
filter
circuit 604
has
capacitors
Cl Di rough
04 having a
predetermine
d
capacitance,
and switches
Soil thredgh
SW12. The
second SINCE
filter
circuit 606
has first
variable
capacitance
devices cap
through C4p
equivalent
to the p-HOC
varrichors
according to
the dirst
embodiment
of the
present
invention,
second
variable
capacitance
devices (lip
through C4p
equivalent
to the n-SOS
((directors
according to
the first
eshodimeme
of the
preseni
invention,
and switches
SW13 through
S7i22. That
is to 5ay,
in Fig. 17,
the second
Slilf filter
circuit 606
is cf a
comfiguraMio
u having
four
anplifydng
units 610
through 616
correspondin
g to the
amplLfier
d00
according to
the first
euLodltment
of the
present
invention.
Une
analog/digit
al
conversimn
circuit 600
is a
tdhccuit for
converting
analog
signals into
digital
signals.
I12031
First, the
operations
of the
charged main
filter 



circuit egg
according to
the sixth
embodiment
of Iha
present
invention
will be
described
leased on
the clock
signals
shown in.
ii. Now,
while the
first 55150
flitor
circuit 004
has four
capaciicitst
hrough 09,
and the
second SII.0
fine-
circuit CO6
has four
amplifying,
raw to 610
through 616,
description
will Ito
made focused
on the
capacitors
Cl and .12,
and the
amplifying
units lug
and 512, for
sake of
convenience
of
description.
102041
Ciiist,
input/output
of charge
foga the
first STING
filter
cid:silt 604
to the
second 31150
tilt=
circuit Egg
will be
described.
Upon the
:dock signal
e1r going
1.0 high,
the switch
SWI is
'closed and
bias voltage
Violas is
impressed on
the
capacitor
01, add
cnarge
accumulated
in the
deposited Cl
is removed.
Also, upon
the clock
signaI eir
going to
Ins, the
switch Shil
is opened
and
Impression
of bias
voltage
Vbiae is
steppes..
Hest, noon
the clock
signal el
going id,
high, the
switch 552
is closed,
whereby the
current
output Troy
ihe
tranesonduct
or 602 is
input- and
the
capacitor 01
accumulates
charge. 151
the same
way, upon
the check
signal elr
going to
high, the
switch Sell
is closed
and bias
voltage VIM
as is
Impressed
cn the
capacitor
b2, and
charge 



- 117 -
accumulated
in the
capacitor 02
is removed-
Next, cdri
the clock
signal 02
going to
high, she
switch SNS
is closed,
whereby the
current
output ftbm
the
transconduct
er 602 is
input, and
the
capacitor 02
accumulates
charge.
Then, upon
thra clock
signal 94
going to
high, the
switches SW)
and SWC are
closed,
whereby a
past of the
=sage
accumulated
in lice
capacitore
Cl and 02 is
coLialt to
he second
9INC filter
circuit SOL
et this
time, the
clock signal
01 goes to
high, so the
switch SW14
is closer,
and charge
is
accumulated
at the
araLdifying
urdt 910 an
as co
maintain a
stare of
equilibrium
with the
charge held
in the
capacitors
Cl and 02 of
the first
SINC filter
circuit 604.
Now, sharing
a charge
among
mulgitie
capacitors
fin the
sixth
embodiment
of the
present
invention.
between
capacitor
and
amplifying
unit) so as
th form a
state of
equilibrium,
As described
above, is
called
charge
sharing.
Also, rlb
cadge input
to the
muplifying
unit Sig is
a charge
output from
the
capacitors
Cl and 02,
and
accordingly
the sampling
rate is
decimated
(Decimation)
to 1/2.
(02051
Next,
focusing on
the eecond
Sird0 filter
eircukt 501,
with the
argil:acing
unit A10,
upon the
clock signal
44 going to
higb, the
first
variable
reacitor
device Clp
and the
Second
variable
capacitor
device Cln
increase ia
capacitare,
in the same
way as with
the p-11CS
Tatactor Cl
aha the n
.SOS
varactor
Ni.et the
amplifier
100
according to
the first
embodiment
of the
present
invention.
Nest, upon
the sleek
signal +1r
gains to
high, the
snitch SW13
is closed
and bias
voltage
Vbias is
impressed on
the
amplifying
unit. 61S,
and charge
amemniated
in the
amplifying
unit 610 in
removed.
Then, upon
the clock
signal 40:
acing to
high, the
switch StqtA
is closed,
dod charge
is
accumulated
by charge
staring.
Upon the
cluck signal
0 going to
high, again,
the
capacitance
of 11, tirst
variable
capacitance
device tip
and the
second
vateable
capacitance.
device raln
decreases as
with the
case ef the
p-e40.1
varactcr pl
and n-lSeS
vatactor Ni
of the
amplifier
100
according to
the tirsc
embodiment
described
above, and
the output
voltage
signal is
amplified in
accordance
with chalsca
in
capacitance
change
ratio. nt
this time,
the switch
SW11, is
also closed
in
accoriance
with the
clock signal
44, so the
amplifiod
otaput
voltage
signal is
output from
the
amplifying
/nit 610.
Note chat
the
amplifying
snit 612
accumulates
charge by
charge
sharirg in
the same way
as with the
amplifying
unit 010,
and upon the
clock signal
0 gcing to
high, cuCput
voltage
signals are
output from
the
amplifying
unit 012 and
the output
voltage
signal is
decimated,
in the time
as the
amplifying
unit 610. 



[0206] Mao,
in the same
way ash the
capacitors
Cl anti in
of the filet
SiNg filter
nirocit 604
and the
ampiifytng
units 610
and 612 of
the aennnu
iillg filter
circuit 606,
the
capacitors
C3 and C4 of
the first
SIAC filter
ciithit 604
and The
amplifying
Lades 614
and 616 of
thc second
SING fiJter
circuit 606
perfsum
charge
sharing and
decimation
of output
voltage
signals
based on the
cicisk
sigsals,011-
thrctigh
+4r, +1
through +4,
+1r throsgh
+dr, and +1
through
[02271 Tn
the event
0:at the
clock
signal- 44
is high, the



analog/digit
al
conversion
circuit 606
converts the
output
voltage
signs.,
amplified hy
the
amplifying
circuits 610
and 612 into
digital
values, and
in the
CVeflt that
the clock
sigrel +2 is
high,
convertn the
outpurt
voltage
signal
amplified by
the
amplifying
circuits 6Ia
and Elf into
digital
values,
(0200i
Accordingly,
the charged
sfin flitter
circuit 600
according to
the sixth
embodimont
of the
tesar.t]rovC
nt000 can
amplify and
decimate
voltage
signals
trout to the
transcendfit
or 602, and
further
Richt
digitized
output
voltage
signal,.
(0209j Also,
with the
amplifier of
thegc zin
filter
circuit 600
according to
the sixth
ehoodiment
of the
present
invention,
in the same
way as with
the
amplifier
102  



- 120 -
according to
the first
embodiment
of the
present
invention,
an output
voltage
signal,
wherein d
voltage
signal has
been
amplified by
being
multiplied
by the
capacitance
change ratio
with the
magnitude of
the bias
voltage
being herd
as it is as
to the input
noltage
signal by
charge
sharing, can
be output,
so the
output
voltage
signal never
becomes
unnecessaril
y great.
Accordingl
y, the
amplifier
COP
according to
the sixth
eviledliment
of the
present
invention no
longer needs
to be
provided
with special
measures
regarding
output
voltage
signals or
the
amplifier
according to
the sixth
embodiment
of the
present
invention,
making
handling of
the output
voltage
signals
easier, and
also
enabling
contribution
ro finer
circuits and
lower
electric
pCfner
COTIS-JrptrO
f fUrth.ef ,
the
probability
of the
magrittrie
of tine
output
voltage
Signal
becoming
greater than
the power
source
voltage Vila
can be made
very small,
no there is
no
distortion
in output
voltage
signals, and
desirod cut
per voltage
signals can
be chits
nod. [02101
itteventn
Embodiment)
As described
in the
principle of
amp :drivel_
ion with
amplifier
acoording to
an
embodiment
at the
present
invention,
charge of
the same
;Amount is
cancelled
cat at Ono
terminal of
the first
variable
capacitance
device ward
one
terminal_ of
tree second
variable
capacitance
device LI
elecitrlcaUw
connected La
the one
terminal of
the variable
capacitance
device F,
whereby the
opltage
signal can
be amplified
by
multiplicati
on by the
capacitance
change
ratio, while
maintaining
the
magnitude of
the bias
voltage.
However,
there is a
possibility
that desired
effects may
not be
sufficiently
chained in
the event
that an
unexpected
situation
such as
MarILIcaCtUr
ing
irregulariti
es of the
tarsi
variable
capacitance
device F and
second
variable
capacitance
devdce N,
for example,
occurs, such
they a
capacitance
ditference
AC corners
between the
capacitance
cc the fi
rst radii
able
capacitance
device F and
the second
variable
capacitance
device H.
The reason
thereat will
be briefly
described
below with
reference to
Wig. SA
through 7C. 



[0211d Tor
exampte, in
thecapacitan
ce
di:Clarence
be occurs
between the
capacitance
of the first
variable
capacitance
device F and
the second
variable
capacitance
device hi,
the charge
at the Gate
terminal or
the first
variable
capacitance
device P in
Fig. TB is
gro,1 - -CI
Cfcrig/2
gird, and
also the
charge at
the Gate
terminal of
toe second
variable
capacitance
device N in
erg. 6F. is
2111 - (C1 -
AC)  Widd/2
- yin). At
this time,
in abg. ea,
:lie total
of the
charge at
the Gate
tenninal of
the first
variable
capacitance
device F and
the charge
at the Gaze
terminal of
- 122 - the
second
variable
camartitAnce
device N is
Ciotti] - IN
Cl AcIteri
AC  Midd/f),
with the
charge being
dependent on
the bias
veltage
Vdd/2.
[021NI
Accordingly,
the o,dpvat
Veq signal
Voulpet
output 



from tee
amplifier
via the
Boost slate
shown in
fig. 7C is
that wherein
the bias
voltage
Thies =
cddl2 has
also
tmdeeirably
been
amplified,
an shown in
Egpr,C,Ssin.
F. 02121
(Mathems.
cal
Expression
El kAC Vdda
j+kPbm
2C1tAC 2
d(
1-t-}4C--)bi
biac+klin
2Clt AC
:reprasaim
WI (021.41 



Sow, the
amplificatio
n amount of
the bias
voltage
Veins shown
in
EXprenSi0, 6
is such that
the smaller
the
capamitance
difference
AM is, the
smaller the
amplificatio
n anoint of
the bias
voltages
Vbias is as
cars red to
the
amplificatio
n amount of
the bias
voltage
amplified at
the
above-descri
bed
conventional
MOSFET
parametric
amplifier
10.
Hffeneen, it
the bias
voltage
tibias is
amplified as
shown in
Expression
6, there is
the
poseibility
that the
advardages
of the
Any:elder
according to
embodiments
02 the
present  -
1:23 -
irattation,
rarer, are
"mating
handling or
the output
voltage
signals
senior",
"enabling
contribution
to fine.s
circuits and
lower
electric
power
sonsurption"
, and.
"desired
Cir:plit vol
tags signals
can be
obtained",
may nut he
obtainable.
[0211] in
order to
deal with
the
abase-descri
bed problem,
a
configuratio
n wherein
the area
ratio of the
Gate
terninal of
the first
variable
capacitance
device 2!
and the rate
ter:ana of
the second
variabla
sapacitance
devise can
be adjusted,
has been
illustrated
as a sesosci
embodiment
of the
:resent
invention.
licarever,
configuratio
ns for handl
ing the
above-descri
bed problem
arc not
restricted
to the
second
embodiment
of the
present
invention.
Accordingly,
next,
seventh
embodiment
relating to
another
configuratio
n for
handling the
above-descri
bed problem
will be
describes.
ith
reference to
Jig's. 19
threugh 21.
[0215] 



Fig. 19 and
Fig. 20 are
explanatory
diagrams
illiatrating
an ampli
fier 702
according to
a seventh
embodiment
of the
present
invention,
with Fig. 19
illustrating
a Track
state, and
lig. "A) a
Boost state,
respective]
y. ,0211l
Also, rig.
21 is an
explanatory
diagram,
iiltxtrating
waveforms of
si goals
according to
the seventh
ealsedigent
of  - 124 -
the present
irsrention,
with del
it]antnating
colt:mai
clock
sionals for
controliing
switches,
(40
illustmating
the input
voltage
sinnal
dinput, and
(s)
illustrating
the output
voltage
signal
Vastput,
respectively
. Note that
dhild 19
thibugh Fig.
21
illustrate
the bias
voltage As
being dbias
L, Vdd/2, it
in needless
to say that
the bias
voltage is
not
restricted
to the
abome-descri
bed. 



