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(64) Shield structure for use in microwave circuit device

(67) Ashield case e.g. for shielding a microwave amplifier
from external radio noise comprises a main body (24), a
top plate (25), and a bottom plate (26), and encloses a
circuit substrate (11) having microwave components (121,
122) and ground patterns formed on the peripheries of its
upper and lower surfaces (114, 11b). The bottom plate (26)
is screwed to the main body (24) with the circuit substrate
(11) interposed therebetween, with reliable electrical
contact ensured by a shield line (27), which consists of an
elastic conductor and which fills a peripheral groove (265)
in the bottom plate (26). Alternatively (Fig. 7A, not shown)
a sheet of elastic conductor is received in the bottom plate
(26).
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"SHIELD STRUCTURE FOR USE
IN MICROWAVE CIRCUIT DEVICE"

This invention relates to a microwave circuit
device obtained by forming a microwave circuit on a
substrate, and more particularly to an improved shield
structure for shielding an circuit from external radio
noise.

First, a conventional shield structure employed in,
for example, a microwave amplifier for amplifying a sig-
nal having a high frequency of several GHz - ten and
several GHz will be explained with reference to Figs. 1A
and 1B.

Fig. 1A is an exploded perspective view of a micro-
wave amplifier, and Fig. 1B a cross sectional view show-
ing part of the exploded cross section of the amplifier.

In Figs. 1A and 1B, reference numeral 11 denotes a
circuit substrate, which has an upper surface divided
into two portions. Integrated circuit devices 121 and
122 for amplifying microwave (hereinafter called "IC
component") are provided on central portions of the
divided two surface portions, respectively.

On the upper surface of the substrate 11, the out-
put terminal of the IC component 121 and the input ter-
minal of the IC component 122 are connected to a wiring
pattern 111 by means of solder, and are thus connected
to each other in series. The input terminal of the IC

component 121 and the output terminal of the IC
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component 122 are respectively connected to wiring pat-
terns 112 and 113 by means of solder, which patterns are
to be connected to the hot terminals of coaxial connec-
tors 131 and 132, respectively.

The circuit substrate 11 further has ground pat-
terns 114 and 115 formed on peripheral portions of the
upper surface, and a ground conductive layer 11b formed
on the overéll lower surface, hereinafter referred to as
a "ground layer". The upper-surface-side patterns 114
and 115 ére connected to the lower-surface-side ground
layer 11b by means of a through hole lla formed in a
desired porp}én of the substrate 11.

The ground terminal of each of the IC components
121 and 122 is connected to the ground patterns 114 and
115. Screw holes 116 - 119 are formed in four corners
of the circuit substrate 11.

The circuit substrate 11 further has microwave com-
ponents such as a resistor, etc., and wiring patterns
for connecting the components. These components and
patterns are not explained and shown, for simplifying
the explanation of the shield structure.

A shield case for shielding the substrate 11 com-
prises a case main body 14, and a cover 15 for covering
the upper surf;ce of the case main body 14. The body 14
and the cover 15 are made of a conductive member (e.g.
aluminum member).

The thickness of the case main body 14 increases
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from a predetermined portion thereof, such that it can
be brought into electrical contact with the ground pat-
terns 114 and 115 formed on peripheral portions of the
substrate 11, in a state where the substrate 11 is
inserted into the body 14 from the bottom and fixed to
an intermediate portion thereof. Those portions of the
ground patterns 114 and 115 of the substrate 11 which
contact the case main body 14 are not coated with a
resist for preventing corrosion.

Further, a partition plate 141 is formed integral
with the case mainibody 14 at the center thereof, for
shielding the IC components 121 and 122 from each other.
A groove 142 ?s formed in a bottom central portion of
the partition plate 141 so as to prevent the plate 141
from contacting the wiring pattern 111 on the upper sur-
face of the substrate 11.

Through holes 143 and 144 are formed in those por-
tions of the case main body 14 to which the coaxial con-
nectors 131 and 132, for inserting therethrough the hot
terminals of the connectors.

Peripheral surface portions of the connectors 131
and 132 serve as ground electrodes, and their central
portions serve as hot electrodes. The hot electrodes
are connected to pin terminals, which serve as hot
terminals.

The connectors 131 and 132 are screwed to the case

main body 14 without permitting their hot terminals to
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contact the inner surfaces of the through holes 143 and
144 (this state is not shown). Thus, peripheral por-
tions of the connectors 131 and 132, the case main body
14, the cover 15, and the ground pattern 114 of the cir-
cuit substrate 11 are electrically connected to the
lower-surface-side ground layer, and are kept at the
ground potential.

