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ABSTRACT OF THE DISCLOSURE

A stripline phase shifter includes two ground planes
and two one mil copper center conductors laminated to
a dielectric support sheet. The center conductors are
formed to provide four parallel sections of equal length.
Two dielectric slabs, one on each side of ‘the support
sheet, each has an impedance transformer section of two
stepped levels. The two dielectric slabs are slid along
the center conductors by a micrometer screw to shift
phase.

—— A ———

This invention relates to electrical transmission line
components and more particularly to adjustable appara-
tus for varying a signal applied to an electrical transmis-
sion line.

It is frequently necessary to shift the phase of an elec-
trical signal that is to be applied to an electrical trans-
mission line. In electrical transmission systems which
operate at microwave frequencies, such phase shifts have
been accomplished generally by the use of a “trombone
line stretcher” in which transmission line conductors are
coupled together with sliding connections so that the
actual mechanical length of the line can be varied; or
by a phase shifter which utilizes a block of dielectric
material supported for movement in a transverse direction
relative to the transmission line between a region of
relatively weak field strength and a region of relatively
strong field strength, e.g., from one side of the trans-
mission line inwardly towards the center of the trans-
mission line. This inward motion effects a reduction in
the wave length of the transmission line and, thus, a
corresponding change in its electrical length, which pro-
duces a phase shift. Transverse motion of the dielectric
member, however, produces a non-linear change in the
electrical length of the transmission line unless the di-
electric volume of the member is varied in a non-linear
manner to compensate for this effect. Also, the impedance
of the transmission line changes as the dielectric mem-
ber is moved closer to the center of the transmission
line.

Accordingly, it is an object of this invention to pro-
vide a novel and improved high-frequency electrical ap-
paratus for varying the characteristics of an electrical
signal. .

Another object of the invention is to provide a novel
and improved transmission line phase shifter.

A further object of the invention is to provide a novel
and improved microwave phase shifter which employs
fixed conductor components.

Another object of the invention is to provide a novel
and improved electrical signal adjusting component op-
erable at microwave frequencies in which the electrical
signal varies linearly as a function of the mechanical
adjustment motion.

Still another object of the invention is to provide a
simplified phase shifter construction operable at micro-
wave frequencies that is relatively inexpensive to manu-
facture.

In accordance with the invention there is provided an
electrical signal adjusting apparatus which includes an
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input terminal and an output terminal. A transmission
line section is connected between the two terminals, that
transmission line section having a dielectric region with
a first dielectric medinm disposed in a first portion of
the region and a solid dielectric medium disposed in a
second portion of the dielectric region. An impedance
transformer is formed integrally with the solid dielectric
medium which provides an impedance transition between
the portion of the transmission line with said solid di-
electric medium and the portion of the line with the
first dielectric medium. The quantity of solid dielectric
material in the dielectric region is variable without
introducing discontinuities in the impedance of the
transmission line. For example, one portion of the line
may be filled with air and another portion filled with
a solid dielectric structure. The solid dielectric struc-
ture is movable in an axial direction along the trans-
mission line, and the variation in the relative lengths of
the two portions effects a change in the electrical length
of the transmission line section. Such a device functions
as a phase shifter in which the movement of the solid
dielectric structure is linearly proportional to the actual
phase shift. A second impedance transformer typically
is employed which complements the first transformer.
The two transformers are effectively connected in cascade
so that each transformer provides a transition between
a transmission line portion of standard impedance (e.g.,
fifty ohms) and a transmission line portion whose im-
pedance is typically a non-standard value which is
determined by the configuration of the transmission line.
The ratio of the impedances of the two sections remains
constant, however, as the solid dielectric structure is
moved and, hence, optimum impedance transformations
can be provided. The structure of the invention may
employ a transmission line component which is folded
to provide a plurality of parallel sections so that the rate
and range of signal variation may be increased. The
variation in signal delay or phase shift provided by the
apparatus is a direct and linear function of the position
of the movable component of the apparatus and, hence,
its calibration and operation are facilitated. The invention
provides a structure that is inexpensive to construct and
reliable in operation. A further advantage is that the char-
acteristic impedance of the device does not change
throughout its range of adjustment and, hence, the device
introduces no impedance discontinuities into the system
to which it is connected.