(0215]
With
reference
itr, Fig. IP
and tic. 20,
the
amelifier
100
according to
the seventh
embodiment
of the
present
invention
has the same
basic
configuratio
n as ,Mth
the
amplifier
100
according to
tlua first
gmbofMmuns
of the
present
invention,
but further
includes a
p-MOS
maractor P2
and n-MOS
varactor 52.
With the
p-MOS
varactor 92
and n-P,CS
vsuartor
012, as with
the MOSEEP
shown in
Fig. 2,
sapacitanee
can be
changed de
penile on
shetner or
not there is
an inversion
layer. Also,
the p-0100
varastorg PI
and 92 and
the n-MOS
varastbrs 01
and 112 ot
the
rmplificr
700
preferably
have
generally
the same
Gate
terminal
widths and
lengthsin
the order of
manufacturin
g variance
ie.
perminsiblv.
4. [oilw]
as with
ti-w-2
amplifier
1d0 a'
.oordiing to
the first
embodiment
of the
present
invention,
Miss vultage
Vddi2 and
voltage
signal. yin
are input to
Lisa Gate
terming( of
the n-  MOS
varactor NI,
in
accordance
with the
connection
state of the
switch 051.
Also, as
wine the
amplifier
130
according to
the fi net
embodiment
02 the
present I
nvention,
the Source
terminal and
()rain
terminal of
toe o-NOB
varactor 51
are
conneoied to
the posts
source
voltage
source and
the ground
in
accordance
with the
connection
state of ihe
switch 552,
and the
Source
terminal and
Oral,
terminal of
the r,--LIOU
varaotar Ni
are
connected to
tot power
source
voltepe
source and
the ie rcund
I n
accordance
with the
connection
state of the
switch SW].
10220]
Also input
to the (1)
Source
terminal and
Drain
terminal of
the p-MOS
varactor P2,
and further
to the (211
Source
terminal and
Drain
terminal of
the in-dlOS
varactor 12,
are the bias
vu stage
Vdd/2 and
ecitege
signal Vire
each in
accordance
with the
connect ion
state cf the
swlLch SEM.
Also, the
Gate
terminal of
the n-MOO
var actor 12
to 



connected to
the pcimi
source
voltage
sODIED-e and
Lire ground,
in accor da
r.ce with
the
connection
state of the
switch area,
and the Gate
tezninal of
the p-MOS
varactor 52
is connected
to the power
source
voltage
soiree and
the greand,
in
accordance
with the
connection
state at the
switch Sild.
(V221) New,
the p-SOS
VaraDLCI: 01
ana-NOB
varactor al,
and the p
500 varactor
22 and the
n-lISS
yard:Mei 12,
hove  126 -
inverse
conductivity
, so there
is :he need
I-0 ibich
the
increase/dec
rease change
of
capacitance.
Accordingly,
with tine
am:linen 700
according to
the seventh
emModiment
cf the
present
inventica,
while tae
switch sW2
is connected
to the power
saisce
voltage
source, the
switch 653
is connected
to the
ground, and
while the
swipe!: 5512
is connected
to tee
ground, tins
soilhth SW3
:LS
connected to
the power
source
voltage
source.
[0222]
Also, the
switch SW1
operates
synchrenousl
y with the
clock signal
Al slash, in
Sig. 2t let
80 as to be
in a pgused
state (i.e.,
"ON"; when
toe clock
signal +1 is
high, with
the Odds
voltage
Vdd/2 and
voltage
signal Vin
helng input
to each of
the Gate
terminals of
the p-liVad
varactor At
and n-NOS
varactor Ni,
and the
Source
tenminbl and
Drain
terminals of
the p-NOS
vat-actor 22
and n-FAJO
varactor N2.
(0222ll
Also, when
the clock1
+1 goes to
low, the
switch 



OW1 goes to
an opened
state 0..e.,
"066"), and
input of the
hies voltage
Vld/2 and
voltage
signal Vie
to each of
Oh the Gate
terminals of
the p-AlOG
varactor PI
and TI-MOS
vs factor
NI, and(ii]
the Source
terminal and
Drain
terminals of
the p-PIOS
varactor 22
and a-NOS
varasten 52,
being
controlled.
Note that
the relation
between the
clock signal
Al arol the
switch 5311
is not
restricted
to the
above-descri
bed, and an
- 127 -
arrangement
may be made
wherein,
torcxarnpie,
the switch
Sail closes
when the
clock signal
4,1 is lea.
[0224]
On the ether
hand, the
switch SW2
is atealiged
such tlsat
the
connection
desil na 19
on thereof
switches
over
synchronousl
y with the
clock signal
02 shown in
Fig. 21(al,
being
connected to
the ground
when the
clock signal
42 is high,
and
connected to
the power
source
voltage
SOlLEUK when
the clock
signal 42 is
ins.
Conversely,
the switch
SW3 is
arranged
such that
the
connection
destination
Lhereof
switches
over
synchronousl
y with the
clock signal
4,2, being
concocted to
the power
source volL
age sogree
whet the
clock signal
42 is high,
and
connected to
the ground
when the
sleek signal
42 is low.
[Vote rhat
as shown in
Fig. 21(a),
the cluck
signal ryi
and the
clock signal
42, as with
the first
embooiment
of the
present
inventlos,
the clock
signal 41
and the
clock signal
42 are
output such
that the
phases
thereof do
not overlap,
thereby
creating a
hold state.
L02251 -Wish
-.Terence to
Fig. 19, an
the flack
state, the
switch Sail
closes due
Cu the clock
:signal go
going Tr,
high, and
The input
voltage
signal
Vinput is
input to the
Gate
terminals of
the p-larlS
varacLuc fl
and the
n-NOS
ye:actor Nl.
In the sank
way, the
input
voltage
signal
Vinput is
input cc the
Source
terminal and
Drain
Leartinal
ci: The p
was varactor



- 178 - 22
and the
Source
terminal and
Drain
terminal of
the n-MOS
varahLox 82.
Now, rte
input
voltage
signal
Vioput hush_
to the
amplifier
700
according ta
Olk seventh
eattediment
of the
present
Invention im
a Fulgoni
wherein the
bias voltage
Vdd/2 and
the voltage
signal Vin
are
euperimposed
, as shown
in Fig.
21ibi.
102261
/Jaen the
switch 5W2
is connected
to the power
soo-ca
voltage
source when
the clock
signal N2 is
low, and the
switch 083
is connected
to the
ground when
the clock
simnel 02 in
low. At this
time,
inversich
layers are
formed at
each of the
p-moS
varactcr 51
and n-tieb
varacior Ni,
and the
capacitance
of each
increases.
AccordingAY,
the voltage
at the Gate
termixh1A of
the p-MOS
leaf-actor
PI and
reh40.8
varactor Ni
chances Cr,
eccordarhb
with the
input
voltage
elgral
ibuypht, in
the same way
as with the
amedilber
100
according to
the present
embodiment,
and a charge
according to
the input
voltage
signal
Vinput is
accumulated
in the p-
Lees
varactor PI
and the
n-2105
varamtor NI_
0221] In the
same way,
when the awl
to cower
source
voltage
source, and
the switch
elle Is
001111e,l'i
ed to the
ground,
inversion
layers are
ft coed at
each of the
pMOS
varactor 82
end o MOO
varactor 02,
and the
capacitance
of each
increases.
- 129 -
[02281 



Accordingly,
in the Track
state
shown19,
inversion
layers are
fumed at the
semiconducto
r interface
di neatly
below the
Cake
terminals of
each of the
p-EMS
varactors 21
and 52 ii, n
SOS varaet
ors Ni and
142, and the
capacitance
of each
increases.
[022]
The
following in
a
description
of the
capacitance
of the p-NOS
varactors P1
and 52 end
n-ISOS
venactors N1
and 142 Ln
the Track
state, with
reference to
Pig. 22A
through Fig.
MB. Note
that in Pleb
221 through
Fig. 253,
Fig. 22A,
Fig. 231,
Fig. 245n,
and Fig. 251
each
illustrate a
Track state,
and Fig.
225, plc.
22B, Fig.
Jae, and
Fig. 253
each 1
linatrate a
Boost state.
[023g]
Weak in Fig.
221 through
Fig. 252,
Cgd
indicates
the overlap
capacitance
and fringe
capacitance
between the
Gate
Lermina[ and
Crain
kermdnal.
Also, Cox
indicates
the
capacitance
of the Gate
oxide files,
and cgs
indicates
the overlap
capacitance
and fringe
capacitance
between the
Gate
terminal and
Scarce
terminal.
Alec, Cdep I
ndirAte. the
depletion
layer
capacitance
directly
below tile
Gate
terminal.
Aces, G4d
indicates
the jenetion
capacitance
of the Drain
Iernidl, and
Cja
indicates
the junction
capacitance
of the
Source
terminal.  -
130 - [0231]



[Capacitance
of petiCS
sarector
?ITrack
state;
Fig. 225 is
a schematic:
clicsgran
illusttratim
ag the Truck
elate of the
p-MOB
ea/actor 81
which the
amplifier
700
according to
the seventh
aiLogiment
of Lhe
present
invention
has. The
capacitahrge
Mimic pi in
the Track
state as
vieued from
e lIsLe
terminal
side has the
electric
field
terminated
at the
inversion
layer
Crmversion
layell and
accordingly
is expressed
es in
Expression
7. [0232]
Mlathematida
l Expression
71 C,,,
=thri.Cgd+Cg
s [02311
[capacitance
o n-MOS s
erector Ni
in Track
state]
Fig. 233 is
a schematic
diagraat
illustrating
the Track
state of the
ti-MOS
vaxiector N2
which The
amplifier
100
according to
the seventh
erhodlmeru
of toe
prosenl
invention
has. The
capacitance
Cirolu, N2
in the Tzrk
state as
viewed from:
the Drain
terminal and
Source
terminal cah
he seen as
ddg, tom,
and Cgs as
to the Cate
terminal,
and also
Cid, Cdep,
and Cds as
to the bulk
terminal,
and
accordingly
is expreeeed
as in
Expression
8. [02341
[Mathematica
l Fepron 



- 131 - =
Con digd
+Cgs +Cjd
+Cis I Cdep
teddros s
ion 13)
[0235]
[Gapaci
tense of
n-taill
veracttor Ni
in track
state]
Fig. 24A is
a schematic
diagram
illusaratili
g the Track
State of the
n-1109
varactor Ni
which the
amplifier
730
according to
the seventh
embodiment
of the
present
indention
neat The
capacitance
cr,the Track
state es
visweci from
the Gate
terminal
side has the
etectrie
field
terminated
at the
inversion
layer, and
accordingly
is expressed
as in
Expression
9. [02351
[mathematica
l Expressio 



-Gor a Cgd +
Cgs "
dr,P1,,,,,,e
, ci [02321
[Capacitance
of p-1103
varactof P2
in Treed
state]
rig. 2521 is
a schematic-
diagram
illustrating
fie Track
state of the
p-MOS
varsotor 52
which Ithe
amplifier
700
according to
the sementh
embodiment
of the
present
divan On
has. the
capacitance
Crm, d in
the Track
state
reviewed
from the
Drain
terminal and
Source
tensinal can
be seen as
Cdg, Cox,
and Cgs as
to the Gate
terminal,
and also
Cjd, Cdep,
and Cjs as
to the Mod)/
(9-sell
[contact),
and
accordingly
is expressed
as in
Expression
10.  - 132
[0231]
[leathern:3i
cal
expression
101 



cav.2=Cox+
Cgd +Cgs
+Cid+ r
+Cdep
irapress,on
lt0 7(121191
,Capacitence
of amplifier
720 in track
state]
Accordingly,
he
capacitances
C,, ed. and
C.., a", of
the
amplifier
700 in the
Track state
ran he
expressed as
in
Expression
11 and
Expression
12.
respectively
. [02401
[Mathematica
l Expression
111
=Cox,p+Cgd,p
+Cgs,p+Cox,n
+Cgd.n+Cgt,n
+Cjti,n+Cis,
,a C c I
-repress, or
12' 



