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Thé’prgsenp i nvention relates to an anplifier for use in W rel ess
coymuni cation equi pnment such as a transmtter of port- abl e tel ephone,
foLfexanple. 10 BACKGROUND ARTS In general, an anplifier for
coiMTuni cati on equi pment s required tio have high efficiency and it is
kgomn”thap~afnatChing circuit is used to achieve high efficiencies of
ancggppl ifier as SPECIFICATION

MPPLE OF THE INVENTION
Amplifier

' IECHNICAL FIELD

The present invention relates to an amplifier for use in

‘wireless communication equipment such as a transmitter of port-
| ~ ‘@ble telephone, for example.
1o |
- BACKGROUND ARTS
In general, an amplifier for communication equipment is
required to have high efficiency and it is known that a matching
circuit is used to achieve high efficiencies of an amplifier as
'Efﬁ disclosed in a Japanese Published Unexamined Patent Application
of No. 32335/95. '
When signals are amplified by an amplifier, such undesired signal
¢omponents as noise and the like that exist outside the frequen-
o©les intended for amplifidation are also amplified at the same
.'ﬁb time. Because of this, a filter is connected to the output side
of an amplifier to attenuate undesired signal components such as
nolise and the like.

One of the problems involved with the foregoing system has
_ 95 been that attenuation of the noise amplified by an amplifier and
v additional noises has to be achieved by a filter alone situated
a behind the amplifiex in the system, thereby‘requiring the filter
to have large attenuation by using many resonat;rs resulting in
ai'bulky filter. In addition, the loss in a pass-band of the filter

30 connected behind the amplifier tends to increase, thus
requiring the amplifier to ottput more power with resultant hin-

drance to the efficiency improvement of the amplifier.

More specifically, the relations involved with band-pass



15 disclosed in a Japanese Published Unexam ned Patent Application of
No* 32335/ 95.. When signals are anplified by an anplifier, such
ungesired signal conponents as noise-and the |ike that exist outside
the frequen- cies intended for anplification are also anplified at the
same 20 time. Because of this, a filter 2s connected to the output side
of . an anplifier to attenuate undeS|red si gnal conponents such as noi se

ant: the |ik93ter attenuatiOncvel. EReqREARNCBhardvtleradtics) Firequenegoing
-systen1has 25 Dbeen that attenuatlonqﬁ @?g noi se anplif |e3 by an @gflfler

ang admnsls Api twanamittingeshanabs candyreceiving slanal s, dhe
beﬁlnd t he hﬁ&ﬁ{gﬁ %x$§§i é%?%&%ntg%@%@%nc%q%'r tqq filter to

have IargellaF many r ésonators resulting in a bul ky
fitter. InFagdig uoahotvbeal 6asei vherohs sa hawbnimgnesigda}erba'sm denlecated

h
'?§;Lzsp%Pe#§?pl|f|erI;§£%f to I?%%g%ztha%hgftr %ﬁbrlng thﬁ §g5ﬁcf|er
Tt OVenen&?:th g'ai”p&i{:heﬂortable telephondy, eaﬁﬁfﬁkﬁliﬁ&'dﬁ Bdd "t&‘a%Ts' ons

inyol ved w
: mitting signal frequencies and receiving signal frequencies are

. pfapared within a given frequency band, thereby communications
_ Béing performed between transmitting Signals and receiving sig-

"' ‘10 nats through a step of selecting a pair of frequencies, the

ifﬁ ‘frbquency spacing of which maintains a constant value.

8 Also, signals that have passed a filter behind an amplifier are
nesded to suppress undesired signal components such as noise and
iﬁﬁ like existing in the receiving signal frequencies in order

15 to prevent a reduction in receiving sensitivity caused by an infil-
t¥ation of undesired signals into a receiving section.

The general characteristics required of a filter that satisfies
the foregoing regquirement are to have a small amount of attenua;
fion in the transmitting frequency band and a large amount of

20 attenuation in the receiving frequency band, and to make the

| attenuation in the transmitting frequency band stay lower than
the tolerated attenuation level of the transmitting signal at
the highest frequency and the attenuation in the receiving
ffequency band maintain the needed attenuation of the receiving

25 signal at the lowest frequency.

As a result, the filter characteristics are required to have
‘a large amount of attenuation change for ffequené& changes,
tiereby causing, in general, the filter charactéristics to show
large attenuation in transmitting signals and reduced amplifica-

'80  tfon efficiencies. '

DISCLOSURE OF THE INVENTION
The object of the present invention is to reduce noises out-
putted from an amplifier, thereby allowing a filter connected



2 7 _ filter attenuation vs. frequency characteristics, frequency
sp&cings in transnitting signals and receiving signals, and the i ke
w'kl be explained with reference to Fig. 14. Fig. 14 shows a case
wherein a receiving signal band is |ocated 5 in a higher frequency band
than a transmtting signal band. ‘I® general, with portable
tel'ephones, a plurality of both trans- mtting signal frequencies and
regel ving pefiinh LhEWIRPEL Lef b Ba¥RALEHs EEIED dt niiit {dir Gheiar terld.
thé?eby comuni cations el ng performed between transmtting signals
ang recei vitdgssagd at e swes timeodgprovingpeffictencieagef the anplifi-
Eﬁéquenciegr the frequency spaci ng of which maintains a constant
- * Also, signals that have passed a filter behind an anplifier
; needed to suppress undesired signal conponents such as noi se and
thée |ike existin% in the receiving signal frequencies in order

PEC b n order to achieve the foregoing object, an amplifier of

the present invention comprises a first filter, which is connect-
ad between the output section of a first amplification circuit
and the input section of a second amplification circuit, has

‘a specified pass band and a specified attenuation band and'show
different values between input impedance and output impedance.

According to the structure as described in the above, the
signals intended for amplification and outputted from the first
-aMﬁlification circuit are inputted to the second amplification
circuit almost without any attenuation while the nolses outputted’
from the first amplification circuit being inputted to the second
‘amplification cifcuit after attenuatidn by the first filter.

Thus, a very little amount of noises is outputted f£from the second
amplification circuit.

20

'BRIEF DESCRIPTION OF THE DRI}WINGS
Fig. 1 is a circuit block diagram of an amplifier in an ex-
emplary embodiment of the present invention.
Fig. 2 shows characteristics of a filter of the foregoing
26 amplifier.

Fig. 3 is a.gross-sectional'view of a specific structure of
: A

-

the foregoing amplifier. _ -
" Fig. 4 is a cross-sectional view of an amplifier in another
exemplary embodiment of the present invention.
.30 Fig. 5 shows impedance characteristics of the foregoing

amplifier. ' |

.Fig. 6 is a circuit biock diagram of an amplifier in another
exemplified embodiment of the present invention.

Fig. 7 is a pattern diagram.of one of the filters for the



15 to prevent a reduction in receiving sensitivity caused by an infil-
tiation of . undesired signals into a receiving section. The general

characteristics required of a filter that satisfies t he foregoing
requirenent are to have a small anobunt of attenua- tion in the
transmtting frequency band and a | arge agount of 20 attenuation in the
recei ving frequency band, and to nmake the attenuation in the
tr'%nsmtti ng frequency band stay | ower than the tol erated

at fenuation | evel of the transmtting signal at t he hi ghest
freqtjency ﬁnd'eglod.nat appddifiler.in t he receiving frequency band

ngi ntain the nee t enuat i | st
fréquency. 7 "h FHOEH Hhiole AR Sporner, 21968, ok 130
hate. fg@;eb@fmg ampuAlFieir.att enuati on change for frequency changes,

ther eby causing, in general, the filter characteristics to

| arge abtenuati ofdgn Prhﬁsﬂnqjtli‘?‘rbi%ltﬁf%ks di/gTARda eﬂnaﬂ'ﬂﬁ’q‘fgﬁ%ﬁf in stddd; on
ef{icienci @ynen her exem n'a (fent o NWeNpPriddent invention.The obj ect

of it he’ present Istore uce noi ses odt - putted from an
anpl [ f i er, therelflgal lowishgws fregmencyncharedteristics of a frequency

wiriable filter used in the foregoing amplifier.

_ Fig. 11 is a schematic circuit diagram of a filter used in
10 ‘the foregoing amplifier. '
Fig. 12 shows how a band-pass amplifier with the foregoing
filter built within a substrate is structured.
Fig. 13 shows frequency characteristics of a band eliminat-
ing filter used in a band-pass amplifier of the present inven-
‘15 tion.
Fig. 14 shows frequency characteristics of a band-
pass £ilter used in a prior art band-pass amplifier.

PREFERRED EMBODIMENTS OF THE INVENTION -
20 Fig. 1 is a circuit block diagram of an amplifier in an
exemplary embodiment of the present invention.

- In Fig. 1, the reference numeral 1 shows a first amplifica-

tion circuit, the output of which is connected to a first filter

.25 3. Further, the output of the first filter 3 is connected to |
a second _amp:_Lification clircuit 2. A power supply terminal 6 is
connected to the first amplification circuit 1 ax;d' second ampli-
fication ci:fcuit 2, an input terminal 4 is conne;ted to the input

-of the first amplificafion circuit 1 and an output terminal 5 is

"30 connected to the output of the second amplification circuit 2.

_ According to the structure as described in the above, sig-
nals inputted in the input terminal 4 are amplified at the first
amplification circuit 1 and then inputted to the first filter 3.



3 " behind the anplifier to have |ess steep attenuation characteris-
tiés and at the sane tine inproving efficiencies of the anplifi- er.

In,order to achieve the foregoing object, an anplifier of t he
present invention conprises a first filter, which is connect- ed
between the output section of a first anp§ification circuit and the
i nput section of a second anplification circuit, has a specified
pass band ggdiReSRambl teHlet A61HEE T DRORELEA AFom N8 1npuft didraAmeil 4valrees
bet“ween i nput | npedance and out put i npedance. According to
t he: struct ampldgiedsati hbe firste ampdificatdon circuditgdapad G?GP

iﬁfjEfiCat%ﬁg'%a%s%”%ﬁﬂk%ﬁdstrﬁg'%@ﬁﬂgf&y, noises produced inside of the
o first amplification circuit 1 are also inputted to the first

5 filter 3, In other words, noises having a high 1evel’are out-~
pﬁtted from the first amplificatlion circuit 1. However, when
the first filter 3 is a band-pass filter as shown in Fig. 2,
the signals amplified at the first amplification circuit 1

_ (Idcated in the transmission band) are outputted with little

;ﬁn attenuation while the noises (located in the receiving band)

afé_atfenuated greatly. As a result, signals of a high level and

noises of only a minute level are outputted from the second
amplification circuit 2 to the output terminal 5.

, Also, in the present exemplary embodiment, the loss in the trans-

Y5 mission band of the first filter 3 can be sufficiently compensat-
ed by an improvement in amplification factor of.the first.ampli—
fication cirbuit 1. Efficiencies of the amplifier are rather
enhanced since the output power of the second amplification
circuit 2 can be reduced because of a reduction of the loss in

20 the transmission band caused by mitigation of the amount of
attenuation in noise required of the filter that is connected
behind the second amplification circuit 2.
By the use of an amplifier of the present exemplary embodiment
as the amplifier in the transmission side of wireless communica-

25 tion equipment, power consumption can be reduced greatly.

Fig. 3 is a cress-sectional view of a speciﬁiﬁ structure of
an amplifier of the present invention.

80 In Fig. 3, the reference numerals 10 and 11 are a first
transistor and second trahsistof that form a first amplification
circuit 1 and second amplification circuit 2, respectively.
Electrode patterns l4a to l4c are disposed inside of a dielectric

13 and sandwiched between ground electrodes 12a and 12b.



anplification circuit are inputted to the second anplification 15
cifcuit alnost without any attenuation while the noises outputted fromthe
first anplification circuit being inputted to the second

anpllflcatlon circuit after attenuation by the first filter. Thus, a very

lit¢le amount of noises is outputted frongthe second anplification
circuit. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.
1 is a cirauiielle@tiridl 26521 Of afd R0y o' tha glﬂo@ma electrodem!aa,r yand
enodi ment . of the present invention. shows

char act er i $tirdhest on ftion @f dhe i elecdgdiond Sa eé@%’ﬁﬂqef ipsytterns are
Fig. 3.is gﬁ%ﬁﬁﬁfgﬁﬁfEh%nﬁhrgke%igﬁﬁfs§8§ci6'&n&téégﬁdﬁfﬁfgns stor 11 W%

fmiegm ng 'S a cross-sectional view of an
anplifier mmwdlethus the fireteampaiyieabddnnehtcwit thangreseond ampli-

I nventi-on. . 5 shows .i npedance characteristics of the
f-okegoi fg fiﬁatiO%ﬂﬁiqqqﬁﬁ}a are °°n5t£HJ ‘g. 6 is a circuit block

di-agram of. yn Al 4 AN 15b 1s VAWIdd iteed YHRaBrdod e

present i nventi on.
the ground electrode 12b and further an electrode pattern 1is

e 'farmed on the surface of the dlelectric 15b, thus providing .
: _ a terminal electrode 18.
' i} 10 Eiéctrode patterns 16a and 16b are situated opposite to part of
S the electrode pattern 14a or the electrode pattern l4c with the
dielectric 13 placed in between.
Elactrode patterns'17a and 17b are situated opposite to the
electrode pattern l6a andllab with the dielectric 15a placed in
15 ‘between, respectively.
The electrode pattern 17a is connected with the-output terminal
of the first transistor 10 and the electrode pattern 17b is
connected with the input terminal of the second transistor 11.
Through holes }9 are connected with the ground terminals of
20 the first transistor 10 and second transistor 11 and also with

the ground electrodes 12a and 12b.

