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(57) Abregeé/Abstract:

The Iinvention relates to a stripe line for high-frequency signals, having a signal conductor (10) and at least one earth conductor
(12), both being disposed on a substrate (14) made from an electrically insulating material. According to the invention at least one
hole (20) Is made In the substrate (14), whereln said hole (20) Is at least partially filled with an electrically conducting material (22),

whereln an electrically conducting connection is made from at least one earth conductor (12) to the electrically conducting material
(22).
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Abstract

The inventicn relates to a stripe line for high-
fregquency signals, having a signal conductor (10) and at
least one earth conductor (12), both being disposed on a
substrate (14) made from an electrically insulating
material. According to the invention at least one hole
(20} 1s made in the substrate (14), wherein saild hole
(20) is at least partially filled with an electrically
conducting material (22), wherein an electrically
conducting connection 1s made from at least one earth
conductor (12) to the electrically conducting material

(22) .
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STRIP.

L]

LINE HAVING PLATED THROUGH HOLES

The present 1nventlon relates to a stripline for
radio-frequency signals, having a signal conductor and at

least one earth conductor, both being arranged on a

substrate made from an electrically insulating material.
The invention also relates to an attenuator. The

invention also relates to a terminating resistor.

What are wused 1n high-preclsion attenuators and
terminating resistors, for calibrating network vector
analysers for example, are striplines, and 1n particular
what are referred to as “suspended striplines”. When the
striplines are beling sized, parameters which act 1in
opposite directions have to be optimised in this case. On
the one hand, the stripline and the substrate on which
the stripline 1s formed have to be designed to be as
geometrically small as possible, because at freqgquencies
whose wavelengths are equal to or smaller than the
geometrical dimensions of the structure, and 1n
particular than the geometrical dimensions o0f the
substrate, waveguide modes which produce undesirable
electrical properties from the point of view of impedance
matching are excited. On the other hand, the geometrical
dimensions of the substrate set a corresponding limit to
the maximum thermal load which the structure comprising
the stripline and substrate 1is able to accept, which
means that only a limited electrical power 1s able to be
transmitted through the attenuator and the terminating
resistor. At higher powers the entire structure would Dbe
thermally damaged or destroyed. Larger geometrical

dimensions, of the substrate for example, would be
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desirable for higher powers, but these would at once
result in a fall in the limiting fregquency up to which
the structure could be operated while still exhibiting

the desired electrical properties.

The object underlying the invention is to improve a
stripline, an attenuator and a terminating resistor to
the effect that a high electrical power can be
transmitted at a limiting frequency which 1s, at the same

time, high.

This object 1is achieved 1in accordance with the
invention by a stripline of the above-mentioned kind
which has the features given in the characterising clause
of claim 1, by an attenuator of the above-mentioned kind
which hasgs the features given in the characterising clause
of c¢laim 15 and by a terminating resistor of the above-
mentioned kind which has the features given 1n the
Characterising clause of claim 16. Advantageous
embodiments of the invention are described 1in the other

claims.

In a stripline of the 3above-mentioned kind,
provision 1s made in accordance with the invention for at
least one hole to be made in the substrate, which hole is
at least partially filled with an electrically conducting
material, an electrically conducting c¢onnection belng
made from at least one earth conductor to the

electrically conducting material.

This has the advantage that waveguide modes o0f the
entire structure forming the stripline are shifted to
higher frequencies, thus enabling substrates which are

geometrically large and which still have good electrical
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properties with regard to impedance matching and
reflection factors and attenuation to be used to transmit
high RF powers even at frequencies at which the
wavelength 1s equal to or appreciably smaller than the
5 geometrical dimensions of the substrate. In accordance
with the i1invention, power attenuators or terminating
resistoxrs for high dissipated powers are made avalilable
which have, at the same time, & high upper limiting
frequency with respect to predetermined attenuation of
10 the RF signals transmitted, which means that interference

modes are suppressed even at high frequencies.

In a preferred embeodiment, a plurality of holes,
spaced apart from one another, are made 1in the
longitudinal direction of the stripline along at least

15 one earth conductor, and in particular along at least two

earth conductors on either side of the signal conductor.

Particularly good electrical effectiveness with
regard to the shifting of waveguide modes to higher
frequencies 1s achieved by completely filling the hole

20 with the electrically conducting material.

The hole preferably takes the form of a through-hole

with passesg entilrely through the substrate.

Two or more holes are usefully made in parallel with

one another.

25 In a preferred embodiment, three or more holes are
made along at least one earth conductor at an even

spacing from one another.

In an embodiment which is a particular preference,

the stripline takes the form of a co-planar stripline. In
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this case the co-planar stripline has for example a
signal conductor which 1is arranged between two earth
conductors, with holes which are spaced apart from one
another being made along both earth conductors for the

entire length thereof.