C" -
Cos,n+Cgd,r1
.Cgifol+Cacp
-1-Cgd, p +
Cgs, pp + C
5. p + Cdon
- Cox,
p+Cgd,p
Cgs,j, +
Cox, n
sCg.i,n4
Cgcn, p +CA
p +Cdep.P .
. .
;En,Les3i.,
Tr) 10241]
Noe, the
capacitunce
C,,shown in
Expreseich
71 is the
capacitance
to the upper
side in Fig.
19 and lig.
20 [the maul
of the
capacitance
of the
p-1403
varactor F3
and the
capacitance
of the
n-14013
-aureate'
N2, i.e.,
the sum of
EKpre55i on
7 and
Expression
05. Also,
the
capacitance
C.  - 133 -
shown in
Expression
12 is Lb
Canon tenon
to the lower
side in Fig.
10 and Mig.
20 (the stip
of the
capacitance
of the n500
Jai-sec-3r
Ml and the
capacitalece
cf the
EdidOd
VaraCtCt 22,



the ear, or
Expression a
and
Expression
10). Note
that irs
rRpre.38i017
11 and
Xxpression
7E, for
example,
Cox, p
represents
the Cox of a
p-mos,
varactor,
and Cox, n
represents
the Cox of
an n-MOS
detractor.
Also, other
items are
the same as
well. (0202]
Comparing
torpoessirs
13 and
Expression
12, h, can
he seen
tiler while
Cjd, Cis,
and Cdep
Wirer among'
those
relating to
o-nos
varactors
and nztiaii
VSZ'aett1LS,
the othe
Items aree
same_
Accordingly,
it can be
understood
filet the
values shown
in
Expression
11 and the
values
choler, in
Expression
12 have
difference
which is
dependent on
the values
of Cjd,
C-is, and
Edep. On the
other hand,
Cjil and hes
are called
junction
capacitance,
and if the
size of the
MOS
varachers
(here, size
indicates
the widths
and lengths
of Ore Gate
termina_s.)
is generad5y
the same,
the junction
capacitances
differ
little
between
p-SOS
taractors
and
varactoic.
Poorer:rely,
the Cdep is
the
depletion
layer
capacitance
directly
below the
Gate
terminal, so
the
capacitance
differs
between p
and 0.
nowever. the
depletion
layer
capacitance
is
sufficiently
small as
compared to
rho total
capacitor-no
, of
0711,11'
cepacrlLe,r'
-ea, and
accordingly
can  - 124 -
be ignored
a. a negl.i
gable error.
[0243]
ithcordindly
, in the
event that
:he sime of
the (e4a
varactors
making up
the
amplifims is
generally
the same, no
capacitance
difference
AC occurs in
the Trask
state
(strictly
speaking,
the
capacitance
difference
AC can ba
made
extremely
snail, and
ignored as a
negligible
error.) with
the
amplifier
700 dcommOng
to the
seventh
embodiment
et the
present
iamention. 



(0214) Next,
with
referenac to
Fig 20, in
the Boost
the swlesh
SW1 opens by
the 01 occ
signal 01
going to
low, and
input of the
input
voltage
eignal
Vinput to
the Gate
terminals of
the p-MOS
a-me-dr:tor
PI and
n-:40t
yardarms Ni,
and to the
Source
terminals
and theta
terminals of
the p-SOS
max:actor-
P2 and n-MOS
mar:rotor
112, each,
is starved.
102,Ot_M
Also, when
the clock
signs a 42
an at high
the switch
552 is
connected to
the ground,
ane when the
oloc3 signed
02 is at
high the
switch SW3
is connected
to the power
source
tentage
source. et
this time,
the
:tinseledn
layers which
tag been
generated at
the
sends:oath:a
tm:
interface
directly
below the
Gate
terminals of
the o-1402
venathey 01
and n-soy
vases-tor NI
and the
p-mos
valmeton P2
and names
carats:Loa
NO
damappent,
and the
caper:el-dim
es of each
of tine
ti-MOB
varactora P1
an1 52 and
netlOS a
asactnts Ni
and 82
decrease.
[0246] The
following is
a
description
of the
capacitance
of Lire
p-MOS
varactors Pb
and 52 and
n-MOB
varernewe Ni
and 82 in
the Boc.f
state, with
refereed. to
Fig. 223,
Big. 238 



Fig. 248,
and big.
258. [0247]
[Capacitance
ot p-MOS
vdra-tor PI
in Boost
sLibei
225 is a
schematic
diegram
illustrating
the Boost
state of the
o-MOO
carat:tor P1
which the
ampleficr
700
according de
the seventh
eedociiment
or the
present
inventie.
has. With
the
capaci[ence
Cain, pl in
the Bons!
state as
viewed from
the Gate
terminal
side, coward
edep Gan be
viewed due
LC ire
inversion
layer
disappearing
, and
accordingly
is expressed
as in
Expression
13. [0245]
[WathenaLlua
l Expression
131 Car-C*
-+CO+Cgs
(Expresairm
13) [0249] 



[Capacitance
or nBoost s_
-e]
Fig. 2312 is
a segerctic
diegrast
illustrating
the Boost
state of the
n-SOS
varacdor 52
which the
amplifier
700
according to
the seventh
embodiment
of 1.1.
present
'nye55
The
capacitance
Cw., . in
the Boost
a...a as
viewed From
the Drain
terminal.
and Scarce
terminal
cannot view
Cox and Cdep
due to the
hiversion
layer
disappearing
, and
accordingly[
ra expressed
as in
rxpreSSiOn
l4. [0250]
[Mathematica
l Expression
n;
C"..52=Cgd
+Cgs +Cjd
+Ca
(Expresaion
[0251]
[Capacitance
of ri-MOS
varactor lot
in Boost ate
se] 



rig. 24S is
a schematic
flagman
illustrating
the Boost
state of the
u--yea
v.:actor Ni
which the
amp1itlen-72
0 seem:shag
to the
seventh
embodiment
eh the
present
luxe:iris/Li
has. dith
the
capanitanee
Shv. 5in the
Boost state
as viewed
frets the
Gate
-remind:I
side, Cox
and Cerra
can be
viewed due
to the
inversion
layer
di.sappeanin
g, and
accordingly
a erpressed
as in
ExpL-05SiOn
is. [0252]
[Mathematica
l Expression
is]
Fig. 25B is
a schematic
diagram
illustrating
the Boost
state or the
p-MOB
varactor 52
which the
amplifier
700
according to
the seventh
embodiment
of the
present
invention
has. The
CapaCiLdNee
CM], 1, in
the Boost
state. as
viewed from
the Drain
tormanal and
Bounce
torftinal
cannot view
Cox and Cdep
due to the
inversion
layer
disappear-fi
x], and
accordingly
is expressed
as in
Expression
16. [6251]
[Mathematica
l.
Expression
160
C"=Cgd,Cgs
cydtcp  -
(LAE:au:fon
161 [02.530 



[Capacitance
of amplifier
700 in scant
state]
Accordingly,
the
capacitances
CA b.. and
Co, air of
the
amplifier
700 in the
Boost state
can ac
expressed as
in
fxpressich
17 and
Expression
10,
respectively
. f02561
Mathematical
haprassinon
170 C"" =
C"'" c""
Cat'P edeMP
r
(gd,p+Cgs.p
Cgdo i Cgs,
Cos,p
+Cdep,p    "
(:.plemx_on
171
faathematica
l Expressoon
10]  - 138 -
176 



Ca". Cd" Cgd
,n
iegs,n+Cgd,p
+Cgs,p+17fii
,p (7ft,p
Cox,n Coral
Gde17,1'
+cgd,p+Cgs,p
+Cgd,n+
Cgs,n+p+CYs,
p
Cax,n+Cdep,n
(02.91]
-ire
capacitance
C er shown
in
Expeeasion
17 is the
capacitance
to the upper
side in rig-
19 and Fig.
20 Ms sum of
the
capacitance
of the p-MOO
varacior PI
and the
c.apadi
ranee of the
n-I)100
varather 12,
i.e., the
slam of
Expression
13 each
Expression
14). Also,
!the
capacitance
Cr, oh,
:shown in
Expression
18 is the
capacitance
to the lower
aide in Fig.
19 and Fig.
20 :the SUM
or the
capacitance
of frpr
n-Ins
catheter Ni
and the
capacitance
of the
p-I104
'enactor P2,
i.e., the
spa or
Expression
15 and
ErpreSSi011
16). [0258)
Comparing
Expression
17 and
Expression
18, it can
be seer.
that while
Cid, C)j.s,
and the
series
capacitance
of Cox and
Cdep thirst
term in
Expression
17 and
Expressich
18) differs
among those
lel a Ling
to p-i108
varactors
and rp--1408



vatdoliors,
the other
items are
the same.
Accordingly,
it can he
understood
that the
varies shown
in
Expression
17 art the
values
shconin
Expression
18 have
difference
which is
dependent on
the values
cr: Cjd,
Oar, Cox,
and Cdep. On
the  - 129 -
other nand,
gith Old and
Cit the size
of the SOS
+/exacters
is general
it the same,
there is
little
difference
between
p-MOS
varactors
and n-HOC
varactors,
as described
above. Also
the series
capacitance
of Cox and
Cnep is
sufficiently
smaller then
Cdep in both
p-MOO
Patattunt
and n-MOS
vafactoit,
an the
difference
of theeeries
capacitance
of Cox and
caop is
sufficiently
snail in
Expression
17 and
EX-WS:SS:LSI
18.
Accordingly,
the
difference
of the
series
capacitance
of Cox and
Cdep In
Axpression
17 and
impression
le can be
ignored an a
negligible
error.
[02591
Accordingly,
in the event
that the
si.ze of the
MOS
varactors
making up
the
amplifier is
geneftlly
the save, nn
capacitance
difference
AC occurs in
the Boost
state
(strictly
speaking,
the
capacitance
difference
AC can he
mane
extremely
small, and
ignored as a
negligible
error-) with
the
amplifier
700
according to
the sevehth
embodiment
of the
present
invention. 



N2ECA Also,
the
capacitance
of the705
according to
the seventh
embodiment
of the
pfesent
invention in
the Track
state, i.e.,
the nesimum
capacitance
Oman in the
amplifier
7CG, can lac
taken as the
sUiS of
Expression
11 and
Expression
11-
Azaorninglfh
the maximum
capacitance
of the
amplifier
700 is
expressed by
SXpr8381DS
19.  - 140 -
FD251-
[Mahlerion
Cx===.=-C,
+C,
=2(Cos,p+
Cox,n)+Cdep,
i-Cdep,a
+2(Cgd,p+Cgs
.pa-Cgd,n+Cg
an)-l-Cjd,pS
Cjs,p+Cjd 



(EXp0e881
DTI 19)
[02021 Else,
he
capacitance
of the
immlif ter
700
shoo:ding to
theses enth
embodiment
of ale
present
inverhiAtm
in toe boost
state the
Rianiff.M
capacitance
Cmin in the
amplifier
700, cau he
taken as the
sAtrt at
Expreseien
1.7 and
ExPreasefdi
Accordingly,
the maximum
capacitance
cf the
amplifier
710 is
expressed by
Expressien
20. [02031
illathertati
cal
expression
20i
Car,p-Cdep,p
+  Cora
r-Cdep,n)
)Cox.p Wisp,
p Co.=n
Cdepoi +
2(Cgd,p+p +
Cgd,n+Cgs,n)
+ QV, p +
Cfs,p
+Cjd.re+
gs,n 



lExr======
201 [02E4]
As shown in
Expression
29 aird
Exprsssfcn
20, it can
he seen that
cox and Chep
contribute
to the
capacitance
change real.
Now, in
p-2405
varacLore
and n-1105
varaoLore,
COT becomes
the series
capacitance
or Cad srh
Cdep in the
case  of the
Boost state,
so a layout
of the
fimplifier
700
according to
the seventh
embodiment
of the
present
invention
such that
ether
capacitances
are as small
as possible,
is effective
in raking
the
capacitausek
etbrice
ratio great.
fPfcitically
, when the
Balm length
of each MOS
varanter
making up
the
amplifier
700 id
longer, the
area of the
Drain
terminal and
Source
terminal as
to the area
of the Oats
region can
be made
correspondin
gly small.
Accordingly,
laying out
the
amplifier
707 as
described
above
enables a
great
increase of
the
capacitance
change
ratio.
[02651 As
desoabove,
with the
amplifier
300
according le
the seventh
aglotdinent
of the
present
invert-Lich,
there is no
capacitance
difference
AC occurring
in the Track
state and
Boost state.
Accordingly,
the
amplifier
700 demndird
to the
seventh
embodiment
of the
piasert
invention
can, in the
same way as
with the
amplifier
100
according to
the fiVst
emoediment,
amplify the
voltage
sicciai Tin
by
multiplying
by the
capacitance
change
ratio, with
the
magnitude of
the bias
voltage
Veld/2
maintained,
by change in
capacitance
such as
shinny, in
FApressions
2 and 3.
502001 



PmeordinglY,
tae output
voltage
Voutput of
the
amplifier
100
according to
the seventh
embodiment
of the
present
invention is
a waveform
wherein the
voltage
signal  142
- bin has
been
amplified by
lialtiplying
by the
capacitance
change ratio
with be
magnitude of
Ore bids
voltage
Vdd/2
maintained.
Wow, the
output
voltage
Voutput is
smaller than
the power
source
volLigd Vdd,
so there is
no
distortion
occurring in
the output
collage as
with the
cencentional
MCSFET
parametricam
9dificr 10.
[02671
As described
above, the
amplifier
700
according to
t. seventh
embodiment
of the
present
invention
has a
configuratio
n wherein
both a p-ACA
varecaor and
n-1103
caractor are
vertically
arlaYdd
(nure,
"wwlidia)"1"
imdicates a
symmetrical
placement
such as
shown in
Fig. 19, for
example.
Accordingly,
"horizontal"
and
"diagonal"
arc also
included in
the
confiuratimn
of the
amplifier
700
according to
the seventh
embodiment
of the
present
invention as
a matter of
course.).
Nov, even in
LI,e event
tnat there
are
manrbacturin
g
irregulariti
es in the
n-mos
caratiava
making up
the
amplifier
700, tha
capacitance
dibte"ence
amend the
ACW
carer:tote
is ettrerdly
small an
long as they
are MCA
versa:tors
with
generally
the same
slue andof
the same
conductivity
type.
Accordingly,
witha the
amplifier
700
acoording co
the seventh
erthadiment
of the
present
invonti even
in the event
that there
are
candranturih
g
irregtilarit
ims in the
n-MOS var
actors and
n-M01,
aerator
making up
the
amplifier
700, the
capacitance
difference A
- 193 eau be
made
extremely
small. 



