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VOLTAGE-CONTROLLED VARIABLE-PASSBAND FILTER
AND HIGH-FREQUENCY CIRCUIT MODULE INCORPORATING SAME
FIELD OF THE INVENTION

The pfesent inyention concerns a filter with a
voltage-controlled variable passband, capable of
switching filter characteristics by changing a direct-
current control voltage, which can be suitably
implemented as a high-frequency filter for use in radio
transmission devices, thereby enabling the device to be
adapted to a plurality of radio transmission systems, and
also concerns a high-frequency circuit module

incorporating the voltage-controlled variable-passband

filter.



FI ELD OF THE | NVENTI ON The present invention concerns a filter wth a
vol t age-control | ed vari abl e passband, capabl e of switching filter
characteristics by changing a direct- current control voltage, which

can be suitably

i npl emented as a high-frequency filter for use in radio

transm ssi on devices, thereby enabling the device to be adapted to a
plurality of radio transm ssion systens,oand also concerns a
hi gh-frequency circuit nodule incorporating the voltage-controlled

In recent years, radio transmission devices with
increasingly high performance have been realized, but
devices with even higher performance, able to be adapted
to a plurality of radio transmission systems, are needed.
An example of this type of device would be one
incorporating the functions of both (1) a PDC (Personal
Digital Cellular: the so-called regular portable phone)
device, which has a large transmission area and enables
transmission even when moving at high speed; and (2) a
PHS (Personal Handy-phone System, or the so-called

"Second-Generation Cordless Telephone System") device,

with its low telephone charges and high-speed data

'transfer; thereby enabling switching between these

functions as needed.

A terminal device for a portable phone able to
function aé a shared PDC/PHS unit could be realized, for
example, by a terminal device 31 shown in Figure 25.
Audio signals picked up by a microphone 32 are sent
through an amplifier 33 to an analog/ digital converter
34, where they are converted to digital signals, which
are sent to a processing circuit 35, where they are
modulated into transmission signals. Received signals, on
the other hand, are demodulated by the processing circuit

35, converted into analog signals by a digital/ analog



BACKGROUND OF THE | NVENTI ON In recent years, radio transm ssion
devices with increasingly high performnce have been realized, but

devices with even higher performance, able to be adapted to a plurality of
radi o transm ssion systens, are needed. An exanple of this type of device
woul d be one incorporating the functions of both (1) a PDC (Personal
Digital Cellular: the so-called regul ar- port abl e phone) device, which has
a large transm ssion area and enabl es transnission even when noving at

hi gh speed; ag@niéktar BES GHer 1ol ln%ﬂ %@t@:ﬁplpﬁlébeysoaﬁal | ed
"Second- Generation Cordl ess Tel ephone enl') V|ce wthits | ow

t el ephone cha&gggeanqnﬁbggbgﬁggdbgagaspgggg§fg@ t hereby enabling sw tching
bet ween these functions as neede term nal device for a portable

phone able to An input operating means 40, such as a ten-key pad,
and a display means 41, realized by a liquid crystal
panel or other device, are connected to the processing
circuit 35 through an interface 39.

The transmission signals from the processing circuit
35, after amplification by an amplifier al, are sent
through either of two filters fcl or £sl1, and transmitted
from an antenna 42. The received signals received by the
antenna 42, on the other hand, are sent through either of
two filters fc2 or £s2 to an amplifier a2, where they are
amplified, and then sent to the processing circuit 35.
The filteré fcli and fc2 are PDC band pass filters with
center fregquency set in the wvicinity of 1.5 GHz, while
the filters £s1 and fs2 are PHS band pass filters with
center frequency set in the vicinity of 1.9 GHz.

In order to switch between the pair of filters fcl,
fc2 and ﬁhe pair of filters fsl, f£s2 when switching from
PDC to PHS_use or vice versa, the terminal device 31 is
provided with two pairs of switches (sll and sl12; s21 and

"822) and a control circuit 43 which performs the
switching control. The controi circuit 43 performs
switching control by operating the switches sll1l and sl2

or s21 and s22 in concert according to whether the



function as a shared PDC/ PHS unit could be realized, for exanple, by a
termnal device 31 shown in Figure 25. Audio signals picked up by a

m crophone 32 are sent through an anplifier 33 to an anal og/ digital
converter 34, where they are converted to digital signals, which are sent
to a processing circuit 35 where they are nodulated into transm ssion
signals. Received signals on the other hand, are denodul ated by the
processing circuit converted into analog signals by a digital/ anal og
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sounds by a speaker

system, and whether the transmission or reception time
slot is in effect.

It can be seen from the explanation above that the
terminal device 31 could be greatly reduced in size if
filter characteristics were made variable.

In order to achieve variable filter characteristics
in a high-frequency filter for radio transmission
devices, conventional art has often used a variable-
capacity diode, as disclosed, for example, by Japanese
Unexamined Patent Publication Nos. 7-131367/1995, 61-
227414/1986, 5-63487/1993, 5-235609/1993, 7-283603/1995,
and 8-102636/1996.

As one example, Figure 26 shows the equivalent
circuit of a volﬁage-controlled variable-passband filter
1 according to Japanese Unexamined Patent Publication No.
7-131367/1995. As is evident from the voltage-controlled
variable-passband filter 1, the conventional art is
structured so that variable-capacity diodes 4 and 5 are
connected between input/ output terminals pl and p2 in a
filter circuit having resonator patterns 2 and 3, thereby
ensuring that desired filter characteristics are obtained
by changing the capacitance of the variable-capacity
diodes 4 and 5 by means of a direct-current control

voltage applied to a control terminal p3.



An i nput operating neans 40, such as a ten-key pad, and a display neans
41, realized by a liquid crystal panel or other device, are connected to
the processing circuit 35 through an interface 39. The transm ssion
signals fromthe processing circuit 35, after anplification by an
anplifier al, are sent through either of two filters fcl or fsl, and
transmtted froman antenna 42. The recgived signals received by the
antenna 42, on the other hand, are sent through either of two filters fc2
or fs2 to an anpl iphi®hed2 e MiRNR e Hsoidd ietrogd $88NusENinto the
processing circuit 35 The filters fcl and fc2are PDC band pass filters
with center ofsrcﬁglljé'%“iﬁh etc:ﬂfl:v.%il.'”tlestv'ﬂ@!Eﬁlgéwﬂeﬁegﬂsu@ﬂ'easthﬁhét'ters

fsl and fs2 are band pass ers w center frequéncy set 1n the
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59-229914/1984. As shown in Figure 27, in resonating

circuit 11 a plurality of series variable-capacity diodes
12 and a plurality of series variable-capacity diodes 13
are connected in reverse series with relation to each
other, and a coil 14 is connected in parallel with the
series circuit.

A resonating output signal is obtained from an
input/ output terminal p4, and a direct-current control
voltage from a control terminal p5 is divided as needed
and applied to each connection of the wvariable-capacity
diodes 12 and 13. In this way, by connecting the
variable-capacity diodes 12 and 13 in a wmulti-stage
series structure, stable resonance characteristics can be
ensured, even if the resonating sigﬁal obtained from the
input/ output terminal p4 is high in voltage.

An alternative to the usé of wvariable-capacity
diodes (4, 5, 12 and 13 above) for obtaining desired
filter characteristics is disclosed by, for example,
Japanese Unexamined  Patent Publication Nos. 2~
302017/1990, 62-259417/1987, 62-281319/1987, and 63-
128618/1988. This is a method in which capacitance is

changed by the wuse of voltage-controlled variable-



fc2 and the pair of filters fsl, fs2 when switching from PDC to PHS use or
vice versa, the termnal device 31 is provided with two pairs of sw tches
(s1l1 and s12; s21 and s22) and a control circuit 43 which perfornms the
switching control. The control circuit 43 perforns swtching control by
operating the switches s11 and s12 or s21 and s22 in concert according to
whet her the ' -4- termnal device 31 is

- 6 - L
being used with the PDC or PHS system and whether the transm ssion or
reception ti S10F Lsoipiedisct. It can be seen fromthe explanation
above that tﬂ%pa & capaly

Figure 28 is a cross-sectional diagram schematically
showing the structure of a voltage-controlled variable-
capacity capacitor 21 according to Japanese Unexamined
Patent Publication No. 2-302017/1990. This voltage-
controlled variable-capacity capacitor 21 is structured
so that, between a pair of parallel plate capacitive
electrodes 22 and 23, a plurality of bias field applying
electrodes 24 and oppositely charged bias field applying
electrodes 25 alternate with each other, with
ferroelectric ceramic material 1lying between these
electrodes.

By connecting a bias power source 26 between the
bias field applying electrodes 24 and the bias field
applying electrodes 25 and changing the direct-current
voltage outputted by the bias power source 26, the
electric field applied to the ferroelectric ceramic
material is changed, thereby causing the dielectric
constant to <change. Thus the capacitance of the
ferroelectric ceramic material is changed. Accordingly,
in the voltage-controlled'variable4capécity'capacitor 21,
variable capacitance can be produced within the ceramic
substrate itself.

When structuring a high-frequency circuit module

using the voltage-controlled variable-passband filter 1



term nal device 31 could be greatly reduced in size if filter _
characteristics were made vari abl e. In order to achieve variable
filter characteristics in a high-frequency filter for radio transm ssion
devi ces, conventional art has often used a variable- capacity diode, as
di scl osed, for exanple, by Japanese Unexam ned Patent Publication Nos.
7-131367/ 1995, 61- 227414/1986, 5- 63487L}993 5- 235609/ 1993,

7- 283603/ 1995, and 8-102636/ 1996. one exanpl e, Figure 26 shows
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However, since actual component mounting and other steps
of the assembly process tend to create unevenness, it
becomes necessary to prepare in advance a pattern for
adjustment purposes, and to make adjustments by trimming
the adjustment pattern while confirming the circuit
characteristics, until the desired characteristics are
obtained.

In other words, as shown in Figure 29, when moun%ing
and soldering of components and other operations for
assembly of a module have been completed in Step ql, the
module is inspected in Step g2. Trimming adjustment is
made in Step g3 on the basis of the inspection results,
and then a further inspection in Step g4 and further
trimming adjustment in Step g3 are repeated until the
desired characteristics are obtained, after which the
module is shipped in Step g5.

Further, in structures which use variable-capacity
diodes like those mentioned above (4 and 5 in Figure 26
and 12 and 13 in Figure 27), semiconductor maﬁerials such
as Si, GaAs, and Ge are used for these variable-capacity

diodes 4, 5 and 12, 13. Accordingly, it is not possible

to integrally provide these variable-capacity diodes 4,



filter circuit having resonator patterns 2 and 3, thereby ensuring that
desired filter characteristics are obtained by changing the capacitance of
the variabl e-capacity diodes 4 and 5 by neans of a direct-current control
vol tage applied to a control term nal p3.

- 5- Anot her exanple is a resonating circuit for use in oscillating
circuits and el sewhere, such as that di gcl-osed by Japanese Unexam ned-

Pat ent Publication No. 59-229914/1984. As shown in Figure 27, in

resonating cirgagtidl 2 plaiiiHe/ r@maSeidees o¥at habbereapaciiyhdhogles 12
and a plurality of series variable-capacity di odes 13
ceramic substrate. Thus, they must be attached externally
after the high-frequency filter circuit substrate is
formed. Accordingly, these structures have the drawback
that the number of components and assembly steps is
increased.

Further, the characteristics of these wvariable-
capacity diodes 4, 5 and 12, 13 are influenced by the
high-frequency signéls which are to be handled, but when
the variable-capacity diodes 12 and 13 are connected in
a multistage series as in the resonating circuit 11, this
influence can be reduced.

However, since the required control voltage
increases in proportion to the number of series stages of
the diodes 12 and 13, thereby burdening the control
voltage source, and with battery-driven portable devices
there is the drawback that a booster circuit must be used
to boost the low power source voltage to a voltage
corresponding to the required control voltage.

In the voltage-controlled variable-capacity
capacitor 21, which is made of £ferroelectric ceramic
material, the bias field applying electrodes 24 and 25
are providea between the two terminal electrodes 22 and

23; however, although the dielectric constant of the

ferroelectric material between the bias field applying



are connected in reverse series with relation to each other, and a coi
Is connected in parallel with the series circuit. A resonating out put
signal is obtained froman input/ output term nal p4, and a direct-current
control voltage froma control termnal p5 is divided as needed and

applied to each connection of the variable-capacity di

this way, by connecting the variable-capacity diodes 12 and 13 in a

mul ti - stage

scries structure, stable resonance characteristics can be
ensured, eveRiligktibBeke32nabhadR 54 Itle UHANE G ALt BeguirBPYb/ (QU§ put

termnal p4 is high in voltage. An alternative to the use of

variabl e- capay tyhaflhQ4es thae %of 1 @nda%éaa%‘{:@'dceortﬂgt ¥ desyr ed

odes 12 and 13.

In

14

filter characteristiTs Is disclose y, for exanple, Japanese Unexam ned

Pat ent

PUbl%&%ﬁ&&%g N3t rofes 24a and 25a is not changed.

Accordingly, the equivalent circuit for this
structure, as shown in Figure 30 (b), is one in which a
variable-capacity capacitor 29 with relatively high
capacitance is connected in series between two other
fixed-capacitance capacitors 27 and 28 with relatively
low capacitance. Accordingly, given the characteristics
of serial connection of capacitors, the influence of the
relatively low-capacitance terminal capacitors 27 and 28
is great, and even a great change in the capacitance of
the relatively high;capacitance capacitor 29 will not
greatly change the total composite capacitance. Thus the
problem remains that a great change in bias voltage is
necessary to greatly change the composite capacitance.

Another problem with the conventional art is that,
when trimming is used to adjust the characteristics of
the higﬁ—frequency circuit wmodule, excessive trimming
cannot be restored, and since adjustment becomes

impossible, the yield is reduced.

SUMMARY OF THE INVENTION
The object of the present invention is to provide a

voltage-controlled variable-passband filter capable of



302017/ 1990, 62-259417/1987, 62-281319/1987, and 63- 128618/1988. This is
a nethod in which capacitance is changed by the use of voltage-controlled
vari abl e- -6- capacity capacitors.

Figure 28 is a cross-sectional diagramschematically showi ng the structure
of a voltage-controlled variable- capacity capacitor 21 according to
Japanese Unexam ned Patent PublicatLopgNa. 2-302017/1990. This voltage-

controll ed vari abl e-capacity capacitor 21 is structured

so that,

bet ween a

pair of pargldrlevindt esmaRaci Ei¥e SAECIIRARS 22iyMt ,23wik1P! Baahnty of

bias field applying

adjusted characteristics, and a high-frequency module
incorporating the filter.

The first voltage-controlled variable-passband
filter of the present invention comprises:
(1) a voltage-controlled variable capacitance capacitor
with a two-stage series structure, provided with (a) an
insulating layer made of a dielectric substance the
dielectric constant of which changes in response to an
electric field applied thereto, (b) a first electrode,
provided on one surface of the insulating layer, to which
is applied control voltage to produce the electric field,
and (c¢) second and third electrodes, provided on the
other surface of the insulating layer adjacent to and
parallel with each other, to which high-frequency signals
are applied; cohductive areas of the firét electrode
opposite the second and third electrodes acting as
capacitive electrodes, with the respective capacitive
electrodes and second and third electrodes providing two
capacitors connected in series; and
(2) a control voltage applying means for applying a
control voltage to the first electrode.

With the above structure, since an insulating layer
made of a dielectric material, the dielectric constant of

which changes in response to an electric field applied



el ectrodes 24 and oppositely charged bias field applying electrodes 25
alternate with each other, wth ferroelectric ceramic material |ying
bet'ween these el ectrodes. By connecting a bias power source 26

bet ween t he

el ectrodes 25 and changi ng the direct-current
bi as power source 26, the electric figlid-applied to the ferroelectric

bias field applying electrodes 24 and the bias field applying

vol tage outputted by the

ceramic material is changed, thereby causing the dielectric constant to

change. ThUStﬁé‘J?e‘@@PaféFﬁﬁ’éég?él}?%ré@i&@&' PEEhifA GEMAYIC FrRiRiemly, | S

changed. Accordingly, in the voltage-controlled variable-capacity”
capaci tor 2o;yaft AbLEpEARACE! ANEL CaERRE P e L haprifg cepg ©
substrate itself. When structuring a high-frequency cirtuit nodul e

manufacturing process thereof, a voltage-controlled
variable-capacity capacitor need not be externally
attached to the filter circuit substrate. The problem
shown in Figure 30 (b) which usually arises with a
structure of this kind is solved by providing on one
surface of the insulating layer of dielectric material a
first electrode for applying control voltage, and
providing on the opposing surface second and third
electrodes, to which are applied the high-frequency
signals, with two conductive areas of the first electrode
opposite the second and third electrodes acting as
capacitive electrodes, with the capacitive electrodes and
the second and third electrodes providing two capacitors
connected in series.

