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€9 Circular polariser.

@ A circular polariser comprises a waveguide (1), which has
different cut off frequencies for orthogonal linear polarisations
passed by the waveguide, and which has, spaced opposite
each other on the inside (2) of the waveguide (1), two parallel
sets of periodically arranged parallel slots (3) and (4) which are
transverse to the direction of wave propagation through the
waveguide, each set of slots (3), (4) extending along substan-
tially the whole length of the waveguide. Depending on the
cross sectional shape and dimensions of the waveguide, and
the dimensions of the slots (3) and (4), the polariser can be ar-
ranged to operate over two separate frequency bands or a sin-
gle broader frequency band.
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"Circular Polariser®

This invention relates to circular polarisers,
i.e. circularly polarising waveguides which are
capable of producing, from a linearly polarised input
wave, a circularly polarised output in which the
90° phase differential between the orthogonal hands

o
s Or less,

of polarisation is accurate to about 1
over a particular frequency range.

The conventional type of circular polariser is
known as a4 pin or iris polariser, and comprises
a circular waveguide in which a number of obstacles
are arranged on its inside surface to form a series
of discrete discontinuities along its length (acting
e;ectriéally as inductive/capacitive elements) for
introducing the required phasevdifferential. However,
there are a number of drawbacks with this type of
polariser. For example, it is not a broadband
device (i.e. it is not accurate over a relatively
widé frequency range), and it is extremely difficult
to modify in order to obtain an accurate phase
shift while maintaining good matching characteristics
to joining waveguides.
| According to our invention, a much improved
form of circular polariser comprises a waveguide which
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has different cut-off frequencies for orthogonal
linear polarisations and which has, spaced opposite
each other on the inside of the waveguide, two
parallel sets of periodically arranged parallel
slots which are transverse to the direction of
wave propagation through the waveguide, each set
extending along substantially the whole length of
the waveguide. By suitable selection of the
cut-off frequencies (determined by the cross-sectional
shape and dimensions of the waveguide), the length
of the waveguide, and the slot dimensions, i.e. slot
width, distance between slots, slot depth, and slot
length, the waveguide can be arranged to provide
a circularly polarised output from a linearly polarised
input over two separate frequency bands or a single
broader frequency band.
This principle of construction may be applied
to waveguides of many different configurations, but
primarily it is intended to be applied to circular
waveguides and to waveguides having a polygonal
cross—sectional shape in which there is an even number
of sides, preferably four, six or eight, and an axis
of symmetry can be drawn to bisect a pair of parallel
opposite sides. In this case the two sets of slots
are located on this pair of parallel opposite sides,
whereas in a circular waveguide the two sets would
be located in a pair of opposite segments formed
by two parallel chords of the circular cross-section.
*In general however, polygonal waveguide polarisers
will be preferred because they are easier to manufac-
ture accurately than the circular waveguide polarisers.
Also, they can be used with circular waveguides,
with suitable end transitions, without any particular
problems or loss of performance. In addition, the
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polygonal cross-sectional shape of the polariser
makes it particularly suitable for use with corres-
pondingly shaped primary feed horns in multiple feed
reflector antennae.

If desired, the width of the frequency band or
bands over which a polariser in accordance with the
invention is effective may be increased if the inside
of the waveguide is provided with a further two
parallel sets of periodically arranged parallel
slots which are transverse to the direction of wave
propagation through the waveguide, the two further
sets of slots extending along the length of the wave-
guide and being spaced opposite éachother and per-
pendicular to the other two sets. Generally this
arrangement will be restricted to waveguides
having a polygonal cross-section in which there are

a multiple of four sides, and usually only to rectangular

or octagonal waveguides. The periodicity of the slots
in the four sets will be the same in each case,
but the depth of the slots in the additional two
sets may be different from that in the first two
sets.