[02t2]
the
amplifier
700
according to
the seventh
embodiment
of Lite
present
invention
can maintain
the
magnitude of
the bias
-voltage
included Or
toe input
volfage
signal, even
after
ampiificatir
m, i22691
Thus, with
the
amplifier
700
according to
the seventh
embodiment
of the
present
invention,
in Ore ;arc
way as wIlh
the
amplifier
100
according to
the first
emibodiunt
of the
present
invention,
an output
voltage
signal,
wherein a
voltage
signal has
been
amplified by
being
umlbiplied
by the
capacitance
change ratio
with the
magnitude of
the bias
voltage
',ieLrly
held as it
is as to the
input
voltage
signal, can
be output,
so :lye
output
voltage
signal
never'
becomes
unnecessaril
y great.
Xecordinglbb
a circuit
having the
amplifier
700
according to
the seventh
embodiment
of the
present
invenoion f,
longer needs
to be
provided
with special
measures
regarding
output
voltage
signals of
the
amplifier
700, making
handling of
the output
voltage
signals
easier, and
also
enabling
contribution
to finer
circuits and
lower
electric
power
consumption.
Murther, the
probability
of the
magnitude or
the
outvoltage
signal
becoming
greater than
the bower
source
voltage Odd
can be made
very sma_1,
se Mara is
no
dial:Lytton
in output
voltape
signals,
and desired
output o
tagcan be
obtained.
[0270]
The
amplifier
700
according to
the seventh
embodiment
of the
present
invention
dan be
applied to a
chergrad
main   ltnr
circuit, as
r:own with
the
alsfvo-descr
abed abut
embodiment
of the
resent
invention.
Secerdingilh
a charged
main filter
uiruuit
haying the
amplifier
!CO
according to
the severdii
embodiment
of the
present
invermien
will be
described
next as all
eighth
embodiment
of the
present
invention. 



i02711 61g.
2.5 is an
explanatory
diagram df a
filter
aircraft 800
having the
amplifieracc
ordleic the
eighth
embodiment
of the
present
hive:Uteri
[0272]
odaih-eveten
cm to Fig.
26, the
chargedfilte
r circuit
80U
according to
tine eighth
emooditwne
of the
resent
invention
hat, for
example, a
6105611 802
serving as
the Charge
switch shown
in Fig. 16,
the
rarnPrififf
760
according It
the seventh
embodiment
of the pies
cut
inventioih
end a MOSFET
004 serving
as a :tS8St
switch, and
a MOSFET 806
serving as a
Dttp switch.
I[273] An
n-SIOSTTTand
p-r40.87717
(F 1) which
the MOSFET  



- 149 - 202
has are each
exclusively
impressed
with panel
source
vcltage
Charge.
Also, an
hutfOGFET
(20'2) and
p-HODFET
which the
MOS= 804 has
are each
exclus ively
impressed
with power
scarce
voltage
Reset. Also,
an h-CCSEET
(R! A ) and
in MOS=
(P'3) which
the MOPMET
805 has are
each
exclusively
impressed
with power
source
voltage
Dump. Also,
the
1:T7,es--
stage
variable
capacitance
devices
Mx-MOB
varactor Cl
and nMOS
varacior N2)
and
lower-stagc
variable
capacitance
devices
(ri-MOS
varastor NO
and P MOS
varactor P2)
which the
amplifier
700 has A re
each
exclusively
impressed
si.th power
AOUr SA
voltage
Boost.
[02711
NOSY, with
the charge
main fitter
circuit 800,
tse
components
operaffng as
vaciaCie
ceucitence
dev imes may
be only the
PIOSFETs of
the
amplifier
770, for
example.
ASso,
MOSEETs
generally
used as
switches,
such as the
MOSFETs 802
through 806
such ars
shown in
Pig. 25 fer
example, or
the like,
cam be
impinved in
operating
speed by
making the
Pets termth
shatter to
reduce ON
resistance.
Bo WSVA r ,
with the
charged main
filter cir3t
it BOO, the
MOSACTs 002
through 805
fret
parasitic
capacitance
as to the
variable
capacitance
&riff e 3 ,
'and
accordingly
RAIL be
teeters
reducing the
capacitance
change
ratio.
Accordingly,
will: the
Cheiee f
'liter
circuit 200,
the Gate
terminals of
too switches
such as the
MOSFETs 822
through 006
are
proferahely
formed small
- 146 in
size. Of
course, t is
needless to
say that the
size of the
Gate
terMioals of
the switches
such as the
NJOSFETs 802
through HOL,
and the
configuratio
n of the
MOSFETs 802
through 906,
are not
restricted
tn the
above.
[0275i 



Also, the
charged ruin
flitter
circuit 800
con output
the output
voltage
signal
Voutont
amplifiee
with the
bias voltage
being
maintained,
by the basis
operaticuU
of the
charged main
filter
circuit
according Lo
the
ApMile-descr
ibed
embodiments
of the
invention.
[0276,
AcipAdingly,
by using the
charged main
Oil tar
circuit 300,
there is ao
more need
foes
downstream
circuit to
be provided
with special
measores
regarding
output
voltage
signals of
the charged
main filter
circuit 800,
making
handiirg of
the output
voltage
signals
easier, and
also
enabling
contribution
to finer
circuits and
lower
electric
power
constmiption
. Furtheeh
the
probability
of the
magnitude at
the output
voltage
signal
becgming
greater than
the power
scitte
volhage Odd
can ine made
very small,
so there is
no
distortion
in output
voltage
signals, and
desired
onfout
voltage
signals can
be obtained.
[02771
;Ninth
Gisbndi.aert
i Fig. 20 is
an ext1
anatozy
diagram
liluctrg a
charged main
fitter
circuit 900
has iog the
amplifier
700,
according to
a ninth
embodiment
of me
present
invention.
[02781
Making
reference to
Fig. 27, the
charged main
filter
circuit 929
according to
the ninth
embodiment
of the
present
ihwenttor
has
basically
the same
configuratio
n as the
charged main
filter
circuit COO
according CO
the ninth
embodiment
et the
present
invention.
Few, as
described in
the basic
oceratihma
of the
charged rain
filter
circuit
according to
the
embodiments
of the
present
invention,
the Charge
state end
Boost state
are i,,en
emelt:sic-Et
to:ration.
Accordingly,
as
shownFidi.
27, the
power So{"="
vo Mace
applied Lc
the MOFFEI
002 and
einglitler
700 can be
held in 



(0279]
Accordingly,
the charged
coin filter
CilCnit toe
can be
simulif!edtn
ctrcislt
configuratic
ut as
compared to
the charged
rain filter
circuit 800.
[02001
Alec, even
with the
configuratio
n shown in
fig. 27, the
charged main
filter
circuit 900
can output
the output
voltage
signal
Voutput
amplified
with the
bias voltage
being
maintained,
by the basic
operations
of the
charged main
filter
circuit
according to
the
ftboverdoscr
ibed
embodiments
of the
invention,
in the sante
'way as with
the charged
main  f
iVber c
tacit 80C,
102311
Aommdingly,
op using f.1
e charped
etatiltorcir
otcit 900
according to
the ninth
embodiment
of the
oreeert.
1m:err:ion,
there is no
more need
fOrdormstrea
la circuit
to be
provided
with speii
ai measures
regarding
mdtynt
voltage
eigna:o or
the charged
main filter
otrouit 800,
making
handling of
the outpuL
voltage
signals
easier, and
elan
enabling
contrlbution
to finer
cionUts and
lower
electric
power
consOmption.
Further, the
probability
of Lae
hagnitide of
the output
voltage
signal
becoming
greater than
the power
source
voltage Vdd
son be made
very small,
so there is
sr,
d1stortien
in output
voltage
signals, and
desired
output
voltage
signa's can
be obtained.



[02021
;Tenth
Embodiment)
The
amplifiers
according 10
the
above-descri
bed first
through
ninth
embcdinente
ere such
that change
in
capa.citsnoe
ocshrs due
to whether
es not
inversion
layers are
present in
the p 1404
varactors
and n-MOS
varaccoie,
and
according].9
perform
'reverse
nude"
operati one.
Mow, the p
rant-
varactors
and n-COO
varasters
also operate
in an
"accumulatio
n Node"
wherein
change in
capeoiLartm
occurs daC
So
achunniletio
n of
electron
hales rear
the oxide
film.
Accordingly,
even in
cases of
replacing
the
amplifiers
- 199 -
accordlim to
the
above-desmrl
bed first
through
wimtt,
embodiments
with the
p-MOS
varactore
and n-MOS
varactors
operating in
an
"accumulatio
n mode", of
the Lies
voltage and
voltage
signal input
to the
amplifier,
tae voltage
signal can
be
amplified,
in the same
way as With
the
amplifiers
according to
Mae
above-descri
bed first
through
sixth
embodiments.
[0293]
Elezenth
Embodiment) 



Next,
description
wilt be made
regardig an
eleventh
embodiment
cb the
present
invention.
Now, the
eabodiments
described
above were
each
attempts to
soMe Mee
above-bacon
hod Lfirst
problem]
through
[third
Fla:ilea] t
courting at
the tine of
voliogo
Boost, by
realizing a
CMOS type
a-cent:Mr
using AgB
geranium of
inverse
enniacMgity
type (p-M01
and a-MOSI,
conversely,
t]pe,
amplifier
according to
the present
embodiment
attempts to
realize the
same
functions se
the above
embodiments
by using
variable
capeultancec
c (MOS
vaiectors)
of the same
conductimi
tree [0284:
;Principle
of
amplificatio
n with
amplifier
configured
of variable
napacitance
devices of
the same
conductivity
type]
Fig. 285
through Fig.
28c are
explanatoty
diagrams
illimLfating
the
principle of
arapiiiicati
on with al
153 -
amplifier
according to
an
enamelmeut
of the
'present
invention.
here, Fig.
288
illustrates
a Track
stane 2818
illustrates
a Rola
state, and
2011
iddnatmates
a Boost
state,
respectively
. [0205)
With
reference c
Fig. 285
through Fig.
28(h Om
amplifler
configured
of variable
capacitance
devices of
tae same
conductive
type,
according to
an
erbodinenV
of the
present
Invention,
have (I) a
first
varialle
capacitance
device A of
which the
capacitance
varies, and
(2) a second
variable
capacitance
device A
having the
name
conducticely
type as the
firs(
eathahle
capacitance
device A,
with bias
voltage
Add/2 and
vcitage
signal Vin
being input
to the )
first
variable
capaettAnce
device A and
the second
variable
capd(Ocance
device A in
aceireance
with the
connection
svalca of
the match
SAL Also,
the first
variable
capacitance
device A in
connected to
the power
scarce
voltage
source, and
the soccnd
variable
cutecitance
device B is
connecAed to
the ground.
Note that
tne bias
voltage in
sheen as
Ved/2 in
Pig. 285
through fag.
2811, but of
course is
not
restricted
to this. 



