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ABSTRACT OF THE DISCLOSURE

Disclosed is an oscillator wherein, when adjusting the
characteristics of the oscillator, the time~consuming
removal of a cap and a substrate at each measurement is
dispensed with, and which can be manufactured at low cost.
The oscillator comprises a dielectric resonator, a circuit
board, and an adjustment mechanism for adjusting the
relative positional relationship between the dielectric
resonator and the circuit board; the dielectric resonator
having a dielectric substrate, electrodes provided on two
opposite faces of the dielectric substrate, and electrode
removal portions provided at predetermined positions on the
electrodes; and the adjustment means comprising screws and

springs for moving the dielectric resonator.
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OSCILLATOR AND COMMUNICATIONS DEVICE

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to an oscillator and a

communications device used 1n microwave and milliwave bands

and the like.
2. Description of the Related Art

An example of an oscillator will be explained based on
FIG. 5. This oscillator was not publicly known or described
in any publication when the present invention was realized.

An oscillator 110 comprises a cap 111, a circuit board
140, a dielectric resonator 120, a case 130 and a stem 112.
The cap 111 and the stem 112 are made of steel, and terminal
pins 113 connect to the stem 112. The circuit board 140
comprises a circult pattern, such as a stripline, provided
on an insulated substrate. Elements such as an FET 142, a
chip capacitor 143 and a chip resistor 144 are mounted at
predetermined positions on the circuit board 140, and are
connected together. The terminal pins 113 and holes 155a,
155b and 155¢, having roughly the same shape as the terminal
pins 113, are provided at three corners of the circuit board
140, and terminal electrodes 149, 150 and 153 are provided
around the holes 155a, 155b and 155c. The terminal pins 113

are inserted through the holes 155a, 155b and 155c, provided
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in the circuit board 140, and are connected to the terminal

electrodes 149, 150 and 153.

The dielectric resonator 120 comprises a square
dielectric substrate 121 and an electrode 122, provided on
two opposite faces and four side faces of the dielectric
substrate 121. Then, circular electrode removal portions
123 are provided roughly in the center of the electrode 122
on the opposite two faces, opposite to each other.
Furthermore, a concave portion 131 for storing the
dielectric resonator 120 is provided in the case 130.

The case 130, wlth the dielectric resonator 120 stored
therein, 1s placed on the stem 112, and the circuit board
140 1s mounted on the case 130. 1In this way, the cap 111 is
hermetically sealed over the stem 112, on which the case 130
storing the dielectric resonator 120 and the circuit board
140 are mounted.

In an oscillator used at high-frequency bands such as
a milliwave band, even a slight discrepancy in the size of
the components or the positions of their arrangement, and
the like, will effect the characteristics to a degree which
cannot be ignored. For instance, when the positional
relationship between the dielectric resonator and the
circuit board changes, the coupling between the striplines
provided on the circuit board and the dielectric resonator

will be altered. This has a considerable effect on the




CA 02272224 1999-05-19

oscillating frequency and the oscillating output and the
like, and as a consequence, the characteristics of the
oscillator are unstable. Therefore, in order to manufacture
a stable oscillator having desired characteristics, the
positional relationship between the dielectric resonator and
the circuit board must be adjusted with a precision of below
0.1 mm.

To carry out this adjustment, the dielectric resonator
is provided 1in the concave portion of the case, the circuit
board 1s mounted on the case, this is covered with the cap,
and the characteristics of the oscillator are then measured.
When the desired characteristics are not obtained, the cap
and the circuit board are removed, the position of the
dielectric resonator is changed, the circuit board is
remounted, thé cap 1s replaced, and the characteristics of
the oscillator are measured once more. Then, this operation
1s repeated until the desired characteristics are obtained.

Thus, 1n the conventional oscillator, the operation of
removing the circuit board and the cap to change the
position of the dielectric resonator, and then remounting
the circuit board and replacing the cap, must be carried out
many times. Consequently, considerable time is needed to

obtain an oscillator having the desired characteristics,

leading to increased manufacturing costs.
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SUMMARY OF THE INVENTION

The oscillator of the present invention has been
realized in consideration of the problems described above.