Other objects, features, and advantages of the invention
will be seen as the following description of preferred em-
bodiments thereof progresses, in conjunction with the
drawings, in which:

FIG. 1 is a plan view with portions broken away of a
phase shifter device constructed in accordance with the
invention;

FIG. 2 is a sectional side view, taken along the line
2-—2 of FIG. 1, showing additional construction details
of the phase shifter device;

" FIGS. 3 and 4 are sectional views taken along the lines
3—3 and 4—4, respectively, of FIG. 1, showing further
details of that device;

FIG. 5 is a perspective view of the components of the
phase shifter device shown in FIG. 1;

FIG. 6 is a plan view with portions broken away of a
second form of phase shifter constructed in accordance
with the invention;

FIG. 7 is a sectional view, taken along the line 7-—7
of the embodiment shown in FIG. 6;

FIG. 8 is a top plan view of still another form of phase
shifter constructed in accordance with the invention;

FIG. 9 is a sectional view of the phase shifter shown
in FIG. 8, taken along the line 9—9 of FIG. 8;

FIG. 10 is a diagrammatic view of 3 further form of
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apparatus constructed in accordance with the invention;

FIG. 11 is a sectional view of a coaxial cable configura-
tion of phase shifter constructed in accordance with the
invention; and

FIGS. 12-15 are sectional views taken along the lines
12—12, 13—13, 14—14, and 15—15, respectively, of
FIG. 10.

The phase shifter structure illustrated in FIGS. 1-5 is
constructed in stripline configuration and includes two
ground planes 10, 12 and two center conductors 14, 16
that are superimposed in alignment on opposite sides of a
dielectric support sheet 18. These conductors may be
formed by conventional chemical etching techniques from
one mil copper sheet that has been laminated to the di-
electric support 18. The center conductors 14 and 16, as
thus seen in FIGS. 1 and 5, are formed to provide four
parallel sections of equal length. The ground planes 10
and 12 and the center sheet 18 are maintained in spaced
relation by conventional support members 20, 22, 24,
and 26.

An input transducer member, here shown as a coaxial
connector 30, is connected to one pair of ends of the
conductors 14 and 16, as indicated in FIGS. 1 and 4, and
an output transducer member, here shown as coaxial con-
nector 32, is connected to the other pair of ends of the
two conductors.

Disposed in a first section of the transmission line on
either side of the center support 18 is a slab or block 40,
42 of dielectric material, which blocks substantially com-
pletely fill the spaces between the ground planes 10, 12
and the conductors 14, 16. Each dielectric block 40, 42
has an impedance transformer section formed at one end
which, as shown in FIG. 2, has two stepped levels 44, 46.
This impedance transformer section provides a transition
between the impedance of the transmission line in the
solid dielectric region (fifty ohms) and the adjacent region
which is filled with a second dielectric (air). As the line
configuration in the two sections is the same, the imped-
ance of the air-filled section is directly related to the
standard impedance by the square root of the dielectric
constant of the material of blocks 40, 42. For example,
if the dielectric constant of the solid dielectric is four
and the normalized impedance of the system is fifty ohms
(that being the impedance in the solid dielectric region),
the characteristic impedance of the line in the air-filled
region is one hundred ohms.

The two dielectric blocks 40, 42 are mounted for slid-
ing movement as a unit through a “port” area 48 in the
transmission line (to the left of terminals 30, 32 as
viewed in FIG. 1). Blocks 40, 42 slide in ways 52, which
are supported adjacent the side walls 24, 26 of the en-
closure. The dielectric support sheet 18 has a slot 50
therein which receives an adjusting mechanism in the
form of a micrometer screw structure generally indicated
at 60. That structure is coupled to the dielectric blocks 40,
42 and acts to move those blocks in an axial direction
(that is, parallel to each folded section of the conductors
14, 16). Springs 62, connected to the blocks 40, 42, act
to bias the blocks to the left as viewed in FIG. 1 into
firm engagement with the micrometer screw structure 60.

