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(57) ABSTRACT 
A high-frequency module which includes a dielectric reso 
nator de?ned by a dielectric sheet; a pair of electrodes 
formed on each of the main surfaces of the dielectric sheet 
and having aligned openings which form a dielectric reso 
nator; a substrate stacked on the sheet; and lines disposed on 
the substrate for being coupled to the dielectric resonator. At 
least one of the lines is curved and is disposed just inside the 
opening and runs substantially along the edges of the 
openings. 
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HIGH FREQUENCY MODULE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is related to US. Ser. No. 08/965, 
464 ?led Nov. 21, 1997, the disclosures of Which are 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a high-frequency 
module, and more particularly, to a resonator, a ?lter, an 
oscillator, or the like, for use in microWave band or milli 
meter Wave band communication. 

[0004] 2. Description of Related Art 

[0005] With the recently expanding demand for a mobile 
communication systems, the millimeter Wave band has been 
Widely used in order to increase the available information 
carrying capacity. 

[0006] For use in such a system, a high-frequency dielec 
tric ?lter or a high-frequency voltage-controlled oscillator 
(VCO) may include, for example, a TEOlb-mode dielectric 
resonator in a cylindrical form. 

[0007] In general, the resonant frequency of the resonator 
is determined by its shape, While the strength of electro 
magnetic coupling betWeen the resonator and a micro-strip 
or the like is determined by the distance betWeen them. 
Thus, in order to produce a ?lter or a resonator Which meets 
a desired speci?cation, the formation of a shape of the 
resonator and positioning of the same require great preci 
sion. 

[0008] In Laid-open Japanese Patent Application No. 
8-265015, the assignee of the present application has pre 
sented a module in Which electrodes are arranged on both 
main surfaces of a dielectric sheet to form a dielectric 
resonator on a part of the sheet. The electrodes arranged on 
the dielectric sheet serve as ground potentials; and a micros 
trip arranged on another dielectric sheet is stacked on the 
dielectric sheet. This arrangement is used in a high-fre 
quency module such as a VCO. 

[0009] In addition, a similar type of high-frequency mod 
ule has been presented in Japanese Patent Application No. 
8-294087 and the co-pending US. patent application Ser. 
No. 08/965,464. FIGS. 5 to 8 illustrate the structure of the 
high-frequency module. Is should be noted that this high 
frequency module Was not laid-open to the public at the time 
of ?ling of the Japanese Application No. 10-17006 on Which 
the present application is based. Thus, the inventors do not 
deem the high-frequency module of FIGS. 5-8 to be prior art 
With respect to the present invention. 

[0010] FIG. 5 shoWs a perspective vieW of the module. 
Here, electrodes 2 and 3 are formed on both main surfaces 
of a dielectric sheet 1, excluding a part of each main surface 
of the sheet, Where openings 4 and 5, respectively, are 
located. This permits a TEOlO-mode dielectric resonator to 
be formed. TWo coupling lines 11 and 12, Which are formed 
on a dielectric or insulating substrate 6, are magnetically 
coupled to the dielectric resonator. 
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[0011] As shoWn in FIG. 6, since the electromagnetic ?eld 
is trapped betWeen the openings 4 and 5, coupling betWeen 
the various components, except betWeen the lines 11 and 12 
and the resonator, can be reduced. Moreover, the concen 
tration of electromagnetic-?eld energy at the openings per 
mits a strong coupling betWeen the resonator and the cou 
pling lines, resulting in an increase in the frequency range 
over Which the oscillation frequency can vary, When the 
resonator is used as an oscillator. 

[0012] HoWever, the impedance of the lines 11 and 12 at 
the opening is a little higher than that of the lines in other 
areas, since no ground electrode is present at the upper and 
loWer part of the opening. As a result, re?ection of a 
transmitted signal due to impedance mismatching occurs, 
leading to a generation of a spurious resonance due to the 
electrical length betWeen the part that causes the re?ection 
and a negative resistance circuit. This is a problem Which is 
unique to a TEOlO-mode dielectric resonator and is not a 
problem in a TE016-mode dielectric resonator. 