The portions of the case main body 14 to which the
connectors 131 and 132 are attached are made thinner
than the other portions, and the hot terminals of the
connectors 131 and 132 which project from the holes 143
and 144 are soldered to the patterns 112 and 113 of the
substrate 11, respectively. As a result, the hot termi-
nal of the connector 131 functions as a microwave signal
input terminal, and that of the connector 132 as a
microwave signal output terminal.

The substrate 11 is screwed to the case main body
14 by means of screws 151 - 154 from the bottom of the
body 14, and the cover 15 is adhered to the upper sur-
face of the body 14 by the use of a shield resin.

No explanations will be given of a power supply
system for the circuit substrate 11, so as to simplify
the explanation of the device.

Since the IC components 121 and 122 are surrounded
with conductive members, they can be shielded from
external radio noise.

In the case of the above-described shield



10

15

20

25

structure, however, when it is actually assembled, a
clearance may inevitably be formed due to a warped por-
tion of the substrate 11 and/or uneven surface portions
of the ground patterns 114 and 115, as is shown in

Fig. 2. External radio noise can enter into the circuit
through the clearance, thereby, for example, reducing
the ratio of the level of a signal to that of noise.

Moreover, since uneven surface portions of the
ground patterns 114 and 115 increase the contact resis-
tances between them and the case main body 14, a poten-
tial difference may be caused between the substrate 11
and the shield case, thereby degrading the characteris-
tics of the circuit. .

To avoid this, insertion of a conductive rubber
between the patterns 114 and 115 of the substrate 11 is
employed as a conventional technique. This technique,
however, may increase the contaét resistances of the
patterns 114 and 115 since the contact resistance of a
conductive rubber is ten times higher than that of a
metal. Further, the conductive rubber will have its
quality degraded or cracked after long use, reducing the
life of the circuit device. 1In particular, when the
rubber is cracked, external radio noise enters into the
circuit, thereby reducing the ratio of the level of a
signal to that of noise. |

Fig. 3 shows another shield structure. 1In this

case, a groove 145 is formed in the surface portion of
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the case main body 14 which contacts the circuit subst-
rate 11, and is filled with a shield line 16 made of an
elastic conductive member (which consists, for example,
of a cable made of an elastic resin member and threads
made of copper or aluminum and wound on the cable). The
diameter of the shield line 16 is set greater than the
depth of the groove 145.

In the above structure, when the substrate 11 is
screwed to the case main body 14, the shield line 16 is
pressed against the ground patterns 114 and 115 of the
substrate 11 and the base main body 14, thereby filling
the space between the patterns 114 and 115 énd the base
main body 14. '

However, since the groove 14 to be filled with the
shield line 16 is formed in the shield structure such
that it does not pass the screw holes, the shield struc-
ture must be made thick. This being so, the shield case
must be made large and heavy.

In addition, the shield line 16 cannot pass that
portion of the circuit substrate 11 at which the wiring
patterns 112 and 113 are formed. Therefore, the line 16
must be divided into two portions such that it does not
contact the patterns 112 and 113. As a result, not only
the man-hour of assembly is increased, but also there is
a possibility of radio noise entering into the circuit
from a portion at which the shield line 16 is not

provided.
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As described above, in the case of the conventional
shield structure for shielding a microwave circuit
device, a clearance may inevitably be formed between a
circuit substrate and a shield case due to a warped por-
tion or an uneven surface portion of the substrate, and
external radio noise can enter into the circuit through
the clearance, thereby reducing the ratio of the level
of a signal to that of noise.

So as to eliminate the disadvantage, there have
been devised various methods, for example, a method for
inserting a conductive rubber member between the sub-
strate and the shield case, and a method for filling a
shield line in a groove formed in that portion of the
shield case which contact the substrate. These methods,
however, cannot completely prevent radio noise from
entering into the circuit, and inevitably increase the
number of assembling steps, the outer size and the
weight.

It is the object of the invention to provide a
shield structure for shielding a microwave circuit
device, which can establish a reliable electric contact
between the ground patterns of a circuit substrate, and
can completely prevent external noise from entering into
the circuit, with the use of a light and compact shield
case.

