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(54) Linear/circular polarization converter utilizing elliptical waveguide

(57) The linear/circular polarizing converter of the
present invention uses an elliptical waveguide (1) hav-
ing elliptical cross-section which receives supply of a lin-
early polarized signal at one end of elliptical waveguide
and outputs a circularly polarized signal from the other
end of elliptical waveguide (1) When the application fre-
quency wavelength of polarized signal supplied to the
elliptical waveguide is λ0, length of elliptical waveguide
is L, cutoff wavelength of polarizing plane in the long

axis direction of polarized signal is λCH, cutoff wave-
length of the polarizing plane in the short axis direction
of polarized signal is λCV, phase of the basic mode po-
larization signal in the long axis direction for the polar-
ized signal is θH, phase of basic mode polarization in the
short axis direction is θV and phase difference of these
phases θH and θV is ∆θ, θH is expressed using λ0, λCH
and L, while θV is expressed using λ0, λCV and L, and
long axis size a, short axis size b and length L in the
tube axis direction are selected to meet ∆θ = 90° .
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Description

[0001] The present invention relates to a linear/circular polarization converter and particularly to a linear/circular
polarization converter to realize linear polarization-circular polarization conversion by using an elliptical waveguide
having an elliptical cross-section consisting of long axis and short axis and selecting the long axis size, short axis size
and length in the tube axis direction of the elliptical waveguide.
[0002] As linear/circular polarization converter for converting a linearly polarized signal to a circularly polarized signal,
a converter in which a dielectric material plate is arranged in the angle of 45 degrees at the input polarizing plane of
the linearly polarized signal (hereinafter, this converter is called an existing first linear/circular polarization converter)
and a converter in which a plurality of screws are projected in the angle of 45 degrees at the input polarizing plane of
the linearly polarized signal toward the internal side of the circular waveguide (hereinafter, this converter is called an
existing second linear/circular polarization converter) are well known.
[0003] Here, Figs. 2A, 2B, 2C illustrate a structure of an example of the existing first linear/circular polarization con-
verter. Fig. 2A is a cross-sectional view in the longitudinal direction. Fig. 2B is a side elevation seen in the direction A
(input end side) and Fig. 2C is a side elevation seen in the direction B (output end side).
[0004] As illustrated in Fig. 2A to Fig. 2C, the first linear/circular polarization converter is composed of a circular
waveguide 21 having the circular cross-section and a dielectric material plate 22 arranged in the diameter direction
within the circular waveguide 21 and an input end 23 is formed at one end of the circular waveguide 21, while an output
end 24 is formed at the other end of the circular waveguide 21. The dielectric material plate 22 is arranged in the angle
of 45 degrees for the linear polarizing plane of the linearly polarized signal supplied to the input end 23 and the cutout
portions 22a, 22b for preventing reflection which are cut deeply as it approaches the center area are formed in the side
of the input end 23 and output end 24.
[0005] In a preferred embodiment of the linear/circular polarization converter the linearly polarized signal supplied
to the input end 23 of the circular waveguide 21 is converted in its polarizing plane to the circular polarization from the
linear polarization by the dielectric material plate 22 arranged in the angle of 45 degrees for the linear polarizing plane
when it is transmitted within the circular waveguide 21 from the input end 23 and thereby the circularly polarized signal
can be extracted from the output end 24. As explained above, the first linear/circular polarization converter performs
conversion to circularly polarized signal from the linearly polarized signal.
[0006] Next, Figs. 3A, 3B, 3C illustrate a structure of an example of the existing second linear/circular polarization
converter. Fig. 2A illustrates a cross-sectional view in the longitudinal direction. Fig. 2B illustrates a side elevation seen
in the direction A (input end side) and Fig. 2C is a side elevation seen in the direction B (output end side).
[0007] As illustrated in Fig. 3A to 3C, the second linear/circular polarization converter is composed of a circular
waveguide 31 having the circular cross-section 31 and a plurality of screws projected in the diameter direction toward
inside of the circular waveguide 31. At one end of the circular waveguide 31, an input end 33 is formed and at the other
end of circular waveguide 31, an output end 34 is formed. A plurality of screws 32 are projected in the angle of 45
degrees to the linear polarizing plane of the linearly polarized signal supplied to the input end 23 and length of projection
of these screws are sequentially reduced as it approaches the input end 23 and output end 24 in order to prevent
reflection by a plurality of screws 32.
[0008] In another embodiment of the linear/circular polarization converter the linearly polarized signal supplied to
the input end 33 of the circular waveguide 31 is converted to the circularly polarized signal from the linearly polarized
signal at its polarizing plane by a plurality of screws projected in the angle of 45 degrees for the linear polarizing plane
when it is transmitted within the circular waveguide 31 from the input end 33 and is then extracted from the output end
34. As explained above, the conversion to circularly polarized signal from the linearly polarized signal is conducted in
the second linear/circular polarization converter.
[0009] Since the dielectric material plate 22 is arranged within the circular waveguide 21 to convert the linearly
polarized signal to the circularly polarized signal in the first linear/circular polarization converter, number of parts in-
creases and the total structure is rather complicated, resulting in the problem that it is difficult to assure the stable
operation and higher reliability.
[0010] Moreover, the linear/circular polarization converter performs the conversion to the circularly polarized signal
from the linearly polarized signal by projecting a plurality of screws 32 within the circular waveguide 31. Accordingly,
the number of parts also increases and total structure is complicated, resulting in the problem that it is difficult to assure
stable operation and higher reliability.
[0011] The present invention has been proposed to solve such problems and it is therefore an object of the present
invention to provide a linear/circular polarization converter which can simplify the total structure by reducing the number
of parts and assures higher reliability by improving stability of the operation.
[0012] In view of attaining the objects explained above, the linear/circular polarization converter of the present in-
vention uses an elliptical waveguide and when wavelength of the application frequency of polarized signal supplied to
the elliptical waveguide is defined as λ0, length of the elliptical waveguide as L, cutoff wavelength of the plane polarized
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in the long axis direction of the polarized signal as λCH, cutoff wavelength of the plane polarized in the short axis
direction of the polarized signal as λCV, phase of basic mode polarization in the long axis direction for the polarized
signal as θH, phase of basic mode polarization in the short axis direction as θV and phase difference between phase
θH of basic mode polarization in the long axis direction and phase θV of basic mode polarization in the short axis
direction as ∆θ, following expression is satisfied,