We have found that a circular polariser formed
in accordance with the invention possesses very
good electrical performance characteristics. In
addition to the fact that the polariser may. be
designed to exhibit the required 90° phase differential
to produce a circularly polarised output wave either
over a continuous broad frequency band or over two
widely separated frequency bands, it exhibits low
and equal values of transmission loss for each hand
of the circular polarisation over the operating
frequency band or bands. The polariser provides
low values of VSWR (return loss) characteristics
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for the two orthogonal hands of polarisation with

~negligible differential return loss performance
between the two hands, and what is more the differential

phase characteristic may be modified relatively
easily (by variation of the slot depth) without
affecting the good VSWR performance. Also, the
polariser possesses a high mode purity, producing low
mode conversion when the waveguide cross section is
dimensioned to allow the propagation of higher

order modes. Furthermore, these properties are
obtained in a polariser which may have a relatively
rugged construction which is insensitive to vibration,
is relatively short in overall length and in most
cases is relatively simple to construct, and is

less sensitive to its required phase characteristics
being affected by RF and environmental temperature
variations than conventional polarisers.

Particular examples of circular polarisers in
accordance with the present invention will now be
described with reference to the accompanying
drawings, in which:- '

Figure 1 is a perspective view of a first
example, part of the polariser being cut away to
illustrate more clearly the arrangement of its
two opposite sets of periodic slots;

~ Figure 2 is a diagram illustrating the cross
sectional shape of the waveguide from which the
polariser of Figure 1 is constructed, and indicating
the. location of the two sets of periodic slots
in relation to the waveguide;

_Figure 3 is a diagram plotting phase coefficient
P (radians per metre) as a function of frequency f
(GHz) for the orthogonal hands of polarisation
passed by the polariser of Figures 1 and 2;
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Figure 4 is a diagram plotting the phase differ-
ence AP (degrees) between the orthogonal hands of
polarisation as a function of frequency f (GHz)
for the polariser of Figures 1 and 2;

Figure 5 and 6 are diagrams similar to that
of Figure 2 but illustrating the cross sectional
shapes of twoAfurther examples of polarisers which
exhibit phase characteristics similar to those of
the polariser shown in Figures 1 and 2;

Figure 7 is a perspective view of an example
of a polariser in accordance with the invention
and comprising a rectangular waveguide having sets
of periodic slots on both pairs of opposite inside
walls;

Figure 8 is a scrap section illustrating the
form of the slots on one pair of opposite inside
walls of the polariser shown in Figure 7{

Figure 9 is a scrap section illustrating the
form of the slots on the other pair of opposite
inside walls of the polariser shown in Figure 7;
and,

Figures 10 and 11 are diagrams plotting
phase coefficient B (radians per metre) as a
function of frequency f (GHz) for the orthogonal
hands of polarisation produced by two different
arrangements of the polariser shown in Figures
7 to 9.

The polariser shown in Figure 1 comprises
a waveguide 1 having a hexagonal internal cross-
section 2 and two identical periodic sets of
slots 3 and 4 on two opposite parallel sides of
the intermal cross section 2. The two sets of

slots 3, 4 are arranged over the whole length
L of the waveguide 1, the slots of each set
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extending parallel to each other and transversely

to the direction of wave propagation through the
waveguide, i.e. the waveguide axis 5. The dimensions
of the slots in each set 3, 4 are chosen to suit

the required characteristics of the polariser, and
are regular except adjacent the input and output

ends of the waveguide 1 where, for matching purposes,
the depth of the slots 3, 4 progressively increases
to the required value at about the third or fourth
slot in from the end.

The internal cross sectional shape 2 of the
polariser waveguide 1 is shown more accurately in
Figure 2, which shows that the hexagonal cross section
2 is dimensioned such that it can be inscribed within
a square 6, the two sides of the cross section 2
on which the sets of slots 3, 4 are located lying
centrally on two opposite sides of the séuare, and,
the two sets of slots 3, and 4 being located outside
the square 6. In this example the dimensions of the
waveguide cross section 2 are such that the ratio -

% (see Figure 2) is approximately 0.5. This results
in widely different cut off frequencies for orthogonal
polarisations (indicated by the vertical and hori-
zontal arrows 7 and 8) in the waveguide, it being

one of the primary design characteristics affecting
the differential phase performance of a polariser

in accordance with the invention that the waveguide
cut off frequencies must be different for orthogonal
polarisations.