To attain the object, there is provided a shield

structure for shielding a microwave circuit device,
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comprising:

a circuit substrate having microwave components
mounted thereon, and one of a ground layer formed on an
lower surface of the substrate and a continuous ground
pattern formed in the lower surface along the periphery
thereof;

a shield case main body receiving the circuit
substrate in an intermediate position of the body, the
thickness of the shield case main body inéreasing from a
predetermined position;

a shield case bottom plate coupled integral with
the shield case main body with the circuit substrate
interposed therebetween in a state where the circuit
substrate is received in the body, the shield case bot-
tom plate having a surface, which is opposed to the
lower surface of the circuit substrate and has a contin-
uous groove formed therein aloné the entire periphery
thereof;

a shield line consisting of an elastic conductor
with a diameter greater than the depth of the groove of
the shield case bottom plate, and filling the continuous
groove; and

a shield case top plate coupled integral with the
shield case main body.

This invention can be more fully understood from
the following detailed description when taken in con-

junction with the accompanying drawings, in which:
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Figs. 1A and 1B show a conventional microwave
amplifier; wherein Fig. 1A is an exploded perspective
view of the microwave amplifier, and Fig. 1B is an
exploded sectional side view, showing part of the micro-
wave amplifier;

Fig. 2 is a cross sectional view, useful in
explaining the drawbacks of a shield structure shown in
Figs. 1A and 1B, and showing part of the microwave
amplifier having been assembled;

Fig. 3 is a sectional side view, showing another
conventional shield structure for the microwave
amplifier;

Figs. 4A, 4B and 4C show the structure of a micro-
wave amplifier as a microwave circuit according to an
embodiment of the invention; wherein Fig. 4A is an
exploded perspective view, Fig. 4B is an exploded
sectional side view of the microwave amplifier of
Fig. 4A, and Fig. 4C is a sectional side view, showing
the microwave amplifier having been assembled;

Figs. 5A and SB are a sectional side view and a
plan view, showing a structure according to another
embodiment of the invention, which employs a double
shield line;

Fig. 6 is a plan view, showing a further embodiment
of the invention, which employs a shield line provided
in a central portion thereof; and

Figs. 7A and 7B show the structure of a microwave
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amplifier according to a further embodiment of the
invention; wherein Fig. 7A is an exploded perspective
view, and Fig. 7B is a sectional side view.

The embodiments of the invention will be explained
with reference to the accompanying drawings.

Figs. 4A and 4B show the structure of a microwave
amplifier as a microwave circuit according to an embodi-
ment of the invention; wherein Fig. 4A is an exploded
perspective view, and Fig. 4B is an exploded sectional
side view. In Figs. 4A and 4B, a circuit substrate,
components mounted on the substrate and coaxial connec-
tors have the same structures as the circuit substrate
11, the components 121 and 122 and the coaxial connec-
tors 131 and 132 shown in Figs. 1A and 1B. Therefore,
elements similar to those shown in Figs. 1A and 1B are
denoted corresponding reference numerals, and no expla-
nations will be given of them. |

The shield case employed in this embodiment
comprises a case main body 24 constituting a side sur-
face of the shield case, a top piate 25-for covering the
upper surface of the body 24, and a bottom plate 26 for
covering the bottom surface of the-body 24. These body
and plates are made of a conductive material (such as
aluminum).

The thickness of the case main body 24 is increased
from a predetermined portion thereof, such that it can

be brought into electrical contact with ground patterns
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114 and 115 formed on peripheral portions of the
substrate 11, in a state where the substrate 11 is
inserted into the body 24 from the bottom and fixed to
an intermediate portigﬂ'thereof. The thickness is set
to such a value as enables the substrate 11 to be
screwed to the main body 24.

Further, a partition plate 241 is formed integral
with the case main body 14 as one body at the center
thereof, for shielding the IC components 121 and 122
from each other. A groove 242 is formed in a bottom
central portion of the partition plate 241 so as to pre-
vent the plate 241 from contacting the wiring pattern
111 on the upper surface of the substrate 11.

Further, those portions of the case main body 24,
to which the coaxial connectors 131 and 132 are
attached, are thinner than other portions, and are pro-
vided with through holes 243 and 244 for inserting the-
rethrough the hot terminals of the connectors 131 and
132.

The bottom plate 26 has the same outer size as the
case main body 24, and the periphery of the plate 26
projects such that it can contact a lower portion of the
outer periphery of the circuit substrate 11 and the
periphery of the case main body 24. Further, the
periphery of the bottom plate 26 has a width sufficient
to contact the lower-surface-side periphery of the

substrate 11, and to form screw holes 261 - 264 and



10

15

20

25

- 12 -

a continuous groove 265 for burying a shield line
therein. |

The screw holes 261 - 264 are aligned with the
screw holes 116 - 119 of the substrate 11. The continu-
ous groove 265 extends along the four sides of the bot-
tom plate 26. A shield line 27 is buried in the overall
groove 265. The line 27 is formed of an elastic conduc-
tive member, which consists of a cable made of e.g. an
elastic resin, and threads made of aluminum and wound on
the cable. The line 27 has a diameter slightly greater
than the depth of the groove 265.