The oscillator of the present invention comprises a
dielectric resonator, a circuit board, and an adjustment
mechanism for changing the relative positional relationship
of the dielectric resonator and the circuit board; the
dielectric resonator comprising a dielectric substrate,
electrodes, provided on two opposite faces of the dielectric
substrate, and electrode removal portions, provided at
predetermined positions on the electrodes; and the
adjustment mechanism comprising a force-applying unit and a
movable structure for moving the dielectric resonator, and a
force-applying unit and a movable structure for moving the
circult board.

Preferably, the movable structure for moving the
dielectric resonator is a concave portion larger than the
dielectric resonator, provided in a case for storing the
dielectric resonator, the concave portion having a two-level
structure for providing a vacant portion around the
electrode removal portions of the dielectric resonator.

The force-applying unit for moving the dielectric
resonator comprises screws.

Alternatively, the force-applying unit for moving the

dielectric resonator comprises screws and elastic members.
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In a preferable arrangement of the invention, the
movable structure for moving the circuit board comprises
oval holes for inserting terminal pins.

The oscillator may use a force-applying unit and a
movable structure for moving the dielectric resonator in one
axial direction parallel to a horizontal direction, and use
a force-applying unit and a movable structure for moving the
dielectric resonator at a right angle to the axial direction.

Alternatively, the arrangement may be such that the
oscillator uses a force-applying unit and a movable
structure for moving the dielectric resonator in one axial
direction parallel to a horizontal direction, and uses a
force-applying unit and a movable structure for moving the
circuit board at a right angle to the axial direction.

A communications device according to the present
invention comprises a circuit for transmitting, a circuit
for receiving, and an antenna, wherein the circuit for
transmitting and/or the circuit for receiving comprise the
oscillator of the present invention.

Consequently, the dielectric resonator and the circuit
board can be moved without removing the circuit board and

the cap.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of an
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oscillator of the present invention;

FIG. 2 is a cross-sectional view of a case, a
dielectric resonator and a circuit board of the present
invention:

FIG. 3 1is an exploded perspective view of an
oscillator according to a second embodiment of the present
invention;

FIG. 4 is a schematic diagram of a communications
device of the present invention; and

FIG. 5 is an exploded perspective view of a

conventional oscillator.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

There will be detailed below an embodiment of the
present invention with reference to FIG. 1.

An oscillator 10 of the present invention comprises a
cap 11, a circuilt board 40, a dielectric resonator 20, a
case 30 and a stem 12. The cap 11, the case 30 and the stem
12 should preferably have roughly the same coefficient of
linear expansion as the dielectric resonator 20. They may
acceptably comprise steel. The cap 11 and the stem 12 are
hermetically sealed together. Furthermore, terminal pins 13
are provided at three corners of the stem 12.

The dielectric resonator 20 comprises an electrode 22,

provided on two opposite faces of a square dielectric
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substrate 21, and a substantially disk-like electrode
removal portion 23 is provided roughly in the center of the
electrode 22. Furthermore, the electrode 22 also covers the
four side faces of the dielectric substrate 21, and
functions as a ground. The dielectric resonator 20 of such
a constitution functions as a resonator when an
electromagnetic field becomes concentrated near the
substantially disk-like electrode removal portion 23.

A concave portion 31, which the dielectric resonator
20 can fit into, 1is provided roughly in the center of the
case 30. A step projects from the side wall of the concave
portion 31 and supports part of the low face of the
dielectric resonator 20. Consequently, a space is formed
below the electrode removal portion 23 (FIG. 2). The
dielectric resonator 20 1s stored in the concave portion 31,
and should preferably be of a size such that it is able to
move a certain degree in a direction parallel to the top
face of the step in the concave portion 31, and does not
drop into the opening. Through holes with screws 32 in them
are provided in two adjacent side faces of the case 30 and
reach as far as the inside face of the concave portion 31.
Furthermore, notches 33 for holding elastic members are
provided facing the screws 32 with the dielectric resonator
20 in between them. Springs 34, forming elastic members,

are provided 1in the notches, and are clasped by the side
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faces of the dielectric resonator 20 and the side faces of
the notches 33.