It will be seen that each parallel section of the trans-
mission line is disposed in part in a region filled with
solid dielectric and in part in a region filled with air. The
lengths of the line sections in each region is changed as
the blocks 40, 42 are moved in an axial direction by
adjustment control 60, while the portions of the line adja-
cent terminals 30, 32 remain filled with the solid dielec-
tric. The electrical length of the line changes as the amount
of solid dielectric disposed therein is changed, and, hence,
a phase shift is produced.

In this embodiment the four transformers are identical,
but in order to optimize the impedance match, the trans-
former design may be different for each longitudinal sec-
tion of the serpentine center strips 14, 16 so that, for
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example, the “zero’s” of the transformer response occur
at different frequencies for the different longitudinal sec-
tions. Also, the sliding dielectric blocks may be made of
a lossy dielectric in which case the device will function
as a variable attenuator.

A second form of phase shifter device is diagrammati-
cally indicated in FIGS. 6 and 7 in which the transmission
line center conductors 14’ and 16’ are folded into two
parallel sections and the ends connected to the input and
output terminals 30’, 32’, which are disposed adjacent the
air-filled region of the component. The transformer sec-
tions formed in the dielectric blocks 40’, 42" provide a
transition between the system impedance in the air-filled
region and a lower impedance in the solid dielectric
region. Suitable adjustment structure 60 is employed for
moving the dielectric blocks 407, 42" in the axial direction
to adjust the electrical length of the transmission line of
the device.

Still another form of the invention is shown in FIGS.
8 and 9 which employs a stripline configuration, having
ground planes 10", 12" and a central dielectric sheet 18"
which supports two superimposed center conductor sec-
tions 14", 16’" which are connected between input termi-
nal 30" and output terminal 32", Each dielectric member
40", 42", disposed adjacent the input terminal for move-
ment in an axial direction towards the output terminal,
has an impedance transformer section of tapered con-
figuration, indicated at 70. Complementary impedance
transformer sections 72 are formed on fixed dielectric
members 74, 76 disposed adjacent output terminal 32”.

Another form of apparatus is indicated diagrammati-
cally in FIG. 10. A transmission line section including
conductor 14’ is connected between terminals 30"’ and
32", A fixed solid dielectric block 80 is disposed in the
device adjacent terminal 30", The forward surface 82 of
the block is disposed at a skew angle to conductor 14"
and serves as a guide for sliding dielectric block 84.
Formed on the forward end of block 84 is an impedance
transformer (levels 86, 88, 90) which provides a transi-
tion between the air-filled portion of the line and the solid
dielectric filled portion of the line. Suitable means such as
a drive rod 92 acts to move the block 84 through a “port”
outside of the main transmission line to vary the effective
electrical length of the transmission line connected be-
tween terminals 30"/, 32",

Still another arrangement of the phase shifter apparatus
constructed in accordance with the invention is shown in
FIGS. 11-15 and employs a coaxial cable type of trans-
mission line, having a center conductor 100 and an outer
conductor 102. The device has an input terminal gen-
erally indicated at 104 and an output terminal 106. Dis-
posed within the transmission line between the inner and
outer conductors is a dielectric block 108 which is axially
movable through a port in outer conductor 102 and which
may be accurately positioned by suitable means (not
shown). The dielectric block has a slot 110 in it for re-
ceiving a portion of the inner conductor connected be-
tween the input terminal 104 and the main length of the
center conductor 100. (Slot 110 may extend throughout
the length of block 108 and a fixed dielectric sheet equal in
width to the diameter of center conductor 100 may extend
between the input and output terminals should the capaci-
tance effect of the variable length of slot 110 in the trans-
mission line produce unacceptable distortions.) Dielectric
block 108 has formed integrally therewith an impedance
transformer in the form of step levels 112, 114, 116, 118
and 120 and is movable along the center conductor 100
between that conductor and the outer conductor 102. A
complementary impedance transformer is formed adjacent
output terminal 106 by gradually increasing the radius of
the center conductor as indicated at steps 122, 124, 126.
Dielectric support 128 positions the center conductor 100
adjacent the output terminal 106 in conventional manner,

