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Abstract
A new waveguide stepped septum-type circular polarizer (SST-CP) was developed
to operate in the 500-GHz band for radio astronomical and planetary atmospheric
observations. In a previous study, we developed a practical SST-CP for the 230-GHz
band. However, several issues prevent this device being easily scaled down to the
500-GHz band, such as manufacturing dimensional errors and waveguide flange
position errors. In this study, we developed a new waveguide flange with a high-
accuracy position determination mechanism and a very small size of 10 × 10 mm.
We also developed a new fabrication technique to obtain very good flatness for the
device’s blank materials by high-accuracy polishing using a resin fixture. Using
these new methods, the manufactured 500-GHz band SST-CP achieved a cross-
polarization talk level of better than – 30 dB at 465–505 GHz, a device surface
flatness of within 3 μm, and also the horizontal positioning error of ± 3 μm. These
results indicate that the developed 500-GHz band SST-CP has high performance in
the high-frequency band, and thus the new manufacturing methods are effective in
the 500-GHz band.
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1 Introduction

Radio wave observations in the submillimeter wave band are important in radio astronomy and
atmospheric observations, which deal with the distribution of minor molecules. Above the
100-GHz band, there are various important molecular emission lines, such as CO, CS, NH3,
O2, and O3. The very long baseline interferometry (VLBI) observation method is one of the
greatest advantages of the radio observations. Using VLBI, we can achieve extremely high
angular resolution at the microsecond order. For example, the international VLBI observation
project the Event-Horizon Telescope (EHT) obtained the world’s first direct imaging of black
hole shadows by attaining an angular resolution of 30-μs degrees in the 220-GHz band [1, 2].

A technique for separating orthogonal polarized waves (V/H) or left-/right-handed circular
polarized (LHCP/RHCP) waves is often required in radio observations. For example, it is
necessary to unify the observation polarization planes in observation telescopes to construct
VLBI. To realize this, in the receiver system of VLBI observatories, circular polarization
separation is performed before digital sampling [3, 4]. However, in submillimeter wave
observations over 100 GHz, it is technically difficult to directly sample the observed signals
[5, 6]. Therefore, it is essential to use a heterodyne receiver which down-converts the observed
signal to a lower frequency, where it is easier to handle. In fact, most submillimeter wave
spectroscopic receiver systems used in radio astronomy and planetary atmosphere observations
are 4 K cooled heterodyne receivers using a superconducting SIS-mixer [7–10]. However, as
heterodyne detectors employing waveguide circuits are generally sensitive to only one linearly
polarized wave, a circular polarization separation and a circular to linear conversion mecha-
nism must be equipped in front of the detectors.

The waveguide stepped septum-type circular polarizer (SST-CP) is the simplest and
highest-performance device available for circularly polarized wave separation. The SST-CP
is a compact device that works independently, and so it is easy to install into a receiver with
relatively low insertion loss. It also exhibits no fluctuation in its high polarization separation
ratio because there are no moving parts. Thanks to these excellent features, SST-CP has been
widely used in the cm/mm band [3, 11, 12]. However, there are very few practical examples of
SST-CP above the 100-GHz band [13, 14]. Therefore, an orthogonal polarization separator is
conventionally used instead of an SST-CP, or a combination of two orthogonal polarized
waves using an optical element such as a wire grid [15]. One reason why SST-CPs have not
been adopted in the submillimeter band may be because the well-known conventional SST-CP
models are extremely vulnerable to manufacturing errors and lack of flatness. The waveguide
size in the submillimeter band, such as 1.092 mm for a standard WR-4.3, is small for milling
manufacturing, which makes it easy for fatal characteristic deterioration to occur. Thus, in our
past development, we proposed a new SST-CP model that can endure a large manufacturing
error and obtain a stable performance in the 230-GHz band [14]. This 230-GHz band SST-CP
is installed in the 1.85-m telescope of Osaka Prefecture University [16–18], the NANTEN2 4-
m telescope of Nagoya University [19, 20], and the 12-m GreenLand Telescope of Academia-
Sinica Institute of Astronomy and Astrophysics in Taiwan, which is an observatory conducting
the EHT project [21, 22], and is currently used for both single-dish astronomical and VLBI
observations.

In this study, we developed a new 500-GHz band SST-CP, which is an improved model of
the previous 230-GHz band system. Many important molecular emission lines are located in
the 500-GHz band, such as CO (J = 4–3) at 461 GHz, C[I] (3P1–3P0) at 492 GHz [23–25], H2O
(ortho), O2, O3, and HDO [26, 27]. In circularly polarized observations of these important
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emission lines, a very high circular polarization separation ratio (cross-polarization talk level,
X-pol) of over 20 dB is often required. However, the waveguide size for measurements in the
500-GHz band is so small, as small as 0.559 × 0.279 mm, while the manufacturing dimen-
sional error is relatively large at approximately ± 10 μm. Thus, even with the previous 230-
GHz SST-CP model, which can endure some dimensional error, it cannot achieve such a high
polarization separation ratio, unless several technical improvements are made in the electrical
design and manufacturing technology. The areas to be improved are the physical factors
limited by the UG-387U/M waveguide flange, which has been the world standard in the
submillimeter wave band. These factors are the device minimum size, the position error of the
two connected waveguides, the horizontal/vertical axis angle error due to insufficient accuracy
of the position determination mechanism [28], and the surface contact failure and higher-mode
resonation caused by the low surface accuracy on the dividing surfaces for milling manufactur-
ing [14]. To improve these issues, we realized the following two technological developments:

1. We developed a new waveguide connection flange with a very compact size of 10 ×
10 mm and a low horizontal positioning error of approximately ± 3 μm. With this new
flange called the high-accuracy and very small (HAS) flange, the minimum size of a 3-
port waveguide device is reduced to 10 mm3, which is 1/8 smaller than the size of the UG-
387 flange, and can eliminate the increase in insertion loss due to circuit length. Also,
deterioration of characteristics such as the input return loss and X-pol due to connection
position/axis angle error is suppressed.