According to the structure as described in the above, the
first filter 3 is formed of the electrode patterns l4a to l4c,
25 the dielectric 13 and the ground electrodes 12a and 12b, as shown
_in Fig. 2. The output terminal of the flrst transistor 10 is
coupled with the first filter 3 by the capacitanqerformed between
the opposing electrode patterns 14a, 1l6a and l&a.
. Also, the input terminal of the second transistor 1l is coupled
‘30 with the first filter 3 by the capacitanbe.formed between the
opposing electrode patterns i4c, 16b and 17b in the same manner
as above. ’
Thus, a circuit block as shown in Fig. 1 can be constructed and

a filter can be miniaturized by employing a multi-layer structure’



F|g 7 is a pattern diagramof one of the filters for the

4 foregoing amplifier. . Fig. 8 shows characteristics
of another filter used in the foreg0|ng anplifier. 5 Fig.
9 isacircuit block diagramof ‘an anplifier in still anot her

exeqpl ary enbodi ment of the present invengion. Fig. 10 shows

;requency characteristics of a frequency variable filter used in the
or egoi ng f g schematic circuit diagram

L0010 hth Al pref8“§‘h8"?’é‘?é8§? ngméérglliﬁ??gr Fig 12

shows how Albendhpatsdispliphitdéonwcah beelimpreyefingyf havéngbghet gwounidn a
gg?strate ngE&Q tur%dthe first transistor 10 and second transistor 11
E connected with the ground electrodes 12a and 12b by means of the

b through holes 19.

In addition, it is preferred that the dielectric constant of the
dielectric 13 is not less than 10 for miniaturization of the
filter and the dielectric constant of the dielectrics 15a and 16b
does not exceed 10 for easler construction of circuits.

10 In case where the structure in the pfesent exemplary embodiment
is formed by use of multi-layered green sheets and a batch sin-
tering process, the dielectrics 15a and 15b are to be formed of
the same material and to the same thickness so that the sintering
may be performed without causing any danger of warping.

15 .

' Fig. 4 is a cross-sectional view of an amplifier in another
exemplary embodiment of the present invention.

_ In Fig. 4, the reference symbols 20a.and 20b are recesses
'90 formed by running through part of the dielectric 15a.
The first and second transistors 10 and 11 are mounted inside of
the recesses 20a and 20b, respectively, and the ground terminals
thereof are directly connected to the ground electrode 12a,
thereby contributing further to an increase in heat dissipation.
25 - |
Furthermore, in Fig. 3 and Flg. 4, the same effect as above
"can be gained by coanecting one of the spacings,éélected from
the ones between the electrode patterns l4a anddlsa and between
the electrode patterns 16a and 17a by a via hole and leaving the
80 remaining spacing to form capacitance.
| Similarly, the same can be achieved by connecting one of the
spacings selected from the ones between the electrode patterns
1l4c and.lﬁb and between the electrode patterns 16b and 17b
by a via hole and leaving the remaining spacing to form capaci-



. I

Fig. 13 shows frequency characteristics of a band elim nat- I ng

filter used in a band-pass anplifier of the present inven- 15 tion.

Fig. 14 shows frequency characteristics of a band- pass filter
used in a prior art band-pass anplifier. PREFERRED EMBODI MENTS OF
THE- | NVENTI ON 20 Fig. 1 is a cigcuit block diagramof an
?ﬁlefle; in an exenplary enbodi nent of the present invention.

n Fig , r§f,egRce 3N ghows a first anplifica- tion
circuit, tﬁ%ggﬁtght %CWﬁIC |s onnected to a flrgF filter 25 3.
Furfhfr the output of the flrst fllter 3 is connected to a second
anmplification cigguit su ter A
the first anpli f%g'gt‘l éniﬁl ? ?gx‘_‘ p s%tb%vﬁdm“&iﬁ Iaﬂds output fu@ t o(r\?Ieeql’ft 0
cifcuit. 2, L8R sl tFanFerals ﬁnlyigqnngcted to the input of the
first anpllflcatlon circuit 1 and an output termnal 5 is 30 connected

to the ®utput of the second anplification circuit 2.

Accor ding to the gt £igt U € 43% J83ebREE himbP813PP \Ehowd 8 domain of input

and output impedance for the first transistor 10 or the second
Jtransistor 11, and the reference numeral 22 is a domain of input
and output impedance for the first filter 3.

10 Since a transistor used in an amplifier at the transmission
si&e of communication equipment outputs a large power, the input
and output impedance thereof is ldw as indicated in Fig. 5.
Therefore, the loss incurred by coils and capacitors that are

_ usually used in a matching circuit can be eliminated, thereby

‘15 improving efficiencies by making the input and output impedance
of the first filter 3 employed in the present invention not 50
ohms but a value between 1/2 and 2 times the real part of the
output impedance of the first transistor 10 or the input imped-
ance of the second transistor 11 and also by connecting the first

‘90 transistor 10 and second transistor 11 directly with the first
filter.3. In other words, when the input and output impedance of
the first transistor 10 and second transistor 11 falls in the
domain 21 of Fig. 5, it is preferred that the input and output
;mpedance of the first filter 3 is made to fall in the domain 22

25 of Fig. 5. |

- Also, when the first filter 3 is étructured according to Fig. 3

and Fig. 4 and connected with the first transistox’ 10 and second
transistor 11, the input and output impedance offthe first filter
3 can be made a complex conjugate of the first transistor 10 and

"30 second transistor 11 depending on the opposing areas between the
electrode patterns 14 and 16 and between the electrode patterns
16 and 17.
Farther, the input‘and output impedance of the first filter 3
can be set up independently according'to the impedance of each



nals inputted in the input termnal 4 are anplified at the first
anplification circuit 1 and then inputted to the first filter 3.
At .the same tinme, noises inputted fromthe input termnal 4 are

amplificed at the first anplification circuit 1 and inputted to t he
first filter 3. In addition, noises produged inside of the first
anpllflcation circuit 1 are also inputted to the first 5 filter 3. In

ot her wor dg.g A . e Yt Ripfey@itd.rom the first
anpl i ficati on Cl rcw t%ﬁﬂ%ov\eéyet%rb V\h%eiﬁ']ct etefl rste(i‘tieldt er 3 1s a band-pass.
filter as shown in Fig. 2, the signals anplified at the first

anplifieation cirguit 1 ocat.ed,i.n transn1 |on ar.
outputted with | &'tciﬂ 61 35af i&nmqs‘e ce%ejier?etiﬁle
recei ving pgifbher exdinhlAldiv bRy Ybof Ahel ﬂx%%éﬂt 1givesal sorofaral hi gh

| evel .and
5 Fig. 7 shows how the foregoing circuit block is structured.

In Fig. 6, the reference numeral 23 is a second filter
ponnected between the output of the second amplification circuit
.2 and the output terminal 5.
10 In Fig. 7, the reference numerals 24 and 25 are electrode pat-
" terns formed inside of the dielectric 13 as shown in Fig. 3 and
Flg. 4. The reference numeral 26 shows through holes connected
between the ground electrodes 12a and 12b.

15 In the structure as described in the above, the second
filter 23 hardly attenuates the desired: signals outputted from
the second amplification circuit 2 and attenuates nolses, in-
stead. Since the input impedance of the sécond filter 23 is set
to 1/2 to 2 times the real pért of the output impedance ofxthe

20 second transistor 11, the second filter 23 can be connected

“directly with the second transistor 11.
As a result, efficiencies of tﬁe second amplification circuit 2
can be enhanced. .
In addition, when the first filter 3 and second filter 23 are

25 formed of strip lines that compose the electrode patterns 24
and 25 in one plane of a laminated structure as shown in Fig. 7,
coupling between the-electrode patterns 24 and zstcé‘ix be prevented
from taking place by providing the through holes 26, which are
connected with the ground electrodes 12a and 12b, between the

‘80 electrode patterns 24 and 25. '

In that case; the afore~Mentioned coupling can be extremely
reduced by making the spacing between the through holes 26 shorter
than the length of the shortest line in the electrode patterns
24 and 25.



noi ses of only a minute level are outputted fromthe second

anplification circuit 2 to the output termnal 5. Al'so, in the present
exenplary enbodi nent, the loss in the trans- 15 mission band of the first
filter 3 can be suff|C|entIy conpensat - ed by an inprovenent in
anptification factor of the first anpli- 10 fication circuit 1.
Efficiencies of the anplifier are rather enhanced since the output

pover of t Ry eEeRidbrd P th ééhﬁﬁ.ﬁ.ng betwbEH the EPdcPRodE Bserkns s and
reduction of the loss in 20 e transm ssion band caused %$n1t|gat|on of

t he armugt 25t can batfw@nulaerdmdup&mubyeamqugm thetgbeetre aaferns 24
connecte I|f I r t By the use of
an anplifi @P%&e"hﬁl gvosﬁ.f!':(i rﬁ% deﬁm‘?lt&(?(}n t%t e%%lh °2t He am%l ifier i nO

the transm ssion S|de of wireless connunlca- 25 t|on eqU|pnent power
consunption can be reduced greatly. IS a .cross-sectjonal

vi ew of5a speC| f Fémw%t Fhe eharactgrighdicst o t@[e tﬂ#é's&(%‘éﬁe 3 and on
> Wadgs £1100° 250 EEHeRGEOPUIRAELSLAY Akirddtdt£s 8184 'S% a bana-

transi stor a ransi stor t orma first anplification
ci rcuu t 1 m:gs«ﬁ:tdmiuamnen‘ebuatsi@namsrm;ﬁ todmmurdgysdcitan giguipment in a

transmission.band are passed.and signals in a recelving band are

Q

attenuated as shown in Fig. 2, and also can incorporate the
10 ‘characteristics of a band rejection filter and the like whereby
signals in a receiving band are attenuated as shown in Fig. 8.

It is also possible to attach to the amplifier a function
that allows the amplifier to be used as a monitor for power
'15 controlling by integrating in one pilece with the amplifier
a directional coupler that utilizes a two parallel wire
transmission line of a laminated structure, thereby allowing power
to be taken out of a desired position of the amplifier.

20 Fig. 9 is a circuit block diagram of an amplifier in still
another exemplary embodiment of the present invention wherein
the reference numeral 31 is a first amplification circuit, the
reference numeral 32 is a second amplification circuit, the
reference numeral 33 is a frequency variable filter, the refer-

25 = ence numeral 34 is a computing circuit, the reference numeral
35 is a voltage controlled oscillator, the reference numeral 36
is an ipput terminal and the reference numeralfaf'is an output

terminal.

"30 Transmission signals are inputted into the input terminal
'36, amplified in the first amplification circuit 31 and second
amplification circuit 32 énd pass through the frequency varia-
ble filter:33, thereby such undesired signals as noises and the
like that exist in the receiving signal frequencies being sup-



El ectrode patterns 14a to 1l4c are disposed inside of a dielectric 13
and sandw ched between ground el ectrodes 12a and 12b.

6 -Adielectric 15a is laid on top of. the ground el ectrode 12a, and
further on top of the dielectric 15a electrode patterns are formed and
thesfirst transistor 10 and second transiltgtor 11 are nmount ed, thus the
first anplification circuit 1 and second anpli- 5 fication circuit 2 are

construct egressed|, Nagddiaiko autgu@tehe%hﬁ:bﬁgﬁ Bhes oh%pdto BekhdnBat BYM
surface of t he ground el ectrode 12b and further an el ectrode pattern is

formed on FReqyapcxceharacteristies of ‘éhesﬁ;reqwspw@rmbﬁg filtert3d #i?ﬁal
el ectrode: dBrrd811BheBy! 8BoRRELS" §3110867A0oNARR By bLUBREHIARNIN! L

part of ectr ern de pattern 4c Wi ﬁ the
dlelectrlcc&ﬂppt&ngdciuchitmeanan input frequency control voltage

5 of ‘the voltage controlled oscillator 35 which is inputted into
the computing circuilt 34.
The frequency variable filter 33 is directly connected to the
output section of the second amplification circuit 32, and in the
same way as described in Fig.l the input impedance of the fre-

10 gquency variable filter 33 is adjusted to match with the output
.impedance of the second amplification circuit 32 and differs from
"the butput impedance of the frequency variable filter 33.