The bottom plate 267constructed as above is screwed
to the case main body 24 by means of screws 151 - 154,
with the circuit substrate 11 interposed therebetween.
The coaxial connectors 131 and 132 are screwed to the
body 24 such that their hot terminals do not contact the
through holes 243 and 244, and that a peripheral portion
of each of the connectors contacts the case main body 24
and the bottom plate 26.

In addition, it is necessary to remove beforehand
the resist coated on a peripheral portion of the lower-
surface-side ground layer 11b of the circuit substrate
11, so that the bottom plate 26 can be electrically con-
nected to the shield line 27.

The hot terminals of the connectors 131 and 132
projecting from the through holes 243 and 244 are sol-

dered to the patterns 112 and 113 of the circuit
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substrate 11, respectively. Thus, the hot terminal of
thé connector 131 functions as a microwave signal input
terminal, and that of the connector 132 as a microwave
signal output terminal.

After soldering of the connectors 131 and 132, the
top plate 25 is adhered to the upper surface of the case
main body 24 by means of a shield resin, thus completing
the assembling. Fig. 4C shows the completed device.

The advantage of the above-described structure will
be explained.

When the bottom plate 16 is screwed to the case
main body 24 with the circuit substrate 11 interposed
therebetween, the shield line 27 is deformed and hence
presses the substrate 11 against the main body 24, since
the diameter of the line 27 is greater than the depth of
the groove 265. As a result, the main body 24 can be
brought into reliable contact with the ground patterns
114 and 115, formed on peripheral portions of the
substrate 11, without a clearance therebetween, even if
the substrate 11 is warped or the patterns 114 and 115
have uneven surfaces. Accordingly, external noise can
be prevented from entering through the contact portion,
and the contact resistance can be prevented from
increasing, thereby enabling the potential of the main
body 24 to be identical to that of each of the ground
patterns 114 and 115.

Since the shield line 27 is provided on the side of
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the bottom plate 26, it can be formed along the entire
periphery of the plate 26 without considering the pat-
tern on the circuit substrate 11. This can reliably
eliminate the conventional disadvantage that external
radio noise enters in the vicinity of the patterns 111
and 112. Moreover, since it is not necessary to bury
the shield line 27 on the side of the case main body 24,
the thickness of the side walls of the body 24 can be
reduced to a minimum value reguired to screw the bottom
plate 26 and the substrate 11 to the body 24, thereby
reducing the weight.

In addition, the shield line 27 comprises wound
conductive threads, and the contact area between the
lower-surface-side ground layer 11b of the substrate 11
and the bottom plate 26 is increased due to deformation
of the threads caused when the overall components are
assembled. Therefore, the ground layer 11b of the sub-
strate 11 and the bottom plate 26 can have the same
potential in a reliable manner.

Further, the upper-surface-side ground patterns 114
and 115 and the lower-surface-side ground layer 11b of
the substrate 11 are connected to one another through
the through hole 1lla, and the case main body 24 and the
bottom plate 26 contact each other at their peripheral
portions. Further, each of the connectors 131 and 132
is secured to the main body 24 and the bottom plate 26.
As a result, the body 24, the bottom plate 26, the
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ground patterns 114 and 115 and ground layer of the
substrate 11 can have the same potential as the ground
electrodes of the connectors 131 and 132.

Although in the above embodiment, the ground layer
11b is formed on the overall lower surface of the
substrate 11, the ground layer 11b may be formed only on
the periphery of the surface of the substrate 11, and
have a minimum width enough to contact the shield line
57. On the contrary, where the ground layer 11b is
formed on the overall lower surface of the substrate 11,
the shielding effect is not changed even when that por-
tion of the bottom plate 26 which is located inside the

shield-line-buried groove 265 is cut out. 1In this case,

“the device is lightened by the weight of the cut-out

portion.

Furthermore, although a single shield line is
employed in the above embodiment, a further groove 266
may be formed inside the groove 265 in that surface of
the bottom plate 26 which contacts the substrate, and a
second shield line 28 be buried therein, so as to estab-
1ish more reliable shielding, as is shown in Figs. 5A
and 5B.