[LOB ii As
shoectAAA,
in the Traoi
slate, the
switch AWI
la closed
(hereby the
bias voltage
Vdd/2 and
voltage
signal Ain
are inted.
MA the
switch eta.
Accoleiagly,
the
pcdontial
fiitterence
a, ()pit
ends et the
first
variable
capacitance
device A is
Val -
Vdd/2Vin,
and the
potential
difference
at both ends
of 1-he
second
variable
capaciLdhce
device B is-
Odd/2 + Vin.
Consequently
, the first
carisble
capacitance
device A and
the second
variable
capacitance
device B
accumulate
charge.
Next, as
shown in
Fig. 280, in
the Hold
state, by
the switch
SW1 opening
:from the
Track state,
intuit of
the bin;
voltage
odd/2 and
voltage
signal fir;
stops. gets,
the
following
relations
hold in the
Held state.
(11 The
charge
Mal-Ct  Val
- -Cf.
ifidd/2 -
Vile) 



immediately
prior tu the
switch 155
lopertisty
Is held at
the hewer
side of the
first
variahle
cmpacitmnce
devide A the
terminal at
the side
connected to
the switch
0(11 Et Fig.
28b). 121
The charge
Qh1 - CI
IfniCl
(odd/2
cWhitely
prior to lhe
swicch Sill
opening is
held at the
upper side
of the
second
variable
capacitance
device 11
(the
terminal at
. the side
connected to
the switch
55(1 in Fig.
28n). [0788]
Now, the
-Loral at
charge
Qtotal528+
at -:hie
lower side
of the first
variable
capacitmice
device A and
the upper
side of the
second
variable
capacitance
aectce U is
charge
Sic-cal:me =
2  Cl  Vin.
AccordireMao
the input
signal Vin
- 152
equivalent
to bombCc a
capacitance
detece
having twice
the
cepaoLieimm
of the
capacitance
el. l02091 



Next, as
shown in
rig. 280, in
the Boost
state, the
capacitance
of the first
variable
capacitance
device A and
the second
variable
capacitance
device r are
each reduced
from Cl to
02
respectively
(here, Cl I
02 holds.)
by lacing .
multiplied
by 1/k. That
is te say.
the
capacitance
of the first
variable
capacitance
device A
anti the
second
variable
capacitance
device B is
02 - Cl/k.
[0290] At
this time,
due to :he
charge Q'(It
- 1)02
1110/2
making
transition
from the
first ear
table
capacitance
device A to
the power
source icI
rage coerce
side, charge
of en amount
equivalent
tc the
charge 0' la
cancelled
gut at toe
lower side
of the first
d,rienlo
capacitance
device A and
the upper
aide of the
second
variable
capacitance
device, E.
Accordingly,
the change
al The hewer
side of the
first
variable
capacitance
device A is
0a2 - -02
(1/00/2 -
hVin), and
in the same
way, the
charge at
the upper
side of the
second
variable
capacitance
device A is
Pb2 - 02
(1/00/2 e
[02011
Accordingly,
in the Boost
state, the
potential
difference
imteeeeed on
heft ends of
the first
variable
capacitance
device B is
Ve2 - Vdd/2
- kVin, and
the
preential
difference
impressed on
both ends of
the second
variable
capacitance
device A is
ale2 - Vddra
+ hem. Nos,
the charge
total
Qto,aliaiii
at the lower
side of the
first
variable
capacitance
device A and
the upper
side cf the
second
variable
capacitance
device B in
the LIost
state is
Btotalowim =
2  Cl  Vin v
QtDt.i.",-
accordingly,
the charge
is held even
in she Roost
state.
[0292] 



Accordingly,
with the
amplifier
cuntigute.d
of anrieble
capacitance
devices of
the sane
conductivity
type
actvidire In
an
embodiment
of the
present
invensien,
the input
voltage -
signal Vin
can he
amplified t
(capacitance
change
retie)
times, while
maintaining
the nias
voltage
Vdd,e2 -
Vbias, as
with the
stepliters
having CMOS
according to
ordoodimerli
s off the
present
invention
described
above.
Accordingly,
with the
amplifier
configured
of vaiioble
capacitance
devices of
the same
conductivity
type
according to
ail
eviddimert
of the
present
invention,
the output
voltage Is
net
unnecessaril
y great as
with the
convention-A
i AOCEET
parametric
amplifier
10, so the
pfidiabllety
of the
tituee
pretileas oi
the
conventinnal
POSFET
peresservic
amplifier 10
described
above
occurring
cad he sAde
very small,
Uherehy
contributing
to finer
circuit. and
lower
electric
power
gousifleilig
n. i0293]
Also, the
irinci['le
of
amplificatio
n with the
amplifier
according to
the
above-descri
bed
embodiments
of the
present
invention
can be
applied
regardless
of cases
wherein the
variable
capacitance
devices
configuring
the
amplifier
are CMOS CM,
cases
wherein the
variabde
cai,idLance
devices are
of the saee
conductive
type. 10294-
tExcertional
problem] -
As described
ict the
above
[Princitde
of
ampliticat
with
amplifier
configured
or variable
capacitance
devines of
the same
conductivity
type,,
charge of
the same
amount is
cancelled
out at one
terminal of
the first
variable
capacitance
device A dIM
one terminal
of the
second
variable
capacitance
device B
electriv,att
y connected
to Ube one
Iretistar of
the variable
capacitanCe
device A,
whereby the
voltage
sigrBi can
be amplified
by
multiplicati
on by the
capacitance
change
relic, while
maintainimg
rho
magnitude of
the bias
voltage.
However,
there is a
possibility
that desired
effects may
not be
sufficiently
obtained in
the event
that an
unexpected
situation
such as
manufactarim
o
irregulariti
es of the
first
variable
capacitance
device A and
second
variable
capacitance
device R,
for example,
occurs, such
that a
capacitance
difference
AC occurs
between the
capacitance
of the first
variable
capacitance
device A and
LIce second
variable
capacitance
device D.
The reason  



thereof .id
I he briefly
described be
low with
reference
Fig. 19
[0295] For
examplethe
evert that a
capacitance
dit f erence
AC occurs
between the
capacitance
of the first
voidable
capacitance
device A end
the second
variable
capacitance
device B,
the charge
at the
lotser side
of the first
vartebla
capacitance
device A n
Fig 290 (the
twrminel at
the side
connected to
the switch
Sail in Fig.
20 (o)) is
gal - - Cl
CEda/2 -
Viral , and
also the
charge at
the upper
side of the
second
variable
capacitance
device B Cr.
Fig. 2(the
terminal at
the side
connected to
the haitch
Set in Fig.
293) is Eta_
- (Cl + AC)
(Vdd/2Vial .
At this
time, in
Fig. 208,
the total of
the charge
at the lower
side et the
'i +ht
tariahte
capacitance
device A and
the charge
at the upper
side of the
second
variable
capacitance
device b is
Et ota 1 -
(2  Ci +
All; Vin -1
AC  (edd/2)
, with the
charge being
dependent on
the bias
voltage WW2-
[0298]
Accordic ly,
the output
voltage s
frcen 



the
amplifier
via the
Boosc state
i3 bias
voltage
Vedas -
Vdd/2 has
also AndesI
y hen
anglified,
es she7m in
Expression
21. (0291)
Irathecia
Lica:
Expression
Ell  kai
b9PWcfk
Vu4it
=(I+2Clt
AC,b-)+kPin
m(1 +MC
)-VbiashkIdm



1CleaCr
ahnedvion
211 [02981
Now, the
ampotficatic
n aiuouot or
the bias
voitage
Vbias shown
in
Expression
21. is such
that the
smaller the
capacitance
difference
AC is, the
suarher the
amplificatio
n amount of
the bias
vcatage
Vhias is as
temp aced to
the
agmlifiamtid
n amount of
the bias
voltage
amplified at
the
aboveddescri
bed
cormenflomal
1MSFET
parametric
amplifier
10.
Floweeer, if
the hien
voltage
China is asp
Cited as
shown, in
Expression
21, there id
the
passibility
that the
advantages
of Lin asp
SiCC
aCCOrdanq
ar)
embodiments
of the
present
Invention,
kthich are
"daking
handling of
the output
voltage
signals
eedMir",
"enabling
contridetion
to finer
circuits and
lower
electric
iodate-
consumption"
, and
"desired
output
voltage
siggede ran
be
obtained",
nay not he
obtainable.
[02991 With
thelifiir
confisired
of variable
capacitance
devices of
the same
conductivity
type
according to
embodiments
of rise
present
invention,
the firat
variable
capacitance
device A
aidsecond
variable
carecaLerme
device Et
are of the
same
conductivity
type. Now,
with
varei,ible
capacitance
devices of
the same
conditty
type, as
long as the
size is
generally
the same,
the
ce,mettance
differ  encb
AC is extr
ere y small
eves if an
unexpected
situation
erases seeh
as
manufacturin
g
irreguleriaj
.e9 or tile
like, so the
capacitance
difference
AC can be
bandied as a
negligible
error.
Accordingly,
oith the
amplifier
configured
of variable
capacitance
devices of
the same
conductivl
rir type
according to
embodimehls
of he
present
insect] on,
the
capacitance
of the first
variable
capacitance
(device and
the second
variable
capacitance
device B can
be made to
be the same
(generally
the stunt),
so the
above-descri
bed
exceptfonat
problet does
not occur,
and the
voltage
sltnal can
be amplified
by multi
platation by
the
capacitance
change
ratio. 



[0300]
Obrolif ier
acnordi ne
to eeeve tl'
e,thodi,scnt
of the
present
anveniionl
Next, an
mnplifimr
1000
according to
an eleveheli
embodinier
of the
present
invention
will be
described
with
reference to
Fig. 29
through Ely.
X1 . Here,
Fig. 29
illestredres
e Track
state of the
amplifier
1000
according to
the eieventa
embodinient
Of the
present
invention,
and Fig. 30
illestraLea
a Boost
state of the
amplifier
1000
according to
the eleventh
embodiment
of the
present
invention.
[0301]  -
151 -
Also, Fig.
31 is an
explanatory
diagram
niluntratang
waveforms of
signals
according to
the eleventh
aslodiamnt
of the
present
invention,
with (a)
illusliating
control
clock
signals for
controlling
switches,
(lot
illustrating
tine input
voltage
signal
Vinput input
to tire
amplifier
1000
according to
the eleventh
embatlinnrr
of the
preseni
invenLioro
and (c)
illustrating
tire output
voltage
signal
Veutput,
output
L'00.1 the
amplifier
IOCA
according to
the eleventh
enbmdirent
of the
prGsent
invention.
Note timr
while Fig.
29 through
Fig. 31
illustrate
the bias
voltagt as
being Vbias
- Vddif, it
is needless
to say that
the bias
voltage is
not
restricted
Lo the
above-descri
bed. 10302(
With
reference to
Fig 29 and
Fig. 20b the
amplifier
1000
according to
the eleventh
embeeiment
of the
present
invention is
configured
of n-0109
varmoiors Ni
and N2. As
with the
MAFIA( shown
in iig 2,
the
capacitance
of the n MOS
ye rectors
Ni and 512
can he
changed
.6m:ending
en whether
or nut there
in an
inversion
layer. Now,
the n-Aof
varactors Ni
and X2 of MP
amplifier
1000
prefesnIdy
have
generally
the Saiine
Cate
terminal
wi(hha ard
lengths if
e., in the
order of
manufacturin
g variance:
is
permissible)
10303)
input
voltogo
signal
Vinput 0.s
inpct to the
Gate
terminal of
the ,,mcs
veractcr Ni,
and to the
Source 



terminal and
trail,
tersitnalthe
n-NOS
varertnr NC,
in
aecordnncs
with the
connection
atate of the
switch gral.
Now, the
input
voltage si
ynal Vinput
input to the
amplifier
1003 .
according to
the eleventh
embodiment
of the
present
invention is
a signal
wherein the
bias voltage
lalb/2 and
the voltage
signal Yin
ate
superimposed
, as shown
in Fin. 31
lb). [0304]
7.13o, the
Source
terminal
a.-d Drain
terminal of
the II MOS
varaeter NI
are
connected to
the power
soUrte so;
nape sotto,
and Lne
ground in
accordance
with the
connection
state of the
switch S913,
and the Gate
acre] cal of
the n-NOS
varactor NC
is connected
10 the power
source
voatsge
source and
the ground
In
accordance
with the
connection
state of the
:switch Sta.
While the
n-MOS
vornatgrs Ni
and N2 are
of the same
condentiviey
type, the
terminals
connected to
the swr tch
SW I differ.
Accordingly,
in order to
match the
incresse/cla
cresse nange
of
capacitance
for the
n-doe
',erectors
NI and NO,
in the event
that the
switch SW2
is connected
to the power
source
voitade
source, the
switch .5113
is connected
to the
ground, and
in the event
that the
switch 5152
is connected
to the
ground, the
switch 5i42
is connected
to the
pruner
source
voltage
source.
03001 Now,
the switch
Sill
sync-ock
signal shown
in rig. 31
la), an are
to close
when. the
clock signal
4a is high,
and input
the bi en
voltage
arblas and
voltage
signal Vito
in the 5ate
terminals of
the n-1101
vas-actor at
and netics
varactor 52.
Also, the
switch 551
opens when
the clock
signal el is
low, thereby
control 1
ing input of
the hies
voltage
tibias and
cottage
signal sin
to the Gags
terminals of
the n-tens
varaCtor rla
and n-1109
varastor 52.
Note that
the relation
between the
clock signal
41 and the
switch Sal a
not
restricted
to the
above, and
the switch
5371 may
close when
the (Mock
signal 41_
is low. 