Fig. 10 shows frequencf characteristics of the frequency
16 variable filter 33 in terms of attenuation vs. frequency. .
A'solid line shows a case wherein transmission signals have the
lowest frequency in the frequency band, and a dash and dotted
line shows a case wherein transmission signals have the highest
frequency in the ffequency band. A dotted line shows attenuation .
20 vs. frequency charécteristics of a prior art filter wherein
| frequency characteristics are not variable. In all the cases as
described in Fig. 10, the receiving signals have a higher fre-
quency thaﬁ the transmission_signais and the transmission fre-
. 'quéncy signals have the lowest frequency in the transmission
25 frequency band. '

When the frequency variable filter 33 is qgﬁnected to the
output side of the second amplification circui% 32 as in the
‘present éxemplary embodiment, it suffices that only the signals

30  with frequencies used in transmission are suppressed below the
tolerated attenuation lé#el and, according to the changes in
transmission frequency, filter's frequency characteristics are
changed to match with transmission signals.

‘Therefore, the frequency characteristics of filter's attenuation



El ectrode patterns 17a and 17b are situated opposite to the el ectrode
pattern 16a and 16b with the dielectric 15a placed in 15 between,

respectively. The_électrode pattern 17a is connected with the output
t erm nal ~of the first transistor 10 and the el ectrode pattern 17b is
connected with the input term nal of thel8econd transistor 11. Thr ough

hol es 19 are connected with the ground termnals of 20 the first-

transi stor a38 andowe@otd havesaskmalléraddgrbsoosi thangest in gtaendation
el éctrodes 12a and 12b. Accordin 3 to the structur

descri bed pyainstafseguensy changesy sresultinddin a madut eagﬁgeppode
patterns 1????? at Yhe %ian%&is@i%heﬁ_%étfo&?arﬁi‘ﬁnt 8cHERYE A Hedeatida

and 12b, a e output. termnal of the first
‘transi-stor ef@iuaenciesconpcemmghyt ra.ehfilghsefﬂCLeBOB mdms,%pmltié’m
fornmed between EH pposi ng el ectrode patterns 14a, 16a and 17a.

Al 'so, the PRBuPe: EPAAZCYt the second transistor 11 is coupled 30 with
the first filter 3 by the capacitance forned between the opposi ng

el ectrode patterns 14c, 16b and 17b in the sane manner

Thus, a circuit Blsbough thenrasemt QX%Pé&Wb@“W?%Etd&?]fiHiggvg cgse
filter can pg, @il 3nd afpd (34 BN ‘A1 !s2 12 ¥nntictéd e the input
o side of the amplification circuit 31, the same effect can be
10 obtained by connecting the amplification circuit 32 to the output
side of the frequency variable filter 33.
The frequency variable filter 33 1s directly connected to the
input section of the first amplification circuit 31 and also the
output séction of the second amplification circuit 32, and in the
15 same way as described in Fig.l the input impedance of the fre-
gquency variable filter 33 is adjusted to match with the output
' impedance of the first amplification circuit 31 and the output
impedance of the frequency variable filter 33 is made to match
with the input impedance of the second amplification circuit 32,
20 thereby making the input impedance and output impedance of the
-fréquency vafiablé filter 33 different from each other.
In this case, it is needless to say that by connecting a second
frequency variable filter directly to the output of the second
amplification circuit 32 in the same way as in Fig. 6, efficien-
25 c¢les of the second amplification circuit 32 can be improved.
At this time, in the same way as described in Fig. 6 the input
" impedance of the second frequency variable filte;fis adjusted to
match with the output impedance of the second ;mplification
circuit 32. |
'80
Fig. 11 is a typical schematic circuit diagram of a frequency
variable filter, wherein the reference numerals 41 to 44 are
interstage coupling capacitors, the reference numerals 45 to 47

are varactor dlodes, the reference numerals 48 to 50 are reso-



7" as in the present exenplary enbodi nent. Al so, heat dissipation
can. be inproved by having the ground termnals of the first transistor
10 and second transistor 11 connected with the ground el ectrodes 12a
~and 12b by neans of the 5 through holes 19. In addition, it is
preferred that the dielectric constant ofigthe dielectric 13 is not |ess
than 10 for mniaturization of the filter and the dielectric constant

of ‘the diel,ggl '83 é@it@i‘.‘g 1@ﬂe ref ﬁc@oﬁmﬁéféfﬂ 3P dP5FaTecresonance

corstructi on o I'n case where the structure in the present
exenpl ary eu&a3|n¢he refamembm’mumemyluﬁé dB mmlﬂmpm&yéﬁgmig@éeﬁu@hé%ﬁg and

Formed of Teferpnde, ninArad: ‘?‘é'ns 1,45 SUHREG HE N Adness <o that the.

sintering:

| b ' Transmission signals are inputted into the inpﬁt terminal
54 and outputted from the output términal 55 after being attenuated
agcording to frequency characteristics like the ones as described
in Fig. 10, for example.
In this case, the filter's frequency characteristics are deter-

10_ mined accordihg to a resonant frequency fixed by the resonance

L ‘capacitor 48 and resonance coil 51, a resonant frequency fixed
by the resonance capacitor 49 and resonant coil 52, a resonant
frequency fixed by the resonance capacitor 50 and resonance coil

_ 53 and the interstage coupling capacitors.

‘15 When capacitance of the varactor diode 45 1s changed, the total
‘capacitance value of the foregoing capacitance and the capaci-
tance of the resonance capacitor 48 is changed, resulting in
a change of the resonant frequency that is determined by the
foregoing total capacitance and the resonance coll 51.

20 The varactor diodes 46 and 47 play the roles similar to the one
played by the varactor diode 45. )

Accordingly, by changing the capacitance of the varactor
diodes 45 to 47, the characteristios of the frequency variable
filter can be changed as described in Fig. 10.

- 25
Although the present exemplary embodiment has dealt with
a case wherein a resonator section was formed ?ffiesonance
capacitors and resonance coils, the same effects can be achieved
by the use of planar type resonators.
30

Fig. 12 shows a spécific structure in another exemplary
embodiment of the present invention, wherein the reference numer-
als 61 to 63 are varactor diodes, the reference numerals 64 to
66 are resonators, the reference numeral 67 1s a control signal



may be perforned wi thout causing any danger of warping. 15 Fig. 4
is a cross-sectional view of an anplifier in another exenpl ary

enmhodi ment of the present invention. In Fig. 4, the reference
symbol s 20a and 20b are recesses 20 formed by running through part of the
diefectric 15a. The first and secondigransi stors 10 and 11 are nounted
I nsi de of the recesses 20a and 20b, respectively, and the ground

termnals 4nonkgeenlindic dheCrbledreARUCoufidrad 68e14" andnpheciegiiantds.

t her eby conFPu ut' ng Plither to an increase in heat ISSIpa?IOH
Fur t her nor ¢hei metEeg-enaaeandmsmglszlmt aads Z0e azkef enpldflgedion cirs%!ﬂftﬁe

gai ned by .connec one of th t en
t-he electrggé Bﬁ% geiﬁ%m%ﬁﬁfiég%éhagb ﬁggﬁ ggr&iﬁ%li?@%bﬁ%ﬁg%baf%é%§§
16a and 173uﬂ¥rﬁl%'@2h9ha a3d alr@aghA@1idae 30 remaining spacing to form
capaci t ance. Simlarly, the same can be achi eved by connecting one of

the = Bspacings selected fromthe ones between the el ectrode patterns

R o a1 RUEF B in S L0Y BBl B0t b unpub st
68 and amplified by the amplification circuits 69 and 70.
Then, the amplified transmission signals are attenuated at
a frequency variable filter section formed of the varactor
10 diodes 61 to 63, resonators 64 to 66 and the control signal
. input terminal 67 in accordance with frequency characteristics
as described in Fig. 10, for example, and outputted from the output
terminal 71.'Thé varactor diode 61 has a role to change the
resonant frequency of the resonator 64, the varactor dliode 62
13 has a role to change the resonant frequency of the resonator 65
| and the varactor diode 63 has a role to change the resonant '
frequency of the resonator 66.
Input control signals inputted through the control signal input
terminal 67 change the capacitance of the varactors 61 to 63 and
- 90 cause the resonant frequencies of the resonators 64 to 66 to
change, thereby having the frequency characteristics of the
frequency variable filter changed.

Although the present exemplary embodiment has dealt with
25 a case wherein a band-pass filter was used, the same effects can
be obtained by the use of a band rejection filter as shown in

Fig * 1 3 . - . . . I”x

In addition, although the present exemplary embodiment has
"80 dealt with a case wherein a transmission ‘amplifier for portable
telephones was used, the same effects can be obtalned by the use
of the technologies of thé present invention in transmission
amplifiers in the equipment for communications and broadcasting
used in the base stations of portable telephoneés, satellite



tahce in Fig. 3 and Fig. 4. Fig. 5is a diagramto shOM/ihpUt

and output inpedance of the first filter 3 in Fig. 1. I n
Fig. 5 the reference nuneral 21 shows a domain of input and out put

| npedance for the first transistor 10 or the second transi stor 11, and
the- reference nuneral 22 is a domain of i1gput and out put i npedance for

the first filter 3. 10 since a transistor used in an anplifier at the

TLSE?HlSSIaﬁgm %%Qﬁoﬂ% gﬂﬁﬁ%ﬁepiﬂkgn equi prent outputs a | arge power, the
put ance thereof is lowas indicated in Fig. 5.
INDUSTRIAL APPLICATIONS
As described ih the above, the present invention is charac-

5 terized by connecting a first filter between the output sectlon
of a first amplification circuit of an amplifier and the input
section of a second amplification circuit of the amplifier.:
Accordingly, the desired signals outputted from the first ampli-
fication circuit are hardly attenuated in the first filter and

10 inputted into the second amplification circuit, but noises
outputted from the first amplification circuit are attenuated in
the first fllter and inputted into thé second amplification
circuit.

~ Therefore, only a very small amount of noises is outputted from

15 the second amplification circuit.

According to the present invention as described in the
fdregoing. since a frequency variable filter wherein frequency
. characteristics are changed in accordance with passing signals
20 1is connected to the output side of an amplifier, the attenuation
characteristics can be made less steep and the attenuation
magnitude can be made small, thereby enabling to lncrease the
overall efficlencies of the émplifier including the filter.
In addition, since the control of the frequency characteristics
25 of the frequency variable filter is performed by utilizing
frequency control voltages of a voltage controlled oscillator,
a downsizing of the-amplifier is made possible.,
Moreover, by having the frequency variable filter built inside
of the substrate of thg/gmplifier, a further downsizing of the
30 amplifier is made possible when compared with a case wherein the
amplifier and fllter are produced separately.
Also, by the use of a different type of substrate, the dielectric
constant of the frequency variable filter section can be in-

creased, thereby enabling to downsize the amplifier further.



Therefore, the | oss incurred by coils and capacitors that are usual |y
used in a matching circuit can be elimnated, thereby 15 inproving
efficiencies by making the input and out put |npedance —of—thefirst—

filter 3 enployed in the present invention not 50 ohns but a value
betvieen 1/2 and 2 tinmes the real part of téde

first transistor 10 or the input inped- ance of the s

11 and al so by connecting the first 20 transistor 10 and stor
11 directly with the first filter.3. In other words, e |nput a nd
out put i npedance of the first €EABMBstor 10 and second tran5|stor

falls in the domain 21 of Fig. 5, it is preferred that the input and

-out put i npedance of the first filter 3 is nade to fall in the domain 22
25 of Figls. An /ﬁmiﬂ/ﬁm Havelifg restEfirdt efilkdrs, Whiol e sacbesidied to

Fig. 3 and Fi g. and connected with the first transistor 10 and second

transi sPor 11, tli@ﬁﬁfﬂlﬁn ARG # ﬂﬂsjt%m%“t% handang 310 has 3 (4
be made a conpl &x ﬁg@fmh%eoﬁeiﬁéeﬁ'ilgéu{r | e ﬁgdaﬁﬂtﬁﬁtm ce,

transistor 11 dependi ng on the opposing areas between the
patterns 14 and I®rmediesl hedweemnctbeecoutput &rmt:lemnpf a fmummfma-

ot o naependodi i SR, S IBRE DT ShE Sl Snd ene SE°
' section of a second amplification circuit formed of a second
10 transistor.