The circuit board 40 comprises a stripline pattern on
an insulated substrate 41, an FET 42, a chip capacitor 43,
chip resistors 44a, 44b and 44c, a film-like terminal
resistor 45 and a varactor diode 52. One end of a main line
46, comprising a stripline, is connected to the gate of the
FET 42, and the other end 1s connected to a film-like
terminal resistor 45. Furthermore, the stripline 47, which
connects to the source of the FET 42, is connected via the
chip resistor 44a to a ground electrode 48a. Moreover, one
of the striplines connecting to the drain of the FET 42 is
connected via the chip resistor 44b to an input terminal
electrode 49. The input terminal electrode 49 connects via
the chip capacitor 43 to a ground electrode 48b. The other
stripline connecting to the drain of the FET 42 is connected
via a capacitor component, comprising a gap, to an output
terminal electrode 50.

An auxiliary line 51 is connected at a predetermined
position via the varactor diode 52 to the ground electrode
48a. Furthermore, a stripline extracted at another position
on the auxiliary line 51 connects via the chip resistor 44c
to a bias terminal electrode 53. When a voltage is applied
to the varactor diode 52, the capacitance of the varactor

diode 52 changes, whereby the oscillating frequency of the
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oscillator 10 can be changed.

The ground electrodes 48a and 48b pass through the
through holes 54 and connect to ground electrodes (not shown
in the diagram) provided on the rear surface of the circuit
board 40. The ground electrodes on the rear surface of the
circult board 40 are connected to the case 30 when the
circult board 40 is mounted on the case 30, thereby
grounding the circuit. The ground electrodes on the rear
surface of the circuit board 40 are not provided on portions
corresponding to the electrode removal portions 23 of the
dielectric resonator 20, so that the striplines on the top
face of the circuit board 40 can be coupled to the
dielectric resonator 20.

The case 30 1is provided on the stem 12, and the
dielectric resonator 20 is stored inside the concave portion
31 of the case 30. Next, the circuit board 40 is mounted oh
the case 30, and the cap is hermetically sealed over it, to
form the oscillator 10. The terminal pins 13, provided at
three corners of the stem 12 and the case 30, are inserted
through holes 55a, 55b and 55c, provided respectively in the
input terminal electrode 49, the output terminal electrode
50 and the bias terminal electrode 53 of the circuit board
40, and connect respectively to the terminal electrodes 49,
50 and 53. The holes 55a, 55b and 55c, provided in the

circuit board 40, are the same shape as the terminal pins 13
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SO as to be always connected thereto.

Below, the mechanism for adjusting the relative
positions of the dielectric resonator 20 and the circuit
board 40 of the present invention will be explained.

A thermosetting adhesive is applied in the step
portion of the two-level concave portion 31 of the case 30,
provided on the stem 12, and the dielectric resonator 20 is
provided therein. Elastic members, in this case springs 34,
are provided between the dielectric resonator 20 and the
notches 33. The elastic members are not limited to the
springs 34, and may be rubber or the like. Then, the
circuilt board 40 is mounted on the case 30 and the cap 1s
placed over it. A cap for adjusting is used. That 1s, the
cap has holes at positions corresponding to the screwed
through holes 32 in the case 30.

As force-applying means, screws 35 are inserted from
two directions through the holes in the cap of the
osclllator, so as to touch the side faces of the dielectric
resonator 20. Moreover, inserting the screws 35 applying a
pressing force against the dielectric resonator 20 and
alters its position. Since the screws 35 are inserted from
directions intersecting at a right angle, the dielectric
resonator 20‘can be freely moved vertically and horizontally.
The characteristics are measured each time the position of

the dielectric resonator 20 is altered. 1In the position at
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which desired characteristics have been obtained, the
structure is heated until the thermosetting adhesive sets,
thereby fixing the dielectric resonator 20 in position.
Finally, the oscillator 10 is completed by replacing the cap
for adjusting with a conventional cap 11 which has no holes.

The dielectric resonator 20 may be moved using rods or
the like, but it can be moved more precisely by using the
screws 35. That 1is, the distance moved by the dielectric
resonator 20 becomes more even in direct proportion to the
number of rotations of the screws 35, and therefore the
dielectric resonator 20 can be moved with accuracy.
Furthermore, springs 34 are provided facing the screws 35,
with the dielectric resonator 20 in between, thereby pushing
the dielectric resonator 20 back. Therefore, the dielectric
resonator 20 can be moved back by loosening the screws 35.
Even without elastic members such as the springs 34, the
position of the dielectric resonator 20 can be very
precisely adjusted by accurately inserting the screws 35.