103061
The switch
al(12
sy:!u]tnnn
tzes with
the clock
signal 02
shown in
sig. 31(a1,
soar to be
connected to
the ground
when the
clock signal
02 as high,
and
conneoLed to
tho power
source
voltage
source when
the clock
signal 42 is
low, For
evaraple.
Also, the
switch SW]
synchronizes
with the
clock signal
42, ec as to
Co connected
to the power
source
voltage
source when
the clock
signal 41 is
high, and
connected to
the ground
when the
slack signal
42 is low,
for example.
Now, as
shown in
Fig. 31 (al
, the clock
signal 41,
and clock
signal ' 42
are input
such that
the phases
thereof do
not overlap,
the reason
thereof
being the
same as with
the
above--descr
ibed first
embodiment
to create a
Held state).
103071
In the Track
state shown
in Trig. 29,
the input
voltage
signal
Vinput is
input to
alas Safe
terminal of
the n-HOC  -
161 -
varactor M1
and the
Source
terrnrll erd
traintermina
l of the
n-SOS
varactor 22
by the
switch SW1
closfng doe
to thn clock
signal 01
going high.
[0308]
Also, the
switch 5502
is connected
to the power
source
voltage
source when
thy, clock
signal 02 is
low, ard the
switch 11503
ih ccnnected
2o the
ground when
the clerk
signal 42 is
low. At this
rime,
inversion
layers are
ferried at
the
semiconducto
r Mtterface
directly
below the
Cate
terminals el
each of the
n-MOS
VRraeLtr,9
N1 ace. 502,
and the
capacitance
of each
increases.
Bccordinflb
charge,
eerrespondin
g it? the
input
voltage
signed
Vinput is
acermmlated
at each at
the n-NOS
yarertorn Ni
and 52. 



[0309,
Also, in the
Boost state
shown in Fig
10, the
switch SW1
opens by the
sleek signal
ti going to
lime, and
input of the
input
voltage
signal
Vinput rn
stopped.
i0110]
Also, when
the elocm
signal 02 is
at high the
switch SW2
is connected
to the
ground, and
when the
clack sided'
42 in at
high the
switch 5113
is connected
he the power
source
voltage
source. at
this time,
the
inversion
layer,
WhiC'l had
been
generated at
the
semiconducto
r interface
directly
below the
Cato
cardinal of
each of the
n-MOB
yaractor Ni
and 92,
disappear,
and the
capacitances
of each of
thc n-BOB
varactors Ni
end 172
decrease. At
this time,
the Gat
LeLMLinaj of
the n-SOS
VRLEICa.01-
Ni and the
Source term
nal ane
Drain
terminal of
the n-HOG
vacactor 52
have charge,
so' the
voltage
signal Ain
is amplified
by
multithtthat
ion by the
capacitance
change
natio, by
otharsie In
capacitance,
Little
maintaining
the
magnitude of
the bias
voltage
Vdd/2. '
Accordingsho
w' In rig.
31(0), tire
enroot
voltage
Voutput of
the
amytkihier
1000
according to
the eleventh
embodiment
or tth
present
invention
assumes a
vageform
,therein the
voltage
signal Vitt
hes been
amplified by
being
multiplied
by the
capahilarce
change
ratio, with
the
magnithee of
the bias
voltage
dbilv Acing
held as ik
a,As to the
lop-it
voltage
signal
Winput. New,
the output
voltage
Vottralt in
smaller than
the power
source
voltage Vdth
no tketh is
no
distortion
etutort
voltage as
with the
conventional
MCADAT
parametric
amplifier
10. Also,
Laving the
olatt signal
02 to rise
following
the clock
signal. 41
falling as
shown in
rig. 21(a)
causes
transition
from the
Utack state
shown in
Egg. 25A via
the Hold
state Lo the
Acest state
shown lit
Dig. 30. 



(012]
As described
shove, the
amplifier
100C
according to
the
elevera.1,
ewboainunt
of the
present
invention
has a
configuratio
n wherreir
n-SOS
varactera
which are
generally  -
163 - thn
same in size
(here size
indicates
the width
and length
of Gate
terminals)
are vertical
I y arrayed
(here,
"vertical'
indicates a
symmetrical
placement
such as
shown in
Fig. 29, for
exiample.
Accordingly,
stucigontall
sod
'diagonal "
are also
included in
the
coriguration
of the
amplifier
1000 error
ding Vo the
eleventh
embodiment
ct the
present
invention as
a milkier of
course.).
Now, even in
the event
that there
are
manufacturin
g
irregulariti
es in Om
n-SOS
varaceers
making up
the
amplifier
1000, the
capacitance
difference
among the
SOS versed
eta is
extremely
small .
Accordingly,
with the
amplifier
1000
according to
the
eleientho
enbociment
of the
present
invention,
even in the
event that
there are
ainnufactura
ng
irregulariti
es in the rc
MOL1
odder:tem;
making up
the
amolifier
1000, the
capacitance
difference A
can be made
extremely
small.
L03132
Accordingly,
the
amplifier
1000
according to
the eleventh
embodiment
of the
present
invention
can amirMain
the
magnitude of
bias voltage
included in
the input
voltage
signal afl
er
amplificatio
n as well.
ram]
Thus, with
the
amplifier
1060
according to
The enevanth
embodiment
of the
presera
invention,
in the sanm
way as with
the
a/neither
its
according to
the first
embodiment
of rhe
present
inventimn,
an output
voltage
signal,
wherein a 



- 164 -
voltage
signal nan
been
amplified by
being
ruiLdblied
by the
capacitance
change ratio
with the
magnitude el
the bias
voltage
being held
as ib la as
to the ileve
veliage
signal, can
be outoiv,
so the
output
voltage
signal never
berbisen
unnecessaril
y great.
Accordingly,
a circuit
havdny the
amplifier
1000
accoddimg to
the eleventh
ortediment
of the
present
invention no
longer reeds
to he
provided
with special
measures
regarding
cutout
voltage
fidnals of
the
amplifier
7000;
according to
the eleventh
embodiment
of the
present
invention,
waking
handling of
tie output
voltage
signals
easier, Led
also
enabling
contribution
to finer
circuits and
lower
electric
power
coraumption.
Further, the
probabilLmy
of the
magnitude of
the output
voltage
signal
becoming
greater than
the power
source
voltage Vdd
can be made
very small,
so there is
no
distortion
in ouVeLnt
voltage
signals, and
desired
output
voltage
signals can
be obtained.
;03151
;Twelfth
fnboddment;
A
configuratio
n using
leMOI
fie:actors
has been
shown with
too
amplifier
1000
according to
the eleventh
embodiment
of Lhe
present
invention,
,18 an
amplifier
configrred
of variable
capacitance
devices of
the save
conductivity
type
according to
an
embodinent
of the
present
invention.
However, an
amplifier
configured
of vdrialde
capacitance
devices of
the same
conductivity
type
according to
an
embodiment
at the paca
cot
invention is
not
restricted
to using
nalleS
varactors.
<accordingly
, next, a
configuratio
n using
p-1,102
a-erecters
which are of
inverse
conductivity
type as to
the n MOS
varactors
will be
illustraned
as an amid
brier
according Lo
a twelfth
embodiment
of the
present
invention.
[031.6] Pig.
Fin and Fig.
33 are
explanatory
diagtasts 



illustrating
an amplifi
et 1100
according to
the lee]
ftil
embodiment
of the
present
invention.
Fig.. 32
illustrates
a Toed<
state, and
Fig. 33
illustrates
a Boost
state,
respectively
. (03171
With
reference to
Wig. 32 and
Fig. 33, too
axiplitiar
:1100
according
lcthe.
twelfth
enbodinent
of the
present
invention le
configured
of p-POS
varactors PI
and 1,2 As
with the.
wearEr Sk10,
rt 1 I, fig.
2A ard Fig.
2B, the
capacitance
of the porge
varactors Pt
and 22 car
be changed
depending on
whether or
net there is
an inversion
layer. Now,
the p-FIUS
varactors 21
and r2 .at
the
amplifier
1100
preferably
have
generally
-he same
Gate
terminal
widths and
lengths
(i.e., in
the order of
manufacturin
g variance
is
Permissible)
. f 0313]
Input
voltage
signal
!input is
ino toe sate
- :66 - tern
nal of the
p-MOS
saran:or WI,
and to the
Source
terminal and
brain
ternatne irS
Lie p-MCS
varacter
accordance
with the
connection
state of the
switch 2111.
Now, the
Lupin
yr:Inane
signal
vinout input
to the
enplitier
1100
according to
the twelfth
embodiment
of the
present
invention is
a signal
nhereln the
bias voltage
Vold/2 and
the voltage
signal gin
arc
superimposed
, in the
same day as
with the
amplifier
1000
according to
the eleventh
ersbodithen
of the
present
invention
shown in
Fig. 31Lb). 



10219)
'Also, the
Source
terminal and
Drain
ter-mina: of
the pPLOC
earactor 01
are
connecled to
the cower
source
voltage
source and
the gronnd
in
accordance
with the
cohnecLion
state of Lie
suntan 9h2,
and the Gate
terminal of
the p-Flow
varacter P2
is connected
to the power
source
voltage
scarce and
the ground
in
accordance
with the
connection
state or the
switct SlIg.
while Lle
p-MOS
varanors 01
and 22 are
of the same
conductivity
type, the
terminals
connected in
the swing SW
1 dittos.
Accordingly,
-in order to
hatch the
innhange of
capacitance
ter the
P-MOS
verse:ors P1
and 22, in
the event
that the
switch SP2
is connected
to the pouee
source
'voltage
source, the
switch SW3
is
coning:fed
to the
ground, and
in the event
that the
switch 552
is connected
to I he
ground, Lire
she Loh 5153
Is connected
to the power
source
voltage
source. -
107 - [0320]
Iota track
otate shown
in Fig. 32,
the input
voltage
signal V
moth to the
Gate
terminal the
p-MOS
varactor El
and the
Source
terminal and
drain
terminal ot
the pi-MOS
-infractor
22 by the
switch SW
closing due
to the clock
signal 31
going high.
103211
Also, the
switch 51112
is connected
to the puwer
source
voltage
scurce when
the cl ook
signal 32 i
s I ow, and
the switch
Sid3 is
connected to
abs ground
when the
clock signal
32 is low.
At this
thee,
inversion
layer: arc
forded an
the
semiconducto
r interface
directly
below the
Gate
terminals of
each of the
p-was
van-actors
51 and 22,
and the
capacitance
of each
increases.
itccordingl
r, charge
correspondin
g to the
inn-it
vLaltage
signal
V.loput is
accumulated
at each of
the pMOS
varactore Ed
and 52.
103221 



Also, in the
Boost slate
:shown in
hig 31, the
switch awl
opera: by
the clods
signal 31
going to
low, and
inpun of the
input
voltage
signal
',input is
stopped.
103231
nisothe
clock signal
32 is at
high the
avii lob 122
Se
conihecteti
to toe
ground, and
when the
clock.
signal 32 is
at irdgh the
aids ads
SWIll in
connected to
the power
source
voltage
soarce. At
this tics,
the
inversion
layers which
- 168 - had
been
generated at
the
semiconducto
r interface
directly
below the
Gate
terminai of
each of the
p-MOO
varactors P1
and 22,
disappear,
and the
capacitances
ot each or
the p-MOS
varactors Si
and 22
decrease. At
this Lime,
the Gate
termiral of
the p-1405
varactor 21
and the
Source
terminal and
Crain
terminal of
the p-MOS
varactor 22
have charge,
so the
voltage
signah yin
is .11,pi f
icd by
aacitiplioat
.Lre. by the
capacitance
change
ratio, by
change in
capacitance,
while
maintaining
the
magnitude of
the bias
voltage
Vdd.(2.
(03243
AccordisTy,
in
comparison
sifh the
amplifier
1000
according to
the eleventh
embodiment
of the
present 



ion, the
amplifier
1100
according to
the twel 1th
embodiment
of the
present
invention
has variable
capacitance
devicea of
inverse
conductivity
types as to
the variable
capacitance
devices oe
the
amplifier
1200
anriording
to the
eleventh
emboairaent
of the
present
invention,
so the
connection
relation of
the variable
capacitance
devices
differs, bat
it can be
understood
that the
function as
en ampl i
flor is the
same. L03251
As described
above, the
anplifiet
1120
aotrct.ding
to the
twelfth
embodiment
of the
present
invention
has a
configuratio
n wherein
p-MOO
varactors
which are
generally
the same in
size (here,
size
indicates
the viola
and length
of Cate
terminals]
area[ere,
"vertical"
indicates a
symmetrical
placement
such as
shown in
Fig. 29, for
example.
Accordingly,
"norizental"
and
"diagonal'
are also
included in
the
configuratio
n of the
amplifier
1102
according to
the twelfth
embodiment
of the
present
invention as
a. matter of
ecurse.).
Now, even in
toe event
chat tnere
are
manufacturin
g
irregulariti
es in the p
MOS
varactors
making up
the
amplifier
1101, he
sepacitance
difference
among the
MOS
venter-Mars
:is
extremely
small.
Accordingly,
with the
amplifier
1110
according to
the twelfth
embodiment
of the
present
invention,
even in the
event that
there are
manufactiari
ns,
irregulariti
es in toe
p-E20
varactors
making up
the
amplifier
1100, the
capacitance
difference A
can be made
extremely
small.
103261
According]
y, the
amplifier
5.102
according to
the twelfth
embodiment
of the
present
invention
can maintain
the
magnitude of
bias voltage
included in
the input
voltage al
gnal after
amplificatic
a, 6S well. 