2. The amplifier according to Claim 1 . wherein the input imped-
ance of the first filter is adjusted to have a value be-
) tween 1/2 to 2 times the real part of the output impedance
15 of the first transistor and the output impedance of the
first filter is adjusted to have a value between 1/2 to 2
times the real part of the input impedance of the second
transistor.

.20 3. The amplifier according to Claim 2, wherein the first
filter is formed so as to have electrode patterns bullt in
a dielectric sandwiched between ground electrodes on the

upper and bottom surfaces thereof.

25 4. The amplifier according to Claim 2, wherein the first
filter is formed so as to have electrode patterns built in
a dielectric of a relative dielectric constaa{t exceeding 10
inclusive that is sandwiched between gradnd electrodes on
the upper and bottom surfaces. thereof, electrode patterns

'30 _are formed over said ground electrode on the upper surface
of the dielectric with a dielectric material of a relative
dielectic constant not exceeding 10 placed in between and
the first amplification circuit and second amplification

circuit are mounted on said electrode patterns.

[esEm . e




9 ° respective anplification circuit connected thereto. Fig. 6
Is a circuit block diagramof an anplifier in anot her Tiexshegp Has'Be@Replaced

errbodl ment of the present invention and 5 Fig. 7 shows how
circuit block is structured. In Fig. 6, the re Mﬁmﬂuﬂﬂﬂmﬁl
23 +s a second filter connect ed betwgen the output of

anplification circuit 2 and the output termnal 5. 10 In Fig. 7, the
ref erence nunmerals 24 and 25 are el ectrode pat- terns formed inside of
the dielectric 13 as shown in Fig. 3 and Fig. 4. The reference nuneral
26 ShOWS t Broughrthel amptefnest edcording to Claim 2, wherein the first

filter is formed so as to have electrode patterns bullt in
‘ a dielectric of a relative dielectric constant exceeding 10
‘B . inclusive that is sandwidhed between ground electrodes on
the upper and bottom surfaces thereof, electrode patterns
are formed over éaid ground electrode on the upper surface
of the dielectric with a dielectric material of a relative
dielectic constant not exceeding 10 placed in between, the
10 first amplification circuit and second anmplification :
circuit are mounted on said electrode patterns and also a
part of terminal electrodes is formed over sald ground
electrode on the bottom surface of the dieléctric with sald
dielectric material of a relative dielectric constant not
15 exceeding 10 placed in between.

6. The amplifier according to Claim 3, wherein the filter and
the amplification circuits are coupled by capacitance
formed between opposing electrodes that have a dielectric

20 material placed in between.

7. The amplifier according to Claim 4, wherein the respective
first and second transistors are mounted in recesses formed

on the surface of the dielectric material.

25
8.  The amplifier according to Claim 4, wherein an electrode
pattern connected with the ground.témina}s’af the respec-
tive first and sécond transistors is connected to the upper
and bottom ground electrodes by means of through holes.
30 o

9, "I‘he amplifier according to Cla:l.m 4, wherein a directional
coupler formed of electrode patterns is provided inside of
a dielectric of a relative dielectric constant exceeding 10
inclusive or on the surface of a dielectric of a relative

S B O




bet ween the ground el ectrodes 12a and 12b. 15 In_the structure as

described in the above, the second filter 23 hardly attenuates the
desired signals outputted from the second anplifi cat ThinSietttEiBden RepBb

at f'enuat es noi ses, in- stead. Since the input inpedan d
filter 23 is set to 1/2 to 2 tinmes thw real part of t mﬁﬂﬂﬂumr
| npedance of the 20 second transistor 11, the second filt

connected - i iagiogetlich doiasaRORdY HRRIG 1b.  AS a resul

e_ff'i cign_ci es of the secon lcation circuit 2 can he enhanced. .
In addition, when the first filter 3 and second filter 23 are 25 forned of

strip lineg,hat _conpose ,the el ectrade ttern ' | ane
of.-a | am ng'(t_’e'd st Wg@%mqﬁﬁ%i%?ﬁa%?dumqe%%%& vl\{/eé;r{'qtri%eto

el ectrode patterngi13braié 423c828sP8 PaARICPASE Filtérpna tatamgnidsion hand
provi di ng the through holes 26, which are connected wi th.the I‘OLind

el ectrolles 12a amé Tmmupdcadden auipmenteds dde mwﬁarﬁgﬁ d

I.n that case, the.afore- i i vtd | Spctvivcians 417 by
nmaki ng the spaci %&ibdgtp\%esregﬁrﬁ%g%ﬁragl%% ﬁro%g:eeg shorte.r%F ot gﬁ‘t eccﬁfejngth
of the shortest leguipmenthiseties atdéauatiiion band of 34idnban8-pass filter.

11. The amplifier according to Clalm 2, wherein the first
- 10 ' filter is used as a band rejection filter and a receiving
band of communication equipment is the rejection band of
said band rejection filter. '

12, The amplifier according to Claim 5, wherein the dielectric
15 ' materials of a relative dielectric constant not exceeding
10 that are used on the upper surface of the upper side ground
electro@e and on the bottom surface of the lower side ground
electrode are made of the same material and also made the
same in thickness.

13. An amplifier having a Ffirst filter, which has a desired
pass-band and a desired attenuation band and also has
a difference between 1nput impedance and output impedance,
connected between the output section of a first ~amplifica- '
25 tion circuit formed of a first transistor and the input
section of a second amplification circuit formed of a second
transistor and further having a second filtﬁsz which has the
same desired pass-band and attenuation band as said first
filterl and also has a difference between input impedance and
80 output impedance, connected to thé output section of said

second amplification circuit.

14. The amplifier according to Claim 13, wherein the input
impedance of the first filter is adjusted to have a value
__ Lee to AevR 2 TR
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10 Furthernore, the coupling between the el ectrode patterns 24 and
25 ‘can be further reduced by arranging the el ectrode patt eFissSh@fHas Beaig

: S : pléced

in_a position perpendicular to each other. 5 Furth
characteristics of the first filter 3 and second filter , Um

I ncorporate the characteristics of a bandyg pass filter er S

of conmmuni cation equi pnent in a transm ssi on band are passed and

can | ncor porat o (SSvesT 202 B8 2 tined ifyelpdte YOMe Suthil ip by 20
| i ke wher eby off el £imsta transiibsitogy ,baie andpatt dopedences ofhdile i n
Flg. 8. first filter is adjusted to have a value between 1/2 to 2
times the real part of the inpﬁt impedance of the second
5 " transistor, and the input impedance of the second filter is
adjusted to have a value between 1/2 to 2 times the real part

of the output impedance of the second transistor.

15. The amplifier according to Claim 14, wherein the respective

10 first filter and second filter are formed so as to have
electrode patterns built in a dielectric sandwiched between
ground electrodes on the upper and bottom surfaces thereof.

1s6. The amplifier according to Claim 14, wherein the respective
15 . first and second filters are formed so as to have electrode
‘patterns built in a dielectric of a relative dielectric con- |
stant exceeding 10 inclusive that is sandwiched between
ground electrodes on the upper and bottom surfaces thereof,
electrode patterns are formed over sald ground electrode on
20 - the upper surface of said dielectric with a dielectric
material of a relative dlelectic constant not exc.ee'ding 10
placed in between 'énd .the first amplification circult and
second amplification circuit are mounted on the electrode
patterns.
25
17. The amplifier according to Claim 14, wherein the respective
| first and second filters are formed so as @o"ﬁave electrode
patterns built in a dielectric of a relative dielectric con-
stant exceeding 10 inclusive that is sandwiched between
30 ground electrodes on thé upper and bottom surfaces thereof,
éleotro_de patterns are formed over said ground electrode on
the upper sui:face of sald dielectric with a dlelectric
material of a relative dielectic constant not exceeding 10
"placed in between, the first amplification circuit and
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It"is also possible to attach to the arrpllfler a functlon that all ows
the amplifier to be used as a nonitor for power contru{lsJShengh)BeenReplaced
integrating.in one piece with the anplifier a d| rectio
utilizes a two parallel wre transm ssion line of a Iaﬂ!\&mm
structure, thereby aI I oW ng power toghe taken out of a p05|t|on
of the anplifier. Fig. 9 is a circuit block diagram of an
anplifier in sti lslacona %ﬁgﬂﬁ S| Ao rq)ag%”ﬁaanegatm s¥19PNbotrode

i nventi on, wher ei erence numer a IS a ftirst anplification
circuit, the paeternacanduaisala:i&xrts of degmddadmellieciteadesn 1si Foumed

t he ref erence ' Vi ble f 25
ence numeral 34 nggrrgra ugFﬂi:}Islgi ?3 a%gopgibgehf?ggﬂ{?n%{"yf&gg 5%5%%‘%
vol tage control | gde98skriatwith Ta“&iéféé’éﬁﬂéﬂnﬂk!ﬂ@i o¥ba reldtaiwndienes-

termnal and the reference nuneral 37 is an output term nal . 30
Transni%si on si ghuls spBstaplit ney pAceedhngi ABublacefi ARl betwess. anplified
in the first anplification circuit 31 and second anplification circuit

32 and pass through the frequency vari a-
"~ 18.  The amplifier according to Claim 15, wherein the respective

£ilters and amplification circuits are coupled by capaci-
tance formed between opposing electrodes with a dielectric

10 material placed in between.

9. The amplifier according to Clai:h 16, wherein the respective
first and second transistors are mounted in recesses formed
on the surféce of the dielectric material.

15

20. The amplifier according to Claim 16, wherein an electrode
pattern connected with the ground terminals of the respec-
tive first and second transistors is connected to the upper
and bottom ground electrodes by means of through holes.

20
21, The amplifier according to Claim 16, wherein a directional
coupler formed of electrode patterns ls provided inside of
a dielectric of a relative dielectric constant exceeding 10
inclusive or on the surface of a dielectric of a relative

25 dielectric constant not exceeding 10.

22. The amplifier according to Claim 15, where:l‘n"é plurality of
through holes or via holes connected to the upper side
ground electrode and bottom side ground electrode are prov-

30 ided between the first filter and the second filter.

23. The amplifier according to Claim 15, wherein the first
filter and second filter are formed of strip lines and the

strip lines of the first filter are arranged to be perpen-

T | B Y g
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ble filter 33, thereby such undesi red 'signals as noi ses ang. i
that exist in the receiving signal frequencies being sup- ﬁljS[léﬁietHuBeLnﬂ%ﬁaced

pressed, and are outputted through the output termnal 37. IH]MU%H"

characteristics of the frequency variable filter 33 are con
control voltage produced by processing irlthe conputing circuit 34 an
i nput frequency control voltage 5 of the voltage controlled oscillator 35
which is inputte@diicaliar to thBes€pIPulingsCof Cthé skcond f£ilfter firediiaeny

variable filter 33 is directly connected to the out put section of the

second anpl i ficattd®®-circuit 32, and in the sanme way as described in

Fig.1 the input inpedance of the fre- 10 quency variable filter 33 is

adjusted to match wi th the output i npedance of the second

anpl i ficati2an ci Mhe amBRifiberdddarding dm Claim 14, wherein the respective
] first and second filters are used as a band-pass filter,

a transmission band of gommunicgtion equipment is the pass-
ing band of said band-pass filter and a receiving band of
communication equipment is the attenuation band of ‘said
band-pass filter.

10 _

25, The amplifier according td Claim 14, wherein the second
filter is used as a band rejection filter and a receiving
band of communication equipment is the rejection band of
said band rejection Eilter.

15 '

26. The amplifier according to Claim 17, wherein the dieléctr:i‘.c
materials of a relative dielectric constant not exceeding
10 that are used on the upper surface of the upper side ground
electrode and on the bottom surface of the bottom side

20 ground electrode are made of the same material and also made

the same in thickness.

27. The amplifier according to Claim 22, wherein the spacing
between said through holes or via holes connected 'to the
25 , upper side and bottom side ground electrodes is made smaller
than the length of strip lines of the first and second
filters. - Ve

28. An ampli_fi_er having a.'first frequency variable filter, which

" 30 has a desired pass-band and a desired attenuation band and
also has a difference between input impedance and output

impedance, connected ‘between the output section of a first
amplification circuit formed of a first transistor and the

input section of a second amplification circuit formed of

T o A




t he out put i npedance of the frequency variable filter 33.