Accordingly, a uniform electric field is applied to
the entire part of the insulating layer lying between the
first electrode on the one hand and the second and third
electrodes on the other. Thus the entire change in the
dielectric constant produced by change in the control
voltage contributes to a change in the capacitance, and
a comparatively 1large change in capacitance can be
obtained by a comparatively small change in the control

voltage. Further, since the variable-capacity capacitor



using the voltage-controlled variabl e-passband filter 1

or the

vol tage-control | ed vari abl e-capacity capacitor 21, in the interests of
small size, it is desirable to form the circuit pattern within a
mul ti-layer substrate. However, since actual conmponent nounting and ot her

steps of the assenbly process tend to create unevenness,

it

becones

necessary to prepare in advance a patternn for adjustment purposes, and to
make adjustnents by triming the adjustnment pattern while confirmng the

circuit chargefes P Laved Md ehit@rdRANGAR AR V3% -Yapacdiai ned.

diode of the conventional art can be provided without
external attachment, size and weight can be reduced, and
the assembly process can be simplified.

In addition, switching of the control voltage is
performed by an exclusive control voltage applying means,
which enables switching from one adjusting method to
another, i.e., when adjusting so. that the resonating
frequency becomes higher, it is possible to readjust so
that the resonating frequency becomes lower. This method
of adjustment eliminates inadequate adjustment, thus
improving the yield over other adjustment methods such as
trimming, and also makes ﬁhe adjustment easy to perform.

The ﬁresent invention can also be arranged so that
a plurality of first electrodes connected in parallel
with one another is used, with the second and third
electrodes positioned opposite the first- and last-stage
electrodes, respectively, of the first electrode, with a
plurality of ground electrodes positioned opposite and
staggered with the plurality of first electrodes.

In this case, when the capacitor, i.e., the
capacitor between the second and third electrodes,
requires a high withstand voltage, capacitors are
connected in series between these two terminals in a

multi-stage manner, but a control voltage for changing



In other words, as shown in Figure 29, when nounting and sol dering of
conponents and ot her operations for assenbly of a nodul e have been
conpleted in Step g1, the npdule is inspected in Step g2. Trinm ng
adjustnment is nmade in Step g3 on the basis of the inspection results, and
then a further inspection in Step g4 and further trinmmng adjustnent in
Step g3 are repeated until the desiredigharacteristics are obtained, after
which the nodule is shipped in Step g5. Further, in structures which
use vari abl e-aapaghpyciHhREES ol khdJWsEapEAL £ 8P8T 13D SH I fedNEyS tiha Figure
26 and 12 and 13 in Figure 27), sem conductor materials such as Si, GAs

and Ce are Ushldqirddiess iy ol aranaci by AiOdEs drodAded?. 13

Accordingly, 1t 7S not possibl to I ntegra provi ese
varlabIe-capaC|ty.§g65§gﬁﬁglyl since this voltage-controlled variable-

capacity capacitor is, in appearance, made up of a multi-
stage arrangement of capacitors, the influence of the
high-frequency signals to be handled on the control
voltage is reduced to 1/n, where n is the number of
capacitor stages. Thus, change in the capacitance of the
voltage-controlled variable-capacity capacitor due to
changes in the voltage of the high-frequency signals can
be held to a minimum. Further, the control voltage
necessary will be the same as that for a single stage,
and thus no special structure is needed for the control
voltage power source, thus simplifying the overall
structure.

The other objects, features, and strengths of the
present invention will be made clear by the description
below. In addition, the advantages of the present
invention will be evident from the following explanation

in reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an exploded oblique view showing the
structure of a voltage-controlled variable-passband

filter according to the first embodiment of the present



-8- 5 and 12, 13, and the remainder of the circuit wwthin the ceramc
substrate. Thus, they nust be attached externally after the high-frequency
filter circuit substrate is fornmed. Accordingly, these structures have the
drawback that the nunber of conmponents and assenbly steps is 1ncreased.
Further, the characteristics of these variable- capacity diodes 4, 5 and
12, 13 are influenced by the high-freqqugx signals which are to be

handl ed, but when the variabl e-capacity "diodes 12 and 13 are connected in
a nultistage sgii&s AN the resonating circuit 11, this influence can be
reduced.

Figure 2 is a vertical cross-sectional view showing
the structure of the voltage-controlled variable-passband
filter shown in Figure 1.

Figure 3 is an equivalent circuit diagram showing
the structure of the voltage-controlled variable-capacity
capacitor and the mechanism for applying a control
voltage in the voltage-controlled variable-passband
filter shown in Figures 1 and 2.

Figure 4 is a graph showing how the capacitance
changes in response to the direct-current control voltage
in the voltage-controlled variable-capacity capacitor.

Figure 5 is an equivalent circuit diagram of the
voltage-céntrolled variable-passband filter shown in
Figures 1 and 2.

Figure 6 is a graph explaining how the
characteristics of the voltage-controlled variable-
passband filter change in response to a direct-current
control voltage, and showing the characteristics for the
PHS system.

Figure 7 is a graph explaining how the
characteristics of the voltage-controlled variable-
passband filter change in response to a direct-current
control voltage, and showing the characteristics for a

transmission circuit for the PDC system.



However, since the required control voltage increases in proportion
to the nunber of series stages of the diodes 12 and 13, thereby burdening
the control voltage source, and with battery-driven portabl e devices

there is the drawback that a booster circuit nust be used to boost the |ow
power source voltage to a voltage corresponding to the required control

vol t age. I n t he vol t age- contrq]led vari abl e-capacity capacitor
21, which is made of ferroelectric ceran1c material, the bias field

appl yi ng el ect rodeﬁéﬁeﬁnd g25 jare \é#j bet tﬁq_liv\o H&§ m @?Je ]
ou 0 e

el ectrodes 22 and owever, alt e d| r|c onst ant
ferroel ectric ﬁggégéé¥1§§¥ggxﬂlEhetglas f ageaggh¥ 1891ed variable-

passband filter change in response to a direct-current
control voltage, and showing the characteristics for a
receiving circuit for the PDC system.

Figure 9 is an oblique view showing a high-frequency
circuit module incorporating the voltage-controlled
variable-passband filter shown in Figures 1 through 8.

Figure 10 is a block diagram showing the electrical
structure of a terminal device shared by both the PHS and
PDC systems, which incorporates the voltage-control}ed
variable-passband filter shown in Figures 1 and 2.

Figure 11 is a flow chart explaining the
manufacturing process for the high-frequency circuit
module shown in Figure 9.

Figure 12 is a flow chart explaining in detail the
inspection step of the manufacturing process shown in
Figure 11.

Figure 13 is a flow chart explaining the operations
of a voltage-controlled variable-passband filter.

Figure 14 is a vertical cross-sectional view showing
the structure of a voltage-controlled variable-passband
filter according to the second embodiment of the present

invention.

Figure 15 is an equivalent circuit diagram showing



-9- electrodes 24a and 25a (the shaded area in Figure 30 (a)) 1is changed,
that of the area outside the bias field applying electrodes 24a and 25a is
not changed. Accordingly, the equivalent circuit for this structure,
as shown in Figure 30 (b), is one in which a variable-capacity capacitor
29 with relatively high capacitance is connected in series between two
other fixed-capacitance capacitors 27 2 d 28 with relatively | ow

capaci tance. Accordingly, given the characterlstlcs of serial connection

o CaPact O Sng! REshBLLUETSE i §15ugbEl ARhYEL YOO RRDREIL 0GB LECY! 17
o he ¥o1 sy o copel | nce, sapsel 1ol 20, WL\ a7 sat L ghanoe
in the voltage-controlled variable-passband filter shown
in Figure 14.
Figure .16 is an oblique view showing the structure
of a voltage-controlled variable-passband filter
according to the third embodiment of the present
invention.
Figure 17 is an exploded oblique view of the
voltage-controlled variable-passband filter shown in
Figure 16.

Figure 18 is a cross-sectional view taken along line
A - A of Figure 16.

Figure 19 is an oblique view showing a high-
frequency circuit module incorporating the voltage-
controlled Variable—passband filter shown in Figures 16
through 18.

Figure 20 is a vertical cross-sectional view showing
the structure of a voltage-controlled wvariable-passband
filter according to the fourth embodiment of the present
invention.

Figure 21 is an electric circuit diagram showing an
example of a resonator using the voltage-controlled
variable-capacity capacitor and a resonator pattern in a

one-stage structure.



problemremains that a great change in bias voltage is necessary to
greatly change the conposite capacitance. Anot her problemw th the
conventional art is that, when trimmng is used to adjust the
characteristics of the high-frequency circuit nodul e, excessive trinmm ng
cannot be restored, and since adjustnent becones inpossible, the yield is
reduced. SUMVARY O THE _| NVENTI ON The object of the
present invention is to provide a voltage-controlled vari abl e-passband

filter capable OfFigure 22 is an electric circuit dihg%gm'showing an
example of a filter wusing the voltage-controlled
variable-capacity capacitor and a resonator pattern in a
three-stage structure.

Figure 23 is an electric circuit diagram showing a
further embodiment of the voltage-controlled variable-
passband filter shown in Figure 5.

Figure 24 is an oblique view showing a further
embodiment of the voltage-controlled variable-passband
filter shown in Figures 16 through 19.

Figure 25 is a block diagram showing the electriqal
structure of a conventional attempt to realize a terminal
device shared by both the PHS and PDC systems.

Figure 26 is an electric circuit diagram. of a
typical conventional voltage-controlled variable-passband
filter using variable-capacity diodes.

Figure 27 1is an electric circuit diagram of a
resonator circuit using variable-capacity diodes, which
is a further example of conventional art.

Figure 28 is a cross-sectional view schematically
showing the structure of a voltage-controlled wvariable-
capacity capacitor, which is yet a further example of
conventional art..

Figure 29 1is a° flow chart explaining the

manufacturing process of a high-frequency circuit module



achieving small size and light weight, with easily adjusted _
characteristics, and a high-frequency nodule incorporating the filter

The first

vol tage-controll ed variabl e-passband filter of the prese

i nvention conprises: (1) a voltage-controlled variable capacitance

capaci tor

wWith a two-stage series structure, provided with (a) an

I nsul ating | ayer nmade of a dielectric su éapce the dielectric consta

whi ch changes in response to an electric
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I's applied control voltage to produce

ield applied thereto, (b) a

electric sec

and third el ecﬂgggf., s[i{o% dﬁ% %W thgag%dsugl%ce ftc%é]ehe'icig?r‘]fﬁ%l‘gﬁfgﬂ

| ayer adjacent to and paral

eac er, (0]

signals " are agpligfliocQndysti Ve RLease 8t LhSh! LRt pELSSL 96°

Figures 30(a) and 30(b) are a cross-sectional view
and an equivalent circuit diagram, respectively,
explaining the operations of the voltage-controlled

variable-capacity capacitor shown in Figure 28.

DESCRIPTION OF THE EMBODIMENTS

The following is an explanation of the first
embodiment of the present invention, in reference to
Figures 1 through 13.

Figure 1 is an exploded oblique view of a voltage-
controlled variable-passband filter 51 according to the
first embodiment of the present invention. The voltage-
controlled variabie-passband filter 51 is arranged so
that, within a substrate 52 made.of ceramic material
chiefly composed of titanium oxide, barium oxide, or a
similar material afe provided filter circuit patterns and
voltage-controlled variable-capacity capacitors 53 and
53a according to the present invention (which will be
described below), and so that an integrated circuit 54
for controlling the voltage-controlled variable-capacity
capacitors 53 and 53a is mounted on the substrate 52. The

voltage-controlled variable-capacity capacitor 53a is

nt

nt of
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ond
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opposite the second and third el ectrodes acting as capacitive el ectrodes,
with the respective capacitive electrodes and second and third el ectrodes
providing two capacitors connected in series; and (2) a control voltage
appl ying means for applying a control voltage to the first el ectrode.
Wth the above structure, since an insulating |layer nade of a dielectric
material, the dielectric constant of _whych changes in response to an
electric field applied thereto, is integrally provided within a

hi gh-frequengyryet{ieHl!l ifURRE" BafmeOmaARe HRHL A& hld NoritEolled

variable-capacity capacitor 53, and accordingly the
following explanation will treat the structure and
members of the voltage-controlled variable-capacity
capacitor 53, with corresponding members of the voltage-
controlled variable-capacity caﬁacitor 53a given the same
reference numerals with the addition of the letter a.

The voltage-controlled variable-passband filter 51
is a filter with strip line structure, in which patterns
55, 56, and 57, made of flat conductor, are embedded
within the substrate 52, and ground conductive layers 59
and 60, which function as shield conductors, are provided
on both surfaces of the substrate 52. The integrated
circuit 54.is mounted on the ground conductive layer 59,
but is sepérated from it by an insulating layer 61 made
of ceramic material.

Figure 2 is an enlarged vertical cross-sectional
view of the voltage-controlled variable-capacity
capacitor 53. A resonator pattern 55 functions as a
resonator conductor, and forms a pair with a resonator
pattern 55a. One end 55A of the resonator pattern 55 is
connected to the ground conductive layers 59 and 60 by
via holes 67 and 68, respectively, and acts as a short-
circuit end, with the other end 55B of the resonator

pattern 55 serving as an open end. A ground pattern 56 is



manuf acturing process thereof, a voltage-controlled variable-capacity
capaci tor need not be externally attached to the filter circuit substrate.
The problem shown in Figure 30 (b) which usually arises with a structure
of this kind is solved by providing on one surface of the insulating |ayer
of dielectric material a first electrode for applying control voltage, and
providing on the opposing surface secondg@nd third electrodes, to which
are applied the high-frequency signals, with two conductive areas of the

first electrodenneppedi te ithe speuill asshdddt thel £aY P58 9aGHINE RSy
capacitive electrodes, with the capacitive electrodes and the second and

third el ectroges poDvé ds@gaﬁd\mma&%@g%@t%veq n%ﬁheenbneﬁef.é&ﬁ of the
Accordingly, a uniformelectric fieldis appfg’n to the entire part of the

i nsul ati ng |a§96uh&'§9t@§£ﬂﬁ§%‘ié“%rov1ded so as to be adjacent to the

end 55B of the resonator pattern S55.

The end 55B of the resonator pattern 55 and the end
56A of the ground pattern 56 are provided on the
insulating layer 62. The insulating layer 62 is made of
a ceramic material selected from the group consisting of
BaTiO,, SrxTiO,, Ba,Sr,,TiO,, PbLaTiO,, Bi,Ti,0,,, PZT, and
PbTiO;. On the surface of the insulating layer 62 opposite
that where the patterns 55 and 56 are provided is
provided a control electrode 63. The control electrode.63
is connected to the integrated circuit 54 by a via hole
64 and by a control voltage terminal 65, which is
provided on, the insulating layer 61.

The insulating layer 62 has characteristics whereby
its dielectric constant changes in response to the
strength of an electric field applied thereto. In other
words, the dielectric constant of the insulating layer 62
changes according to the voltége applied between the
control electrode 63 and the patterns 55 and 56. The
thickness of the insulating layer 62 is determined on the
basis of the control voltage which the integrated circuit
54 is able to épply, the desired amount of change in the

dielectric constant, and the width of the patterns 55 and



first electrode on the one hand and the second and third electrodes on the
other. Thus the entire change in the dielectric constant produced by
change in the control voltage contributes to a change in the capacitance,
and a conparatively |arge change in capacitance can be obtained by a
conparatively small change in the control voltage. Further, since the

vari abl e-capacity capacitor 21 - 12 - which
repl aces the externally-attached vari able- capaC|ty di ode of the

conventional syt a6an BRePréyhesh WdikdrogXt ghNal aRdt agiMENtpe Si Z8xand
wei ght can be reduced, and the assenbly process can be S|an|f|ed

example, approximately 0.lum to 10um.