In this embodiment, the characteristics are measured
when the screws 35 and the springs 34 are touching the side
faces of the dielectric resonator 20. This is because, in
the dielectric resonator 20 used in the oscillator 10 of the
present invention, the touching of the screws 35 and the
spring 34 has no great effect on the characteristics. That

is, in the dielectric resonator 20 used in the present
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invention, the electromagnetic field is concentrated at the
disk-like electrode removal portion 23, and consequently the
presence of the screws 35 and the spring 34 has almost no
effect on the electromagnetic field of the dielectric
resonator 20.

The description of this embodiment referred to a
voltage-controlled oscillator using the varactor diode 52,
but the present invention is not limited to this. For
instance, the present invention can be applied to an
oscillator which does not use the auxiliary line 51 portion,
or an osclllator which uses a gunn diode instead of the FET
42, or such like.

Next, a second embodiment of the present invention
will be explained based on FIG. 3. Portions which are the
same as 1n the preceding embodiment are represented by the
same reference numerals, and detailed explanation of these
portions is omitted. FIG. 3 is an exploded perspective view
of an oscillator.

In this embodiment, the concave portion 31la of the
case 30a has the same width as the dielectric resonator 20
in one directiqn, but 1s wider than the dielectric resonator
20 1n the other direction. With a concave portion 3la of
such a structure, the dielectric resonator 20 can be moved
in the direction in which the width of the concave portion

3la 1s wider. Further, grooves 36, running from the two
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opposing outside faces of the case 30a to the concave
portion 3la of the case 30a, are provided. These grooves 36
enable rods or the like to be inserted to move the
dielectric resonator 20.

The holes 56a, 56b and 56c for inserting the terminal
pins 13 are provided on the terminals electrodes 49, 50 and
53, and are oval, being a shape formed by extending the
diameter of a disk in a direction at a right angle to the
direction which the dielectric resonator 20 can move in. To
maintain the connection with the terminal pins 13, the oval
holes 56a, 56b and 56c have the same width as the terminal
pins 13 in the direction which is at a right angle to the
direction which the circuit board 40a can move in.

The oscillator 1is formed by covering it with a cap for
adjusting, as in the previous embodiment. However, in this
case, the cap for adjusting has holes in its four side faces
1n order to move the circuit board 40a as well as the
dielectric resonator 20.

To move the dielectric resonator 20, rods 37 are
inserted through the holes in the cap as force-applying
means. The rods 37 pass through the grooves 36 and touch
the dielectric resonator 20. Since the rods 37 are inserted
from opposite side faces, the dielectric resonator 20 can be
freely moved in either direction. Similarly, the circuit

board 40a can be moved at a right angle to the dielectric
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resonator 20 by inserting the rods 37 from two side faces
which are at right angles to the direction which the
dielectric resonator 20 moves in. That is, by moving the
dielectric resonator 20 in one direction and the circuit
board 40a in another direction, which is at a right angle
thereto, it is possible to alter the relative positional
relationship between the dielectric resonator 20 and the
circult board 40a, both horizontally and vertically. After
carrying out such adjustment until the desired
characteristics are obtained, the cap is replaced by a
conventional cap with no holes to form the oscillator 10a.
Furthermore, the circuit board 40a is soldered to the
terminal pins 13. With such a constitution, the adjustment
takes less time to perform. 1In addition, there are fewer

components than in the first embodiment, enabling the

applying means, but screws may be used instead. Further,
although the position was altered by inserted the rods from
two opposing side faces of the dielectric resonator and the
circuit board, it is acceptable to dispense with the grooves
and provide a spring between the case and the dielectric
resonator, whereby the spring pushes back. This increases
the number of components, but has the advantage of making

adjustment less time-consuming.
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Next, a communications device of the present invention
wlill be explained based on FIG. 4, which shows a schematic
view of the communications device of the present invention.