by selecting the long axis size a, short axis size b and length L in the tube axis direction of the elliptical waveguide.
[0013] The linear/circular polarization converter respectively selects the long axis size a, short axis size b and length
L of tube direction of the elliptical waveguide to obtain 90 degrees of phase difference between the basic mode polar-
ization in the long axis direction and basic mode polarization in the short axis direction by utilizing that the cutoff
wavelength of the polarizing plane in the long axis direction in the elliptical waveguide is different from the cutoff wave-
length of the polarizing plane in the short axis direction and that transmission rate of polarization in the long axis
direction is different from that of polarization in the short axis direction.
[0014] According to the means explained above, the linear/circular polarization converter is formed only of an elliptical
waveguide and dielectric material plate and a plurality of screws are never arranged within the waveguide. Therefore,
number of parts can be reduced and total structure can also be simplified and moreover stable operation can be assured
through higher reliability.
[0015] According to one aspect of the present invention, the linear/circular polarization converter uses an elliptical
waveguide having elliptical cross-section including long axis and short axis to receive supply of the linearly polarized
signal or circularly polarized signal at one end of the elliptical waveguide and output the circularly polarized signal or
linearly polarized signal from the other end of the elliptical waveguide, and when wavelength of the application frequency
of polarized signal supplied to said elliptical waveguide is defined as λ0, length of said elliptical waveguide as L, cutoff
wavelength of the plane polarized in the long axis direction of said polarized signal as λCH, cutoff wavelength of the
plane polarized in the short axis direction of said polarized signal as λCV, phase of basic mode polarization in said long
axis direction for said polarized signal as θH, phase of basic mode polarization in said short axis direction as θV and
phase difference between phase θH of basic mode polarization in said long axis direction and phase θV of basic mode
polarization in said short axis direction as ∆θ, following expression is satisfied;