10 shows frequency characteristics of the frequency 15 véh$§b$@£$3&ma h&ﬂ
in.terns of attenuation vs. frequency. A solid line sh

wherein transm ssion signals have the Iomest frequency

frequency band, and a dash and dotted 22 | i ne shows

transm ssion signals have the highest frequency |n the frequency band.
A dotted line smaM%eﬁdﬁau5¥AAylséH%\éhafdﬁ%mrﬁxag<HH¥£§§&§ i | sontafo B

pri'or art filter wherein frequency characteristics are not vari abl e.
In all the cases ¥ltage ofcgcvpdéagencengroldedt pscidltetornas siiggentned a

hi gher fre- | I the transm ssion
fre- guency SI gh ({gve jtr% él{%ﬂ&r‘ﬁ%ﬁ#@%ﬁ%%ﬁ% ‘transm ssion 25

frequency band. When t he frequency variable filter 33 is
connected to the out put srde of the second a i fication circuit 32 as
in the 5 2%y esdhie é?&f&r%fﬁr tq (Cladm | whereldh Yhe dapglynal s

30 wi'th frequengingsediafst ok Ehiﬁsﬂféféof'ii‘fér Siboﬁrcﬁ%%‘i‘éé)%b‘)}i’a{rgea value
tol erated attenuation | evel and, accor to the changes in
transm ssion fredehwagen ﬂVBtkw'Zstimequmwaﬂiaparteof s:heceuapet impedance
of the first transistor and the output impedance of the
first filter is adjusted to have a value between 1/2 to 2
10 times the real part of the input impedance of the second

transistor.

30. - The amplifier according to Claim 29, wherein the first
filter is used as a band-pass filter, a transmission band

15 of communication equipment is the passing band of said

band-pass filter and a receiving band of communication
equipment is the attenuation band of said band-pass filter.

31. The amplifier according to Claim 29, wherein the first
20 filter is used as a band rejection filter and a receiving
band of communication equipment is the rejection band of
said band rejection filter.

32, The amplifier according to Claim 29, wherein a computing
25 circuit to compute a control voltage for the frequency
variable filter in accordance with a frequency control
voltage of the voltage controlled oscillapdé is connected
between the voltage controlled osclllator and the control
voltage application terminal of the frequency variable
30 £ilter. -

33. The amplifier according to Claim 29, wherein waractor

diodes are used as the impedance variable elements of the

frequency variable filter.
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changed to match with transm ssion signals. Ther ef ﬁe,—t—he—fer—eqeene%
characteristics of filter's attenuation
Hlltat

12, - are allowed to have a snaller degree of changes
agal nst frequency changes, resulting in a reduction of att
the-transm ssion section and an increase 323 anplifi cat I on

Accordinglly, a high efficiency band-pass anplifier can be re
Al t hough the present exenpl ary enbodi nent deal s W|th a case vvherel n the
anplification circuit 32 is connected to the input side of the

anpl i ficati¥dh ci The emplifier ml@ﬁfl‘ébtt%&idi@ 29 . sheneiad %Sml ng
the arrpl i cati onLigllidy siudidy Varlld filter are formed inside of

a multilayered substrate and a circuit section of the
5 frequency variable filter and an amplification clrcuit are
- formed on the surface of the substrate, thereby integrating
the whole assembly in one-piece.

35. The amplifler according to Claim 34, wherein a multilayered
*10 substrate formed of a plurality of layers, each having

properties different from one another.

36.° Anamplifier havinga first frequency variable filter, which

has a desired pass-band and a desired attenuation band and

15 also has a difference between input' impedance and output
impedance, connected between the output section of a first
amplification circuit formed of a first tra'nsistor and the
input section of a second amplification circuit formed of
a second transistor and further having a second

20 frequency variable filter, which has the same desired
pass-band and attenuation band as said first frequency
variable filter and also has a difference between input
impedance and _ output impedan'ce, connected to the output
sectlion of sald second amplification circuit, with a

25 frequency control vol-tage of a voltage controlled
osclllator being used as a control voltage for saild first

and second frequency variable filters. J,/

37. The amplifier according to Claim 36, wherein the input
"30 im;;edance of the first filter is adjusted to have a value
between 1/2 to 2 times the real part of the output impedance
of the first transistor, the output impedance of the .
first fiiter is adjusted to have a value between 1/2 to 2
times the real part of the input impedance of the second
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side of the frequency variable filter 33. The frequency variable filter
33 is directly connected to the | nput section of tTws Sheet His Been Replaced

amplification circuit 31 and al so the out put sectio d
anplification circuit 32, and in the 15 sane way as de .1 the
I nput ‘i npedance of the fre- guency vaj4 able filter to
match with the out put i npedance of the first anplification circuit 31
and the out put ' f q:‘[si;@e | Qi | 44 86n@3¢1 Br@dsy t 0
mat'’ch W th tﬁgalh%%&%?crrgg a%%%%’*ﬁﬁe&- ecoaﬁg{éarrpl ie%‘%catls%n circuit 32,
20 thereby naki g justeidniot havee davaduanbedweent 1i/2p&dadc dives the real
frequency variable filter 33 different fromea t her.. i se,

it is needless t@@&y#h&?eo)?"égﬁﬁ:egﬂpﬁ aé“’?eé’%&%e S%"Pé‘ci’u&k%}‘tsggfﬁ"% e
filter directly to the output of the second anplification circuit 32 in

the sane way as in Fig. 6, efficien- 25 <cies of the second anplification

ci rcui t83238an b&henpmplifier acourding to GhaimBthwhegredn he respectiviied
in Fig. 6 the in i fy o 0 f u AL fi rs
adi usted to AT AR SR Al et at e e S8 3 Beniipee Faredr 0

circuit 32. 30 a transmibs@onlHand of tymmanaicathensquipmerciids thegess -of
a frequency ~ variable filter, wherein the reference nunerfr to 4%

are i nt er st ad@ % 8apA A§ sabddand-PassildensaRd AURerS gfﬂgjl?%“@ﬁf’

communication equipment is the attenuation band of said

10 band-pass filters.

39. The amplifier according to Claim 37, wherein the second
filter is used as a band rejection filter and a receiving
band of communication equipment is the rejection band of

15 said band rejection £ilter.

40. The amplifier according to Claim 37, wherein a computiﬁg
circuit to compute a control voltage for the frequency
variable filter in accordance with a frequency control

20 voltage of the voltage controlled oscillator is connected
between the voltage controlled oscillator and the control
voltage application terminal of the frequency variable
filter.

25 41. The amplifier according to Claim 37, wherein varactor
diodes are used as the impedance variable elements of the

frequency variable filter. e

42. The amplifier according to Claim 37, wherein resonators
.30 - of the frequency variable filter are formed inside of
a multilajered substrate and a circuit section of the
frequency'variabié filter and an amplification circuit are
formed on the surface of the substrate, thereby integrating

T

the whole assembly in one-piece.
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are varactor diodes, the reference nunerals 48 to 50 ar e—reso-.

13 nance capacitors, the reference nunerals 51 to 53 are resonance
coils, the reference nuneral 54 is an input termnal and tR@Sheet Hay BeeRephce

nuneral 55 is an output term nal. 5 Transm ssi on
inputted into the input term nal 54 agyl outputted. fro
termnal 55 after being attenuated according to frequency
characteristics |ike the ones as descri bed in Fig. 10, for exanple.
In this case, the filter's frequency characteristics are deter- 10 nined
according t4BAa r mamblﬁ.tf&ettemtyofdmgl Hay ClLAdmr FEpRYein a mEpaCidysrets
and resonance coi | a resonant frequenc fixed

ubstrate formed of a plu ality of layers, each having

properties different from one another.

THIS SHEET HAS BEEN
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by "t he resonance capacitor 49 and resonant coil 52, a resonant

frequency fixed by the resonance capacitor 50 and resonance coil 53 and
the interstage coupling capacitors. 15 Wen capacitance of the varactor

di ode 45 is changed, the total " capaci tance val ue of the foregoing
capaci tance and the capaci - tance of gghe resonance capacitor 48 is
changed, resulting in a change of the resonant frequency that is

determ ned by the foregoing total capacitance and the resonance coi

51.- 20 The varactor diodes 46 and 47 play the roles simlar to the one .

pl ayed by the varactor di ode 45. ABSERACTI ngl y, by changing the

capaci tance of the varactor di odes 45 to 47, the characteristics of the
frequency vari abl e filter can be changed as described in Fig. 10. 25

Al though the preggal paed@Eitainviiadn dldtes dRalan \enplifiers conparisiargei n
a resonator section was formed of resonance capacitors and reso aqge
coils, Bheasdtursdt mspldfdoatiomadinapdd (1) tﬁf”%"?ﬁé{ e aoffiﬁ%éiratrﬂfgeg or
resonat ors. i L 4 £ |

S(10% and a rﬁ?rﬁor@f %Wé’z"'gr%'esen Gh PELIC &Y Ydrwda IdF alYdring

exenpl ary . I nvention, wherein the reference
nurrer - trans Gt dro (3 Jar evhearedmt v st sEL ke rist erhentinnch aredesisresl t o

66_'ar'e res%%astsq-rbsa’né rgahdr efI y eesnicree uarEetre%luaGJiéns baarfé) nfsr Oéoxisr{e%@d between
the output section of the foregoing first amplification circuit
10 (1) and the input section of the foregoing second amplification
. circuit (2), thereby reducing noises in the output.



14~ _ input termnal, the reference nuneral 68 is an input termnal,

the reference nunerals 69 and 70 are anplification circuits, t he
reference nunmeral 71 is_an output termnal and the refgrence nuneral s 72
and, 73 are shiel ds. 5-@%% Transmi ssion signals ake’ inputted through
the-i nput term nal 8 and anplified by the anplification_circujts, 69
and 70? WO 86/42134 ¢ anplifieanransntssyon sigggls are attgﬁyiggguiy

a frequency variable filter section forned of the varactor 10 diodes 61 to
63, resonators 64 to 66 and the control sfg I i nput termnal 67 in
accordance with frequency characteristics as described in Fig. 10, for
exanpl e, and outputted fromthe out put termnal 71. The varactor diode
61 has a role to change the ' .

Fig. ]




resonant frequency of the resonator 64, the varactor diode 62 15 has a
role to change the resonant frequency of the resonator 65 and t he
varactor diode 63 has a role to change the resonant frequency of the
resonat or 66. | nput control signals inputted through the control signal
i npuf term nal 67 change the capacitance of the varactors 61 to 63 and
20 cause the resonant frequencies of the resonators 64 to 66 to

change, thereby having the frequency chgr eristics of the frequency
variable filter changed. —-Mhéhgggh-{he present exenpl ary

enbodi nent has dealt with 25 a case re¥n a band-pass filter was used,
the sanme effects can be obtained by the use of a band rejection filter
as shown in Fig. 13. In addition, although the present
exenpl ary enbodi nrent has 30 dealt with a case wherein a transm ssion
anplifier for portable t el ephones was used, the same effects can be
obt ai ned by the use of the technol ogies of the present invention in
transm ssi on anplifiers in the equi pnent for conmmunications and

br oadcasti ng used in the base stations of portable tel ephones,
satellite

Fig.2

Transmission band

Receiving band

Frequency
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15 ~communi cations and the |ike. . | NDUSTRI AL APPLI CATI ONS
As described in the above, the present invention is charac- 5 terized by
connecting a first filtgr between the output section Qf a first

anplification circuit dan anplifier and the input ‘géction of a second
anplffi.cation circuit of the anplifier. Accordingly, the desired signals
out_putted'fr‘HﬁW#i rst anpli - fication circuit are hardIPFré'??@?fé ed
inthe first filter and 10 inputted into fghe_second anplification circuit,
but “noi ses outputted fromthe first agpkg?ication circuit are
attenuated in the first filter and i ngut¥ed into the second

anplification

Frg.3
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circuit. Therefore, only -a very small anount of noises is outputted
from1l5 the second anplification circuit. According to the
present invention as degg¢ribed in the f or egoi ng, sgmpe a frequency
vatiable filter mhereiﬁﬁyrequency characteristics ate changed in .
accordance w ing signals 20 is connected to the outpuyer3p an
anplifier, My}g@?é?\uati on charagterj stics can be nade | ess s?ézoég&and

t heatt enuati on magni tude can b smal |, thereby enabling to )
i ncrease the overal | efficienciesgﬁ the anmplifier including the
filter. In addition, since the control of the frequency characteristics
25 of the frequency variable filteer is perfornmed by utilizing

frequency control voltages of a voltage controlled oscillator, a
downsi zi ng of the-anplifier is nmade possible. Mor eover, by having the
frequency variable filter built inside of the substrate of the
anplifier, a further downsizing of the 30 anplifier is nade possible when
conpared with a case wherein the anplifier and filter are produced
separately. Al so, by the-use of a different type of substrate, the
dielectric constant of the frequency variable filter section can be in-
creased, thereby enabling to downsize the anplifier further.