The resonator pattern 55 is provided so that its
length from the short-circuit end 55A to the open end 55B
is A/4, where A is the wavelength of the high-frequency
signal to be handled. An input/output términal 66 is
provided on the insulating layer 61, and.is connected to
an input/output pattern 57 by a via hole 58.

Figure 3 is an equivalent circuit diagram showing,
of the voltage-controlled variable-passband filter 51
structured as above, the structure of the voltage-
controlled variable-capacity capacitor 53 and the portion
of the circuit for applying the control voltage thereto.
The voltagéycontrolled variable-capacity capacitor 53 is
a capacitorgwith a three-electrode structure, in which a
first capaéitor 71 and a second capacitor 72 are
connected in series. The capacitive electrode of the
first capacitor 71 is the conductive area 63(2) shown in
Figure 2, where the insulating layer 62 falls between the
end 55B of the resonator pattern 55 (acting as a second
electrode) and the control electrode 63 (acting as a
first electrode), and the capacitive electrode of the
second capacitor 72 is the conductive area 63 (1) shown in
éigure 2, where the insulating layer 62 falls between the

end 56A of the ground pattern 56 (acting as a third



In addition, switching of the control voltage is performed by an excl usive
control voltage appl yi ng means, which enables switching fromone adjusting
nmet hod to another, i.e., when adjusting so that the resonating frequency
becomes higher, it is possible to readjust so that the resonating
frequency becones |ower. This nethod of adjustnent elim nates inadequate
adj ustnment, thus inproving the yield_oygr_other adjustnent nethods such as
trinmmng, and al so nekes the adjustment easy to perform The present

i nvention caglglciqo%)ararr@g;% Rnthah 3kl g Of first el ectrodes
connected in paralle w th one another is used, mnth the second and third

el ect rodes posi L1 eped QRATIAI® dAild "Sluadiihi 31 - 24 ad6npeLecsr edes

respectively, of t ectro | ur roun

el ectrodes p%sl'éh-%’}ee%u%%%f L8N sR139ee P4 "é"cBQrEQSoBd%@' 'dy hel i st

el ectrodes.

open-end electrode of the resonator pattern 55, which is
a resonator conductor), and one terminal of the capacitor
72 is connected to a ground (corresponding to the ground
pattern 56). The respective other terminals of the
capacitors 71 and 72 are connected to each other, and a
direct-current control voltage from a control voltage
source 74 (corresponding to the integrated circuit 54) is
applied to the mutually-connected terminals of capacitors
71 and 72 through a resistor 75 and an inductor 76 (which
correspond to the via holes 64 and 64a).

By pro&iding the insulating layer 62 and the control
electrode 63 and the patterns 55 and 56, the two
capacitors 71 and 72 are given substantially the same
capacitances and other electrical characteristics, and as
a result capacitance can be effectively controlled by a
low control voltage. If these two capacitors 71 and 72
are considered a single capacitor, then, as shown in
Figure 4, then capacitance can be reduced (M1-M2) by
increasing the direct-current control voltage (V1-V2).
Accordingly, the equivalent circuit for the voltage-
controlled variable-passband filter 51 having, as shown

in Figure 1, a pair of resonator patterns 55 and 55a and



In this case, when the capacitor, i.e.

, the capacitor between the second

and third electrodes, requires a high wthstand voltage, capacitors are
connected in series between these two termnals in a nulti-stage manner,
but a control voltage for changing

t he capacitance of these capacitors is applied by the staggered fir
el ectrodes and ground el ectrodes. - #gcordingly, since this

vol tage-control |l ed variable- capacity capacitor is, in appearance,

of a nmulti-

hi gh-frequency signals to
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e handl ed on the control
53 and 53a is as shown in Figure 5.

In other words, it 1is a two-stage parallel
resonating circuit made up of the wvoltage-controlled
variable-capacity capacitors 53 and 53a, and the
resonator patterns 55 and 55a. Each of the resonator
patterns 55 and 55a is a quarter-wavelength resonator,
and each functions as an inductor and a capacitor. The
direct-current control voltage from the control voltage
terminals 65 and 65a is applied to the voltage-controlled
variable-capacity capacitors 53 and 53a through the
resistors 75 and 75a and the .inductors 76 and 76a,
respectively, thus changing the capacitances of the
capacitors 53 and 53a.

Between (1) the input/output terminal 66 and (2) the
parallel resonating circuit made up qf the wvoltage-
controlled variable-capacity capacitor 53 and the
resonator pattern 55, there is a coupled capacitance Cl
created by the input/outpﬁt pattern 57 and the resonator
pattern 55, and in the same manner, between (1) the
input/output terminal 66a and (2) the parallel resonéting
circuit made up of the voltage-controlled variable-
capacity capacitor 53a and the resonator pattern 55a,

there -is a coupled capacitance Cla created by the

input/output pattern S7a and the resonator pattern S5a.

- 13 -
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made up



voltage is reduced to 1/n, where n is the nunber of capacitor stages.
Thus, change in the capacitance of the voltage-controlled

vari abl e-capacity capacitor due to changes in the voltage of the

hi gh-frequency signals can be held to a mninmm Further, the control
voltage necessary will be the sane as that for a single stage, and thus

no speci al

structure is needed for the cgptrol voltage power source,

sinplifying the overall structure. The ot her objects, features,

strengths of FHethef &Iee wedly El) Q'?xe}"i:%ha??eWQSShgeinﬁyciP&Pfﬁdéﬁ ion

bel ow. In addition, the advantages o

e present I nvention w
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53 and the resonator pattern 55 and (2) the parallel
resonating :circuit made up of the voltage-controlled
variable-capacity capacitor 53a and the resonator pattern
55a, there is a coupled capacitance C2 created between
the resonator patters 55 and 55a.

Accordingly, if, for example, 5V is applied by the
integrated circuit 54 to the control voltage terminals 65
and 65a, the passing characteristics of the voltage-
controlled variable-passband filter 51, as shown in
Figure_G, are such that a peak frequency in the vicinity
of 1.9GHz is obtained. Thus, the filter characteristics
necessary in the first stage or between high-frequency
stages of a high-frequency circuit for the PHS system can
be obtained. On the other hand, if the integrated circuit
54 applies OV, the pass characteristics, as shown in
Figure 7, are such that a peak frequency in the vicinity
of.1.44GHz is obtained. Thus, the filter characteristics
necessary in the first stage or between high-frequency
stages of a transmission circuit for the PDC system can
be obtained. Again, if the integrated circuit 54 applies
0.5V, the pass characteristics, as shown in Figure 8, are
such that a peak frequency in the vicinity of 1.49GHz is

obtained. Thus, the filter characteristics necessary in

t hus
and



Figure 1 is an expl oded oblique view show ng the structure of a
vol tage-control | ed vari abl e-passband filter according to the first

enbodi mrent of the present - 14 -

i nventi on. Figure 2 is a vertical cross-sectional view showng the
structure of the voltage-controlled variabl e-passband filter shown in
Figure 1. Figure 3 is an equival entygircuit di agram show ng the

structure of the voltage-controlled variabl e-capacity capacitor and the

mechani sm f or +RRPI 4G AU T Bk DLKGAGE hidh-fREquarly ageagest I | gd
vari abl e- passband

receiving circuit for the PDC system can be obtained.

Figure 9 shows an example of one structure for a
high frequency circuit module wusing the voltage-
controlled. variable-passband filter 51, which, as
discussed above, can be shared by both the PHS and PDC
systems. This high-frequency circuit module 81 is made of
a composite of glass and ceramic materials, and is a
combination of electronic circuit components in which
semiconductor components 83 through 85, such as an MMIC
(Monolithic Microwave Integrated Circuit) and a VCO
(Voltage Control Oscillator), are externaily mounted on
a substrate 82, in which are embedded conductor patterns
and R, L, and C and other circuit components.

The high-frequency circuit module 81.shown in Figure
9 is provided with the circuit patterns of the voltage-
controlled variable-passband filter 51 according to the
present invention embedded within a portion of the
substrate 82, and the integrated circuit 54 mounted on
the substrate 82. The high-frequency circuit module 81 is
used in a high-frequency circuit for a terminal device
which can be shared by both the PHS and PDC systems.

Further, an example of the electrical structure of
a terminal device 91, to which the voltage-controlled

variable-passband filter 51 is adapted, and which is to



filter shown in Figures 1 and 2. Figure 4 is a graph show ng how t he
capaci tance changes in response to the direct-current control voltage in

t he vol tage-control |l ed vari abl e-capacity capacitor. Figure 5 is an
equi valent circuit diagramof the voltage-controlled variabl e-passband
filter shown in Figures 1 and 2. Figure 6 Is a graph

expl ai ni ng how the characteristics the vol tage-control |l ed vari abl e-

passband filter change in response to a direct-current control voltage,

gndgfggﬁnngeiggagﬂsggﬁtgw éﬁ1é charac er|s§¥§§$gkepﬁé vg%tage coﬁ%rgfled
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sent through an amplifier 93 to an analog/ digital
converter 94, where they are converted into digital
signals, which are sent to a processing circuit 95, where
they are modulated into transmission signals. Received
signals, on the other hand, are demodulated by the
processing circuit 95, and then converted into analog
signals by a digital/ analog converter 96, amplified by
an amplifier 97, and turned into sounds by a speaker 98.

An input operating mechanism 100 such as a tenikey
pad, and a display mechanism 101 realized by a liquid
crystal panel or other device,. are connected to the
processing circuit 95 through an interface 99.

The transmission signals from the processing circuit
95, after amplification by an amplifier Al, are sent
through a switch S1 to the voltage-controlled variable-
passband filter 51, and then transmitted from an antenna
102. The received signals received by the antenna 102 are
sent through the voltage-controlled variable-passband
filter 51 and the switch S1 to an amplifier A2, where
they are amplified, and then they are sent to the
processing circuit 95.

The passing characteristicse of the voltage-

controlled variable-passband filtexr 51 are controlled by



transm ssion circuit for the PDC system ' : -
15 - Figure 8 S a graph expl ai ni ng how the .
characteristics of the voltage-controlled variable- passband filter change
in response to a direct-current control voltage, and show ng the _
characteristics for a receiving circuit for the PDC system Figure 9
i's an oblique view showing a high-frequency circuit nmodule incorporating
the voltage-controlled variabl e-passband filter shown in Figures 1 through

8. Fi guEige 1@ itk gl koi-agl 8m ShowngrbBEoRLECT L ClxtetadGiHr e Of
a termnal device shared by both the PHS and
applied switching signals for switching between the PDC
and PHS systems and timing signals defining time slots
for receiving and transmission. Further, the integrated
circuit 54 may also be made to control the switch S1. In
comparison to the terminal device 31 shown in Figure 25,
the number of filters and switches in the terminal device
91 structured as described above is greatly reduced, thus
enabling smaller size and lighter weight.

A high-frequency circuit module 81 incorporating the
voltage-controlled variable-passband filter 51 is
‘manufactured as shown in Figure 11. After forming of the
substrate, mounting of components, and other assembly in
Step Q1l, an inspection of characteristics is performed in
Step Q2. In,Step Q3, a control program conforming to the
result of this inspection is written in the integrated
circuit 54. Next, in Step Q4, another ihspection of
characteristics is performed, and Steps Q3 and Q4 are
repeated until the desired characteristics are obtained.
Finally, the unit is shipped in Step Q5.

Figure 12 is a flow chart describing in detail the
inspection process in Steps Q2 and Q4 above. In Step Ql1,
a direct-current control voltage is applied through the

control voltage terminals 65 and 65a of the high-

frequency circuit module 81. In Step Ql12, the module’s



PDC systens, which incorporates the voltage-controlled variabl e-passband
filter showmn in Figures 1 and 2. Figure 11 is a flow chart
explaining the manufacturing process for the high-frequency circuit
nmodul e shown in Figure 9. Figure 12 is a flow chart explaining in
detail the inspection step of the manufacturing process shown in Figure
11. Figure 13 is a flow chart expl gighing the operations of a .
vol t age-control | ed vari abl e- passband filter. Figure 14 is a vertica

CroSs-sect i Onabpet£N ifI0¥hABact 881 SEIHEL Uf PhaoBoNOb! %g)_e-ERQE r gh'i'x%%t-

vari abl e-passband filter according to the second enbodi ment of the present
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radiation, image interference ratio, and unnecessary
radiation, are measured with regard to PDC
specifications. In Step Q13, it is determined whether the
measured results satisfy the PDC specifications, and if
not, Step Qll is repeated with a different direct-current
control voltage. In this way, Steps Qll1 through Q12 are
repeated until a direct-current control voltage is found
which satisfies the PDC specifications, and when it is
found, it is set for PDC in Step Q14.

Next, in Step Q15, a direct-current control voltage
is again applied, and in Step Q16 operating
characteristics in response thereto are measured. In Step
Q17, it s determined whether the measured results
satisfy the PHS specifications, and if not, Step Q15 is
repeated with a different direct-current control voltage.
Steps Q15 through Q17 are repeated until a direct-current
control voltage is found which - satisfies the PHS
specifications, and then this PHS direct-current control
voltage is set in Step Q18. This is followed by Step Q3
discussed above.

Since adjustment of characteristics is accomplished

by merely writing a program in the integrated circuit 54,

even if excessive adjustment is made, it can be redone.



- 16 - the structure of the voltage-controlled variable-capacity
capacitor and the structure for applying control voltage in the

vol t age-control | ed vari abl e- passband filter showmm in Figure 14.

Figure 16 is an oblique view showing the structure of a _

vol t age-control | ed vari abl e-passband filter according to the third
enbodi ment of the present invention. . 39 - Figure 17 is an expl oded
obl i que view of the voltage-controlled vari abl e-passband filter shown in

Figure 16. AccofdiigBy & HeS R LS I M 8% (KBS 13
with greater precisionland in less time than with the
conventional manufacturing process shown in Figure 29.
The yield can also be improved. Further, since automatic
adjustment is possible, and adjustment may be repeated as
many times as necessary to obtain the desired
characteristics, and, further, since fine tuning
according to the surrounding temperature, etc. may be
actively performed, other necessary characteristics (such
as tolerance) may be tentatively set.

During actual operation of the high-frequency
circuit module 81, as shown in Figure 13, in Step Q21,
the integrated circuit 54 receives the system switching
signals which reflect PDC/PHS switching, and timing
signals which reflect transmission/ receiving switching.
In Step Q22, the integrated circuit 54 reads the direct-
current control voltage level corresponding to those
system switching signals and timing signals, and in Step
Q23, a direct-current control voltage corresponding to
that level is produced in the output circuit of the
integrated circuit 54 and applied to the voltage control
terminals 65 and 65a. Operations then return to Step Q21.

Accordingly, it is sufficient if the integrated
circuit 54 has (1) a memory capable of storing the

direct-current control voltage levels corresponding to



A - A of Figure 16. Figure 19 is an oblique view show ng a high-
frequency circuit nodule incorporating the voltage- controlled

vari abl e- passband filter shown in Figures 16 through 18. Fi gure 20
is a vertical cross-sectional view showing the structure of a

vol tage-control | ed vari abl e-passband filter according to the fourth
enbodi nent of the present invention. - 39 -Figure 21 is an electric
circuit diagramshowi ng an exanple of a resonator using the

vol tage- cont r ghtRdsy¥akinakl@reaRag kY ghalagniOk ititha? JiRFRNAL AindPafgern in
a one-stage structure.
a circuit capablg of receiving and decoding the system
switching and timing signals. Thus the integrated circuit
54 can be realized by a low-level microcomputer, etc.
Next, the second embodiment of the present invention
will be explained with reference to Figures 14 and 15.
Figure 14 is a cross-sectional view showing the
structure of a voltage-controlled variable-passband
filter 111 according to the second embodiment of the
present invention. Members of this voltage-controlled
variable-passband filter 111 similar to and corresponding
with those of the voltage-controlled wvariable-passband
filter 51 will be given the same reference symbols, and
explanation thereof will be omitted. What should be noted
about the voltage-controlled variable-passband filter 111
is that the insulating-layer 62 is provided in a band, on
one surface of which are provided at certain intervals a
plurality (five in the example shown in Figure 14) of
control electrodes 63. On the opéosite surface of the
insulating layer 62 between the end 55B of the resonator
pattern 55 and the end 56A of the ground pattern 56 are
provided a plurality of ground electrodes 112 so as to be
staggered with the control electrodes 63. Each control

electrode 63 is conneéted by a via hole 64 to the control

voltage terminal 65, and each ground electrode 112 is



- 17 - Figure 22 is an electric circuit diagramshowi ng an exanple of
a filter using the voltage-controlled variable-capacity capacitor and a
resonator pattern in a three-stage structure. Figure 23 is an

el ectric circuit diagramshowing a further enbodi ment of the

vol tage-control |l ed variabl e- passband filter shown in Figure 5.