by selecting the long axis size a, short axis size b and length L in the tube axis direction of the elliptical waveguide.
[0016] In a preferred embodiment of the linear/circular polarization converter of the present invention, the short axis
size b of the elliptical waveguide is selected to satisfy the condition λCH 6 1.1 λ1 for the cutoff wavelength of the
polarizing plane in the long axis direction of the polarized signal when the polarized signal wavelength of the lowest
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frequency in the frequency band supplied to the elliptical waveguide is defined as λ1.
[0017] In the linear/circular polarization converter , the long axis size a of the elliptical waveguide is detected to attain
(a/b) 6 1.2 between the long axis size a and short axis size b of the elliptical waveguide.
[0018] The linear/circular polarization converter is formed of only an elliptical waveguide, the long axis size, short
axis size and length in the tube axis direction of the elliptical waveguide are selected as explained above and structural
elements such as dielectric material plate and a plurality of screws are never arranged within the elliptical waveguide.
Therefore, number of structural parts of the linear/circular polarization converter is reduced, total structure can be very
much simplified and stability in operation of the linear/circular polarization converter is much improved to remarkably
enhance the reliability.
[0019] Embodiments of the present invention, will now be described, with reference to the accompanying drawings,
in which:
[0020] Figs. 1A to 1C are structural diagrams illustrating an embodiment of the linear/circular polarization converter
of the present invention.
[0021] Figs. 2 A to 2C are structural diagrams illustrating an example of the linear/circular polarization converter of
the related art.
[0022] Figs. 3A to 3C are structural diagrams illustrating the other example of the linear/circular polarizing converter
of the related art.
[0023] Figs. 1A, 1B, 1C illustrate a structure of a preferred embodiment of the linear/circular polarization converter
of the present invention. Fig. 1A is a cross-sectional view in the longitudinal direction. Fig. 1B is a side elevation seen
in the direction A (input end side) and Fig. 1C is a side elevation seen in the direction B (output end side).
[0024] As illustrated in Fig. 1, the linear/circular polarization converter of the present embodiment is composed of
an elliptical waveguide 1 having an elliptical cross-section having the length (diameter) a in the short axis direction,
length (diameter) b in the long axis direction and length L in the tube axis direction. At one end of the elliptical waveguide
1, an input end 2 is formed and at the other end of the elliptical waveguide 1, an output end 3 is formed.
[0025] In this embodiment, the fact that when the polarized signal is transmitted within the elliptical waveguide 1, the
cutoff wavelength λCH of the polarizing plane in the long axis direction in the elliptical waveguide 1 is different from the
cutoff wavelength λCV of the polarizing plane in the short axis direction and the transmission rate of polarized signal
in the long axis direction is different from that of the polarized signal in the short axis direction.
[0026] Here, the polarized signal transmitted in the waveguide has the phase θ expressed below when the free space
wavelength of the frequency of the polarized signal is defined as λ0 and the wavelength in the waveguide of the fre-
quency of polarized signal as λg.

[0027] Here, L is the length in the tube axis direction of the waveguide as explained above.
[0028] In the case of waveguide, when phase of the polarized signal in the long axis direction is defined as θH, phase
of the polarized signal in the short axis direction as θV, the phase θH of the polarized signal in the long axis direction
and phase θV of the polarized signal in the short axis direction can be expressed as follow.

[0029] In the above expression, λgH is the wavelength in the waveguide of the desired application frequency of the
polarized signal in the long axis direction and λgV is the wavelength in the waveguide guide of the desired application
frequency of the polarized signal in the short axis direction.
[0030] Here, the condition to form the linear/circular polarization converter with an elliptical waveguide 1, namely the
condition to attain 90 degrees of a phase difference ∆θ between the phase θH of the polarized signal in the long axis
direction at the output end 3 of the polarized signal and the phase θV of the polarized signal in the short axis direction

[Expression 2]

θ = 2π
λg
------ L, λg =

λ0

1 - (
λ0

λC
------)

2

---------------------------

[Expression 3]

θH = 2π
λgH
--------- L, θV = 2π

λgV
--------- L
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will be obtained.
[0031] In the elliptical waveguide 1, there lies a relationship of λCH ≠ λCV between the cutoff wavelength λCH of the
polarizing plane in the long axis direction and the cutoff wavelength λCV of the polarizing plane in the short axis direction
and moreover, when length in the long axis direction of the elliptical waveguide 1 is defined as a and length in the short
axis direction as b, the cutoff wavelength λCH of the polarizing plane in the long axis direction and the cutoff wavelength
λCV of the polarizing plane in the short axis direction are expressed as follow.

[0032] Moreover, when the free space wavelength of lowest frequency of the frequency band of the polarized signal
is defined as λ1, the length b in the short axis direction of the elliptical waveguide 1 is selected to provide λCH ^ λ1,
preferably λCH 6 1.1 λ1 for the cutoff wavelength λCH of the polarizing plane in the long axis direction.
[0033] Moreover, length a on the long axis direction of the elliptical waveguide 1 is selected to provide the result, (a/
b) 6 1.2, between the length a in the long axis direction and the lengthb of short axis direction of the elliptical waveguide
1.
[0034] Next, an example of the designing means of the elliptical waveguide 1 forming the linear/circular polarization
converter of the present embodiment will be explained as follow.
[0035] First, frequency band (lowest frequency f1 and highest frequency fh) of the linearly polarized signal for linear/
circular polarization conversion with the elliptical waveguide 1 are determined.
[0036] Next, the length b in the short axis direction of the elliptical waveguide 1 is set from the following expression
among the cutoff wavelength λCH, of the polarizing plane in the long axis direction, length a in the long axis direction
of the elliptical waveguide 1, free space wavelength λ1 of the lowest frequency and lowest frequency f1,

(where, c is velocity of light).
[0037] Next, length a in the long axis direction of the elliptical waveguide 1 is set from the expression between the
length a in the long axis direction of the elliptical waveguide 1 and length b in the short axis direction,

[0038] Subsequently, length L in the tube axis direction of the elliptical waveguide 1 is set from the following expres-
sion 1 to determine the wanted shape of the elliptical waveguide 1.