[0013] In FIG. 5, the lines 11 and 12 passing over the 
opening are straight. With this shape, the impedance of each 
line increases With the distance aWay from the edge of the 
opening, i.e., toWard the center of the opening, as shoWn in 
FIG. 7. That is, an impedance mismatch occurs. Thus, a 
resonance is produced at a frequency that is different from 
the desired resonant frequency of the dielectric resonator. 

[0014] FIG. 8 shoWs a Smith chart in Which the r direction 
indicates the magnitude of the re?ection generated by a 
resonance, While the 0 direction denotes the phase of the 
re?ection. In the module shoWn in FIG. 5, a resonance due 
to impedance mismatching of the coupling lines occurs, in 
tune With the spurious resonance produced by the dielectric 
resonator. 

[0015] The module is designed under the assumption that 
the characteristic impedance of each coupling line is uni 
form. HoWever, in practice, the characteristic impedance is 
position-dependent. Therefore, When the frequency of a 
signal applied to the module is changed, the distribution of 
the electromagnetic ?eld around each coupling line is also 
changed. Thus, the coupling strength deviates from its 
expected value. 

[0016] Thus, When such a resonator is used in a voltage 
controlled oscillator, the position-dependence of the char 
acteristic impedance of the coupling lines causes their 
characteristic impedance to change in response to a change 
in the oscillation frequency. Consequently, the linearity of 
frequency modulation With such a VCO becomes a problem 
to be considered. 

SUMMARY OF THE INVENTION 

[0017] Accordingly, it is desired to provide a high-fre 
quency module that reduces parasitic oscillation due to 
impedance mismatching. 

[0018] It is also desired to provide a high-frequency 
module Which alloWs frequency modulation With enhanced 
linearity. 

[0019] In the folloWing summary of the invention, the 
symbol Z0 denotes a characteristic impedance of the area in 
Which the ground electrode and the line are opposing, While 
the symbol Z1 denotes a characteristic impedance of the area 
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in Which they are not opposing, namely, the area over the 
opening. When an end of the line is resistively terminated, 
the magnitude of a re?ection coefficient at the point Where 
the line is electro-magnetically coupled to a dielectric reso 
nator (hereinafter referred to as a resonant point) is repre 
sented by the formula: (Z12-Z02)/(Z12+Z02) The larger the 
ratio of Z1/Z0, the greater the re?ection. 

[0020] On the other hand, a capacitive component of the 
line exists mainly at a location Where the edge of the opening 
opposes the line. Thus, by shortening the distance betWeen 
the edge of the opening and the line, the capacitance of the 
line can be increased, and the characteristic impedance of 
the line can be suppressed. In addition, reducing the posi 
tion-dependency of the characteristic impedance of the line 
permits the linearity of frequency modulation to be 
enhanced. 

[0021] This invention provides a high-frequency module 
including a dielectric sheet, electrodes disposed on both 
main surfaces of the sheet, an opening formed in each 
electrode and aligned so that the openings form a dielectric 
resonator, lines coupled to the dielectric resonator, a sub 
strate having the lines thereon and being stacked on the 
dielectric sheet, and a conductive case to contain the sub 
strate and the dielectric sheet; in Which a ?rst one of the lines 
coupled to the dielectric resonator is arranged along a path 
corresponding to the inside of the opening and running 
substantially along the edge of the opening. 

[0022] With the above arrangement, the impedance of the 
line around the opening is not increased, leading to a 
reduction in the amount of re?ected RF energy. There is also 
a second line, one end of Which may be resistively termi 
nated and the other end of Which may be connected to a 
negative resistance circuit so as to form an oscillator. Thus, 
a parasitic oscillation can be controlled. 

[0023] Furthermore, an end of the ?rst line coupled to the 
dielectric resonator may be connected to a variable reactive 
element. Moreover, one end of the second line may be 
resistively terminated and the other end of the second line 
may be connected to a negative reactive circuit to form an 
oscillator. This arrangement permits the linearity of fre 
quency modulation to be enhanced, since the position 
dependency of the characteristic impedance of the line 
connected to the variable reactive element is small. 