Although the motion of the sliding dielectric com-
ponents have been indicated as straight-line motion in the
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several disclosed embodiments, it will be obvious that
where curved transmission line components are employed,
the dielectric members may pivot about an actual or
virtual center for movement along a curved path instead
of a straight line, While several embodiments of the in-
vention have been shown and described, it is recognized
that a variety of modifications thereof will be obvious to
those skilled in the art. Therefore, it is not intended that
the invention be limited to the disclosed embodiments or
to details thereof and departures may be made therefrom
within the spirit and scope of the invention as defined in
the claims:

What is claimed is:

1. Apparatus for varying an electrical signal com-
prising:

an input terminal,

an output terminal,

a transmission line connected between said input and
output terminals,

said transmission line having electrical conductor means
and a dielectric region,

a first dielectric medium disposed in a first portion of
said dielectric region,

solid dielectric medium having a different dielectric
constant than said first dielectric medium disposed in
a second portion of said dielectric region,

said electrical conductor means of said transmission
line being fixed and having the same cross-sectional
configuration in said first and second portions of said
dielectric region,

means for moving said solid dielectric medium in said
dielectric region relative to said electrical conductor
means of said transmission line,

and an impedance transformer formed integrally with
said solid dielectric medium which provides an im-
pedance transition between the first portion of said
dielectric region and the second portion of said di-
electric region so that movement of said solid di-
electric medium does not affect the input impedance
of said transmission line,

2. The apparatus as claimed in claim 1 wherein said
transmission line extends from one portion of said dielec-
tric region into the other portion of said dielectric region
and then returns to said one portion of said dielectric
region.

3. The apparatus as claimed in claim 1 wherein said
solid dielectric medium is a lossy dielectric material,

4. Apparatus for varying an electrical signal com-
prising:

an input terminal,

an output terminal,

a transmission line connected between said input and
output terminals,

said transmission line having a dielectric region,

a first dielectric medium disposed in a first portion of
said dielectric region,

solid dielectric medium having a different dielectric
constant than said first dielectric medium disposed
In a second portion of said dielectric region,

means for changing the quantity of said solid dielectric
medium in said dielectric region without affecting the
impedance of said transmission line,

a first impedance transformer formed integrally with
said solid dielectric medium which provides an im-
pedance transition between the first portion of said
dielectric region and the second portion of said di-
electric region, and

a second impedance transformer disposed between said
first portion of said dielectric region and one of said

terminals for providing an impedance transition com-

plementary to the impedance transition produced by
the first transformer integral with said solid dielec.
tric medium.