[Expression 4]

λCH 6 3.41 · (b
2
---)

λCV 6 3.41 · (a
2
---)

λCH 6 3.41 (b/2) = 1.1 λ1 = 1.1(c/f1)

(a/b) 6 1.2.
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[0039] In the linear/circular polarization converter of this embodiment of the structure explained above, when the
wavelength λ0 of linearly polarized signal of the application frequency is supplied to the input end 2 of the elliptical
waveguide 1, such linearly polarized signal is transmitted to the elliptical waveguide 1. In this case, since the elliptical
waveguide 1 is structured by selecting the sizes such as length a in the long axis direction, length b in the short axis
direction and length L in the tube axis direction to satisfy each expression explained above, the linearly polarized signal
supplied to the input end 2 is converted in its polarizing plane to the circularly polarized signal from the linearly polarized
signal and the circularly polarized signal can be extracted from the output end 3 to form the linearly/circular polarization
converter for conversion to the circularly polarized signal from the linearly polarized signal. Meanwhile, when the cir-
cularly polarized signal is supplied to the input end 2, the linearly polarized signal can be extracted from the output end 3.
[0040] In this case, the linear/circular polarization converter of this embodiment is structured only by the elliptical
waveguide 1, long axis size a, short axis size b and length L of tube axis direction of the elliptical waveguide 1 are
selected and structural elements such as dielectric material plate and a plurality of screws, etc. are never arranged
within the elliptical waveguide 1. Therefore, number of structural parts of linear/circular polarization converter can be
reduced, total structure can be extremely simplified and structural parts other than the elliptical waveguide 1 are never
used. As a result, stable operation of the linear/circular polarization converter is much improved and reliability of this
converter can be much enhanced.
[0041] The length b in the short axis direction of the elliptical waveguide 1 is selected to satisfy λCH ^ λ1, preferably,
λCH 6 1.1 λ1 between the wavelength λ1 of the lowest frequency signal in free space and cutoff wavelength λCH of the
polarizing plane in the long axis direction of the elliptical waveguide 1, particularly in the lowest frequency area of the
frequency band in which transmission loss for the polarized signal of the elliptical waveguide 1 increases sharply.
Therefore, rapid increase of transmission loss in the lowest frequency area can be eliminated.
[0042] Moreover, since length a of long axis direction of the elliptical waveguide 1 is selected in the linear/circular
polarization converter of this embodiment to provide the result (a/b) 6 1.2 between the long axis size a and short axis
size b of the elliptical waveguide 1, increase in size of the elliptical waveguide 1 can be prevented and generation of
high order mode can also be eliminated.
[0043] As explained above, the present invention structures a linear/circular polarizing converter only with an elliptical
waveguide and never arranges structural elements such as dielectric material plate and a plurality of screws or the
like within the elliptical waveguide, resulting in the effect that number of parts of the linear/circular polarizing converter
is reduced, total structure is extremely simplified, stable operation of the linear/circular polarizing converter can be
much improved and reliability of converter can be enhanced.

Claims

1. A linear/circular polarization converter comprising an elliptical waveguide having elliptical cross-section including
a long axis and a short axis to receive supply of a linearly polarized signal or circularly polarized signal at one end
of said elliptical waveguide and output the circularly polarized signal or linearly polarized signal from the other end
of said elliptical waveguide, wherein a size of long axis of an elliptical waveguide is selected as a, size of short
axis thereof as b and length in the tube axis direction as L, so that the following expression (1) can be satisfied;
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when wavelength of the application frequency of polarized signal supplied to said elliptical waveguide is
defined as λ0, length of said elliptical waveguide as L, cutoff wavelength of the plane polarized in the long axis
direction of said polarized signal as λCH, cutoff wavelength of the plane polarized in the short axis direction of said
polarized signal as λCV, phase of basic mode polarization in said long axis direction for said polarized signal as
θH, phase of basic mode polarization in said short axis direction as θV and phase difference between phase θH of
basic mode polarization in said long axis direction and phase θV of basic mode polarization in said short axis
direction as ∆θ.

2. The linear/circular polarization converter according to claim 1, wherein the short axis size b of said elliptical
waveguide is selected to satisfy the condition λCH 6 1.1 λ1 for the cutoff wavelength λCH of the plane polarized in
the long axis direction of said polarized signal when the free space wavelength of polarized signal of the minimum
frequency in the frequency band supplied to said elliptical waveguide is defined as λ1.

3. The linear/circular polarization converter according to claim 1 or 2, wherein the long axis size a of said elliptical
waveguide is selected so that (a/b) 6 1.2 can be obtained between the long axis size a and short axis size b in
said elliptical waveguide.
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