In the case of hexagonal waveguides generally, the
waveguide cut'off frequencies for orthogonal hands of
polarisation are different, varying according to-
the ratio % indicated in Figure 2. Table 1 below
illustrates how these cut off frequencies vary as
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the ratio % is changed from O to 1 in the case of

a hexagonal waveguide of the kind shown in Figure

2 in which the side of the

approximately 30 mms.

square 6 measures

TABLE I
Ratio % Cut-off frequency | Cut-off frequency
] for TElO vertical for TElo horizontal
component 7. component 8.
GHz GHz

0.0 5.0 5.0

0.2 5.532 5.206

0.4 6.096 5.437

0.6 6.588 5.734L

0.8 6.902 6.192

1.0 7.071 7.071

For each of the extreme cases, % = 0 (corres-

ponding to a waveguide of square cross section)

and % = 1 (corresponding to a waveguide of diamond

shaﬁed cross section), the waveguide cut-off

frequencies for the orthogonal hands of polarisation

7 and 8 are equal, which means that such regular

and symmetrical waveguldes cannot be used for the

purposes of the present invention.

‘The effect of the different cut-off frequencies
and the periodic slot arrangements in the opposite
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sides of a hexagonal cross section polariser such
as is shown in Figures 1 and 2 is illustratéd in
the phase/frequency diagram shown in Figure 3. At
a higher frequency away from the waveguide cut on
5. frequency the two opposing sets of periodic slots
in the waveguide become the dominant feature in .
respect of the vertical component of the polarisation,
the vertical component wave (represented by the
line 7' in Figure 3) changing from a fast to a
10. slow wave when the Vp (phase velocity) = C line
is crossed. On the other hand, the opposing sets
of periodic slots have little or no effect on the
horizontal component of the polarisation, and
at higher frequencies the horizontal component
15. wave (represented by the dashed line 8') assymptotically
approaches the V:p = C line., It will be understood
that by selecting the length L of the waveguide
the required substantially 90 degree phase difference
between the orthogonal vectors of a circularl&
20. polarised output will occur within two widely
§eparated frequency bands fl to f2 and f3 to fh‘
ghis is shown more clearly in Figure 4 which plots
the phase difference between the orthogonal vectors
of polarisation as a function of frequency for the
25, particular polériser. It can be seen from this
that the polariser of Figures 1 and 2 will produce
efficiently (i.e. within acceptable tolerances)
a circularly polarised output 9 (Figure 1) from
a linearly polarised input 10 within the two frequency
30. bands,flto f2 and f3 to fh‘

Once the polariser is constructed, its
differential phase characteristic may be adjusted,
if necessary, simply by varying the depth of the
slots 3 and 4. In addition, the slots are tailored
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to a predetermined shallow depth (which is approxi-
mately equal to %% ) so that the VSWR (return loss)
exhibited to both orthogonal hands of the energy

input is near equal and at a very low value. As
mentioned earlier, a particular advantage of the
polariser is that the differential phase characteristic
is easily modified without affecting its good VSWR
performance. '

Figures 5 and 6 illustrate the cross-sectional
shapes of different hexagonal waveguides which can
be used to provide polarisers having similar phase
characteristics to the polariser of Figures 1 and 2.
In the case of Figure 5,the hexagonal cross section
11 of the waveguide is regular, as indicated by the
exscribed circle 12, and the two sets of periodic
slots indicated at 13 and 14 are located inside the
hexagonal cross section 11. In the case-of Figure
6, the arrangement is similar to that of Figure 2,
except that the hexagonal cross section 15 of the
waveguide is inscribed within a rectangle 16 having
sides of different lengths as shown, the two sets
of periodic slots 17 and 18 being located outside
the hexagonal cross section 15.