Figure 24 is an oblique view show ng a_ f# {ther enbodinent of the

vol t age-control | ed vari abl e- passband ter shown in Figures 16 through

19. Fi gubandetkd ! chwy a5 PN iﬂ@ww éﬂe Rfildd Cébnagtt pebure of

a conventional attenpt to realize a termnal devicé shared by both the PHS
and PDC SySteEEYer 60 Figure 26 is an electric circuit diagramof a

As a result, the equivalent circuit of this
structure will be as shown in Figure 15. Each of the
control electrodes 63 and each of the ground electrodes
112 also functions as a capacitive electrode, and the
direct-current control voltage 1is applied to the
insulating layer 62 between the control electrodes 63 and
the ground electrodes 112, thus giving the insulating
layer 62 the desired capacitance. The via holes 113, like
the via holes 64, act as resisto;s 114 and inductors 115,
and thus the area between the respective voltage-
controlled wvariable-capacity capacitors is, from the
point of view of direct current, grounded.

Accordingly, the direct-current control voltage is
applied to each of the capacitors 71 and 72, and, whereas
the high-frequency signal from the high-frequency signal
source 73 is applied to the respective capacitors 71 and
72 with an amplitude of 1/10, a direct-current control
voltage similar to that of the voltagé—controlled
variable-passband filter 51 is applied to each insulating
layer 62 of the capacitors 71 and 72, and the desired
change of capacitance can be obtained.

Accordingly, stable filter characteristics can be

maintained by a low voltage, even in the case of a high-



typi cal conventional voltage-controlled variabl e-passband filter using

vari abl e-capacity di odes. Figure 27 is an electric circuit diagram of
a resonator circuit using variable-capacity diodes, which is a further
exanpl e of conventional art. Figure 28 is a cross-sectional view

schematically showing the structure of a voltage-controlled vari abl e-
capacity capacitor, which is yet a furthgy exanple of conventional art.
Figure 29 is a flow chart explaining the mnufacturing process of a

high-frequenc*fgdﬁgﬂéynggghgl with high power, making this filBer
especially effective for use in the transmission circuit
of a PDC unit.

Next, the third embodiment of the present invention
wil; be explained with reference to Figures 16 through
19.

Figure 16 is an oblique view showing the structure
of a voltage-controlled variable-passband filter 121
according to the third embodiment of the present
invention, Figure 17 is an exploded oblique view of the
same filter 121, and Figure 18 is a cross-sectional Yiew
taken along line A - A of the same filter 121. Members of
this voltage-con;rolled variable-passband filter 121
similar to and corresponding with those of the wvoltage-
controlled variable-passband filter 51 will be given the
same reference symbols, and explanation thereof will be
omitted. What should be noted about the voltage-
controlled variable-passband filter 121 is that an
insulating layer 123, on which are provided voltage-
controlled variable-capacity capacitors 122 and 122a, is
provided on the uppermost surface of substrate 52. The
following explanation will treat the voltage-controlled
variable-capacity capacitor 122, with corresponding
members of the voltage-controlled variable-capacity

»

capacitor 122a given the same reference numerals with the



whi ch includes the voltage-controlled variabl e-passband filter shown in
Figure 26 and the voltage-controlled variable-capacity capacitor shown in
Fi gure 28. Figures 30(a) and 30(b) are a cross-sectional view and
equivalent «circuit diagram respectively, explaining the operations of
the voltage-controlled variable-capacity capacitor shown in Figure 28.
DESCRI PTI ON OF THE EMBODI MENTS The 3»ldowing is an explanation of the
first enbodinent of the present invention, in reference to Figures 1
through 13. additiedreflthe ascexpl @ded oblique view of a voltage-

controll ed vari abl e-passband filter 51 according to the

first enbodi ment

an

of the present invenki eAd F88 oPlthRIgescraRbrobhedeyar 58bi - aaasbarslfil ter
51 is arranged so

by a via hole 123* to a second electrode 125 provided on
the insulating layer 61, which is the uppermost layer of
the substrate 52, and a third electrode 126 provided
adjacent to the second electrode 125 is connected by a
via hole 127 to the ground conductive layer 59. Between
these electrodes 125 and 126 is provided an insulating
layer 123 in the form of a thin film of a material
similar to that of the insulating layer 62. On the
surface of the insulating layer 123 opposite the surface
where the eleétrodes 125 and 126 are provided is provided
a control electrode 128, which is the first electrode.
The control electrode 128 is connected by-a bias circuit
129 to the integrated circuit 54.

The insulating layer 123 is made of, for example,
Ba, ,Sr, ;Ti0; of approximately 0.1lum thickness, thus
enabling a change in dielectric constant of approximately
60% by applicatioﬁ of 5V of control voltage. The control
electrode 128 and the bias circuit 129 may be formed by
thick-film printing or photolithography.

The voltage-controlled variable-capacity capacitor
122 structured as described above is a capacitor with a

three-electrode structure, in which, in the same manner

as shown in Figure 3, a first capacitor 71 and a second



that, within a substrate 52 nade of ceramc material chiefly conposed of
titani um oxide, bariumoxide, or a simlar material are provided filter
circuit patterns and voltage-controlled variabl e-capacity capacitors 53
and 53a according to the present invention (which will be described

bel ow), and so that an integrated circuit 54 for controlling the

vol tage-control | ed vari abl e-capacity capacitors 53 and 53a is nounted on
the substrate 52. The voltage-controlled variabl e-capacity capacitor 53a

i's capacitor 72 are connectléd- inSt&epidsed oHe t Bgpsafeianner

as the voltage-controlled variable-capacity capacitor 53, and

accordingly ffRctrode of the first capacitor 71 is the conductive
area 128(2) shown in Figure 18, where the insulating
layer 123 falls between the second electrode 125 and the
control electrode 128 (acting as the first electrode),
and the capacitive electrode of the second capacitor 72
is the conductive area 128(1) shown in Figure 18, where
the insulating layer 123 falls Dbetween the third
electrode 126 and the control electrode 128.

One terminal of the capacitor 71 is connected to a
high-frequency signal source 73 (corresponding to the
open-end electrode of the resonator pattern 55, which is
a resonator conductor), and one terminal of the capacitor
72 is connected to a ground (corresponding to the ground
conductive,layer 59). The respective other terminals of
the capacitors 71 and 72, being the control electrode
128, are connected to each other, and the direct-current
control voltage from the . control wvoltage source 74
(corresponding to the integrated circuit 54) is applied
to these mutually-connected terminals of capacitors 71
and 72 through the resistor 75 and the inductor 76 (which
correspond to the bias circuit 129).

Figure 19 shows an example of one structure for a

high frequency circuit module wusing the voltage-

controlled variable-passband filter 121. This high-



following explanation wll treat the structure and nenbers of the
vol tage-control | ed vari abl e-capacity capacitor 53, with correspondi ng
menbers of the voltage- controlled variabl e-capacity capacitor 53a given
the sanme reference nunerals with the addition of the letter a. The
vol tage-control |l ed vari abl e-passband filter 51 is a filter wwth strip line
structure, in which patterns 55, 56, andgsbZ, nmade of flat conductor, are
enbedded w thin the substrate 52, and ground conductive |layers 59 and 60,

whi ch funct i one ASqedié) I mb@UUUCt D55, LA OYbdasimomboth Stkd agagrofl the
substrate 52. The integrated circuit 54 is nounted on the ground

conductive | aygge ench{waélée@laraltse% déé’rBft a 6 Iggisa&%fd 61

made of ceramc ter I gure IS an en rge ver

cross-sectionale YhEW nlteribhg, A 1AICACUWURMN Af%on VBE' lBrGRPAT 1Y

circuit components in which semiconductor components 83

through 85, such as an MMIC (Monolithic Microwave

Integrated Circuit) and a VCO (Voltage Control

Oscillator), are externally mounted on a subétrate 82, in
which are embedded conductor patterns and R, L, and C and
other circuit components. In the high-frequency circuit

module 131 shown in Figure 19, the circuit patterns of

the voltage-controlled variable-passband filter 121 are
embedded inside part of the substrate 82, and the
integrated circuit 54 and the insulating layer 123 and
other external members are mounted on the substrate 82.

The high-frequency circuit module 131 is used as a high-

frequency circuit for a terminal device shared by the PDC
and PHS systems.

By providing the insulating layer 123 (on which the
voltage-controlled variable-capacity capacitors 122 and
122a are provided) on the uppermost surface of the
subsﬁrate 52, the film thickness caﬁ be controlled more
easily than when an insulating layer is embedded within
the ceramic substrate 52, which is formed by pressing at
high temperature and pressure. There is also less danger

of damage to the insulating layer, thus increasing



capacitor 53. A resonator pattern 55 functions as a resonator conductor,
and forns a pair with a resonator pattern 55a. One end 55A of the
resonator pattern 55 is connected to the ground conductive |ayers 59 and
60 by via holes 67 and 68, respectively, and acts as a short- «circuit

end, with the other end 55B of the resonator pattern 55 serving as an open

end. A ground pattern 56 is - 20 -
connected to the ground conductlve Iayers 59 and 60 by via holes 69 and
70, respecti Vféma&rﬂ %dﬁﬁ_/h%fn,t '?ﬁ' mdkqad tpat &%ma@m@ REQ¥ded so
as to be adjacent to t 55B of 'thé resonator pattern 5

123 a thin fllm, the output voltage of the integrated
circuit 54 can be kept low, and power consumption can be
reduced.

Next, the fourth embodiment of the present invention
will be discussed with reference to Figure 20.

Figure 20 is a longitudinal cross-sectional view
showing the structure of a voltage-controlled variable-
passband filter 141 according to the fourth embodiment of
the present invention. Members of this voltage-controlled
variable-passband filter 141 similar to and corresponding
with those of the voltage-controlled variable-passband
filters 111 and 121 will be given the same reference
symbols, and explanation thereof will be omitted. In the
voltage-controlled variable-passband filter 141, the
-insulating layer 123 is provided on the uppermost layer
of the substrate 52 in a band, like the insulating layer
62 in the second embodiment. On one surface of the
insulating layer 123 are provided at certain intervals a
pluralityl(five in the example shown in Figure 20) of
control electrodes 128. On the opposite surface of the
insulating 1ayef 123 between the second electrode 125 and
the third electrode 126 are provided a plurality of
ground electrodes 142, so as to be staggered with the

control electrodes 128. Each control electrode 128 1is



The end 55B of the resonator pattern 55 and the end 56A of the ground
pattern 56 are provided on the insulating |ayer 62. The insul ating |ayer

62 i s nade of

a ceramic material selected fromthe group consisting of

BaTiJerr], SrTierr], Ba[err]Sr[err]Ti(Jerr], PbLaTierr],

Bi[err]Ti[err]

Jgerr], PZT, and PbTigerr]. On the surface of the

insulating layer 62 opposite that where 4-5e patterns 55 and 56 are
provided is provided a control electrode 63. The control el ectrode 63

connected to t

ich is provided on the 1nsulating ayer 61.

i's
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By means of the foregoing structure, the voltage-
controlled variable-passband filter 141 will have the
equivalent circuit shown in Figure 15.

In the voltage-controlled variable-passband filters
111 and 141, the desired filter characteristics can be
obtained at a low voltage, because the capacitors 71 and
72 1in each stage are structured so as to have
approximately the same capacitance. Further, high-
frequency circuit modules incorporating the woltage-
controlled variable-passband filters 51, 111, 121, or 141
can be used to structure, not only terminal devices
shared by the PDC and PHS systems, but also transmission
devices shared by the DECT (Digital European Cordless
Telephone) and GSM (Global System for Mobile
Communication) systems, or transmission devices shared
among the PDC, PHS and satellite transmission systems
(i.e., which can be adapted to three or more transmission
systems) .

Agéin,-instead of connecting the voltage-controlled
variable-capacity capacitors 53 and 122 in a multi-stage
structure, a resonating circuit made up of the voltage-

controlled variable-capacity capacitor 53 or 122 and the



control electrode 63 and the patterns 55 and 56. The thickness of the

i nsulating |layer 62 is determned on the basis of the control voltage
which the integrated circuit 54 is able to apply, the desired anount of
change in the dielectric constant, and the width of the patterns 55 and

- 21 - 56 and the control electrode 63, and will be, for exanple,
approximately O 1l[err]mto 10[err]m - 3glhe resonator pattern 55 is
provided so that its Ilength fromthe short-circuit end 55A to the open end

55B is [err]/Aesdhi [tderrs Stshﬁa?'aﬂ@é*@ﬁ&@t@fe hen hd HiridRaeeRGE,

signal to be handled. An input/outpul termnal 66 is
as shown in Figure 21, and used, for example, as a
voltage-controlled oscillator circuit (vco) .
Alternatively, as shown in Figure 22, this resonating
circuit may be used in a structure of three or more
stages, thus improving the filter’s attenuation
characteristics.

The coupling capacitances Cl, C2, and Cla shown in
Figure 5 may be replaced, as shown in Figure 23, with
voltage-controlled variable-capacity capacitors Cl11, Ci12,
and Clla, the capacitances of which are controlled by the
direct-current control voltage from the control voltage
terminals 65b and 65c. In this way, thefe is greater
freedom to <change the profile of the passing
characteristics, for example by shifting the attenuation
pole shown at 1.66 GHz in Figures 6 through 8, thus
making it easier to realize the desired passing
characteristics profile.

As another alternative, the integrated circuit 54
may be separated from the filter, as shown in the
voltage-controlled variable-passband filter 151 in Figure
24. This structure is a chip-type voltage-controlled
variable-passband filter, in which a contrel voltage from

the integrated circuit 54 is sent to control wvoltage

terminals 152 and 152a, and which is composed of a filter



provi ded on the insulating |ayer 61, and is connected to

capacitor 53 is a capacitor with a three-el ectrode structure,

capacitive el ectrode of the I rst capacitor I's the

an i nput/ out put
pattern 57 by a via hole 58. Figure 3 is an equivalent circuit

di agram showi ng, of the voltage-controlled vari abl e-passband filter 51
structured as above, the structure of the voltage- controlled
vari abl e-capacity capacitor 53 and the portion of the circuit for applying
the control voltage thereto. The voltagggcontrolled variable-capacity

in which a

conducti've area

first Capacite&r&iend%%sesﬂ?d G@P@&%é%oﬂer%fedc Ci6te | BasktiGy. The

63(2 h ' ' 2, ' ti . I th
ond 558 of 1t nEPRSANRrs:  phtt er Ahs (Rt ng 401 toronrodi il g

eson ern |'ng as a secon

e

ectro

and t he
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el ectrode of

high-frequency circuit modules.

As discussed above, the first voltage-controlled

variable-passband filter of the present invention is

structured as a three-electrode capacitor, being provided

with an insulating layer, made of dielectric material the

dielectric constant of which changes according to the

strength of an electric field applied thereto, integrally

provided within the substrate; the first electrode for

applying a control voltage being provided on one surface

of the insulating layer, and the second and third

electrodes being provided on the opposite surface of the

insulating layer, so that the capacitor is in two-stage

series connection.

As a result, a uniform electric field is applied to

the entire part of the insulating layer lying between the

first electrode on the one hand and the second and third

electrodes on the other, thereby enabling a relatively

great change in capacitance by means of a relatively

small change in control wvoltage. With this structure,

external attachment of wvariable-capacity capacitors is

unnecessaf&, thus enabling smaller size, lighter weight,

and streamlining of the assembly process.



second capacitor 72 is the conductive area 63 (1) shown in Figure 2, where
the insulating |layer 62 falls between the end 56A of the ground pattern 56

(acting as a third - 22 - electrode) and
the control electrode 63. One term nal of the capacitor 71 is
connected to a high-frequency signal source 73 (corresponding to the
open-end el ectrode of the resonator patfgrn 55, which is a resonator
conductor), and one term nal of the capacitor 72 is connected to a ground

(For esPOT 10, 0 SV sl e b BB LN A et L
is performed by an exclusive control voltage applying
means, it is possible to switch from one adjusting method
to another, i.e., when adjusting so that the resonating
frequency becomes higher, it is possible to readjust so
that the resonating frequency becomes lower. Thus, in
comparison with adjustment by means of trimming,
inadequate adjustment can be eliminated, thus increasing
the yield, and the adjustment is also made easier.