[0024] Moreover, if desired, both of the lines may be 
arranged at positions Which correspond to the inside of the 
opening and run substantially along the edge of the opening. 
This permits parasitic oscillation to be suppressed, so that an 
oscillator having a high linearity of frequency modulation 
can be obtained. 

[0025] Other features and advantages of the present inven 
tion Will become apparent from the folloWing description of 
embodiments of the invention Which refers to the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a partially-cutaWay perspective vieW 
shoWing a structure of the main part of a voltage-controlled 
oscillator (VCO) according to a ?rst embodiment of the 
present invention; 

[0027] FIG. 2 is a plan vieW of the VCO of FIG. 1; 
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[0028] 
vco; 
[0029] FIG. 4 is a plan vieW shoWing a structure of an 
oscillator according to a second embodiment of the present 
invention; 
[0030] FIG. 5 is a partially-cutaWay perspective vieW 
shoWing a structure of another type of VCO; 

[0031] FIG. 6 shoWs an eXample of an electromagnetic 
distribution of a TE010-mode dielectric resonator arranged 
on a dielectric sheet; 

FIG. 3 is an equivalent circuit diagram of the 

[0032] FIG. 7 shoWs an eXample of a characteristic 
impedance of a line coupled to a dielectric resonator; 

[0033] FIG. 8 is a vieW of an eXample of a parasitic 
oscillation generated by the coupling line; 

[0034] FIG. 9 is a partially-cutaWay perspective vieW 
shoWing a structure of the main part of a voltage-controlled 
oscillator (VCO) according to a third embodiment of the 
present invention; and 

[0035] FIG. 10 is a plan vieW of the VCO of FIG. 9. 

DESCRIPTION OF EMBODIMENTS OF THE 
INVENTION 

[0036] Referring noW to the draWings, a description Will 
be given of the embodiments of the present invention. FIGS. 
1 to 3 shoW a structure of a VCO (voltage-controlled 
oscillator) employed in a ?rst embodiment of the present 
invention. 

[0037] FIG. 1 is a partially-cutaWay perspective vieW 
shoWing a structure of the main part of the VCO. Here, 
conductive electrodes 2 and 3 are respectively formed on 
both main surfaces of a dielectric sheet 1, excluding a certain 
part of the sheet, so as to de?ne an upper opening 4 and a 
loWer opening (not shoWn) Which provide a TE010-mode 
dielectric resonator. A main line 11 and a sub-line 12 are 
formed on a surface of a substrate 6, Which is a dielectric or 
insulating sheet. The substrate 6 is stacked on the dielectric 
sheet 1, and the lines 11 and 12 are magnetically coupled to 
the dielectric resonator. 

[0038] For simple illustration, FIG. 1 shoWs only a part of 
a conductive case 7 enclosing the layered structure. Prefer 
ably, the conductive case 7 has at least tWo conductive 
surfaces opposing at least upper and loWer main surfaces of 
the layered structure. In addition, the space betWeen the 
conductive upper and loWer surfaces of the case and the 
main surfaces of the layered structure is preferably adjusted 
in such a manner that a signal having a frequency equal to 
the resonant frequency of the dielectric resonator is attenu 
ated Within the space, eXcept at the openings Which de?ne 
the resonator. An eXample of an arrangement for con?ning 
a signal at such a resonator is disclosed in Ser. No. 08/882, 
890 ?led Jun. 26, 1997, alloWed, and its parent application 
Ser. No. 08/620,918 ?led Mar. 22, 1996, now US. Pat. No. 
5,764,116, the disclosures of Which are incorporated herein 
by reference. 

[0039] FIG. 3 is an equivalent circuit diagram of the VCO 
described above. A symbol R denotes a dielectric resonator. 
In this ?gure, an end of the main line 11 is resistively 
terminated and the other end of the line is connected to a 
negative resistance circuit employing an FET 15 so as to 
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form an oscillator. Further, a varactor diode 16 is connected 
to the sub-line 12 Which is coupled to the dielectric resonator 
R. Its reactance is changed by applying a bias voltage, in 
order to control the oscillator frequency. 