A suspending stripline is obtained by arranging the
substrate provided with the c¢o-planar stripline in a
tubular outer-conductor member made from an electrically
conducting material in gsuch a way that the earth
conductors are electrically connected to the outer-
conductor member and the signal conductor is arranged at
least approximately co-axially to the tubular outer-

congductor member.

To hold the substrate in place within the outer-
conductor wmember, radial grooves situated opposite one
another, 1in which the substrate engages, are usefully

formed in an inner wall of the outer-conductor member,

In an alternative embodiment of the invention which
1s a particular preference, the stripline has a signal
conductor on one side of the substrate and an earth
conductor on the opposite side of the substrate. In this
case the earth conductor takes the form of, for example,
a planar coating of the substrate, which in particular
covers the full area thereof, with an electrically

conducting material.

In an embodiment of the invention which 1ig a
particular preference, the stripline is arranged on one
slde of the substrate and formed on a side of the

substrate opposite therefrom is a planar coating of the

substrate, which 1in particular covers the full area
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thereof, with an electrically conducting material, the
material having in addition an electrically conducting

connection to the coating in at leasgst ocne hole.

A plurality of bores are usefully arranged in at
least two planes which are spaced away from one another
with, on either side of the signal conductor, at least
one plane intersecting the substrate on either side at a
distance from the signal conductor. The electrically
effective width of the substrate is limited to a regicn
between the two planes, whereas the entire sgubstrate

remains effective for the dissipation of thermal enexrqy .

The invention will be explained in detail below by

reference to the drawings. In the drawings:

Fig. 1 is a view in section of a first preferred

embodiment of stripline according to the invention.

Fig. 2 1is a plan view of a second preferred

embodiment of stripline according to the invention.

Fig. 3 1is a view in section of a third preferred

embodiment of stripline according to the invention.

Fig. 4 shows a preferred embodiment of attenuator
according to the invention which has a stripline as shown

in Fig. 3.

The preferred embodiment of stripline according to
the invention for radio-frequency signals which is shown
1n Fig. 1 comprises a signal conductor 10 and an earth
conductor 12, both of which are arranged on a substrate
14 made from an electrically insulating material. The
signal conductor 10 is arranged on a first side 16 of the

substrate 14 in this case and the earth conductor 12 is



10

15

20

25

30

CA 02718362 2010-09-13

arranged on an opposite, second side 18 of the substrate
l4. The earth conductor 12 takes the form on the second
side 18 of the substrate 14 of planar metalliging. In
accordance with the invention, through-holes 20 are made
1n the substrate 14 and are completely filled with an
electrically conducting material 22 which is electrically
connected to the earth conductor 12. A row of holes 20
which are spaced apart from one another is made on each
of the two sides of the signal conductor 10, thus
causing, looking in the longitudinal direction of the
stripline, a predetermined length of the signal conductor
10 to be enclosed by the holes 20 on the two sides. The
holes 20 on each side are situated in respective planes
24, 26 1n space, with the two planes 24, 26 intersecting
the substrate 14 on opposite sides of the signal
conductor 10. In the embodiment shown, the planes 24, 26
are aligned parallel to a longitudinal axis of the signal

conductor 10 and perpendicular to the parallel sides 16,

18 of the substrate 14.

The filled holes 20 limit an electrically effective
width of the substrate 14 to the region between the
planes 24, 26, which means that it is only in this region
that waveguide modes can be excited. Hence the waveguide
modes are shifted to higher frequencies. However, at the
same tilme those portions of the substrate 14 which
project beyond the planes 24, 26 containing the filled
holes 20 maintain their thermal properties and these
portions thus help to dissipate thermal energy. In this

way, the stripline is able to dissipate a great deal of

thermal energy, in line with the large size of the

substrate 14 1in the lateral direction 28, without

unwanted waveguide modes arising which equate with the
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overall width of the substrate 14 in the 1lateral

direction.

Fig. 2 shows a second preferred embodiment of
stripline according to the invention in the form of a co-
planar line in which a signal conductor 10 1s arranged
between two earth conductors 12. The signal conductor 10
and earth conductors 12 are arranged on the first side 16
of the substrate 14 and thus in a common plane which is
defined by the first side 16. The two planes 24 and 26
contailning the hocles 20 are arranged on either side of
the signal conductor 10 and each extend parallel to a
longitudinal axis o0of the earth conductors and in the
centres of the earth conductors 12 and perpendicularly to

the plane defined by the first side 16.