As discussed above, the second voltage-controlled
variable-passband filter of the present invention Pas
first electrodes in a multi-stage parallel structure,
with second and third electrodes provided opposite the
first- and last-stage first electrodes, and a multi-stage
arrangement: of ground electrodes provided opposite the
first electrodes so as to be staggered therewith, with
control voltage being applied Dbetween the first
electrodes and the ground electrodes.

As a result, between the terminals of the capacitor
is a multi-stage arrangement of capacitors in series
connection, but the control voltage required is the same
as for a single stage. Thus, although a high withstand
voltage 1is required for the high power from the
transmission circuits, the control voltage is still

within a practical range. Accordingly, no special



direct-current control voltage froma control voltage source 74
(corresponding to the integrated circuit 54) is applied to the .

mut ual | y-connected term nals of capacitors 71 and 72 through a resistor 75
and an inductor 76 (which correspond to the via holes 64 and 64a).

By providing the insulating |ayer 62 and the control electrode 63 and the
patterns 55 and 56, the two capacijprs 71 and 72 are given
substantially the same capacitances and other electrical characteristics,

and as a resgtiyueanpei tiANCReE@BsRBy CIFHRCE {_'[Hglncf%géﬁéfl J"Sitgéger%%p& si ngl e

control voltage. If these two capaC|tors 7 are cons

capacitor, thgg,ras, shgwg% Qﬁ}rec Sf 4ind h ngggggﬁhban e Eﬁ% %&%ﬂfed

(ML- >M2) by |ncrea3|ng the curre con age
Accordi ngly, EEH%¥alent circuit for the voltage- controlled
vari abl e- pass ang ér 51 having, as shown

As discussed above, the third voltage-controlled
variable-passband filter of the present invention is
structured so that the control voltage is applied to the
first electrode through a series circuit of a resistor
and an inductor.

With the above structure, the higher the frequency
of a signal, the higher the impedance of the inductors,
and thus the lines for applying the control voltage will
not influence the high-frequency signal handled by the
voltage-controlled variable-capacity capacitors. The
desired electric field can also be applied to the
insulating layer of dielectric material by applying the
direct-current control voltage to the voltage-controlled
variable-capacity capacitors through the series circuit.

Therefore, the inductors will have high impedance
for the high-frequency signal, thus preventing changes in
the electric field of the insulating layer due to changes
in the high-frequency signal, and enabling stable
~operations.

As discussed above, the fourth voltage-controlled
variable-passband filter of the present invention is

structured so that the insulating layer is made of



in Figure 1, a pair of resonator patterns 55 and 55a and :
- 23 - a pair of voltage-controlled variable-capacity capacitors 53 and
53a is as shown in Figure 5. In other words, it is a two-stage
parallel resonating circuit nade up of the voltage-controlled

vari abl e-capacity capacitors 53 and 53a, and the resonator patterns
55 and 55a. Each of the resonator pattergss 55 and 55a is a

guarter-wavel ength resonator, and each functions as an inductor and a

capaci tor. Th?cefﬁrﬁ:?&tmseéfﬁﬂi canyr Q!hé’%&fﬂ&gé@&h&?@lﬁeat Malrivghiage
terminals 65 and 65a is applied to the vol t age- contr ol

capacity capacitors, as well as the remainder of the
filter circuit, is integrally provided within the
substrate, which is also made of ceramic material, and
the control voltage applying means is realized by an
.integrated circuit which is mounted oﬁ the substrate so
as to be integral with it.

In the above structure, those parts of the filter
circuit which do not require adjustment are embedded
within the multi-layer ceramic substrate, and the control
voltage applying means for controlling the control
voltage is realized by an integrated circuit, which is
mounted on the substrate.

Accordingly, there are fewer components to be
mounted, thus enabling smaller size and lighter weight,
and the desired filter characteristics can easily be
obtained by adjusting the characteristics of the
integrated circuit in accordance with the characteristics
of the completed filter circuit embedded within the
substrate.

As discussed above, the fifth voltage-controlled
variable-passband filter of the present invention is
structured so that the integrated circuit is capaﬁle of
storing software for switching control of the control

voltage.



vari abl e-capacity capacitors 53 and 53a through the resistors 75 and 75a
and the inductors 76 and 76a, respectively, thus changi ng the capacitances
of the capacitors 53 and 53a. Bet ween (1) the input/output term nal
66 and (2) the parallel resonating circuit nmade up of the voltage-
controll ed variabl e-capacity capacitor 53 and the resonator pattern 55,
there is a coupled capacitance Cl createga,by the input/output pattern 57
and the resonator pattern 55, and in the same nanner, between (1) the

I nput/ out put term ngksH6a a 2) ar al atin I T Cliuls 4 e up
of the voltage-contﬁi}fgd v§$$éblegggggpaci%€i%%€§§€tor gg§£andukﬁég%e

o e Bl LS her OUBLETEATRY SR S0 Ul
of the integrated c¢ircuit in accordance with the
characteristics of the filter circuit integrally provided
within the substrate. Automatic adjustment of the
characteristics 1is possible, and adjustment mwmay be
repeated as many times as necessary to obtain the desired
characteristics. Further, fine tuning according to the
surrounding temperature, etc. may be actively performed.
Accordingly, other necessary characteristics (such as
tolerance) may be tentatively set. .

As discussed above, the sixth voltage-controlled
variable-passband filter of the present invention is
structured so that the insulating layer is made of a
dielectric thin-£film material, and the voltage-controlled
variable-capacity capacitors are provided on the upper
surface of the ceramic substrate within which the
remainder of the filter circuit is integrally provided,
and the control voltage applying means is realized by an
integrated éircuit, which i1is also mounted on the
substrate so as to be integral therewith.

In the above structure, those parts of the filter
circuit which do not require adjustment are embedded

within the multi-layer ceramic substrate, and the control

voltage applying means for controlling the control



- 24 - Further, between (1) the parallel resonating circuit made up of
the voltage-controll ed vari abl e-capacity capacitor 53 and the resonator
pattern 55 and (2) the parallel resonating circuit made up of the

vol tage-control l ed variabl e-capacity capacitor 53a and the resonator
pattern 55a, there is a coupled capacitance C2 created between the
resonator patters 55 and 55a. Accgrdingly, if, for exanple, 5Vis
applied by the integrated circuit 54 to the control voltage term nals 65

o0, S, e ERSH, FUTLRRLOEERL kS O HenPlLage BRI UG 1o
frequency in $$Eh€g&igﬁtéhe substrate.

Accordingly, there are fewer components to be
mounted, thus enabling smaller size and lighter weight,
and the desired filter characteristics can easily be
obtained by adjustiﬁg the characteristics of the
integrated circuit in accordance with the characteristics
of the completed filter circuit embedded within the
substrate. In addition, since the insulating layer is
provided as a thin film, the output voltage of the
integrated circuit can be kept low, enabling reduction of
power consumption. Further, the £ilm thickness oflthe
insulating layer can be controlled more easily than when
an insulating layer is embedded within the ceramic
substrate, = which is formed by pressing at high
temperature and pressure. There is also less danger of
damage to the insulating layer, thus increasing
reliability.

As discussed above, the seventh voltage-controlled
variable-passband filter of the present invention is
structured so that the integrated circuit is capable of
storing software for switching control of the control
voltage.

With the above structure, the desired

characteristics can be obtained by rewriting the software



of 1.9GHz i s obt

ained. Thus, the filter characteristics necessary in the

first stage or between hi gh-frequency stages of a high-frequency circuit

for the PHS syst
circuit 54 appl
are such that a
Thus, the filter
hi gh-frequency

obt ai ned. Agabf,
characteristics,

em can be obtained. On the other hand, if the integrated

ies OV, the pass characteristics, as shown in Figure 7,
peak frequency in the vicinity of 1.44GHz is obtai ned.

characteristics necessggy.in the first stage or between

stages of a transm ssion circuit for the PDC system can

ithet hg nrRiedaled Gidqiid E¥h5ﬂ¥%.5¥ﬁaﬁhéﬂﬂw#@ﬁ Pére
at requency I n

as shown in Figure 8, are such't a peak
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necessary in

within the substrate. Automatic adjustment of

characteristics is possible, and adjustment may be

repeated as many times as necessary to obtain the desired
characteristics. Further, fine tuning according to the
surrounding temperature, etc. may be actively performed.
Accordingly, other necessary characteristics (such as
tolerance) may be tentatively set.

As discussed above, the first high-frequency circuit
module of the present invention is used with a multi-
layer high-frequency circuit substrate, in which the
components of the fourth or fifth voltage-controlled
variable-passband filter above are provided in a multi-
layer substrate partially or entirely, except for the
integrated circuit, which is mounted on the substrate.

With the above structure, the high-frequency circuit
module ié arranged so as to use a high-frequency
substrate in which the components other than the
integrated circuit of the fourth or fifth voltage-
controlled variable-passband filter are provided
partially or entirely in a multi-layer substrate. With
this arrangement, the integrated circuit and the other

components which are necessary for a high-frequency

circuit and which are to be externally mounted, such as

be



- 25 - the first stage or between high-frequency stages of a receiving
circuit for the PDC system can be obtai ned. Figure 9 shows an exanpl e
of one structure for a high frequency circuit nodule using the voltage-
controlled variable-passband filter 51, which, as discussed above,
can be shared by both the PHS and PDC systens. This high-frequency circuit
modul e 81 is nmade of a conposite of glagg and ceramc materials, and is a
conbi nati on of electronic circuit conponents in which sem conductor

conponent s 83athﬁ@yﬂ§%§5coﬁﬂfbla$o§5hf@ﬂéiné“myﬁyddﬁy c HBPVQ ﬁyégéfgrated

Crcuit) and a VCO (Voltage Control Gscillator), are external unted on

a substrate 83gciniwkbeh Qﬁﬁaeﬂgﬁﬂgéé Qﬂpdﬂﬁé051aﬂlk§%aﬁenéﬂg Erdui@nd C

and other circuit components.
substrate. The high-frequency circuit module is prepared

in this manner.

Accordingly, less space is taken up on the surface
of the high-frequency circuit module by éxternally—
mounted components for the voltage-controlled variable-
passband filter, and the module can be made smaller.

As discussed above, the second high-frequency
circuit module of the present invention is used with a
multi-layer high-frequency circuit substrate, in which
the components of the sixth or seventh voltage-controlled
variable-passband filter above are provided in a multi-
layer substrate partially or entirely, except for the
integrated circuit, which is mounted on the substrate.

With the above structure, the high-frequency circuit
module is arranged so as to use a high-frequency
substrate in which the components other than the
integrated circuit of the sixth or seventh voltage-
controlled variable-passband filter are provided
partially or entirely in a multi-layer substrate. With
this arrangement, the integrated circuit and the other
components which are necessary for a high-frequency

circuit and which are to be externally mounted, such as

a voltage-control oscillating circuit and a crystal



The hi gh-frequency circuit nodule 81 shown in Figure 9 is provided wth
the circuit patterns of the voltage- controlled variable-passband filter
51 according to the present invention enbedded within a portion of the
substrate 82, and the integrated circuit 54 nounted on the substrate 82.
The high-frequency circuit nodule 81 is wused in a high-frequency circuit
for a termnal device which can be shareg.,by both the PHS and PDC systems.
Further, an exanple of the electrical structure of a term nal device 91,

to which the veLEageaeay! " UiddnolifbbaP! s PAREP I, IdBuetiby ScPFaRIE
and which is to
substrate. The high-frequency circuit module is prepared
in this manner.

Accordingly, less space is taken up on the surface
of the high-frequency circuit module by externally-
mounted components for the voltage-controlled variable-
passband filter, and the module can be made smaller.

The concrete embodiments and examples of
impleﬁentation discussed in the foregoing detailed
explanations of the present invention serve solely to
illustrate the technical details of the’ present
invention, which should not be narrowly interpreted
within the limits of such concrete examples, but rather
may be applied in many variations without departing from
the spirit of the present invention and the scope of the

patent claims set forth below.



be shared by both the PHS and PDC systems, is shown in Figure 10. Audio
signal s picked up by a microphone 92 are sent through an anplifier 93 to
an anal og/ digital converter 94, where they are converted into digital
signals, which are sent to a processing circuit 95 where they are

modul ated into transmission signals. Received signals,—on the aother hand,
are denodul ated by the processing circuit, 95, and then converted into

analog signals by a digital/ analog converter 96, am”"'meml , u
o o' 7 cod e goind? by"a speaier o5 INNINAARLIN
realized by a liquid crystal panel or other device, are connected to the

processing circuit 95 through an interface 99. The transm ssion

' ' ' ' fter .anplification by an
S'Q“QLS fromt e pr Cesééfggééfégﬂérof¥%déitéériéﬂie-pass and yfilter
anplifier A, afe sént

comprising:

a voltage-controlled variable-capacity capacitor and
a control voltage applying means_for épplying a control
voltage;

said voltage-controlled variable-capacity capacitor
including:

an insulating layer having a first surface and a
second surface, said’ insulating layer being made qﬁ a
dielectric material the dielectric constant of which
changes according to an electric field applied thereto;

a first electrode{ provided on said first surface,
to which the control voltage for producing the electric
field is applied; and

second and third electrodes, provided adjacent to
and parallel Qith one another on said second surface, to

which are applied high-frequency signals.

2. The voltage-controlled variable-passband filter
according to claim 1, wherein:

said insulating layer and said first through third
electrodes are provided such that a first capacitor

provided between said second and first electrodes and a



through a switch S1 to the voltage-controlled varlabLﬁ‘“‘Egiiggﬂg+;ilifi
51, and then transmtted froman antenna 102. The rlecei ve

recei ved by the antenna 102 are sent through the vollﬂlml

vari abl e- passband filter 51 and the switch S1 to an Imm@,. Hre
they are anplified, and then they are sent to the proCesS|ng

The passing characteristics of the. ygltage- controlled
vari abl e- passband filter 51 are controlled by

- 27-  the i nisegionide tadSitidr Eﬂrdﬁdé'épﬁaéﬁeéﬁ ohiey et ARR! ERYra

switching signals for switching between t
electrodes have substantially the same capacitance and

electrical characteristics.

3. The voltage-controlled variable-passband filter
according to claim 2, wherein:
said second electrode is a quarter-wavelength

resonator, and said third electrode is grounded.

4. The voltage-controlled variable-passband filter
according to claim 1, wherein:
the control wvoltage is applied to said first

electrode through a series connection of a resistor and

an inductor.

5. The voltage-controlled variable-passband filter
according to claim 1, wherein:

said insulating layer is made of a ceramic material,
and said voltage-controlled variable-capacity capacitor,
along with the remainder of the filter circuit, is
integrally provided within a substrate made of a ceramic
material; and

said control voltage applying means is an integrated

circuit mounted on said substrate so as to be integral

therewith.



and PHS systens and timng signals defining tine slots for receiving and
transm ssion. Further, the integrated circuit 54 may—also be nmade to
control the switch S1. In conparison to the term nal device 31 shown |n
Figure 25, the nunber of filters and switches in tﬂﬂ!ﬂmlmu""'ummﬂr
structured as descri bed above is greatly reduced, | er
size and lighter weight. A hi gh-freggency ciricuit foddl e"81° *

i ncorporating the voltage-controlled variable-passband filter 51 is

manuf actured gs shepya I%E'tqg@ec&atréfltréa foah%ﬂ:_f dsbariPst £ 81 €er
nmounting of conponents, and Other assenbly in ep , an inspection of

CharaCter'St'ﬁéﬁg§d9ﬁéfP a?ﬁISStﬁﬂegg InStep @B, a control program

conformng to t S |nspec Ion is witten in the integrated

circuit 54. Next, sgléBeEné%aQQ%heEﬂQﬁEECtiQ” 8lpafiar aGEeT L8btERg'" S

perfornmed, and Steps

software for switching control of the control wvoltage.

7. The voltage-controlled variable-passband filter
according to claim 1, wherein:

said insulating layer is made of a dielectric thin-
film material, and said voltage-controlled variable-
capacity capacitor is integrally provided on an upper
layer of a substrate made of a ceramic material within
which is provided the remainder of the filter circuit;
and

said control voltage applying means is an integrated

circuit mounted on said substrate so as to be integral

therewith.