iO3291 Also,
with the
asp11 ler
1100
accordingtwe
lfth
embodiment
of the
present
invention,
in the same
way as with
Lhe
amplifier
121
according Co
the first
embodiment
twa the
present
invention,
an output
voltage
signal,
wherein a
voltage
signal has
been
amplified by
being
multiplied
by the  Jo
capacitance
rbange ratio
with the
magnitude of
the bias
voltage
being held
an it is as
to the input
soltage
signal, can
be output,
se the
output
voltage
signal never
behoves
unnecessaril
y great.
Accordingly,
a circuit
having the
amplifier
1.100
According to
the twelfth
embodiment
of the
present
invention no
longer needs
to be
provided
with special
measures
regarding
output
voltage
signals of
ihe
amplifier
1100
according to
the twelfth
embodiment
of the
Present
invention,
mahing hardi
tog of the
output
voltage
signals
easier, and
also
enabling
conligihnt'o
n to firer
circuits and
lower
electric
rower
consumption.
:tether, the
probability
of the
magnitude of
the ontput
vcitage
signal_
lecomir4
greater than
the power
source
voltage Vdd
can be mode
very small,
so there is
no
distortion
in output
voltage
signals, and
desired
output
voltage
signals can
he obtained.
:0220]
:Thirteenth
Embodiment:
The
amplifiers
According to
the
ahove-descrl
eed first
through
eighth
embodiments
are such
that change
in
capacitance
occuls dine,
to whether
or not
inversion
layers are
present in
the p-MOS
parsed-4s
and n-mOS
veracious,
and
accordingly
perform
"reverse
mode"
operations.
Now, the
tMOS
varachrds
and n-MOS
varectem
also operate
in az
"gccumulatic
m mode"
wherein
change in
capacitance
occurs due
to
accumulation
of electron
holes near
the oxide
film.
acoordanely,
a van to
cases of
replacing
the
amplifiers
accordirg to
the
shove-descri
bed fidst
through
eighth
embodiments
with the
p-slob
varactors
and niMOS
waractois
operating in
an
faccmanlatio
n mode", of
the bias
voltage and
vo]taqo
signai input
to the
amplifier,
the voltage
signal can
be
amplified,
in the same
way as with
the
amplifiers
;recording
to the
shoye-descri
ted first
through
eighth
embodisunts.



[0329]
While
preferred
embodiments
of the
yresent
inveitton
have been
described
with
reference to
the
sib/ached
drawings, it
is ruedless
to say that
the present
invention is
not
restricted
by these
examples. It
is clearly
understood
that one ski
/Add in the
art could
conueive
various
vedihicetion
s or
corrections
within the
scope or the
Claims, and
these are
also
encompassed
in the
technical
scope of the
present
invention as
a matter of
,:-OLIESA.
[0339]
For example,
with the
antSiffer
according re
the second
embodiment
of the
present
invention, a
configuratio
n has been
shown
wherein the
amplifier
according to
the first
amPodiment
further
ins/ides
multiple
adbuting
p-MOP
vapactors of
which the
gate width
is very
small, hut
is not
restricted
to this
configuratio
n, and the
amplifiers
according to
the Litre:
through
sixth
embodisunts
may further
- 172 -
include
multiple
ad--MOB
varactors of
which the
gate width
is very
small. As
described
above, the
adjusting
P-don
varectors
which the
amplifier
according to
the second
embodiment
of the
present
invention
has serve to
adjust the
bias
voltage, and
even with a
configuratio
n wherein
the
amplifiers
according to
the third
through
sixth
embodiments
include
multiple
adjusting
p-MOS
varectmrs on
which the
gate width
is very
small, the
voltage
signal, of
the bias
voltage and
voltage
signal input
to the
amplifier,
can he
amplified.
[0331]
Alec, while
a
configuratio
n having a
CEOS has
been
illustrated
with the
ordolifiers
according to
the third
throtign
filth
embodirenis
of the
present
inventien,
this ,s not
restricted
to this
configuratio
n, and
arrangements
may be made
wherein, for
example, rho
amplifiers
according to
the third
through
fifth
embodiments
of the
present
invention
may be
configured
of variable
capacitance
devicies of
the same
conductivity
Lmee as with
the eighth
and ninth
embodiments
or the
present
invention.
further, the
amplifiers
according to
the third
throng!,
fifth
embodiments
of the
present
invention
may have
configuratio
ns inciuding
both a
configuratio
n haying a
C-MOS and a
configuratio
n witb
variable
capacitance
devices of
the same
conductivity
type. With
these
configuratio
ns as well,
output
voltage
signals
wherein the
voltapc
signal has
been
amplified by
being  



173 -
multiplied
by the
capacitance
change ratio
can be
output with
the
magnitude cf
the bias
voltage
maintained-[
0332] Also,
0:int a
configinatio
n has been
illu td with
the charged
nrnin filter
drool I-
according to
the sixth
embodiment
of the
present
invention,
wherein the
vEglitying
nniVs 610
through 610
of the
second Si
Fit filter
circuit ere
cf a
ccoitunation
of the
amplifier
according to
the first
embodiment
of the
present
invention,
this is not
restricted
to this
chnriguratio
n, and the
amplifying
units of too
second SlEC
filter
circuit in
the charged
haln filter
circuit
according to
the sixth
embodiment
of the
present
invention
are
origiMers
according to
the second
through
fifth,
seventh, and
eight
erloodlinedt
s at the
present
intention.
Even in a
case wherein
the
adiplifpng
units a-e of
the above
hontigtvatin
n, the
amplifying
units can
octput
voltage
signals
wherein the
voltage
signal has
been
amplifieti
by being
multitgied
by the
capacitance
change
ratio, with
the
magrdturte
of Ll. bias
voltage
maintained.
t0333]
The above- d
eauri.hed
configuratio
ns are
readily
achievable
by one
skilled in
the art, and
should be
undenshocd
to belong to
the
equivalent
scope of the
present
invention.
- 174 -
CLAIMS 1, An
amplifies
characterize
d in
ctmprising a
first
variable
capacitance
sevice of
which 



capacitance
Ls veil
able;
a second
variable
capacitance
device= of
which
capacitance
is variable,
electrically
connected in
sad first
violable
capacitance
device, and
of an
inverse
conductivity
type from
said first
variable
capacitance
device; and
a first
input unit
for
selectively
inputting a
bias voltage
and a
voltage
signal to
said first
variable
capacitance
device and
said second
variable
capacitance
device,
wfterefro in
the event
that said
bias voltage
atm said
voltage
signal are
input to
said rirst
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
firat value,
and wherein
said voltage
signal is
eadilified
with the
capacitance
of said
tirsd
variable
capacitance
device and
said second
variable
capacitsllc
device as a
second valvm
smaller tnan
said first
value.  -
175 -   2
The
implirier
according to
Claim 1,
onaracLerize
d ./02tage
for
canceling
the
amplificatio
n amount et
said bias
voltage
being
impressed on
said first
variable
capacitance
device and
said second
variable
capacitance
device.   3.
The
anuairier
according to
Claim 1,
characterize
d in that
said first
variable
capecitadco
device and
said second
varialle
capacitance
device are
SOS
varnctors,
said ilrei
input unit
baying a
first
switch, 



the gate
terminals ot
said first
variable
capacitance
aevIce and
said second
variable
capacitance
novice are
each
connected to
said first
switch,
the acurce
terminal and
drain
terminal of
said first
variable
capacitance
device are
connected to
a power
source for
outputting
power source
voltage, Or
to the
yrotInd, via
n second
switch, and
the source
terMinal and
drain
cctetiralosa
idaecood
variable
capacitance
device are
acumen-Pea
to said
power
source, or
to the
ground, via
a thits
switeld
wherein, in
the event of
said second
smite!,
being
connected to
said power
soidce, said
third ssitct
is connected
to the
ground, with
the
capaditauee
of said
variable
capacitance
device and
said second
variable
capaciidnce
device being
taKen aa
dials, fe575
and in the
event os
said second
switch being
connected  -
176 - to the
ground, said
Lb Lid
switch is
Connectedsai
d power
source, with
the
capacitance
of said
first
variable
capacitance
device. and
said second
variable
capacitance
device being
Laken as
said second
value. 



4. The
amplifier
according to
Clairol,
cinaraccerir
edic thal.
said first
variable
capacitance
device and
said second
Variable
capabdtnnce
device are
MO$
varactors,
said first
t-irnit-novi
ng a first
switch,
the source
terminal and
drain
ternical of
said first
variable
capacitance
deeice and
sourcm
terminal and
theta
terminal of
said second
variable
capacitance
device are
each
connected to
said first
switch,
the gate
terminal of
said second
variable
capacitance
device is
connected tu
a Tewer
Source for
outputting
power sanrce
voltage, or
to the
ground, via
a. second
switch, and
the gate
terminal of
said first
variable
capacitance
device is
connected to
said power
entree, or
to the
ground, via
a third
switch,
wherein, in
the event of
said second
switch being
connected to
said power
so": cc,
said third
switch is
connected to
the ground,
with the
capacitance
or said
first
variable
capacitance
device and
said second
variable
capacitance
device being
taken as
said first
value, and
wherein, in
the event et
said second
switch being
connected to
Lim ground,
said third
switch is
cormented to
said power
source, with
the
capacitance
of SJid
first
variable
capacitance
device and
said second
variable
Capacitance
device being
taken as
said second
value. 5
Theaccording
to claim 3,
characterize
d in 



comprising
at leant one
or more
adjusting
variable
capacitance
devices, of
the sane
cunductivi.y
type first
variable
capacitance
device or
said second
variamle
capacitance
device, and
smaller in
gate widlt
than said
first
variable
capacitance
device and
said second
variable
capacitance
device; and
at least one
or more
adjusting
switches for
connecting
each of the
source
terminal and
drain
terminal at
said at
least one or
more
adjusting
variable
capacirnwe
devices to
said power
source or
the ground,
wherein said
at least one
or more
adjusting
variable
CapaCLT.etil
3e &Once.
cave the
gate
terminals
Lberest each
connected to
said tirst
switch, in
parallel to
said first
catiable
capacitance
device or
said second
variable
capacitance
device, as
to said
first input
unit.    6
The
amplifier
according to
Clain 3,
characterise
d in farther
corlaising:
a third
vanialde
capacitance
device or
wbr oh
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
conductivity
type tram
said third
variable
capacitance 



device,
andhivariabl
e
capacitance
device and
said fourth
v able
capacitance
device are
MOM
varactcrs,
the source
terminals
and drain
terminal; of
said third
variable
capacitance
device and
said fourth
variable
capacitance
device are
each
connected to
said first
switch,
the gate
terminal of
said fourth
variable
capacitance
device is
connected io
a power
Source for
outputting
pcwer source
voltage, or
to the
ground, via
said second
switch,:
the gate
tarminarots
aid third
varLable
comet:franca
device Ls
connected to
said power
source for
nutputtang
po,br source
,oltage, or
to the
ground, via
said third
switch,
wherein, in
the event of
said second
switch being
connected in
said power
source, said
third switch
ts connected
CO the
ground, with
the
capacitance
or said
Lhicd
variable
capacitance
device and
said fourth
variable
capacitance
device being
Cavan as
said first
value,
and in the
event of
said second
switch being
connected to
the ground,
said third
awitch is
connected to
said poser
source, with
the
capacitance
or said
third
variable
capacUtance
device and
said fourth
valiaht
capacitance
device being
taken as
said second
valise. 