More reliable contact can be established between
the substrate 11 and the bottom plate 26, thereby
increasing the shielding effect and decreasing the con-
tact resistance, as a result of a structure shown in

Fig. 6. Specifically, the thickness of a central
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portion of the bottom plate 26 is increased so as to
contact the circuit substrate 11; and a groove with a
shield line 29 buried therein is formed in the contact
portion.

Figs. 7A and 7B show a microwave amplifier accord-
ing to another embodiment of the invention; wherein
Fig. 7A is an exploded perspective view, and Fig. 7B is
a sectional side view. In Figs. 7A and 7B, elements
similar to those shown in Figs. 4A and 4B are denoted by
corresponding reference numerals, and no explanations
will be given thereof.

The structure of Figs. 7A and 7B differs from that
of Figs. 4A and 4B in the following points:

The groove 265 and the shield line 27 are not
employed. 1Instead, that portion 268 of the bottom plate
26 which is inside the screw holes 261 - 264 is made
thinner than the other portions, thereby forming a
receiving portion 268 in which a shield sheet 30 having
a thickness slightly greater than the depth thereof is
received.

The shield sheet 30 consists of an elastic conduc-
tor covered with threads of, for example, a resin, cop-
per or aluminum. No resist layers are coated on the
lower-surface-side ground layer 11lb of the circuit sub-
strate 11.

when the bottom plate 26 constructed as above is

screwed to the case main body 24 with the substrate 11
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interposed therebetween, the elastic shield sheet 30 is
brought into tight contact with the lower-surface-side
ground layer 1l1b of the substrate and the bottom of the
receiving portion 268 of the bottom plate 26. In this
case, the contact area is large, and hence the contact
resistance can be ignored. Further, since the sheet 30
is made of a metal, it is free from cracking and aged
deterioration when being screwed to the bottom plate 26
and the case main body 24 with the substrate 11 inter-
posed therebetween.

Although in the above embodiments, each of the
shield lines 27 and 28 and the shield sheet 30 is an
elastic conductor consisting of a resin member and cop-
per threads wound on the resin member, the conductor is
not limited to this, but may be a member consisting only
of copper threads, or a member obtained by working a
copper plate. In other words, it suffices if the elas-
tic conductor can provide good electrical contact and
tight contact between the circuit substrate and the bot-
tom plate of the shield case.

The shield structure of the invention is applicable
not only to a microwave amplifier, but also to microwave

circuit devices of other types.
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Claims:

1. A shield structure for shielding a microwave
circuit device, comprising:

a circuit substrate having microwave components
mounted thereon, and one of a ground layer formed on an
lower surface of the substrate and a continuous ground
pattern formed in the lower surface along the periphery
thereof;

a shield case main body receiving the circuit
substrate in an intermediate position of the body,
the thickness of the shield case main body increasing
from a predetermined position;

a shield case bottom plate coupled integral with
the shield case main body with the circuit substrate
interposed therebetween in a state where the circuit
substrate is received in the body, the shield case botf
tom plate having a surface, which is opposed to the
lower surface of the circuit substrate and has a contin-
uous groove formed therein along the entire periphery
thereof;

a shield line consisting of an elastic conductor
with a diameter greater than the depth of the groove of
the shield case bottom plate, and filling the continuous
groove; and

a shield case top plate coupled integral with the
shield case main body. '

2. The shield structure according to claim 1,
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wherein the shield case bottom plate further has another
groove inside the first-mentioned groove, and a shield
line filling the another groove.

3. The shield structure according to claim 1,
wherein the circuit substrate has a ground layer on the
overall lower surface, and the shield case bottom plate
has a central opening.

4. A shield structure for shielding a microwave
circuit device, comprising:

a circuit substrate having microwave components
mounted thereon, and a ground layer formed on an lower
surface of the substrate;

a shield case main body receiving the circuit
substrate in an intermediate position of the body,
the thickness of the shield case main body increasing
from a predetermined position;

a shield case bottom plate'coupled integral with
the shield case main body with the circuit substrate
interposed therebetween in a state where the circuit

substrate is received in the body;

a shield sheet consisting of an elastic conductor,
and provided between the ground layer of the circuit
substrate and that surface of the shield case bottom
plate which is opposed to the ground layer; and

a shield case top plate coupled integral with

the shield case main body.

5. A shield structure for use in microwave circuit
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device, substantially as hereinbefore described with
reference to Figs. 4A to 7B of the accompanying

drawings.
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