8. The voltage-controlled variable-passband filter

according to claim 7, wherein:
said integrated circuit is capable of storing

software for switching control of the control voltage.

9. The voltage-controlled variable-passband filter
according to claim 1, wherein:

said insulating layer is made of a ceramic material



repeated until the desired characteristics are obtained. Finally, the unit

is shipped in Step 5. Figure 12 is a flow chart_describing in detail

the inspection process in Steps Q2 and 4 above. In Step QL1, a

direct-current control voltage is applied through the, Hm"”gm H
termnals 65 and 65a of the high- frequency circuit no lm mﬁm
Ql2, the nodule's - 28 * DOpérating *

- 51 -
characteristics in response to that direct- current control voltage, such

as sensitivitye)aReelOUsror adhat ir%%suL};r gggﬁsemgﬁhgergflcga&@bif '(c))’ 3%3%83'

unnecessary radi ati on, ar e regar
Ba,Sr,.,Ti0,, PbLaTiO,, Bi,Ti,0,,, PZT, and PbTioO,.

10. A voltage-controlled variable-passband filter
comprising:

a voltage-controlled variable-capacity capacitor and
a control voltage applying means for applying a control
voltage;

said voltage-controlled variable-capacity capacitor
including:

an insulating layer having a first surface and a
second surface, said insulating layer being made of a
dielectric material the dielectric constant of which
changes according to an electric field applied thereto;

a plurality of first electrodes, provided on said
first surface at a certain interval, to which the control
voltage for producing the electric field is applied;

second and third electrodes, provided on said second
surface, to which are applied high-frequency signals; and

a plurality of ground electrodes, provided between
said second and third electrodes §pposite said plurality
.of first electrodes,'so as to be staggered with said

plurality of first electrodes.



specifications. In Step QL3, it is determ ned whether the neasured results
satisfy the PDC specifications, and if not, Step QLl is repeated wih a
different direct-current control voltage. In thIS, "w“ﬂmgh

QL2 are repeated until a direct-current control voIt

satisfies the PDC specifications, and when it is found, qtl4snset for P
in Step Q4. Next, in Step QL5, a gbrect current control vol t age
again appl i ed, and in Step QL6 operating characteristics in

response t heret,o a 7 ) t he
measur ed resul tl sa |sfa‘§éh[t§a%$lﬁ%n§o€c@i]f %at‘(%%\]ééﬁlggéﬁgiﬁ%?? \gf@g%E%SfS S
r epeat ed vmtt1a%é%'f ere t disrect-current control voltage. Steps QL5 '

t hrough Q17 are rébe uﬁ}qlm B ir S EH Y ent  control voltage is

found which satisfies the .PHS %peC|f|cat|on nd then tgls
di rect-current cont control  Voltage ' 1is applied

flrst
electrodes through a series connection of a resistor and

an inductor.

12. The voltage-controlled variable-passband filter
according to claim 10, wherein:

said insulating layer is made of a ceramic material,
and said voltage-controlled variable-capacity capacitor,
along with the remainder of the filter circuit, is

integrally provided within a substrate made of a ceramic
material; and

said coﬁtrol voltage applying means is an integrated
circuit mounted on said substrate so as to be integral .

therewith.

13. The voltage-controlled variable-passband filter

according to claim 12, wherein:
said integrated circuit is capable of storing

software for switching control of the control voltage.

14. The voltage-controlled variable-passband filter
according to claim 10, wherein:

said insulating layer is made of a dielectrxic thin-



voltage is set in Step QL8. This is followed by Step. di scussed above.
Si nce adjustnent of characteristics is acconplished fﬁgﬁﬁgraTV"Wr?r%ﬁg~a
programin the integrated circuit 54, even if excessvuluﬂﬂ' | S

made, it can be redone. ; uglnﬂmlm"l _
Accordingly, the desired characteristics can be obtainéd ‘wthuxg .

precision and in less tine than\Mtr1tjm%3qpnventional manuf act uri ng
process shown in Figure 29. The yield cdan also be inproved. Further, since

UOTELC O S ST R0 PR o P d R e
capacity capacitor is integrally provided on an upper
layer of the substrate made of a ceramic material wherein
is provided the remainder of the filter circuit; and

said control voltage applying means is an integrated

circuit mounted on said substrate so as to be integral

therewith.

15. The voltage-controlled variable-passband filter
according to claim 14, wherein:
said integrated circuit is capable of storing

software for switching control of the control voltage.

16. The voltage-controlled variable-passband filter
according to claim 10, wherein:

said insulating layer is made of a ceramic material
selected from the group consisting of BaTiO,, SrTiO,,

Ba,Sr,,Ti0O,, PbLaTiO,, Bi,Ti,0,,, PZT, and PbTioO,.

17. A high-frequency circuit module for use with a
multi-layer high-frequency circuit substrate, in which
components other than said integrated circuit of the
voltage-controlled variable-passband filter set forth in
claim 5 are provided in a multi-layer substrate partially

or entirely.



characteristics, and, further, since fine tuning according to the
surroundi ng tenperature, etc. may be actively perforned, other necessary

characteristics (such as tolerance) may be tentatively—-set: Buring
actual operation of the high-frequency <circuit nodule 81, a kN
Figure 13, in Step @1, the integrated circuit 54ritwmﬂu“iuﬁnﬁygu!m
switching signals which reflect PDC/ PHS sw tching,! | - | s
whi ch reflect transnission/ receiving switching. I'n Step @2, the

integrated cirgyit p4,r.eads t i rects_  _current ntrol  voltage, l.evel
correspondi ng if:% t héosgl%gygtrggﬁ%g%cych‘lt:ﬁﬁcgf‘gnawosd@ﬁed tfl%rﬁ n}jsgi g'ﬁ‘a‘ffé %nd in
Step @3, a direct-gcurrent,control voltage correspgnding to .that .| eve
pr oduced intrﬂyfk&' Y%ﬁr%ﬁ?ﬁ'%?egﬁﬁncYngﬂgF%ﬁ&j%#h%kﬁ%k%ﬂ &Rd ¥ ed to
' . ' turn to Ste
gi_ voltage Cogéurl}gcl:nergtesr mortl_%le% 6t a?r? dsg?. j%)t?ergxt'al.geng th?:%uri?c uof the P
voltage-controlled variable-passband filter set forth in

claim 7 are provided in a multi-layer substrate partially

or entirely.

19. A high-frequency circuit module for use .with a
multi-layer high-frequency circuit substrate, in which
components other than said integrated circuit of the
voltage-controlled variable-passband filter set forth in
claim 12 are provided in a multi-layer substrate

partially or entirely.

20. A high-frequency circuit module for use with a
multi-layer high-frequency circuit substrate, in which
components other than said integrated circuit of the
voltage-controlled variable-passband filter set forth in
claim 14 are provided in a multi-layer substrate

partially or entirely.

21. A voltage-controlled variable-passband filter
comprising:
a voltage-contrélled variable-capacity capacitor

including an insulating layer made of a dielectric



Accordi ngly,

menory capable of storing the

It is sufficient if the integrated circuit 54 has (1) a

corresponding to

switching signal and tining signal, and (2) a ci rcuunluﬁ each WI Im

and decoding the system swtching and tim ng signal
circuit 54 can be realized by a |owlevel mcroconputer, etc
t he second enbodi nent of the present in tion wll be expl ai ned wt

hovi ng the BPREETHc REa S3pRaghrism FOREEI™ar ol UBLbAF ges

show ng t he

according to an electric field applied thereto, a first
electrode, provided on one surface of said insulating
layer, to which is applied a control voltage for
producing the electfic field, and second and third
electrodes, provided adjacent to and parallel with one
another on the other surface of said insulating layer, to
which are applied high-frequency signals; said voltage-
controlled variable-capacity capacitor having a two-stage
series structure in which the respective conductive areas
of said first electrode opposite said second and th}rd
electrodes act as capacitive electrodes, said capacitive
electrodes and said second and third electrodes providing
two capacitors conneeted in series; and

| a control voltage applying means for applying the

control voltage to said first electrode.

22. The voltage-controlled variable-passband filter
according to claim 1, wherein:

said first electrode includes a plurality of
electrodes connected in parallel with one another, and
said second and third electrodes are provided opposite
first- and last-stage electrodes of said first electrode,
said filter further comprising:

a plurality of ground electrodes, provided opposite

direct-current ContF9¥—¥£#44ﬁ¥}44¥H¥4;——

ei vi ng
rated

h
Vi ew



filter 111 according to the second enbodi ment of the present invention.
Menbers of this voltage-controlled variable-passband filter 111 simlar to
and corresponding wth those of the voltage-controlled vart - passband
filter 51 will be given the same reference synbols,i ?uw nation
thereof will be omtted. Wat should be noted about ”m #ﬂlmm_rol | ed
vari abl e-passband filter 111 is that the_nsulating Fayer G2 | ded
in a band, on one surface of which are %rovided at certain intefvats a

' ' i 8 | | 1 f trol electrod
03 On the opioad S REALRPE MRhes B Bt £ es BlerEantencotn s

of the resonatg ttern 55 an he end . 56A of the ground pattern 56 are
provi ded a pl uargalfT %eofStgaﬁﬂﬁﬁf |té'ﬁrre6‘6§§l-112 so as to be staggered with
the control electrodes 63. Each control electrode 63 is connected by a via
hole 64 to the contro

23. The voltage-controlled variable-passband filter
according to claim 21, wherein:
the control voltage is applied to said first

electrode through a series circuit of a resistor and an

inductor.

24. The voltage-controlled variable-passband filter
according to claim 22, wherein:
the control voltage is applied to said plurality of

electrodes of said first electrode through a plurality of

series circuits of a resistor and an inductor.

25. The voltage-controlled variable-passband filter
according to claim 21, wherein:

said insulating layer is made of a ceramic material,
and said voltage-controlled variable-capacity capacitor,
along with the remainder of the filter circuit, is
integrally provided within a substrate made of a ceramic
material; and

said control voltage applying means is an integrated
circuit mounted on said substrate so as to be integral

therewith.



vol tage term nal 65, and each ground el ectrode 112 is

- 31 - connected by a via hole 113 to the ground conductive |ayer 60.

As a result, the equivalent circuit of this structure wTl be as showt i n
Figure 15. Each of the control electrodes 63 and each _
el ectrodes 112 also functions as a capacitive el ectron"Hmllﬂawmyll
direct-current control voltage is applied to the insulatiangul s 02«

bet ween the control el ectrodes 63 and ~thé ground el ectrodes 112, thus

giving the insulating |ayer 62 the desired capacitance. The vi?, ol es 113,
i ke 26. The voltage-controlled variable-passband ilter

according to claim 22, wherein:

séid insulating layer is made of a ceramic material,
and said voltage-controlled variable-capacity capacitor,
along with the remainder of the filter circuit, is
integrally provided within a substrate made of a ceramic
material; and

said control voltage applying means is an integrated
circuit mounted on said substrate so as to be integral
therewith.
27. The voltage-controlled variable-passband filter
according to claim 25, wherein:

said integrated circuit is capable of storing

software for switching control of the control voltage.

28. The voltage-controlled wvariable-passband filter
according to claim 26, wherein:
said integrated circuit is capable of storing

software for switching control of the control voltage.

29. The voltage-controlled variable-passband filter
according to claim 21, wherein:
said insulating layer is made of a dielectric thin-

film material, and said voltage-controlled variable-



the via holes 64, act as resistors 114 and inductors 115, and thus the
area between the respective voltage- controlled variable-capacity
capacitors is, fromthe point of view of direct current grounded

Accordingly, the direct-current control voltage is
capacitors 71 and 72, and, whereas the high- frequenc r“ﬂ
hi gh-frequency signal source 73 is appligd to the res capaelters 71
and 72 with an anplitude of 1/10, a direct-current control voltage

R Ak Sl e
ne
11 ter char actET €T | 05 Cak e 2 AR R e d by" aCPBANYS) PRGE Ladeirietithe

case of a highy,p ig provided the remainder of the filter circuit;

and

said control voltage applying means is an integrated
circuit mounted on said substrate so as to be integral

therewith.

30. The voltage-controlled variable-passband filter

according to claim 22, wherein:

said insulating layer is made of a dielectric t@in-
film material, and said voltage-controlled variable-
capécity capacitor is integrally provided on an upper
layer of a substrate made of a ceramic material within
which is provided the remainder of the filter circuit;
and

said control voltage applying means is an integrated
circuit mounted on said substrate so as to be integral

therewith.

31. The voltage-controlled variable-passband filter
according to claim 29, wherein:
said integrated circuit is capable of storing

software for switching control of the control voltage.



- 32 - frequency signal with high power, making this filter especially
effective for use in the transmssion circuit of a_PDC unit Nexdt-,
the third enbodi ment of the present invention wll be explained with

reference to Figures 16 through 19. Figure 16 ”mﬂu mmllmlm”l&w
showi ng the structure of a voltage-controlled variab 121

according to the third enmbodi nent of the _present i nvehti%n," Flgure 17 is
an expl oded oblique view of the sanme filter 121, and F|gure 18 is a

;Lg;;rgeg;'onaizv' Me L AETE RO RS fod AvSLiLBTeSBMELLLEE" £liter

according to claim 30, wherein:
said integrated circuit is capable of storing

software for switching control of the control voltage.

33. A high-frequency circuit module for use with a
multi-layef high-frequency circuit substrate, in which
components other than said integrated circuit of the
voltage-controlled variable-passband filter set forth in

claim 25are provided in a multi-layer substrate partially

or entirely.

34. A high-frequency circuit module for use with a
multi-layer high-frequency circuit substrate, in which
components other than said integrated circuit of the
voltage-controlled variable-passband filter set forth in
claim 26 are provided in a multi-layer substrate

partially or entirely.

35. A high-frequency circuit module for use with a
multi-layer high-frequency circuit substrate, in which
components other than said integrated circuit of the
voltage-controlled variable-passband filter set forth in
claim 29 are provided in a multi-layer substrate

partially or entirely.



this voltage-controlled variabl e-passband filter 121 simlar to and
corresponding with those of the voltage- controlled vari abl e-passband
filter 51 will be given the sanme reference synbols, and expl anation
thereof will be omtted. Wat should be noted about the voltage-
controll ed vari abl e-passband filter 121 is that an insulating |ayer 123,
on which are provided voltage- contrqIégLyariable-capacity capacitors 122
and 122a, is provided on the uppernost surface of substrate 52. The
foll owi ng ex natjon .wll__treat the voltage-contsoll [ -capacity
capaci tor 12%5\/\& téﬁ 5’ égﬁgr%’ie é:ty n%ﬁﬁg}lggofrg %}ef%olf{%%ge‘\l/l%%nta‘?io e%o

vari abl e- capaci capaci r.122a qgiven the sane reference nuneral.s,wth
t he F)muiéa—la exr ggh— rquency CQrcd%t substrate, 1in which

components other than said integrated circuit of the
voltage-controlled variable-passband filter set forth in
claim 30 are provided in a multi-layer substrate

partially or entirely.

I
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- 33 - addition of the letter a. The end 55B of the resonator
pattern 55 is connected by a via hole 123* to a second el ectrode 125
provided on the insulating |layer 61, which is the uppernost |ayer of the
substrate 52, and a third el ectrode 126 provided adjacent to the second
el ectrode 125 is connected by a via hole 127 to the ground conductive

| ayer 59. Between these electrodes 125 and 126 is provided an insulating
| ayer 123 in the formof a thin filmof a material simlar to that of the
insulating |ayer 62. On the surface of the insulating |ayer 123 opposite

the surface where the el ectapgdedch?orartiEl Y stiogyravi ded is provided a
control electrode 128, which is the first electrode. The control el ectrode

128 is connected B2 BhPSagd &Mhtrolled variable-passband filter in

accordance with the present invention is structured so
that conductive patterns, R, L, and C, and other circuit
elements are embedded in a ceramic substrate. Within this
substrate is also embedded an insulating layer made of
the same ceramic material, the capacitance of which
changes in response to an electric field applied thereto.
On one surface of the insulating layer is provided a
control electrode, and on the other surface are provided
adjacent to one another a resonator pattern, to which
high-frequency signals are applied, and a ground pattern.
Accordingly, two capacitors connected in series are
formed between the resonator pattern and the ground
pattern, and the capacitance of these series capacitors
can be adjusted by an integrated circuit mounted on the
ceramic substrate, thus reducing size and weight, and
simplifying adjustment.