[0040] FIG. 2 is a plan vieW of the VCO. In this ?gure, 
numeral 11 denotes a main line, and numeral 12 denotes a 
sub-line. BetWeen an end of the main line 11 and a ground 
electrode 14 is connected a termination resistor 13, While the 
other end of the line 11 is connected to the FET 15, Which 
is mounted on a series feedback line 18. Numeral 20 denotes 
a chip resistor, numerals 21 and 22 denote bias circuits for 
the FET 15, and numeral 19 is an output circuit. An end of 
the sub-line 12 is grounded through a variable reactive 
element such as the varactor diode 16. Numeral 23 denotes 
a bias circuit for the varactor diode 16. 

[0041] In this embodiment, the oscillation frequency of 
the dielectric resonator is 30 GHZ, the relative dielectric 
constant of the dielectric sheet is 24, and the relative 
dielectric constant of the substrate 6 is 3.4. A curved part of 
the sub-line is circularly formed in such a manner that the 
sub-line 12 folloWs a path 0.4 mm aWay from the inner edge 
of the opening. The sub-line 12 has a straight part, Which 
eXtends toWard the dielectric resonator from the varactor 
diode 16. The length of the straight part of the sub-line 12 
is substantially equal to 1A1 Wavelength of an electromagnetic 
Wave having the desired resonant frequency. The length of 
the straight part of the sub-line 12 is de?ned as the distance 
betWeen the varactor diode 16 and a corner 121 of the 
sub-line, from Which the curved part starts. 

[0042] As shoWn here, the distance betWeen the sub-line 
12 and the electrode 2 around the dielectric resonator is 
substantially ?xed, so that the characteristic impedance of 
the sub-line 12 is almost constant at any position around the 
resonator. Accordingly, a satisfactory linearity of frequency 
modulation of the VCO is obtainable. 

[0043] In an alternate embodiment, shoWn in FIGS. 9 and 
10, the main line 11‘ and the sub-line 12 are both curved in 
such a manner that they eXtend along the inner edge of the 
opening. In all other respects this embodiment is the same as 
that in FIGS. 1-2. This permits the linearity of the frequency 
modulation to be further enhanced, and in addition, parasitic 
oscillation can be suppressed. 

[0044] FIG. 4 is a plan vieW of an oscillator according to 
a second embodiment of the present invention. The oscilla 
tor shoWn here has neither a sub-line nor a varactor diode, 
since it is an oscillator having a ?Xed oscillation frequency. 
In this ?gure, a straight coupling line 11 eXtends from a 
termination resistor 13 to a dielectric resonator 4, continues 
a small distance into the resonator, namely, about 0.4 mm, 
and then eXtends along the inner periphery of the resonator. 
Further, after passing around the periphery of the resonator, 
the line 11 eXits the resonator at an appropriate point, and 
continues straight to an FET 15. 

[0045] Similar to the ?rst embodiment, in the second 
embodiment, the resonant frequency is 30 GHZ, the relative 
dielectric constant of a dielectric sheet is 24, and the relative 
dielectric constant of a substrate 6 is 3.4. Although the 
second embodiment adopts a straight form for the main line 
11 outside of the resonator, the form may be modi?ed if 
necessary in vieW of economic considerations. 

[0046] This arrangement alloWs an increase in the capaci 
tance of the main line 11, and controls the increase in 
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characteristic impedance of the main line 11 in the area of 
the electrode opening 4. As a result, the impedance mis 
matching of the line 11 can be suppressed so as to control 
unnecessary resonance due to re?ection. 

[0047] Although the present invention has been described 
in relation to particular embodiments thereof, many other 
variations and modi?cations and other uses Will become 
apparent to those skilled in the art. 

[0048] Therefore, the present invention is not limited by 
the speci?c disclosure herein. 

What is claimed is: 
1. A high-frequency module comprising: 

a dielectric sheet having tWo opposed main surfaces; 

electrodes disposed on both main surfaces of the sheet; 

a pair of openings formed respectively in the electrodes 
and having corresponding aligned edges so as to pro 
vide a dielectric resonator; 

?rst and second conductive lines disposed on a substrate, 
said substrate being stacked on said dielectric sheet, 
said lines being magnetically coupled to the dielectric 
resonator; and 

a conductive case containing said substrate and said 
dielectric sheet; 

Wherein said ?rst line has a ?rst portion arranged along a 
path Which runs substantially along said edges of the 
openings. 