Fig. k4
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CLAIMS 1. ( DELETED) 2. (AVENDED) An anmplifier having a first

filter, which has a desired pass-band and a desirgd attenuation band
and al so ha di ffq_mgnce' bet ween i nput i npedance aﬁd} out put i nped-
WO 96/42134 PCT/IP96/01564

Fig. ¥




ance by adjusting the input inpedance to a val ue between 1/2 to 2

times the real part of output inpedance of a first . transistor and the
out put i npedance to a yal ue between 1/2 to 2 tiftels the real part of
i,nput i npedance of a-@é}ond transi stor, directly connected between

t e output terninal ) of the first transistor and the pgpiposroased nal
of the secomwi96M2134 transi stor. 3. The anplifier according to Caim 2,
wherein the first filter is formed so as to have el ectrode patterns
built inadi- - - el ectric sandwi ch§d jget ween ground el ectrodes on the
upper .

Fig.6




and bottom surfaces thereof. =~ 4. The-anplifier according to Claim 2,

wherein the first filter . is formed so as to have el ectrode patterns
built.in a di- elegtric of a relative dielectric gpnstant exceeding
10 ‘- i ncl usi ve that %% sandwi ched between ground el®ctrodes on

t he upper a surfaces thereof, electrode patterns are formed
over said g%ﬁ%‘@?@ctrode on the upper surface of sai dFPEHEEBESH c
with a dielectric material of a relative " dielectric constant not
exceeding 10 placed in between and %

Fig. 7 |
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a first amplification circuit and a second anplification circuit are
nmounted on said el ectrode patterns. 5. The anplifier according to
Claim2, wherein the first filter is formed so as to have el ectrode
‘patterns built in a di- electric of a relative dielectric constant
exceedi ng 10 inclusive that is sandw ched between ground el ectrodes
on t he upper and bottom surfaces thereof, electrode patterns

are formed over said ground el ectrode o%i}pe upper surface
_ — ,6_ —

Transmission band

PR

Receiving band
Frequency




of “the dielectric with a dielectric material of a relative dielectic

const ant not exceeding 10 placed in between, a first anplification
circuit and a second anplification circuit are nounted on said

el ectrode patterns and al so a part of termnal electrodes is forned
over said ground el ectrode on the bottom surface of said dielectric
W th a dielectric material of a relative dielectric constant not
exceeding 10 placed i n between. 6. NDED) The anplifier according
to Caim3, wherein the first=fil réand‘anplification circuits are
coupl ed by

Fig. 9

3 2. Second amplification

36. Input terminal clrcuit 37. Output terminal
AN
31. First amplification i3

circuit

\
35. Voltage 34 Computing circuit
control
oscillator



capaci tance formed between opposi ng el ectrodes that have a dielectric

mat eri al placed in between. 7. The anplifier according to O aim4,
wherei n the respective first and second transistors are nounted in
recesses forned on the surface of the dielectric material. 8.

The®anplifier according to Caim4, wherein an el ectrode

,_/0//6.._

Fig. 10
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- paftern connected with the ground terninals of the respec- tive first

and second transistors.is connected to the upper and : bott om ground
el ectrodes by neans of Lhrough hol es. 9. The arrpl." ﬂl er according to
Cl.al m 4, wherein a d| r i onal coupler formed of’ “el ectrode patterns

is provided nsug(fa " a dielectric of a relative diel egéfrimepmsst ant
eXceedi ng- 18’096’ 4 nclusive or on the surface of a dielectric of a

releative di el ectric constant not ,%ce di ng 10. 10. - The anplifier
according to Caim 2, whereinthefirst/e : _

Ff‘g, 17
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filter is used as a band-pass filter, a transm ssion band of .
comuni cation equi pment is the passing band of said band- pass filter
and.as recei ving band of gonmuni cation equi pment i g+ he attenuation

barid of sai d band-pass KfFter. 11. The anplifier accordi ng to Caim 2,
wher®€in the ter Is used as a band rejection fi

recei ving bzi?'ddﬂi"ﬂ%J conmuni cation equi pnent is the rej ect*’{;ﬁj@g&gﬁgf
sai d band - rejection filter. 12. /ZTh anpllfler according to Caim
5, wherein the dielectric 5

Fig.2 B 62 67 4T
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materials of a relative dielectric constant not exceeding 10 that are

used on the upper surface of the upper side ground el ectrode and on
t he bottom surface of the bottom side ground el ectrode are nade of
the sanme material and al so nade the same in thickness.

*C1L M$ -

- B -

Fig.13
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13." ( DELETED) 14. (AMENDED) An anplifier having a first filter, which
has a desired pass-band and a desired attenuation band and al so has
di fference between input inpedance and output inped- ance by
adjusting the input inpedance to a value between 1/2 to 2 tinmes the
real- part of the output inpedance of a first transi stor and the

out put i npedance to a value between 1/2 to 2 times the real part of

t he i nput inpedance of a second ﬁy istor, directly connected
between the output term nal : - 16 -

Fig.lh

Transmission Receiving
frequency band  frequency band

~ o >
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% \' Needed
b4 attenuation in
receiving
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of “the first transistor and the input termnal of the second

transistor, and further having a second filter, which has t he sane
desj red pass-band and desired attenuation band as said first filter
has and al so has a difference between i nput i npedance and out put
irmpedance by adjusting the input i npedance to a val-ue between 1/2 to
2 times the real part of t he o¢ﬁbqq“3npedance of the second
transistor, directly -connected to the output term nal of said second

t ransi st or Key géfﬁéré]@?r?@%iﬁﬁﬁéﬁgfg% dédipt??ﬁg)?se(:l aim 14, wherein the

respective er ard secon r are fornmed so as to have
el ectrode patterns built in a dielectric sandw ched between

1, 31 First Amplification Circuit
2, 32 Second Amplification Circuit
3 First Filter

4, 36 Input Terminal

5, 37 Output Terminal

6 . Power Supply Terminal

10 First Transistor

11 Second Transistor

12a, 12b Ground Electrode

13, 15a, 15b Dielectric

l4a, 14b, 1l4c Electrode Pattern

l6a, 160
17a, 17b
L] ’X
20a, 20b .kecess
21 _ Input/Output Impedance Domain of Transistor
22 Input/Oufput Impedance Domailn of Filter

23 Second Fililter



ground el ectrodes on the upper and bottom surfaces thereof. 16. The
anplifier according to Caim14, wherein the respective first and

second filters are forned so as to have el ectrode
dielectric of a relative dielectric con-.

i nclkusi ve that

patterns built in a
stant exceeding 10

i's sandwi ched bet ween

24, 25
26
33
34
35
41 to
45 to
48 to
51 to
54
55
61 to
64 to
67
69, 70
71

72, 73

44

47

50

53

63

66

16 /16

Electrode Pattern
Through Hole
Frequency V&riable Filter
Computing circuit
Voltage Control Oscillator
Interstage Coupling Cépacitor
Varactor Diode
Resonance Capacitor
Resonance Coil
Input Terminal
Ooutput Terminal
Varactor Diode

Resonator
v

Control Signal Input Terminal
Amplifier
Output Terminal

Shield



' ground el ectrodes on the upper and bottom surfaces t hereof, el ectrode

patterns are forned over said ground el ectrode on t he upper surface
of said dielectric with a dielectric material of a relative dielectic
constant not exceeding 10 pl aced in between and the first
anplification circuit and second anplification circuit are nount ed on
the el ectrode patterns. 17. The anplifier accorﬂﬁmeeggasggél
wherein the respective firstcgiemgecond filters are

have el ectrode patterns built 1n a dielectric of a r’a&&ﬂﬂw

di el ectric con- stant exceeding 10 inclusive that is

bet ween

1. {DELETED)

2. (AMENDED) An amplifier having a first filter, which has
a desired pass-band and a desired attenuatibn band and also has
difference between input impedance and output imped-
ance by adjusting the input impedance to a value between 1/2
to 2 times the real part of output impedance of a first
transistor and the output impedance to a vé—lue between 1/2
to 2 times the real part of input 1mpedanc;' of a second
transistor, directly connected between the output terminal

of the first transistor and the input terminal of the second

transistor.

3. The amplifier according to Claim 2, wherein the first filter
is formed so as to have electrode patterns built in a di-
electric sandwiched between ground electrodes on the upper

and bottom surfaces thereof.

4. The amplifier according to Claim 2, wherein the first filter
is formed so as to have electrode patterns built in a di-
electric of a reiat:l.ve dielectric constant exceeding 10
inclusive that is sandwiched between ground electrodes on
the upper and bottom surfaces thereof, electrode patterns
are formed over said ground electrode on the upper surface
of said dielectric with a dielectric material of a relative

dielectric constant not exceeding 10 placed in between and

T YT RN
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ground el ectrodes on the upper and bottom surfaces thereof eI ectrode
patterns are fornmed over said ground el ectrode on

of said dielectric with a dielectric mat eri al of ar

constant not exceeding 10 pl aced i n between, the f|r

circuit and second anplification circuit are nounted on said

el ectrode patterns and also a part of termnal electrodes is forned
over said ground gl e¢+se08meTiticativd Girvuiftaandod sedchd amplidiieladdoni c

with a dielectric material of a relative dielec- tric constant not
exceedi ng 10 pl acedricoitecarecnounted on said electrode patterns.

5. '.[‘h_e amplifier according to Claim 2, wherein the first :Eiiter
is formed so as to have electrode patterns built in a di-
electric of a relative dielectric constant exceeding 10
inclusive that is sandwiched between ground electrodes on
the upper and bottom surfaces thereof, electrode patterns
are formed over said ground electrode on the upper surface
of the dielectric with a dielectric material of a relative
dielectic constant not exceeding 10 placed in between,

a first amplification circuit and a second amplification
circuit are mounted on said electrode patterns and also

a part of terminal electrodes is formed over said ground
electrode on the bottom surface of said dielectric with

a dielectric material of a relative dielectric constant not

exceeding 10 placed in between.

6. (AMENDED) The amplifier according to Claim 3, wherein the
first filter and amplification circuits are coupléd by
capacitance formed between opposing electrodes 'that have

a dielectric material placed in between-.

7. The amplifier according to Claim 4, wherein the respective
first and second transistors are mounted in recesses formed

on the surface of the dielectric material.

B. The amplifier according to Claim 4, wherein an electrode

S

S AL R
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18. - (AMENDED) The anplifier according to Caim15, whergjn thﬁa
respective first and second filters and anplification ci Fhais Sheet Has B

laced
. - re
coupl ed by capacitance formed between opposing el ect| i ¥y i
dielectric material placed in between. * S
* - 20-
pattern connected with the ground terminals of the respec-
tive first and second transistors is connected to the upper and

bottom ground electrodes by means of through holes.

9. The amplifier according to Claim 4, wherein a directional
coupler formed of electrode patterns is provided inside of
a dieléctr:l.c of a relative dielectric constant exceeding 10
inclusive or on the surface of a dielectric of a relative

dielectric constant not exceeding 10.

10. The amplifier according to Claim 2, wherein the first
filter is used as a band-pass filter, a transmission band of
communication equipment is the passing band of said band-
pass filter and a receiving band of communication equipment

is the attenuation band of said band-pass filter.

11. The amplifier according to Claim 2, wherein the first filter
is used as a band rejection filter and a receiving band of
communication equipment is the rejection band of said band

rejection filter.

12. The amplifier according to Claim 5, wherein the dielectric

' materials of a relative dielectric constant not exceeding 10
that are used on the upper surface of the upper side ground
electrode and on the bottom surface of the bottom side
ground electrode are made of the same material and also made

the same in thickness.

-_—
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19. The anplifier according to Caim16, wherein the respective first

and second transistors are nounted in recesses forned ~on the surface

of the dielectric material. 20. The anplifier accordTmWhMH@IWew@wd
o* |

wherein an el ectrode pattern connected with the gr
t he respec- tive first and second transistors is co

e

and bott om ground el ectrodes by neans of throug! ILol es.

The anplifien3acco{DEREFED) Cl ai m 16, wherein a directional coupl er
formed of electrode patterns is provided inside of

14. (AMENDED) An amplifier having a first filter, which has
a desired pass-band and a desired attenuation band and also has
difference between input impedance and output imped-
ance by adjusting the input impedance to a value between 1/2
to 2 times the real part of the output impedance of a first
transistor and the output impedance to a value between 1/2
to 2 times the real part of the input impedance of a second
transistor, directly connected between the output terminal
of the first transistor and the input terminal of the second
transistor, and further having a second filter, which has
the same desired pass-band and desired attenuation band as
sald first filter has and also has a difference between
input impedance and output impedance by adjusting the input
impedance to a value between 1/2 to 2 times the real part of
the output impedance of the second transistor, directly '

connected to the output terminal of said second transistor.

15. The amplifier according to Claim 14, wherein the respective
first filter and second filter are formed so as to have
electrode patterns built in a dielectric sandwiched between

ground electrodes on the upper and bottom surfaces thereof.