The polariser shoWn in Figure 7 comprises a
waveguide 19 having a rectangular cross section
and a set of periodically arranged slots on each
of the four inside walls 20, 21, 22 and 23. The
sets on the top and bottom walls 20, 22, afe
identical to eachother, covering the whole length
of the waveguide 19, and the individual slots 24
extending parallel to eachother transversely of
the waveguide axis. As shown by Figure 8, the
slots 24 in the top and bottom walls 20 and 22
have a width g, a depth h2, (expept at the ends of
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the waveguide where the depth is decreased for
matching purposes), and are repeated with a period
P. The sets of slots on the two opposite side .
walls 21 and 23 are also identical to eachother,
and are similar to the sets on the top and bottom
walls 20, 22-except that, as shown in Figure 9, the
effective depth hl of the individual slots 25 is
different. Since the periodicity P and the width g
of the slots on the four walls 20 to 23 is the same,
the slots 24 and 25 register with eachother at the
Junctions of the waveguide walls, as shown at 26.

With this arrangement the two orthogonal modes
of polarisation passed by the waveguide 19 both
exhibit a pass band characteristic as shown in
Figures 10 and 11, changing from fast to slow waves
when the Vp = C line is crossed at higher frequencies
away from the waveguide cut on frequencies.
Judicious- choice of the polariser dimensions a, 4,
hl’ h2, P and g can yield, as in the earlier examples,
a substantially 90 degree phase difference either
over two separate frequency bands fl to f2 and f3
to fh as shown in Figure 10, or over a single wide
frequency band fl to f2 as shown in Figure 11.

As indicated in Figure 7 the waveguide 19 is
constructed from four plates or blocks 27, 28, 29
and 30 which are bolted together, being located
accurately relative to eachother by means of tongues
and. grooves as indicated at 31, and each of which
has the required set of parallel slots machined
(prior to assembly) on its inner face.
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CLAIMS

1. A circular polarizer comprising a waveguide
which has different cut-off frequencies for
orthogonal linear polarizations and which has,
spaced opposite eachother on the inside of the
waveguide, two parallel sets of periodically
arranged parallel slots which are transverse to
the direction of wave propagation through the
waveguide, each set extending along substantially
the whole length of the waveguide.

2. A circular polarizer according to claim
l, in which the waveguide has a circular cross-
section and the two sets of slots are located in

a pair of opposite segments formed by two parallel
chords of the circular cross—-section.

3. A circular polarizer according to claim
1, in which the waveguide has a polygonal cross-—
sectional shape in which there is an even number
of sides and an axis of symmetry can be drawn to
bisect a pair of parallel opposite sides, the

two sets of slots being located on said pair of
parallel opposite sides.

4, A circular polarizer according to claim
3, in which the cross-sectional shape of the wave-
guide is hexagonal.

5. A circular polarizer according to claim
4, in which the hexagonal cross-section of the
waveguide can be inscribed within a square, the
two opposite sides on which the sets of slots are
located lying along two opposite sides of the square
and having a length which is substantially half
that of the sides of the square, and the slots
being external to the square.
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6. A circular poiarizef according to claim
3, in which the polygonal cross-sectional shape of
the waveguide has a multiple of four sides, and

the inside of the waveguide is provided with a
further two parallel sets of periodicélly arranged
parallel slots which are transverse to the direction
of wave propagation through the waveguide, the two
further sets of slots extending aiong the length
of the waveguide and being spaced opposité each
other perpendicular to the first two sets, and

the periodicity of the slots in the two further
sets being the same as in the first two sets.

7. A circular polarizer according to claim
6, in which the cross-sectional shape of the
waveguide is rectangular or octagonal.

8. A circular polarizer according to claim
6 or claim 7, in which the depth of the slots in
the further two sets is different from the depth
of the slots in the first two sets. , '
9. A circular polarizer according to any one
of the preceding claims, which is operative to
produce a circularly polarized output from a
linearly polarized input over two discrete frequency
bands. -

10. A circular polarizer according to any
one of claims 1 to 8, which is operative to
produce a circularly polarizéd output from a
linearly polarized input over a continuous broad
frequency band.
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