Figure 1

as Been Replaced i

\\\\\\\\\\\\\\ L



129 to the integrated circuit 54.
for exanple,
t hi ckness, thus
60% by application of 5V of control voltage. The control
the bias circuit 129 may be fornmed by
phot ol i t hogr aphy. The vol tage-controll ed vari abl e-cap

of ,

Ba[err]Sr[err]Tierr] of

122 structured as descri bed

above is a capacitor with a thr
structure, in which, in the sane manner as shown in Figure

capacitor 71 and a second

FIG. 1
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capacitor 72 are connected in series. The capacitive electrode of the
first capacitor 71 is the conductive area 128(2) shown in Figure 18, where
the insulating layer 123 falls between the second el ectrode 125 and the
control electrode 128 (acting as the first electrode), and the capacitive
el ectrode of the second capacitor 72 is the conductive area 128(1) shown
in Figure 18, where the insulating |ayer 123 falls between the third

el ectrode 126 and the control electrode 128. Che—LeLnLnaL_nL_Lh___
capacitor 71 is connected to a high-frequency signal ource 73

(corresponding to the open-end el ectrode of the reso eplaced
which is a resonator conductor), and one term nal of t 72 S
connected to a ground (corresponding to the ground co 59)

The respective other termnals of the capacitors 71 and 72 being t
control el ectrode

FIG. 2
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128, are connected to each other, and the direct-current control voltage
fromthe control voltage source 74 (corresponding to the integrated

circuit 54) is applied to these mutually-connected term nals of capacitors
71 and 72 through the resistor 75 and the inductor 76 (which correspond

to the bias circuit 129). Figure 19 shows an exanpleof—ofe—structure—
for a high frequency circuit nodule using the voltage- ¢

vari abl e- passband filter 121. This high- ?mgﬁgﬂ}ﬁgBﬁmR‘I
35 - frequency nodule 131, which is simlar to the high-
81, is made of a conposite of glass ?gf

aced

75 . 74
76
H !
73 -Kl+ +51-
7172
53 777

FIG. 4

A

CAPACITANCE

L
V1 V2

>
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ceramic materials, and is a conbination of electronic circuit conponents
in which sem conductor conponents 83 through 85, such as an WM C
(Monolithic Mcrowave Integrated Circuit) and a VCO (Voltage
Control GOscillator), are externally nmounted on a substrate 82, in which
are enbedded conductor patterns and R, L, and C and other ci rcuit
conponents. In the high-frequency CIrCUIt nodul e 131 shown in Figure 19,

the circuit patterns of the voltage-controlled variable-passband filter
121 are enbedded inside part of the substrate 82, and trTelsShqatmiEme?d lac

ed
circuit 54 and the insul ating IayeF rZG ot her ext erna
nounted on the substrate 82. The Hi .reguency circuit sed

as a high- frequency circuit for a term nal device shared

PHS syst ens. By providing the insulating |ayer 123 (on wh| ch the
51
~ $~65, 65a
75 N\
1x .53 “[Z,?Ga 75a
T 7
76 ;_ 538{7"5 .8666
! i1l 11
| I |
66" ? ¢ Ne1a
C1 C2
| 55a
.55 .




vol tage-control |l ed vari abl e-capacity capacitors 122 and 122a are provi ded)
on the uppernost surface of the substrate 52, the filmthickness can be -
controlled nore easily than when an insulating |layer is enbedded within-
the cerami c substrate 52, which is formed by pressing at high tenperature
and pressure. There is also |l ess danger of damage to the insulating |ayer,
t hus i ncreasing - -36 -__reliability. In
addition, by making the insulating layer 123 a thin film the

voltage of the integrated circuit 54 can be kept | ow, aTtik g

cosu on can e ces umiﬁ“fiiizﬁﬂi?iﬁiﬁ““"

FIG.6
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Next, the fourth enbodi nent of the present invention wll be discussed

with reference to Figure 20. Figure 20 is a | ongitudi nal
cross-sectional view showi ng the structure of a voltage-controlled

vari abl e- passband filter 141 according to the fourth enbodi nent of the
present invention. Menbers of this voltage-controlled variable-passband
filter 141 simlar to and corresponding wth those of the —m
vol tage-control | ed vari abl e-passband filters 111 and 121 w || b?{ '%p edidd&
sane reference synbols, and explanation thereof will be ot ;
vol tage-control |l ed vari abl e- passband filter 141, the insulﬂ “ﬂ :
I s provided on the uppernost |ayer of the substrate 52 in e

insulating layer 62 in the second enbodiment. On one surface of the
insul ating |layer 123 are provided at certain intervals a plurality (five

in the exanple shown in Figure 20) Fﬁl (5 7
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control electrodes 128. On the opposite surface of the insulating |ayer
123 between the second el ectrode 125 and the third electrode 126 are
provided a plurality of ground el ectrodes 142, so as to be staggered with
the control electrodes 128. Each control electrode 128 is

- 37 - connected to the integrated circuit 54 by the bias circuit 129,
and each ground el ectrode 142 is connected to the ground conductive |ayer

59 by a via hole 143. By nmeans of the foregoing structure, the
voltage- <controlled variabl e-passband filter 141 wITT‘ﬁ““é—rhe——equ+valent
circuit shown in Figure 15. TMSﬂwa}hstn

FIG.8
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In the voltage-controlled variabl e-passband filters 111 and 141, the
desired filter characteristics can be obtained at a | ow vol tage, because
the capacitors 71 and 72 in each stage are structured so as to have
approximately the same capacitance. Further, high- frequency circuit

nodul es i ncorporating the voltage- controlled variabl e-passband filters
51, 111, 121, or 141 <can be used to structure, not only term nal devices
shared by the PDC and PHS systens, but al so transmi ssion devices shared by
the DECT (Digital European Cordless Tel ephone) and GSM (d obal

System for Mobi | e Communi cation) systens, or trangyi el b BLaYR&SHRSed
shared anong the PDC, PHS and satellite transm ssion s LIH B8l Wwhi ch
can be adapted to three or nore transm ssion system).jmmmnﬂgmml || _

i nstead of connecting the vol tage-con{:rf)ée(b o

81

T

85

84




vari abl e-capacity capacitors 53 and 122 in a nulti-stage structure, a
resonating circuit made up of the voltage- controlled variable-capacity

capacitor 53 or 122 and the - 38 -
resonator pattern 55 may be structured in a single st own in
Figure 21, and used, for exanple, as a voltage- contro oscill ator

circuit (VCO. Alternatively, as shown in Figure 2 t 2 E%mn 4
circuit may be used in a structure of three or nore ,
improving the filter's attenuation characterlstlcs pllng
capaci tances Cl, C2, and Cla shown in
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Figure 5 may be replaced, as shown in Figure 23, with voltage-controlled
vari abl e-capacity capacitors Cl1, Cl2, and Clla, the capacitances of which
are controlled by the direct-current control voltage fromthe control
voltage termnals 65b and 65c. In this way, there is gr dom
change the profile of the passing characteristics, for exanple by
shifting the attenuation pole shown at 1.66 GHz in Fi gur eqt mR hwd
thus making it easier to realize e He€rred basking ¢hgiﬂ

profile. As another alternative, the integrated circ

separated fromthe filter, as shown in the voltage-contralled

vari abl e- passband filter 151 in Figure 24. This structure is a chlp-type

vol tage-control l ed variabl e-passband filter, in which a control voltage
from the integrated circuit 54 is sent to control voltage

ASSEMBLY ~Q1

INSPECTION Q2

_ Q3
WRITING OF CONTROL PROGRAM d
IN PILTER CONTROL INTEGRATED CIRCUIT

Q4

INSPECTION

SHIPPING ~Q5




termnals 152 and 152a, and which is conposed of a filter
- 39 - circuit 153 and vol tage-control |l ed vari abl e-cap aC| ﬁ capaC|tors

122 and 122a. This voltage-controlled variable- p

may be nounted on existing high-frequency circuit nDduIe

di scussed above, the first voltage-controlled variable-p of -
the present invention is structurgg &t hreg-epectrode capaC|tor e|n
provided wth an insulating |ayer, nade of dlelectrlc mat eri al the
di el ectric constant of mhlch changes accordlng to the strength of an

electric field applied thret
PR G S (CATION OF % D1 RECT-CURRENT CONTROL VOLTAGE

Ql 2~ MEASUREMENT OF PDC OPERATING CHARACTERISTICS

Q13 NO
ARE PDC SPECIFICATIONS SATISFIED?

YES
Ql 4~ SETTING OF PDC DIRECT-CURRENT CONTROL VOLTAGE

Q15 APPLICATION OF A DIRECT-CURRNT CONTROL VOLTAGE

Q16 MEASUREMENT OF PHS OPERATING CHARACTERISTICS

QL7
ARE PHS SPECIFICATIONS SATISFIED?

YES
Ql8~ SETTING OF PHS DIRECT-CURRENT CONTROL VOLTAGE

FIG. 1 3

Q2 1~ RECEPTION OF SWITCHING SIGNALS AND TIMING SIGNALS

Q2 2~ READING OF CORRESPONDING DIRECT-CURRENT CONTROL VOLTAGE

Q2 3~ PRODUCTION AND APPLICATION OF DIRECT-CURRENT CONTROL VOLTAGE




provided within the substrate; the first electrode for applying a contro
vol tage bei ng provided on one surface of the insulating |ayer, and the
second and third electrodes being provided on the opposite surface of the
insulating layer, so that the capacitor is in twd-stage series connection.
As a result, a uniformelectric field is applied to the entire part of the
i nsulating layer lying between the first electrode on the one hand and the
second and third electrodes on the other, thereby enabling a relatively
great change in capacitance by nmeans of a relatively small change in
control voltage. Wth this structure, external attachnent of

vari abl e-capacity capacitors is unnecessary, thus enabling snmaller size,

| ighter weight, and streanlining of the assenbly process.
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- 40 - Further, since the swtching of the control voltage is
performed by an excl usive control voltage applylng nmeans, it is possible
to switch fromone adjusting nmethod to another, i.e., when adj usting so
that the resonating frequency becones higher, |t i s possible to readjust
so that the resonating frequency becones |ower. Thus, in conparison with
adj ust nent by neans of trinm ng, inadequate adjustnent can be eli m nated,
thus increasing the yield, and the adjustnent is al so made easi er. As
di scussed above, the second voltage-controlled varlabhgmgmﬁgnaggm b]&ﬁd of
the present invention has first electrodes in a multi-s

structure, “mmn'

FIG. 15
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wi th second and third el ectrodes provided opposite the first- and

| ast-stage first electrodes, and a nmulti-stage arrangenent of ground

el ectrodes provided opposite the first electrodes so as to be staggered
therewith, with control voltage being applied between the first

el ectrodes and the ground el ectrodes. As a result, between the
termnals of the capacitor 1is a nmulti-stage arrangenent of capacitors in
series connection, but the control voltage required is the same as for a
single stage. Thus, although a high withstand voltage is required for the
hi gh power fromthe transm ssion circuits, the control voltage is stil
within a practical range. Accordingly, no special e
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- 41 - structure is necessary for the control voltage power source, thus
enabling sinplification of the overall structure. - As di scussed above,
the third voltage-controlled variable-passband filter of the present
invention is structured so that the control voltage is applied to the

first electrode through a series circuit of a resistor and an inductor.
Wth the above structure, the higher the frequency of a signal, the higher
t he i npedance of the inductors, and thus the lines for applying the

control voltage will not influence the high-frequency sigmat—trandted by —
the voltage-controlled variable-capacity CapaCitors'THI&%&&Q?ﬁ&L%?mmw

electric field can also be appl#itho t he -
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insulating layer of dielectric material by applying the direct-current
control voltage to the voltage-controlled variable-capacity capacitors
through the series circuit. Therefore, the inductors will have high
i npedance for the high-frequency signal, thus preventing changesim —the
electric field of the insulating |ayer due to changes ThisBhdef¥s Been Re laced

hi gh-frequency signal, and enabling stable operati o;nsg "wiﬂ'mﬂﬂlg Ssed
of

above, the fourth voltage-controlled variable-passban
present invention is structured so that the insulatin
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ceramic material, and the voltage-controlled variable- capacity
capacitors, as well as the remainder of the filter circuit, is integrally
provided within the substrate, which is also made of ceramic nmaterial, and
the control voltage applying neans is realized by an integrated circuit
which is nmounted on the substrate so as to be integral with it. In

t he above structure, those parts of the filter circuit which do not _
require adjustnment are enbedded wthin the nulti-layer ceram c substrate,

and the control voltage applying neans for control Hnrg—the—controt

voltage is realized by an integrated circuit, which ig. unt 0 hg
substrate. Accordingly, there are fewer conponefily CERREEE
t hus enabling smaller size and lighter weight, and:th l “ ﬂl Il 118

characteristics can easily be

FIG.19
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obt ai ned by adjusting the characteristics of the integrated circuit in
accordance with the characteristics of the conpleted filter circuit
enbedded within the substrate. As di scussed above—+thefifth

vol tage-control |l ed vari abl e-passband filter of the present |nvent|on S
structured so that the integrated circuit is capable of ﬁ%
for swtching control of the control voltage.

- 43 - Wth t he above structure, t he desi
characteristics can be obtained by rewiting the software
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of the integrated circuit in accordance wth the characteristics of the
filter circuit integrally provided wthin the substrate. Automatic

adj ustment of the characteristics is possible, and adjustnent may be _
repeated as many tinmes as necessary to obtain the desired characteristics.
Further, fine tuning according to the surrounding tenperature, etc. may be
actively perfornmed. Accordingly, other necessary characteristics (such as
tol erance) may be tentatively set. As di scussed above, the sixth

vol tage-control |l ed wvari abl e-passband filter of the present invention is
structured so that the insulating | ayer is made of a dielectric thin-film
material, and the voltage-controlled varlable capadity capacitors are
provi ded on the upper surface of the ami ¢ subst r afkis SettiHanBesh

remai nder of the filter circuit is |ntegrally prOV|ded II"'I'IH I|| I

FIG. 21
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and the control voltage applying neans is realized by an integrated
circuit, which is also nounted on the substrate so as to be integral
t herew t h. In the above structure, those parts of the filter «circuit

whi ch do not require adjustnent are enbedded within the—+ut+i+-layer
ceram c substrate, and the control voltage applylng Qﬁ for control ling

t he control - 44 - lagedd - by
an integrated circuit, which is nmounted on_ the substra Eﬁ
Accordingly, there are fewer conpofeh(®. t@ 2e m)unt!ed

smal l er size and |ighter weight,
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and the desired filter characteristics can easily be obtained by adjusting
the characteristics of the integrated circuit in accordance wth the
characteristics of the conpleted filter circuit enbedded within the
substrate. In addition, since the insulating layer is provided as a thin
film the output voltage of the integrated circuit can be kept | ow,
enabling reduction of power consunption. Further, the filmthickness of
the insulating |ayer can be controlled nore easily than when an
insulating layer is enbedded within the ceramc substrate, which is forned

by pressing at high tenperature and pressure. There_ is also-less—danger of
damage to the insulating |layer, thus increasing reliabilitﬁi‘?‘ﬁ

As di scussed above, the seventh voltage-controlled Vs § ﬁ‘l
filter of the present invention is \\‘ ||\ \