16. The amplifier according to Claim 14, wherein the respective
first and second filters are formed so as to have electrode

patterns bullt in a dielectric of a relative dielectric con-

_—
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a dielectric of a relative dielectric constant exceed| , |nclu5|ve

or. on the surface of a dielectric of .a relative

not exceedi ng 10. 22. The anplifier according to Cla I
plurality of t hrough hol es or via hol es connected

ground el ectrode and bottom side ground el ectrode are prov- |ded
between the first filter and the second filter. 23. The anplifier

according to C ai gtdht &keé€ding No hhblhsive thdt i sandricheanBetwbénr are

formed of strip lines and the
ground electrodes on the upper and bottom surfaces thereof,
electrode patterns are formed over said ground electrode on
the upper surface of said dielectric with a dielectric
material of a relative dielectic constant not exceeding 10
placed in between and the first amplification circuit and
second amplification circuit are mounted on the electrode

patterns.

17. The amplifier according to Claim 14, wherein the respective
-first and second f£ilters are formed so as to have electrode
patterns built in a dielectric of a relative dielectric con-
stant exceeding 10 inclusive that is sandwiched between
ground electrodes on the upper and bottom surfaces thereof,
‘electrode patterns are formed over salid ground electrode on
the upper surface of said dielectric with a dielectric
material of a relative dielectic constant not exceeding 10
placed in between, the first amplification circuit and
second amplification circuit are mounted on said electrode
patterns and also a part of terminal electrodes is formed
over said ground electrode on the bottom surface of said
dielectric with a dielectric material of a relative dielec-

tric constant not exceeding 10 placed in between.

18. (AMENDED) The amplifier according to Claim 15, wherein the
respective first and second filters and amplification cir-
cuits are coupled by capacitance formed between opposing

electrodes with a dielectric material placed in between.

™ e O
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strip lines of the first filter are arranged to be perpen;__——dJ—eﬂ%—alﬁ—cr

the strip lines of the second filter in direc- tion. The
anplifier according to Claim 14, wherein the respective TmsﬂmafmsBaqummai
first and second filters are used as a band-pass filter,

transmi ssi on band of conmunication equi pnent is the pass-

sai d band-pass filter and a receiving band of

19. The amplifier according to Claim 16, wherein the respective
first and second transistors are mounted in recesses formed

on the surface of the dielectric material.

20. The amplifier according to Claim 16, wherein an electrode
pattern connected with the ground terminals of the respec-
tive first and second transistors is connected to the upper and

bottom ground electrodes by means of through holes.

21. The amplifier according to Claim 16, wherein a directional
coupler formed of electrode patterns is provided inside of
a dielectric of a relative dielectric constant exceeding 10
inclusive or on the surface of a dielectric of a relative

dielectric constant not exceeding 10.

22. The amplifier according to Claim 15, wherein a plurality of
through holes or via holes connected to the upper side
ground electrode and bottom side ground electrode are prov-

ided between the first filter and the second filter.

23. The amplifier according to Claim 15, wherein the first
filter and second filter are formed of strip lines and the
strip lines of the first filter are arranged to be perpen-
dicular to the strip lines of the second filter in direc-
tion.

24. The amplifier according to Claim 14, wherein the respective

Tl SHEET S BEEN | Hll\ll\ I III\\ \\I\l \\ \Il\
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communi cation equi pnent is the attenuati on band of said band- pass

filter. 25. The anplifier according to C aim 14, wher ei Thi Bieets:

filter is used as a band rejection filter and a receivVving e Keplaced
communi cation equipnment is the rejection band of sai d NHMMWHHH&
filter. 26. The anplifier according to Caim17, whereint I
materials of a relative dielectric constant not exceeding 10 that are

used on the upper sivdteRdbecbadUPPEtess diregu@eddas a band-pass filter,
a transmission band of communication equipment is the pass-
ing band of said band-pass filter and a receiving band of
communication equipment is the attenuation band of said

band-pass filter.

25, The amplifier according to Claim 14, wherein the second
filter is used as a band rejection filter and a receiving
band of communication equipment is the rejection band of
said band rejection filter.

26. The amplifier according to Claim 17, wherein the dielectric
materials of a relative dielectric constant not exceeding 10
that are used on the upper surface of the upper side ground
electrode and on the bottom surface of the bottom side
ground electrode are made of the same material and also made

the same in thickness.

27. The amplifier according to Claim 22, wherein the spacing
between the through holes or via holes connected to the
upper side and bottom side ground_electrodes is made smaller
than the length of strip lines of the first and second
filters.

28. (DELETED)

29. (AMENDED) An amplifier having a first frequency variable

filter, which has a desired pass-band and a desired attenua-

I O
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el ectrode and on the bottom surface of the bottom side ground
el ectrode are nade of the same material and al so nade & epReplaced
t hi ckness. 27. The anplifier according to Caim 22, wherei

between the through holes or via holes connected to the

and bottom side ground el ectrodes is nmade snall er than the | ength of

strip lines of the first and second filters. 28. ( DELETED)
tion band and has a difference between input impedance and

output impedance by adjusting the input impedance to a value
between 1/2 tb 2 times the real part of the output impedance
of a first transistor and also by adjusting the output
in_t_pedance of a first filter to a value between 1/2 t§ 2

times the real part of the input impedance of a second
transistor, directly connected between the output terminal

of the first transistor and the input terminal of the second
transistor and having a frequency control voltage of

a voltage controlled oscillator used as the control voltage of

said frequency variable filter.

30. (AMENDED) The amplifier according to Claim 29, wherein the
first frequency variable filter is used as a band-pass
Ffilter, a transmission band of communication equipment is
the passing band of said band-pass filter and a receiving
band of communication equipment is the attenuation band of

said band-pass filter.

31. (AMENDED) The amplifier according to Claim 29, wherein the
first frequency variable filter is used as a band rejection
filter and a receiving band of communication equipment is

the rejection band of said band rejection filter.

32. (AMENDED) The amplifier according to Claim 29, wherein
a computing circuit to compute a control voltage for the
first frequency variable filter in accordance with a fre-

quency control voltage of the voltage controlled oscillator

S A

REPLACED

- 15 ~



29. . (AVENDED) An amplifier having a first frequency vari abl e %llter,

whi ch has a desired pass-band and a desired atten This Sheet Has BeproReplaced
band and has a difference between input |npedance and

| npedance by adjusting the input inpedance to a val ue :u "’
2'times the real part of the output inpedance a first transistor
and al so by adjusting the out put | npedance of aflrst filter to a

val ue between 1/24k0s@nnected between the voltage controlled oscillator and the
control voltage application terminal of the first frequency
variable filter.

33. (AMENDED) The amplifier according to Claim 29, wherein
varactor diodes are used as the impedance variable elements

of the first frequency variable filter.

34. (AMENDED) The amplifier according to Claim 29, wherein
resonators of fhe first frequency variable filter are formed
inside of a multilayered substrate and a circult section of the
frequency variable filter and an amplification circuit
are formed on the surface of the substrate, thereby inte-

grating the whole assembly in one-pilece.

35. The amplifier according to Claim 34, wherein a multilayered
substrate formed of a plurality of layers, each having

properties different from one another.
36. (DELETED)

37. (AMENDED) An amplifier having a first frequency variable
filter, which has a des:l.f.-ed pass-barid and a desired attenua-
tion band and has a difference between input impedance and
output impedance by adjusting the input impedance to a value
between 1/2 to 2 times the real part of the output impedance
of a first transistor and also by adjust_ing the output

impedance of a first filter to a value between 1/2 to 2
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times the real part of the input inpedance of a second transi stor,

directly connected between the output termn nal of t hehis ShegttHias Been Replaced
transi stor and the input term nal of the second transi g
a frequency control voltage of a voltage controlled os

as the control voltage of said frequency variable filter. 30.
(AVENDED) The anplifier according to Caim29, wherein the first
frequency vari abl exfméé thd Tedicfabt oFf Rl ippat impedaticé tef a second
transm ssi on band of communication equi pnent is t he passing band of

sai d band- pass filteansisiter, etlaxiectly connected between the output terminal
of the first transistor and the input terminal of the second
transistor and further having a second frequency variable
filter, which has the same desired pass-band and desired
attenuation band as sald first frequency variable filter has
and has a difference between input impedance and output
impedance by adjusting the input impedance to a value be-~
tween 1/2 to 2 times the real part of the output impedance
of a second transistor, directly connected to the output
terminal of the second transistor and having a frequency
control voltage of a voltage controlled oscillator used as
the control voli':age of said first and second frequency

variable f£ilters.

38. (AMENDED) The amplifier according to Claim 37, wherein the
respective first and second frequency variable filters are
used as a band-pass filter, a transmission band of éommuni—
cation equipment is the passing band of said band-pass
filters and a receiving band of communication equipment is

the attenuation band of said band-pass filters.

39. (AMENDED) The amplifier according to Claim 37, wherein the
second frequency variable filter is used as a band rejection
filter and a receiving band of communication equipment is

the rejection band of said band rejection filter.

40. (AMENDED) The amplifier according to Claim 37, wherein

-
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band of communi cation equi pnent is the attenuati on band of

band- pass filter. 31. (AMENDED) The anplifier according . Replaced
wherein the first frequency variable filter is used as
rejection filter and a receiving band of comunication

the rejection band of said band rejection filter. 32. (ANENDED) The
anplifier according to Caim?29, wherein a conputing circuit to
conpute a control avebhpdeihg’cifeuit to compute &respircl wiliage €or ther in
accordance with a fre- guency control voltage of the voltage

control |l ed oscil| #iamst and second frequency variable filters in accordance
with a frequency control voltage of the voltage controlled
ogcillator is connected between the voltage controlled oscilla-
tor and the control voltage application terminal of the

respective first and second frequency variable filters.

41. (AMENDED) The amplifier according to Claim 37, wherein
varactor diodes are used as the impedance variable elements

of the first and second frequency variable filters.

42. (AMENDED) The amplifier according to Claim 37, whereiln
resonators of the first and second frequency variable f£il-
ters are formed inside of a multilayered substrate and
a circuit section of the respective first and second frequency
variable filters and an amplification circuit are
formed on the surface of the substrate, thereby integrating

the whole assembly in one-piece.

43. The amplifier according to Claim 37, wherein a multilayered
substrate formed of a plurality of layers, each having

properties different from one another.
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I s connected between the voltage controlled oscillator and the /‘f[S{e{

control voltage application termnal of the first frequency | abl§
filter. 33. (AMENDED) The anplifier accordihg to Claim29,0{ 5 40
varactor diodes are used as the inpedance variable el enents (}{oé,he
first frequency variable filter. /

CLAIMS

(DELETED)

(AMENDED) An amplifier having a first filter, which has
a desired pass-band and a desired attenuatien band and also ha
difference between ;anut impedance and output imped-
ance by adjusting the input impedance to a value between 1/2
to 2 times the real part of output impedance of a first '
transistor and the output impedance to a value between 1/2
to 2 times the real part of input impedance of a-second
" transistor, directly connected between the output terminal
of the first transistor and the input terminal of the second

transistor.

The amplifier according to Claim 2, wherein the first filter
is formed so as to have electrode patterns built :Ln a di-
electric sandwiched between ground electrodes on the upper

and bottom surfaces thereof.

The amplifier according to Claim 2, wherein the first filter
1s formed so as to have eleetrode patterns built in a di-
electric of ‘a reia{::!.ve dielectric constant exceeding 10
inclusive that is sandwiched between ground electrodes on
the upper and bottom surfaces thereof, electrode patterns
are formed over sald ground electrode on the upper surface
of sald dielectric with a dielectric material of a relative

dielectric constant not exceeding 10 placed in between and
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34. (AMENDED) The amplifier according to Caim29, wherein o
resonators of the first frequency variable filter are forned I nsi de
of a multilayered substrate and a circuit section of the frequency
variable filter and an anplification circuit are formed on the _
surface of the substrate, thereby inte- grating the whole assenbly in
one- pi ece. a 13:&8 The I fier according to Caim 34, wherein

a
mul tilayer ed' t rged1eg: abacwit 291 6 serepd Fmpldfdcationch having
properties diif&fPlarld HHAIRLBRI LN electrode patterns.

5. The amplifier according to Claim 2, wherein the first fiiter
is formed so as to have electrode patterns built in a di-
electric of a relative dielectric constant.exceeding 10
inclusive that is sandwiched between ground electrodes on
the upper and bottqm surfaces theréof, electrode patterns
are formed over said ground electrode on the upper surface
of the dielectric with a dielectric material of a relative
dielectic constant not exceeding 10 placed in between,

a first amplification circuit and a second amplif:l.catic;n
circuit are mounted on said electrode patterns and also

a part of tex;minal electrodes is forﬁed over sald groﬁnd
electrode on the bottom surfaqé of sald dielectric with

a dielectric material of a relative dielectric constant not

exceeding 10 placed in between.