2. Ahigh-frequency module according to claim 1, Wherein 
said second line has an end Which is resistively terminated 
and another end Which is connected to a negative resistance 
circuit, said resonator being comprised in an oscillator. 

3. A high frequency module according to claim 1, Wherein 
said ?rst line has an end Which is connected to a variable 
reactive element, and said second line has an end Which is 
resistively terminated and another end Which is connected to 
a negative resistance circuit, said resonator being comprised 
in an oscillator. 

4. Ahigh-frequency module according to claim 1, Wherein 
said ?rst line crosses the edges of the openings at one point. 

5. Ahigh-frequency module according to claim 1, Wherein 
said edges have a curved shape and said ?rst line portion has 
substantially the same curved shape. 

6. Ahigh-frequency module according to claim 5, Wherein 
said edges and said ?rst line portion have a substantially 
circular shape and Wherein said ?rst line portion runs a 
substantially constant distance inside said edges. 

7. Ahigh-frequency module according to claim 6, Wherein 
said ?rst line portion is disposed substantially 0.4 mm 
inWardly from said edges. 

8. Ahigh-frequency module according to claim 7, Wherein 
said dielectric sheet and substrate have relative dielectric 
constants of 24 and 3.4, respectively, and said dielectric 
resonator has a resonant frequency of 30 GHZ. 

9. Ahigh-frequency module according to claim 1, Wherein 
said second line is substantially straight. 

10. A high-frequency module according to claim 9, 
Wherein said second line crosses the edges of the opening at 
tWo points. 
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11. A high-frequency module according to claim 3, 
wherein said second line has a ?rst portion Which is arranged 
along a path Which runs substantially along the edges of the 
openings. 

12. A high-frequency rnodule according to claim 1, 
Wherein said second line has a ?rst portion Which is arranged 
along a path Which runs substantially along the edges of the 
openings. 

13. A high-frequency rnodule according to claim 12, 
Wherein said second line crosses the edges of the opening at 
tWo points. 

14. A high-frequency rnodule according to claim 12, 
Wherein said edges and said ?rst portion of said second line 
have a substantially circular shape and Wherein said ?rst 
portion of said second line runs a substantially constant 
distance inside said edges. 

15. A high-frequency rnodule according to claim 14, 
Wherein said ?rst portion of said second line is disposed 
substantially 0.4 min inWardly from said edges. 

16. A high-frequency rnodule comprising: 

a dielectric sheet having tWo opposed rnain surfaces; 

electrodes disposed on both rnain surfaces of the sheet; 

a pair of openings forrned respectively in the electrodes 
and having corresponding aligned edges so as to pro 
vide a dielectric resonator; 
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a conductive line disposed on a substrate, said substrate 
being stacked on said dielectric sheet, said line being 
rnagnetically coupled to the dielectric resonator; and 

a conductive case containing said substrate and said 
dielectric sheet; 

Wherein said line has a ?rst portion arranged along a path 
Which runs substantially along said edges of the open 
1ngs. 

17. A high-frequency rnodule according to claim 16, 
Wherein a ?rst end of said line is grounded through a resistor, 
and a second end of said line is connected to a ?eld-effect 
transistor, said resonator being comprised in an oscillator. 

18. A high-frequency rnodule according to claim 17, 
Wherein said line has a ?rst portion Which is arranged along 
a path Which runs substantially along the edges of the 
openings. 

19. A high-frequency rnodule according to claim 16, 
Wherein said line has a ?rst portion Which is arranged along 
a path Which runs substantially along the edges of the 
openings. 

20. A high-frequency rnodule according to claim 19, 
Wherein said line crosses the edges of the opening at tWo 
points. 

21. A high-frequency rnodule according to claim 16, 
Wherein said line crosses the edges of the opening at tWo 
points. 