FIG. 24
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structured so that the integrated circuit is capable of storing software

for swtching control of the control voltage. Wth __ the above
structure, t he desired characteristics can be obtained by rewiting

t he software - 45 - of {TheSheptHagBeeh Replaced .
circuit in accordance with the characteristics of the filt '
integrally provided wthin the substrate. Aut omati c f
characteristics is possible, and adjustnment may be repeated as nany ti nes

as necessary to obtain the desired characteristics. Further, fine tuning

according to the
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surroundi ng tenperature, etc. may be actively performed——~Accordingly,
ot her necessary characteristics (such as tolerance) na be tentatlvely

set. As di scussed above, the first high- frequency Has uaw@
the present invention is used with a multi- |ayer high- f ﬁ |t
substrate, in which the conponents of the fourth or fiff

vol tage-control l ed vari abl e-passban c; bove are prOV|ded in a nu

| ayer substratelpartially or ent|reI91 cgzﬁ?for the integrated CIrCUIt
which is nnuntedpbﬁh{he substrat e. Wth the above structure, the

hi gh-frequency circit nodule is arranged so as to use a high-frequency
substrate in which the conponents other than the integrated circuit of the

fourth or fifth v age- rolle vari abg- pass firlt are
provided partiallyy or entifely 1n a lti-fayer substrate. ?g%
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this arrangenent, the integrated circuit and the other conponents which
are necessary for a high-frequency circuit and which are to be externally
nount ed, such as - 46 - a vol tage-control
oscillating circuit and a crystal oscillator, are nmounted on the

hi gh-frequency circuit substrate. The high-frequency circuit nodule is
prepared in this manner. Accordingly, |ess space-is-taken—up—en—the
surface of the high-frequency circuit nodule by extern nount ed

nal |l y-
conponents for the voltage-cont d i abl e- pass heey en Replaged 1o
nodul e can be made snaller. Fof G 268 . . anﬁllu I | || I
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As di scussed above, the second high-frequency <circuit nodule of the
present invention is used with a nulti-layer high-frequency circuit
substrate, in which the conponents of the sixth or seventh

vol tage-control l ed vari abl e-passband filter above are provided in a rrul ti-
| ayer substrate partially or entirely, except for the integrated circuit,

which is nounted on the substrate. I K h tke gpove structure, the
hi gh-frequency circuit nodule is arrange so as to use a high- frequency
substrate in which the conponents other than the raterhscSheea:Ha Beerf

sixth or seventh voltage- controlled vari abI e- passband fi |
provided partially or entirely in a nulti-layer substrate.

arrangenent, the integrated circuit and the other corrponents are
necessary for a high-frequency cirguit and which are to be exter naIIy

nmount ed, such as ASSEMBLY —q 1l
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a voltage-contro

- 47 - osci

"The high-frequency circuit nodule is prepared

Accordi ngly,

circuit nodule by externally-
vol tage-control | ed vari abl e-

snmal | er.

| ess space is taken up on the surface

The concrete enbodi nents and
i npl ement ati on di scussed in the foregoing detailed

FIG. 30(a)
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oscillating circuit and a crystal
| l'ator, are mounted on the high-frequency circuit

in this man

ner.

substrate’

and the nod
exanpl es
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expl-dnations. of the present
t eehni cal

details of the present

I nvention serve solely to.
I nventi on,

illustrate the
whi ch should not be narrowy

cinterpieted withinthe limts of such concrete exanples,

but

r at her

may

. be applied in many variations w thout departing from

present:
-48- WHAT | S CLAIMED I S:

A

I nvention and the scope of the
1

vol

atent clains
e-controll ed

the spirit of the
set forth bel ow

filter

AND HIGH-FREQUENCY CIRCUIT MODULE INCORPORATING SAME

ABSTRACT OF THE DISCLOSURE

The voltage-controlled variable-passband filter in
accordance with the present invention is structured so
that conductive patterns, R, L, and C, and other circuit
elements are embedded in a ceramic substrate. Within this
substrate is also embedded an insulating layer made of
the same ceramic material, the capacitance of which
changes in response to an electric field applied thereto.
On one, surface of the insulating layer is provided a
control electrode, and on the othe: surface are provided
adjacent to one another a resonator pattern, Eo which
high-frequency signals are applied, and a ground pattern.
Accordingly, two capacitors connected in series are

formed between the resonator pattern and the ground

pattern, and the capacitance of these series capacitors

can be adjusted by an integrated circuit mounted on the

ceramic substrate,

thus reducing size and weight, and

simplifying adjustment.

vari abl e- passband
conpri SI NY-yor, TAGE- CONTROLLED VARIABLE-PASSBAND FILTER |

REPLACEMENT SHEETS
O Description : paged ..... to paged
0 Claim(s) :paged..... to paged
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L : EAbstract  : paged b

Figure 1

DATE OF RECE®T.22.(2)31....

SG

-----

2%

-----

18



a voltage-controlled variabl e-capacity capacitor and a control voltage
appl ying neans for applying a control voltage; sai d

vol tage-control |l ed vari abl e-capacity capacitor including: an

insul ating layer having a first surfageqand a second surface, said

insul ating |ayer being made of a dieleetric material the dielectric
constant of which changes according to an electric field applied thereto;
a first electrode, provided on said first surface, to which the contro
vol tage for producing the electric field is applied; and second and
third el ectrodes, provided adjacent to and parallel wth one another on
said second surface, to which are applied high-frequency signals.

FIG. 1
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2. The voltage-controlled variabl e-passband filter according to claiml,
said insulating |ayer and said first through third

wher ei n:
el ectrodes are provi ded such that a first capacitor provided between said
second and first electrodes and a - 49-

el ectrodes have

second capacitor provi ded between sai d Frrst and third
substantially the sane capacitance and electrical characteristics. 3.
The voltage-controlled variable-passband filter according to claim 2,

wher ei n:

FIG. 2
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At

sai d second electrode is a quarter-wavel ength resonator, and said third

el ectrode i s grounded. 4. The voltage-controlled vari abl e- passband
filter according to claim1, wherein: the control voltage is applied
to said first electrode through a seri connection of a resistor and an
i nduct or. 5. The voltage-controlle vari abl e- passband filter
according to claiml1, wherein: said insulating layer is nmade of a
ceramic material, and said voltage-controlled variabl e-capacity capacitor,

along with the remainder of the filter circuit, is integrally provided
within a substrate nmade of a ceranmic material; and

FIG. 3
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said control voltage applying neans is an integrated -circuit nounted on
said substrate so as to be integral therewth.

250 - 6. The voltage-controlled variable-passband filter according
to claimb5, wherein: said integrated circuit is capable of storing
software for switching control of the cantrol voltage. - 7. The

vol tage-control l ed vari abl e-passband filter according to claim1,

wher ei n: said insulating layer is nade of a dielectric thin-

REPLACEMENT SHEET

20 FEB 1998




fil'mmaterial, and said voltage-controlled variable- capacity capacitor is
integrally provided on an upper |ayer of a substrate nade of a ceramc
material within which is provided the renmainder of the filter circuit;
and said control voltage applyinggneans is an integrated circuit
nounted on said substrate so as to be i-ntegral therewth. 8. The

vol tage-control l ed vari abl e-passband filter according to claim?7,

wher ei n: said integrated circuit is capable of storing software for
switching control of the control voltage. 9. The voltage-controlled
vari abl e-passband filter according to claim1, wherein:

FIG.6
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sai‘d insulating layer is nade of a ceram c materi al
- 51 - selected fromthe group consisting of BaTierr], SrTiqerr],
Ba[err]Sr[err]Tiderr], PbLaTiJerr], Bi[err]Ti[err](err], PZT, and

PoTigerr]. 10. A voltage-controllged  variabl e-passband filter
conpri si ng: a voltage-control |l ed-rari abl e-capacity capacitor and a
control voltage applying neans for applying a control voltage; sai d

vol tage-control | ed vari abl e-capacity capacitor including:
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an i'nsulating layer having a first surface and a second surface, said
insulating | ayer being nmade of a dielectric material the dielectric
constant of which changes according to an electric field applied thereto;
a plurality of first electrodes, provided on said first surface at a
certain interval, to which the control —voltage for producing the electric
field is applied, second and third el ectrodes, provided on said
second surface, to which are applied high-frequency signals; and a
plurality of ground el ectrodes, provided between said second and third

el ectrodes opposite said plurality of first electrodes, so as to be
staggered with said plurality of first el ectrodes.

FIG. 8
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- 52 - 11. The voltage-controlled variabl e-passband filter according to
cl ai m 10, wherei n: the control voltage is applied to said first

el ectrodes through a series connection of a resistor and an inductor.

12. The voltage-controlled variabl e-pasgpand filter according to claim 10,
wher ei n: said insulating |ayer is-+made of a ceramc material, and
sai d voltage-controll ed variabl e-capacity capacitor, along wth the

remai nder of the filter circuit, is integrally provided within a substrate

made of a ceramic material; and said control voltage applying neans
I's an integrated

FIG.S
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circuit nmounted on said substrate so as to be integral therewith. 13.
The vol tage-control |l ed vari abl e-passband filter according to claim12,

wher ei n: said integrated circuit is capable of storing software for
sw tching control of the control voltagge._ 14. The vol tage-controlled
vari abl e- passband filter according to-—elaim 10, wherein: said
I nsulating layer is nmade of a dielectric thin-
- B3 -
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filmmterial, and said voltage-controlled variable- capacity capacitor is
integrally provided on an upper |ayer of the substrate nade of a ceram c
material wherein is provided the remainder of the filter circuit; and

said control voltage applying neans is_a:[loi_nt egrated circuit nmounted on

said substrate so as to be integral thefrewth. 15. The

vol tage-control | ed vari abl e-passband filter according to claim 14,

wher ei n: said integrated circuit is capable of storing software for
switching control of the control voltage. 16. The voltage-controlled
vari abl e- passband filter according to claim 10, wherein: sai d

insulating layer is made of a ceramc materi al

FIG. 11
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sel écted fromthe group consisting of BaTiJerr], SrTiJerr],
Ba[err]Sr[err]Tierr], PoLaTierr], Bi[err]Ti[err]Jerr], PZT, and
PoTigerr]. 17. A high-frequency circuit nodule for use with a

mul ti-layer high-frequency circuit substyate, in which conponents other
than said integrated circuit of the vol e-control |l ed vari abl e- passband
filter set forthin claim5 are provided in a nulti-layer substrate
partially or entirely. 18. A high-frequency circuit nodule for

use with a nulti-Ilayer high-frequencg/_ circuit substrate, in which
I G. 1 2

Q1 1~ APPLICATION OF A DIRECT-CURRENT CONTROL VOLTAGE

Ql 2~ MEASUREMENT OF PDC OPERATING CHARACTERISTICS

Q13 .
' NO
ARE PDC SPECIFICATIONS SATISFIED?

YES _
Ql 4~ SETTING OF PDC DIRECT-CURRENT CONTROL VOLTAGE

Ql 5~ APPLICATION OF A DIRECT-CURRNT CONTROL VOLTAGE

Q16 MEASUREMENT OF PHS OPERATING CHARACTERISTICS

Q17
NO

__ARE PHS SPECIFICATIONS SATISFIED?

YES

Q1 8~ SETTING OF PHS DIRBCT-CURRENT CONTROL VOLTAGE

FIG. 138

Q2 1~ RBCEPTION OF SWITCHING SIGNALS AND TIMING SIGNALS

Q2 2~ READING OF CORRESPONDING DIRECT-CURRENT CONTROL VOLTAGE

Q23 PRODUCTION AND APPLICATION OF DIRECT-CURRENT CONTROL VOLTAGE




conponents other than said integrated circuit of the voltage-controlled
vari abl e- passband filter set forthin claim7 are provided in a

mul ti-layer substrate partially or entirely. 19. A high-frequency
circuit nodule for use with a nulti-layey high-frequency circuit
substrate, in which conponents other than said integrated circuit of the
vol tage-control | ed vari abl e-passband filter set forth in claiml12 are
provided in a nulti-layer substrate partially or entirely. 20. A

hi gh-frequency circuit nodule for use with a nulti-Ilayer high-frequency
circuit substrate, in which conmponents other than said integrated circuit
of the wvoltage-controlled variabl e-passband filter set forth in
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claim14 are provided in a nmulti-layer substrate partially or entirely.

21. A voltage-controlled variable-passband filter conprising: a
vol t age-control |l ed vari abl e-capacity capacitor including an insulating
| ayer made of a dielectric - 55 -

. ) . - 13 -~ :
material the dielectric constant of—which changes according to an
electric field applied thereto, a first electrode, provided on one surface
of said insulating layer, to which is applied a control voltage for

FIG. 15
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producing the electric field, and second and third electrodes, provided
adj acent to and parallel with one another on the other surface of said
insulating layer, to which are applied high-frequency signals; said

vol tage- controlled variable-capacityqgapacitor having a two-stage series
structure in which the respective conductive areas of said first el ectrode
opposite said second and third electrodes act as capacitive el ectrodes,
said capacitive electrodes and said second and third el ectrodes providing
two capacitors connected in series; and a control voltage applying
means for applying the control voltage to said first el ectrode. 22. The
vol tage-control | ed vari abl e-passband filter according to claim1, wherein:
said first electrode includes a plurality of '

FIG. 16
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el ectrodes connected in parallel with one another, and said second and

third el ectrodes are provided opposite first- and |ast-stage el ectrodes of
said first electrode, said filter further conprising: a plurality of
ground el ectrodes, provided opposite - - 56
- said plurality of electrodes of saldiiirst el ectrode, so as to be

staggered therew th. 23. The vol tage-control |l ed vari abl e-passband filter
according to claim 21, wherein: the control voltage is applied to
said first
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el ectrode through a series circuit of a resistor and an. inductor. 24.
The vol tage-control | ed vari abl e-passband filter according to claim 22,
wher ei n: the control voltage is applied to said plurality of

el ectrodes of said first electrode thrqughy a plurality of series circuits
of a resistor and an inductor. 25. The—vol tage-control | ed

vari abl e- passband filter according to claim 21, wherein:
insulating |ayer is nade of a ceramic material, and said

vol tage-control | ed vari abl e-capacity capacitor, along with the remainder
of the filter circuit, is integrally provided within a substrate nmade of a

ceramc material; and
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said control voltage applying neans is an integrated -circuit nounted on
said substrate so as to be integral therewth.

- 57 - 26. The voltage-controlled variable-passband filter according
to claim22, wherein: said insulating_layer is made of a ceranic
material, and said voltage-controlled ¥ari abl e-capacity capacitor, along
with the remainder of the filter circuit, is integrally provided within a
substrate nade of a ceramic naterial; and said control voltage

appl ying means is an integrated
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circuit nounted on said substrate so as to be integral therewth. 27.
The vol tage-controll ed vari abl e-passband filter according to claim 25,
-wher ei n: said integrated circuit is capable of storing software for
sw tching control of the control volt . 28. The voltage-controll ed
vari abl e- passband filter according to=tlaim 26, wherein: sai d
integrated circuit is capable of storing software for swtching control of

the control voltage. 29. The voltage-controll ed variabl e- passband filter
according to claim21, wherein: said insulating layer is nade of a
dielectric thin-
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_,~4++ﬂrﬁﬁT€FT5TTﬂaﬁa¢;;Taf;;Itage-controlIed vari abl e-

.- 58- capacity capacitor is integrally provided on an upper |ayer of a
substrate nade of a ceramic material within which is provided the

remai nder of the filter circuit; aﬂg _ said control voltage applying
nmeans is an integrated circuit nbuRted on said substrate so as to be
integral therewth. 30. The voltage-controll ed vari abl e- passband filter

according to claim22, wherein:
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said insulating layer is nmade of a dielectric thin-

sai d vol tage-control
provi ded on an upper
within
said contro
said substrate so as

vol t age-control | ed vari abl e- passband filter

wher ei n: said in

ed vari abl e-

filmmterial,
capacity capacitor is integrally

and

| ayer of a substrate made of a ceramic nmateri al

to be integral

tegrated circuit

which is provided the remainder
vol tage applying neans is

I s capabl e of storing

f the filter circuit;

i nt egrated
therew th.

swi tching control of the control chtIa@_. 22
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31. The
according to claim?29,

and
circuit nmounted on

software for
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-59- 32. The voltage-controlled variabl e-passband filter according to

¢l aim 30, wherein: said integrated circuit is capable of storing
software for switching control of the control voltage. 33. A

hi gh-frequency circuit nodule for use_gé%h a nulti-layer high-frequency
circuit substrate, in which conponent ther than said integrated circuit
of the wvoltage-controlled variabl e-passband filter set forth in claim
25are provided in a nulti-layer substrate partially or entirely. 34. A
hi gh-frequency circuit nodule for use with a
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mul t'i -1 ayer high-frequency circuit substrate, in which conponents other
t;han said integrated circuit of the voltage-controlled vari abl e-passband
filter set forthin claim26 are provided in a nulti-layer substrate
partially or entirely. 35. A high-frgguency circuit nodule for use with
a multi-layer high-frequency circuit sfifistrate, in which conponents other
than said integrated circuit of the voltage-controlled vari abl e-passband
filter set forthin claim?29 are provided in a nulti-layer substrate

partially or entirely.
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.- 60 - 36. Ahigh-frequency circuit nodule for use with a nulti-Ilayer

hi gh-frequency circuit substrate, in which conponents other than said
integrated circuit of the voltage-controlled variabl e-passband filter set
forth in claim30 are provided in a_nuﬁi_—layer substrate partially or
entirely. ==
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FIG. 29
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