S. The apparatus as claimed in claim 4 wherein said
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second impedance transformer is also integral with said
solid dielectric medium.
6. Apparatus for varying an electrical signal com-
prising:
an input terminal,
an output terminal,
a transmission line connected between said input and
output terminals,
said transmission line having electrical conductor means
and a pair of plane parallel outer conductors and a
planar inner conductor disposed parallel to and be-
tween said inner conductors, said inner conductor -
being of lesser width than said outer conductors, and
a dielectric region between said inner and outer
conductors,
a first dielectric medium disposed in a first portion of
said dielectric region,
solid dielectric medium having a different dielectric
constant than said first dielectric medium disposed on
either side of said inner conductor between said inner
conductor and said outer conductors in a second por-
tion of said dielectric region,
said electrical conductor means of said transmission line
being fixed and having the same cross-sectional con-
figuration in said first and second portions of said
dielectric region,
means for moving said solid dielectric medium in said
dielectric region relative to said electrical conductor
means of said transmission line,
and an impedance transformer formed integrally with
said solid dielectric medium which provides an im-
pedance transition between the first portion of said
dielectric region and the second portion of said
dielectric region so that movement of said solid di-
electric medium does not affect the input impedance
of said transmission line.
7. Apparatus for varying an electrical signal com-
prising:
an input terminal,
an output terminal,
a transmission line connected between said input and
output terminals,
said transmission line having electrical conductor means
and a center conductor, a coaxial outer conductor
and a dielectric region between said center and outer
conductors,
a first dielectric medium disposed in a first portion of
said dielectric region,
solid dielectric medium having a different dielectric
constant than said first dielectric medium disposed
between said center and outer conductors in a sec-
ond portion of said dielectric region,
said electrical conductor means of said transmission
line being fixed and having the same cross-sectional
configuration in said first and second portions of said
dielectric region,
means for moving said solid dielectric medium in said
dielectric region relative to said electrical conductor
means of said transmission line,
and an impedance transformer formed integrally with
said solid dielectric medium which provides an im-
pedance transition between the first portion of said
dielectric region and the second portion of said di-
electric region so that movement of said solid di-
electric medium does not affect the input impedance
of said transmission line,
8. Apparatus for varying an electrical signal compris-
ing:
an input terminal,
an output terminal,
a transmission line connected between said input and
output terminals having a dielectric region,
a port in said transmission line communicating with said
dielectric region,
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a first dielectric medium disposed in a first portion of
said dielectric region,

solid dielectric medium having a different dielectric con-
stant than said first dielectric medium disposed in a
second portion of said dielectric region adjacent said

rt,

mg:;ns for moving said solid dielectric medium through
said port to change the quantity of said solid dielec-
tric medium in said dielectric region without produc-
ing a discontinuity in the impedance of said trans-
mission line,

and an impedance transformer formed integrally with
said solid dielectric medium which provides an im-
pedance transition between the first portion of said
dielectric region and the second portion of said di-
electric region.

9. The apparatus as claimed in claim 8 wherein said
transmission line comprises a pair of plane parallel outer
conductors and a planar inner conductor disposed parallel
to and between said inner conductors, said inner conduc-
tor being of lesser width than said outer conductors, and
said solid dielectric medium is disposed on either side of
said inner conductor between said inner conductor and
said outer conductors. .

10. A transmission line type of phase shifter com-
prising:

an input terminal,

an output terminal,

a transmission line section connected between said in-
put and output terminals,

said transmission line section including a first portion
that is air filled, and a second portion having a solid
dielectric disposed therein,

said solid dielectric being movable along said trans-
mission line section to vary the amount of solid di-
electric in said transmission line section,

a first impedance transformer formed integrally with
said solid dielectric to provide a first impedance tran-
sition between said first and second portions of said
transmission line section,

and a second impedance transformer providing a sec-
ond impedance transition complementary to said first
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impedance transition between said first portion of
said transmission line and one of said terminals.

11. The apparatus as claimed in claim 10 wherein said
transmission line section includes first and second
conductors,

one of said conductors being folded to provide a plural-

ity of parallel sections,

said solid dielectric overlying corresponding first por-

tions of said parallel sections, and corresponding sec-
ond portions of said parallel sections being disposed
in said first portion of said transmission line section.

12. The apparatus as claimed in claim 11 wherein said
second impedance transformer is integral with said solid
dielectric.

13. The apparatus as claimed in claim 12 wherein said
transmission line section is of the same cross-sectional
configuration in said first and second portions.

14. The apparatus as claimed in claim 13 wherein said
transmission line comprises a pair of plane parallel outer
conductors and a planar inner conductor disposed parallel
to and between said inner conductors, said inner conductor
being of lesser width than said outer conductors, and said
solid dielectric medium is disposed on either side of said
jnner conductor between said inmer conductor and said
outer conductors.
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