6.  (AMENDED) The amplifier adcording to Claim 3, wherein the
first filter and amplification circuits are coup]_.éd by
capacitance formed between opposing electrodes ‘that have

a dielectric material placed in between.
7. The amplifier according to Claim 4, wherein the respective
first and second transistors are mounted in recesses formed

on the surface of the dielectric material.

8. The amplifier according to Claim 4, wherein an electrode
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36. (DELETED) 37. (AVENDED) An anplifier having a first frequency

vari abl e
at t enua-

filter, which has a desired pass-band and a desired
tion band and has a difference between input inpedance and

out put i npedance by adjusting the input inpedance to a val ue bet ween
1/2 to 2 tines the real part of the output inpedance of a first
transi stor and al so by adjustin 1& t he out put I_mpedance of a first

filter to a P& G@rBeFﬂEBﬁCE?Q 94

10.

11.

12.

Ip the ground terminals of the respec-
tive first and second transistors i1s connected to the upper an:

bottom ground electrodes by means of through holes.

The amplifief according to Claim 4, wherein a directional
coupler formed of electrode patterns is provided inside of
a dielectric of a rélative dielectric constant exceeding 10
inclusive or on the surface of a dielectric of a relative

dielectric constant not exceeding 10.

The amplifier according to Claim 2, wherein the first
filtexr ié used as a band-pass filter, a transmission band of
communication equipment is the passing band of said band-
pass filter and a receiving band of communication equipment
is the attenuation band of sald band-pass filter. |

The amplifier acéording to Claim 2, wherein the first filter
is used as a band rejection filter and a receiving bané.of
communication equipment is the rejection band of said band

rejection filter.

The amplifier according to Claim 5, wherein the dielectric
materiais of a relative dielectric constant not exceeding 10
that are used on the upper surface of the upper side ground
electrode and on the bottom surface of the bottom side i
ground electrode are made of the same materlial and also made

the same in thickness.
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times the real part of the input inpedance of a second transi stor,

directly connected between the output term nal of the first

transi stor and the input terminal of the second - transi stor and
further having a second frequency variable filter, which has the sane
desi red pass-band and desired attenuation band as said first
frequengy vaj bgg?@Eﬁslter has and has a difference between input

i npedance an i npedance by adjusting the input inpedance to a
val ue be- tween 1/2 to 2 tines the real part of the output inpedance

14. (AMENDED) An amplifier having a first filter, which has
a desired pass-band and a desired attenuation band and also has
difference between input impedance and output imped-
ance by adjusting the input impedance to a walue between 1/2
to 2 times the real part of the output impedance of a first
transistor and the output impedance to a value between 1/2
to 2 times tﬁe real part of the input impedance of a second
transistor, directly connected between the output terminal
of the first transistor and the input terminal of the seocond
transistor, and further having a second filter, which has
the same desired pass-band,and desired attenuation band as
said first filter has and also has a difference between
input impedance and output impedande by adjusting the input
impedance to a value between 1/2 to 2 times the real part of
the output impedance of the second transistor, direotly.

connected to the output terminai'of sald second transiétor.

15. The amplifier according to Claim 14, wherein the réspective
first filter and second filter are formed so as to have
electrode patterns bullt in a dielectric sandwiched between

ground electrodes on the upper and bottom surfaces thereof.

16. The amplifier according to Claim 14, wherein the respective
first and second filters are formed so as to have electrode

patterns built in a dielgctric of a relative dielectric con-

‘REPLACEMENT SHEET

TR O O O _ T4 AUG 201

* ¢ L n $ * - 19




of a second transistor, directly connected to the output term nal of
the second transistor and havi ng a frequency control voltage of a
vol tage controlled oscillator used as t he .control voltage of said
first and second frequency variable filters. 38. (AMENDED) The
anplifier according to O aim 37, mherein t he respective first and
second frequency variabl e fllters ar used as a band-pass filter, a

transni ssi on HARE SFEsHRE 1 inclusééﬁel Shekqle pﬁq@}ﬁwircglq%éeﬁaggpng band of

Zgh?png ngs ound elfelcttr%d%sand t%xer %%%le\xl'l dibb t(:jtom sur cglsct:te!z:ggof

electrode patterns are formed over said ground electrode on
the upper surface of sald dielectric with a dielectric
material of a relative dielectic constant not exceeding 10
placed in between and the first amplification circuit and
second amplification circuit are mounted on the electrode

patterns.

. 17. The amplifier according to Claim 14, wherein the respective
first and second filters are formed so as to have electrode
patterns built in a dielectric of a relative dielectric con-
stant exceeding 10 inclusive that is sandwiched t;etween

: gxoimd electrodes on the upper and bottom surfaces thereof,
‘electrode p'attérns are formed over said ground electrode on
the upper surface of sald dielectric with a dielectric
material of a relative dielectic constant not exceeding 10

- placed in between, the first amplification circuit and
second amplification circuit are mounted on said electrode
patterns and also a part of terminal electrodes is formed
over sald ground electrode on tﬁe bottom surface of saild
dielectric with a dielectric material of a relative dieleoc-

tric constant not exceeding 10 placed in between. -

18. {AMENDED) The amplifier accérding to Claim 15, wherein the
respective first and second filters and amplification cir-
cults are coupled by capacitance formed between opposing

electrodes with a dlelectric material placed in between.
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t he attenuation band of said band-pass filters. 39. (AVMENDED) The

anplifier according to Caim 37, wherein the second frequency
variable filter is used as a band rejection + filter and a receiving
band of comruni cation equi pnent is the rejection band of said band
rejection filter. 40. (AVENDED) The anplifier according to Caim 37,
wher ein - 25 -

19. The amplifier according to Claim 16, wherein the respective
first and second transistors are mounted in recesses formed

on the surface of the dielectric material.

20. The amplifier according to Claim 16, wherein an electrode
pattern connected with the ground terminals of the respec-
tive first and second transistors is connected to the upper and

bottom ground electrodes by means of through holes.

21. The amplifier according to Claim 16, wherein a directional
coupler formed of electrode patterns is provided inside of
a dilelectric of a relative dielectric constant exceeding 10
inclusive or on the surface of a dielectric of a relative

dielectric constant not exceeding 10.

22, The amplifier according to Claim 15, wherein a plurality of
' through holes or via holes connected to the upper side
ground electrode and bottom side ground electrode are prov-

ided between the first filter and the second filter.

23. The amplifier according to Claim 15, wherein the first
filter and second filter are formed of strip lines and the
strip lines of the f£irst filter are arranged to 'be perpen-
dicular to the strip lines of the second filter in direc-
tion.

24. The amplifier according to Claim 14, wherein the respective
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a conputing circuit to conpute a control voltage for the first and
second frequency variable filters in accordance with a frequency
control voltage of the voltage controlled .0scillator is connected
bet ween the voltage controlled oscilla tor and the control voltage
application termnal of the respective first and second frequency
variable filters. 41. (AMENDED) The anplifier according to Caim 37,
wher ei n first and second £ilters are used as a band-pass filter,

a transmission band of communication equipment is the pass-
ing band of sald band-pass filter and a receiving band of
communication equipment is the attenuation band of said
.band-pass filter.

25. The amplifier according to Claim 14, wherein the second
filter is used as a band rejection filter and a receiving
band of communication equipment is the rejection band of

sald band rejection filter.

26. The amplifier according to Claim 17, wherein the dielectric
materials of a relative dielectric constant not exceeding 10
that are used on the upper surface of the upper side ground
electrode and on the bottom surface of the bottom side |
ground electrode are made of the same material and alsé made

the same in thickness.

27. The amplifier according to Claim 22, wherein the spacing
between the through holes or via holes connected to the
upper side and bottom side ground.electrodes is made smaller
than the length of strip lines of the first and second
filters.

28. (DELETED)

2%. (AMENDED) An amplifier having a first frequency variable

f£ilter, which has a desired pass-band and a desired attenua-
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varactor diodes are used as the inpedance variable el enents of the
first and second frequency variable filters. 42. (AVMENDED) The anplifier
according to Claim 37, wherein resonators of the first and second
frequency variable fil- ters are formed inside of a nultilayered
substrate and a circuit section of the respective first and second
frequency variable filters and an anplification circuit are

formed on t hedibhadeanfl hiae = ditfeatace thetvedyn itnpayrtmpedpnce and he whol e

assenbly in one-piece.
output impedance by adjusting the input impedance to a value
between 1/2 to 2 times the real part of the output impedance
of a first transistor and also by adjusting the output
ingpedance of a first filter to a value between 1/2 to 2
times the real part of the input impedance of a second
transistor, directly connected between the output terminal
of the first transistor and the input terminal of the second
transistor and having a frequency control voltage of

a voltage controlled osclllator used as the control voltage of

sald frequency variable filter.

30. (AMENDED) The amplifier according to Claim 29, viherein the
first frequency var:!.able filter is used as a band-pass
filter, a transmission band of communication equipment is
the passing band of said band-pass filter and a receiving
band of communication equipment is the attenuation band of
sald band-pass f£ilter. -

31. (AMENDED) The amplifier according to Claim 29, wherein the
first frequency variable filter is used as a band rejection
filter and a receiving band of communication equipment is

the rejection band of said band rejection filter.

32. (AMENDED) The amplifier according to Claim 29, wherein
a computing circuit to compute a control voltage for the
first frequency variable filter in accordance with a fre-

quency control voltage of the voltage controlled oscillator
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43. The anplifier accor di ng to Caim37, wherein a multil ayered

substrate formed of a plurality of layers, each having properties
di fferent from one anot her. ’ -
25a -

is connected between the voltage controlled oscillator and the
control voltage application terminal of the first frequency

variable filter.

33. (AMENDED) The amplifier according to Claim 29, wherein
varactor diodes are used as the impedance variable elements

of the first frequency variable filter.

34. (AMENDED) The amplifier according to Claim 29, wherein
resonators of fhe first :Erequendy variable filter are formed
inside of a multilayered substrate and a circuit section of the
frequency variable filter and an amplification circuit
are formed on the surface of the substrate, thereby inte-

grating the whole assembly in one-pilece.

35. The amplifier according to Claim 34, wherein a multilayered
subsfrate formed of a plurality of layers, each having

properties different from one another.
36. (DELETED)

37. (AMENDED) An amplifier having a f£irst frequency variable
filter, which has a desired pass-béxid and a desired attenua~
tion band and has a difference between input impedance and
output impedance by adjusting the input impedance to a valué
between 1/2 to 2 times the real part of the output impedance
of a first transistor and also by adjusting the output

impedance of a first f£ilter to a value between 1/2 to 2
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times the real part of the input impedance of a second
transistor, directly connected between the output terminal
of the first transistor and the input terminal of the second
¢ransistor and further having a second frequency variablé
filter, which has the same desired pass-band and desired
attenuation band as said first frequency variable filter has
and has a difference between input impedance and output
impedance by adjusting the input impedance to a value be-
tween 1/2 to 2 times the real part of the output impedance
of a second transistor, directly connected to the output
terminal of the second transistor and having a frequency
control voltage of a voltage controlled oscillator used as
the control volt':age of said first and second frequency
variable filters.

38. (AMENDED) The amplifier according to Claim 37, wherein the
respective f£irst and second frequency variable filters are
used as a band-pass filter, a transmission band of 'comx'nuni-
cation equipment is the passing band of said band-pass
filters and a receiving band of communication equ:(pment is

the attenuation band of said band-pass filters.

39. (AMENDED) The amplifier according to Claim 37, wherein the
second frequency variable filter is used as a band rejection
filter and a receiving band of communication equipment is

the rejection band of said band rejection filter.

40. (AMENDED) The amplifier according to Claim 37, wherein
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41.

42.

43.

a computing circuit to compute a control voltage for the

first and second frequency variable filters in accordance

with a frequency control voltage of the voltage controlled
osclllator is connected between the voltage controlled oscilla
tor and the control voltage application terminal of the
respective first and second frequency variable filters.
{AMENDED) The amplifier according to Claim 37, wherein
varactor diodes are used as the impedance variable elements

of the first and second frequency variable filters.

(AMENDED) The amplifier according to Claim 37, wherein
resonators of the first and second frequency variable f£il.-
ters are formed inside of a multilayered subs’cra.te and

a circuit section of t_he respective first and second fre@ency
variable filters and an amplification circuit are

formed on fhe surface of the substrate, thereby integrating

the whole assembly in one-plece.
The amplifier according to Claim 37, wherein a multilayered

substrate formed of a plurality of layers, each having

properties different from one another.
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