7. The aspi
i fiat
according to
claim 1,
characterize
d i I put
unit
Selectively
Inputs said
bias voltage
and a
positive
phase
voltage
signal
making op a
differential
signal
serving as
=said
voltage
signal,
said first
variable
capacitance
device and
said second
variable
capacitance
device
amplify said
positive
phase
voltage
signal with
said
capacitance
as a second
salue
smeller [had
said first
rains,
said
anplifier
further
comprises a
third
variable
capacitance
device of
which
capacitance
is variable;
a fourth
variable
capacitance
device or
which
capacitance
is variable,
ciao-rid:cad
dy connected
to said
third
variable
capacitance
device, and
of an
inverse
conductivity
type from
said third
variable
capacitance
device; and
a second
input unin
tor
selectively
inputting,
to said
third
variable
capacitance=
device and
said fourth
variable
capacitance
device, said
bias voltage
sedan
inverse
phase
voltage
signal of
which the
phase has
been
inverted
from said
positive
phase
voltage
signal;  0 -
whezeira in
the event
that said
bias voltage
and sat d
inverse
phase
voltage
signai ars
input Lo
said third
variable
capacitance
device and
said fourth
va-inicie
capacitance
device, the
capacitance
of said
third
variatle
capacitance
device and
said fourth
variable
capacitance
device are
taken as a
third value,



and ,herein
said inverse
phase
voltage
signal is
amplified
with the
capacitancs
of said
third
variable
capacitance
device and
said fourth
variable
capacitance
device ae a
fourth value
smaller than
said third
value.    8.
The
amplifier
according to
Claim n,
characterize
d in that
said first
variable
capacitance
device, said
necond
variable
capacitance
device, said
third
variable
capacitance
device, and
0014 tourth
variable
capacitance
device, are
HIS waned
ore, said
firal 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
devias are
connected to
said first
switch;   i
the gate
terminals of
said tld-d
variable
capacitance
device and
said fourth
variable
capacitance
device are
cormected to
said second
switch;i
rise sac roe
terminals
and/ ca
drain
terbliaazs
of said
first
variable
capacitance
device and
said third
variable
capacitance
device are
connected to
a power
source for
outputting
power source
voltage, or
to the
ground, via
third
switch, 



the source
terminals
and/or drain
terminals of
said second
variable
capacitance
device and
said fourth
variabie
capacitance
device are
Connected to
said power
scurte, or
to the
ground, visa
fourth
switbn,
wherein, in
the event of
said ificd
switch being
connected to
said cower
source, said
fourth
switch is
connected to
the ground,
with the
capacitance
of said tint
variable
capacitance
device and
said second
variable
capacitance
device being
taken as
said first
value, and
the
oaptcitance
of said
third
variable
capacitance
device and
said fourth
variable
capacitance
device being
taken as
said third
value,
and wherein,
in the event
of said
third switch
being
connected to
the ground,
said fourth
switch is
connected to
said pow.=
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 icing
taken as
said fourtn
value.  -
182 -    9.
The
amplifier
according,
to claim 1,
characastize
d in that
the
capacitance
of said
first
variable
capacitance
device and
said second
variable
capacitance
device in
taken as a
third vaipe
greater than
said first
yallle In
the sigtnt
of
attenuating
said voltage
signal, said
amplAf ier
further
compri sing
an least one
third
variable
capacitance
devise of
the same
conductivity
type as said
first
variable
capacitance
device and
of which the
capacitance
is variable,
connected to
said first
nput Urift
in parai 1M
1 to said to
reit
variable
capacitance
device; and
at least one
tourtg:
variable
capacitance
device or
the - same
conductivity
i.ype as
said second
variable
capacitance
device and
of which the
capacitance
is variable,
connected to
said first
input unit
in parallel
to said
secced
variable
capacitance
device.
10. The
amplifi.er
according to
Cdpia 1,
characteri
zed in
comprisirig
at least one
capacitance
device
having a
predetermine
d
capacitance
and capable
of
accumulating
a charge
equivalent
to said
predetermine
d capa ci
tance, 



disposad
upstream of
said first
input
urn:whereis
said voltage
signal which
said first
input urdt
enptta I a a
voltage
signal die
to charge
sharing by
said first
variable
capacitance
device, said
second sa
stable
canacitanee
device, and
said at
least one
capacitanc
device.
11. The
amplifaccord
ing to
Clair. 3,
characterize
d in that
said MOS
varactnr is
a reverse
mode SOS
varacLur.
12. The
amplifier
according to
Claim 3,
cnaracterize
d in that
said Cod
varactor is
an
accamolbtion
node MOS
varactur.
13. An
amplifier
charauLerize
d in
comprising;
a. first
variable
capacitance
unit of
.nhicncspaci
Lance isb c
a sencbdu;
arrable
capacitancc
unit of
which
Capacitance
is variable,
electrically
connected to
said first
variable
capacitance
unit; and 



a first
input unit
for
aciectiVeiy
nputting a
tias voltage
and a
voltage
signal to
said first
variable
capacitance
anib 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 SSJ.
components,
0-brain, in
the event
chat said
bibs voltage
and said
voltage
signal arc
input to
said first
variable
capacitance,
unit and
said second
variable
capacitance
mit, the
capacitances
of said
first
variable
capacitance
unit and
said sscend
variable
capacitance
unit are
each taken
as a  - 18r-
name first
value,
and wherein
said voltage
signal is
amplified
with the
capacitances
of each of
said first
variable
capacitance
unit and
said seccnd
variable
capacitance
unit as a
same second
value
amallew than
said first
value.   14.
An
amplifying
!method,
relsding to
an amplifier
including a
first
variable
capacitance
device of
which
capacitance
is variable,
and a second
variable
capacitance
device of
which
capacthance
is variable
and oi an
innerse
conductivity
type from
said first
variable
capacitance
device,
characterize
d in
compydsing:
a step fur
inputting a
bias voltage
and a
voltage
signal to
said first
variable
capacitance
device and
said second
variable
capacitance
device,
acesccithula
ting a iii
at charge
correspondin
g to a first
capacitance;
a step fur
holding said
first
charge, and
a voltage
correspondin
g to said
bias voltage
and said
voltage
signal; and 



a step for
asiiFying
said voltage
signal, hY
re6ubbud 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
- 135 -
13. The
amplifylag
acthod
according to
Claire 14,
characterize
d in said
step for
empLifying
said volt
age signal
further
comprising;
a step for
reducing
tile
capacitance
at said
first
variable
capacitance
device and
said second
variable
capacitance
device from
said first
capacitance
fuss id
second
capacitance:
a stsss for
amplifyi,g
said hiss
voltage and
said voltage
signal in
a=ordance so
the ratio of
said flisi
capacitance
as to said
second
capacitance;
and
a step tor
canceling
out a charge
equivalent
to the
amount or
anipliaicati
on of the
amplified
bias voltage
at said Chat
variable
eabacitare
device and
said second
variable
capacitance
device. 16.
A filter
characterize
d in compile
hg:
an
amplifying
unit to
ohich a hias
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
able
capacitance
device of
which  - 196
- cape
citance is
variable;
and
a second
variable
capacitance
device of
which
capacitance
is variable,
electrically
connected Le
said first
variable
capacitance
device, and
of an
inverse
conductivity
type from
said first
variable
capacitance
device,
wherein, in
the event
that said
bias voltage
ci said
voltage
signal are
input to
said first
variable
capacitance
device and
said second
variable
capacitance
device, tee
capacitance
ot said
first
variable
capacitance
device and
said second
variable
capaci L
ance device
is taken es
a first
value, 



and whereto
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 tlreL
value.
17. the
filter
according to
Claim 16,
cheradterize
d in further
comprising e
third switch
unit fox
setting said
amplifying
unit roan
initial
state prior
to input of
said voltege
signal.
18. A
filter-
characlerize
d in
comprising:
an
eividarYing
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 select
'rely
inputting
said jima
voltage and
said voltage
signal to
said
amplifying
unit; and
a second
switch unit
for
soletrtively
outputting
the voltage
signah
output from
said
amplifying
unit, said
amplifying
unit
including 



a first
vallable
capacitance
runt of
which ca is
variable;
and     a
second
variable
capacitance
unit of
ntlen
capacitance
is variable,
electrically
connected to
said first
variable
capacitance
unit; with
said firstma
is
capacitance
unit and
said second
variable
capacitance
nnit each
being a
cembinailon
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 secund
variable
capacitance
plait, the
capacitances
of said
first
variable
capacitance
unit and
saic second
variable
capacitance
unit axe
each taken
as a same
first value,
and wherein
said voltage
signal is
amplified
with the
capacitances
of each of
said first
variable
capacitance
unit and
said second
variable
capacitance
unit as a
same second
value
smaller than
said first
value.  An
amplifier-
characterize
d in
comprising:
a first
variable
capacitance
device of
which 



capacitance
is variable:
a second
variable
capacitance
device it
which
capaciLance
is variable,
electrical 1
yconrscted
to said
first
variable
capacitance
device; and
a first
insol unit
for
selectively
rn-c voltage
and a
voltage
signal to
sdtettiTativ
ari le
capacitance
device and
said second
variable
capacitance
!device,.
wherein, in
tire evcnt
that said
bias voltage
and said
volsage
signal are
input to
said first
variable
capacitance
device and
said second
variable
capacitance
device, the
capacitance
of staid
first
variable
capacitance
device and
said second
variable
capacitance
device is
taVen as a
first value,
and wherein,
said voltage
signal is
ampli iethe
capacitance
of said
first
variable
capacitance
device and
said second
variable
capacitance
device as a
second valne
smaller than
said first
value. 



20. The
amplifier
according to
Claim 19,
c-ctcrizad
in that
voltage for
canceling
the
amplificatio
n amount of
said bias
volLsge is
impressed on
said first
variable
capacitance
device and
said second
variable
capacitance
device.  -
189 - 22.
The
ampliriding
to Claim 19,
cliaractoriz
ed in that
said first
variable
capacitance
device and
said second
variable
capacitance
device are
of the same
conductivity
22. the
amplifier
according to
Claim 21,
characterize
d it that
said first
variable
capaci-ance
device and
said sec-and
variable
capacitance
device are
n-Phanneeigi
e PDC
varactora,
said first
input unit
freeing a
first
switch,
the source
terolinai
and drain
terminal of
said first
variable
capacitance
device and
the gate
terminal of
said second
variable
capacitance
device are
eace
connected to
said first
switch,
the gate
terminal of
said first
variable
capacitance
device is
connected to
a power
source fel-
outputting
power source
voltage, or
to the
gronno, via
a second
switch, and
the seurce
terminal and
drain
terminal of
said second
variabie
capacitance
device are
connected to
said power
sollICE, or
to the
ground, via
a tiers.
swiicdr 



wherein, in
the event of
said second
switch being
connected to
said prneer
50JICC, said
third
siiiitch is
connected to
the ground,
with the
capacitance
of said
first
variable
capvcitance
device and
said second
variable
capacitance
device being
taken am
said first
value,
end wherein,
is the event
of said
second
switch being
connected to
toe ground,
said third
switch is
connected to
said power
source, with
the
capacitance
of said
first
variabie
capacitance
device and
said second
variable
capacitaFt
device being
taken as
said second
value.  23.
The
amplifier
according to
Claim 2L,
characterize
d in that
said first
variable
capacitance
device and
said second
variable
capacitance
device are
p-channel-ty
pe VOS
varacturs,
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
de vice are
each
connected to
said first
switch,
the srmrce
terminal and
drain
terminal of
said first
vaniabie
capacitance
device are
cunnecred to
a power
source for
output-jug
power source
voltage, or
to the
ground, via
a second
switch, and
the gate
terminal of
said second
variable
capacitance
device is
connected to
said power
source, or
to the
ground, via
a third
switctu 



wherein, in
the event of
said second
switch being
connected to
said power
source, said
third switch
is connected
to tia
ground, with
the
capacitance
of tale
first
variable
caeacitance
device and
said second
variable
capacitance
device being
taken as
said first
value,
and wherein,
in eta event
of said
second
soitein
being
connected to
the :ground,
said third
switch is
connected to
said power
source, with
the
capacitare
Of Said
first
variable
capacitance
device and
said second
variable
capacitance
device being
taken as
said second
value. 24. A
filter
characterina
d in
c4usprisingc
an
amplifying
unit to
which a bias
voltage and
a voltage
signal are
input, with
said voltage
signal being
argil:Wet
and output;
a first
switch unit
fur
sales:cite:1
y inputting
seid bias
volnage and
said voltage
signal to
said
amplifying
limit; and
a second
switch unit
for
selectively
output4ing
the voltage
signal
output from
said
amplifying
unit, said
amplifying
unit
including
a first
variable
capacitance
device of
Oita:,
capacitance
is variable;
and 



a second
variable
capacitance
device of
which
capacitance
is variable,
electrically
convected to
said tirst
variable
capacitance
device,
wherein, in
the event
that said
bias voltage
and said
voltage
signal are
input to
said first
variable
capacitance
device and
said second
variable
capacitance
device, the
capacitance
Of Said
first
variable
capacitance
device and
- 192 - said
second
variable
capacitance
device isne
value,
and wherein
said voltage
sigta is
amplified
,:ith the
Capacitance
of said
first
variable
capacitance
device and
said second
variable
capacitance
device as a
seconi
-gable
smaller than
said first
value.    25
The filter
according to
Claim 24,
cheracteriee
e in further
comprising a
third switch
unit for
setting said
amplifying
unit to an
initial
state prior
to input of
said voltage
signal. 




