Filg. 3 shows a third preferred embodiment of
stripline according to the invention in the form of a
suspended stripline. This suspended stripline has a co-
planar line as shown in Fig. 2 and a c¢ylindrical outer-
conductor member 30, the substrate 14 being held in place
1n 1internal radial recesses 32 in the outer-conductor
member 30 1n such a way that the signal conductor 10
extends approximately co-axlally ©to© the outer-conductor
member 30. The outer-conductor member 30 1s made from an
electrically conducting material and 1is electrically
connected to the earth conductors 12. The rows of filled
noles 20 which are arranged on either side of the signal
conductor 10 1n the planes 24, 26 form a sort of grid
wnich 1limits the electrically effective extent of the
substrate 14 in the lateral direction 28. However, those
portions o©of the substrate 14 which extend beyvond the
planes 24, 26 in the lateral direction 28 remain

thermally effective, and high electrical powers can thus
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be transmitted by this stripline shown in Fig. 3, even to
a point close to its limiting frequency, which may for
example pe such as 15 GHz to 20GHz and in particular 18

GHz or 26.5 GHz.

Fig. 4 shows an attenuator which has a stripline
according to the invention as shown in Fig. 2. In this
case, the signal conductor 10 is replaced, for a
predetermined length of the stripline in the longitudinal
direction 34, by an electrical resistive structure 36
which 1is connected electrically to the signal conductor
10 and the earth conductors 12 on the two sides. Enerqy
1s dissipated by means of this resistive structure 36 and
the signal travelling via the stripline is attenuated in
respect o¢f i1ts signal strength. A typical attenuation
constant 1is for example 20 dB or 30 dB. When the
attenuation levels are high and are for example 30 or 40
dB, this attenuator can be used as a terminating
resistor. In this terminating resistor, power -.is
dissipated in stages by the resistive structure 36. This
arrangement 1s used for example as a calibration standard

in load form.

In all the embodiments described above, the exciting
of waveguide modes is prevented across the entire cross-
section of the substrate 14 by holes 20, forming a grid,
in the planes 24, 26. The filled holes 20 are situated in
the region of the earth conductors 12. In the
longitudinal direction 234, the filled holes 20 are
arranged along the earth conductors 12 at an even spacing

from one another.
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Claims

1. Stripline for radio-frequency signals, having a
signal conductor (10) and at least one earth conductor
(12), both being arranged on a substrate (14) made from
5 an electrically 1insulating material, at least one hole
(20) being made 1n the substrate (14), which hole 1s at

least partially filled with an electrically conducting

material (22), an electrically conducting connection
being made from at least one earth conductor (12) to the
10 electrically conducting material (22), characterised 1in
that the stripline takes the form of a co-planar
stripline which has a signal conductor (10) which 1is
arranged between two earth conductors (12), with holes
(20) which are spaced apart from one another being made
15 along both earth conductors (12) for the entire length
thereof, the substrate (14) provided with the co-planar
stripline being arranged 1n a tubular outer-conductor
member (30) made from an electrically conducting material
in such a way that the earth conductors (12) are
20 electrically connected to the outer-conductor member (30)
and the signal conductor (10) 1s arranged at least

approximately co-axially to the tubular outer-conductor

member (30).

2. Stripline according to <c¢laim 1, <characterised 1n
25 that a plurality of holes, spaced apart from one another,
are made 1in the longitudinal direction of the stripline

along at least one earth conductor.

3. Stripline according to any one of claims 1 or Z,

characterised in that the hole (20) 1s completely filled

30 with the electrically conducting material (22).
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4, Stripline according to any one of claims 1 to 3,
characterised 1n that the hole (20) takes the form of

a through-hole with passes entirely through the substrate
(14) .

5. Stripline according to at any one of claims 1 to 4,
characterised in that two or more holes (20) are made 1n

parallel with one another.

0. Stripline according to any one of claims 1 to 9,
characterised in that three or more holes (20) are made
along at least one earth conductor (lz2) at an even

spacing from one another

7. Stripline according to one of claims 1 to §6,
characterised in that radial grooves (32) situated
opposite one another, 1in which the substrate (14)

engages, are formed 1in an inner wall of the outer-

conductor member (30).

S . Stripline according to any one of claims 1 to /,
characterised in that a plurality of bores (20) are
arranged in at least two planes (24, 26) which are spaced
away from one another with, on either side of the signal
conductor (10), at least one plane (24, 26) intersecting

the substrate (14) on either side at a distance from the

signal conductor (10).

9. Power attenuator for an RE signal line,
characterised in that the ©power attenuator has a

stripline which is formed in accordance with any one of

claims 1 to 8.

10. Terminating resistor for an REF signal line,

characterised in that the terminating resistor has a
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stripline which is formed 1n accordance with any one of

claims 1 to 8.
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