As shown in FIG. 4, the communications device 60 of
the present invention comprises a duplexer 61, comprising a
filter for transmitting and a filter for receiving, an
antenna 62, which connects to a terminal for antenna
connection of the duplexer 61, a circuit for transmitting 63,
connected to ‘input/output terminals of the filter for
transmitting of the duplexer 61, and a circuit for receiving
64, connected to input/output terminals of the filter for
recelving of the duplexer 61.

The circuit for transmitting 63 has a power amplifier
(PA) for power-amplifying the transmission signal, which
passes through the filter for transmitting and is emitted
from the antenna 62. Furthermore, reception signal is
passed from the antenna 62 through the filter for receiving,
and 1s received by the circuit for receiving 64. After
passing a low-noise amplifier (LNA) and a filter (RX) 1n the
circuit for receiving 64, the signal is input to a mixer
(MIX). The base oscillator is a phase-locked loop (PLL),
comprising an oscillator (VCO) and a divider (DV), and
outputs a local signal to the mixer. The mixer outputs at
intermediate frequency.

As a result, 1t is possible to provide a




CA 02272224 1999-05-19

- 16 -

communications device which is less time-consuming and
inexpensive to manufacture. This embodiment described an
example using the oscillator as the circuit for receiving,
but the communications device of the present invention is
not limited to this, and can be applied when the oscillator
1s used as the circuit for transmitting, or when an
osclllator is used in both.

The present invention described above comprised an
adjustment mechanism for changing the relative positional
relationship between the dielectric resonator and the
circuit board. Consequently, whén adjusting the
characteristics of the oscillator, it is not necessary to
remove the cap and the circuit board each time the
characteristics are measured, thereby reducing the amount of
time consumed when manufacturing and lowering manufacturing
costs.

Furthermore, screws were used as force-applying means
to move the dielectric resonator. Consequently, the
dielectric resonator can be moved a distance fixed by the
number of rotations of the screws. Similarly, springs were
used as force-applying means. Consequently, a pushing-back
force was generated, enabling the dielectric resonator to be

more freely moved.
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WHAT IS CLAIMED 1IS:

l. An oscillator, comprising:

a dielectric resonator, a circuit board, and an
adjustment mechanism for changing the relative positional
relationship of said dielectric resonator and said circuit
board;

sald dielectric resonator comprising a dielectric
substrate, electrodes, provided on two opposite faces of the
dielectric substrate, and electrode removal portions,
provided at predetermined positions on said electrodes; and

sald adjustment mechanism comprising force-applying
means and a movable structure for moving said dielectric
resonator, and force-applylng means and a movable structure

for moving said circuit board.

2. The oscillator according to Claim 1, wherein said
movable structure for moving said dielectric resonator is a
concave portion larger than said dielectric resonator,
provided in a case for storing said dielectric resonator,
the concave portion having a two-level structure for
providing a vacant portion around said electrode removal

portions of said dielectric resonator.

3. The oscillator according to Claim 1 and 2, wherein
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said force-applying means for moving salid dielectric

resonator comprises Screws.

4. The oscillator according to Claim 1 and Claim 2,
wherein said force-applying means for moving said dielectric

resonator comprises screws and elastic members.

5. The oscillator according to Claim 1, wherein said
movable structure for moving said circuit board comprises

holes for inéerting terminal pins, the holes being oval.

6. The oscillator according to Claim 1, Claim 2,
Claim 3 and Claim 4, which uses force-applying means and a
movable structure for moving said dielectric resonator in
one axlal direction parallel to a horizontal direction,

and uses force-applying means and a movable structure
for moving said dielectric resonator at a right angle to

sald axial direction.

7. The oscillator according to Claim 1, Claim 2,
Claim 3, Claim 4 and Claim 5, which uses force-applying
means and a movable structure for moving said dielectric
resonator in one axial direction parallel to a horizontal

direction,

and uses force-applying means and a movable structure
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for moving said circuit board at a right angle to said axial

direction.

8. A communications device, comprising a circuilt for
transmitting, a circuit for receiving, and an antenna,
wherein sailid circuit for transmitting and/or said circuit
for receiving comprise an oscillator, the oscillator being

the oscillator according to any one of Claims 1 - 7.
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FIG. 2
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FIG. 5
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