2. We developed a new high-precision milling manufacturing technology, which includes
high-precision surface polishing, to improve the contact surface accuracy of the device
dividing section and the flange contact surface. Thanks to this, we can obtain a very
uniform surface roughness of ± 3 μm or better. Furthermore, it is expected that the milling
error in the depth direction will be reduced.

We describe the details of the electrical design of the 500-GHz SST-CP in Section 2.1, while in
Section 2.2, we describe the details of the new HAS waveguide flange. The high-precision
manufacturing details are described in Section 3, and Section 4 shows the measurement results
of the frequency characteristics and 3D dimensions of the manufactured 500-GHz SST-CPs.

2 Design

2.1 Design of the 500-GHz SST-CP

A simulation design of the electrical properties of the 500-GHz SST-CP was performed with
Ansys HFSS. The dimensions of the SST-CP were optimized by the two analytical models
proposed in [14]. One is a model of an SST-CP alone, hereafter referred to as the “single
model.” The single model consists of a square-shaped input waveguide connecting to a feed
antenna in practice, a stepped septum part that gives a phase difference of 90° onto two
orthogonal polarizations, and two rectangular waveguide output ports connecting to LNAs or
detectors. The single model simulation can be used to evaluate input/output return losses,
isolation between output ports, and phase delay of the vertical axis linear polarized input wave.
In this study, the design target values of the input/output return losses and port isolation are
under − 20 dB, which is considered to be sufficiently practical for 440–510-GHz band
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observations. The second simulation model is composed of the single model and the mirror
duplicated model which connected directly at the square input port, hereafter referred to as the
“mirror model.” Using this mirror model, we can evaluate the insertion loss and X-pol talk of
the left and right circularly polarized wave transmissions. The design target values of the
mirror model are an insertion loss of better than − 1.0 dB in the 440–510-GHz band, and an X-
pol talk of − 30 dB or better for 460–500 GHz, where reduction of reverse polarization noise is
strongly required, and − 20 dB for 440–460 and 500–510 GHz.

Figure 1 shows the optimized dimensional design values of the septum part. In order to
suppress the characteristic deterioration (mainly X-pol talk) caused by the gap spacing due to
contact failure at the device dividing surfaces on top of the septum shown in [14], we adopted a
method of dividing the circuit not at the top of the septum but at the fourth stage of the septum,
and the gap spacing was shifted to that part. Each dimension has been optimized with
considering to suppress the characteristics deterioration from this gap spacing, except to the
septum thickness that was fixed at 0.1 mm to alleviate manufacturing difficulties. In addition,
the two output rectangular waveguides divided in two by the septum were extended as a Y
shape in a 45° direction as viewed from the input waveguide propagation direction. This
reduced the increase in insertion loss caused by the unnecessary extended waveguide path
length due to the limited minimum device size because of the waveguide flange. The estimated
loss reduction using the UG-387 U/M flange, which has a minimum device size of 20 × 20 ×
20 mm for a 3-port device, is 0.14 dB (− 0.82 to − 0.68 dB) at 300 K and 0.04 dB (− 0.255 to
0.215 dB) at 4 K, when the material is A6063-T5 with an electrical conductivity of 2.3 × 107 S/
m and no surface roughness. In another case using the 10-mm HAS flange described in the
next Section 2.2, the estimated loss reduction amount is 0.05 dB (− 0.43 to − 0.38 dB) at 300 K
and 0.01 dB (− 0.127 to − 0.117 dB) at 4 K.

Figure 2 shows the results from the SST-CP HFSS simulation design, which achieved the
abovementioned target values with peaks near 490 GHz for reflection characteristics, port
isolation, and X-pol talk. Figure 3 shows two examples of X-pol talk characteristics for
different shifted gap spacings on the septum. In this case, the gap thickness Gt is changed
by 2 μm in the range 2–10 μm with gap lengths of GL = 0.10 mm and 0.20 mm for the gap
spacing simulated model shown in Fig. 3a. In Fig. 3b, a trend of monotonic deterioration with
increasing Gt can be seen. In Fig. 3c, the bandwidth of X-pol ~ − 25 dB is broadened, and even
when Gt = 10 μm, it remains better than − 20 dB near 500 GHz. These results show that in the
shifted gap spacing simulation model, the behavior changes significantly for small changes in
GL and Gt. The characteristic deterioration for a traditional manufacturing dimensional error

Fig. 1 a Top and b side view 2D drawing of the 500-GHz SST-CP septum part

4 Journal of Infrared, Millimeter, and Terahertz Waves (2021) 42:1–16



of ± 10 μm is expected to be suppressed effectively. The simulated X-pol for GL = 0.20 mm
and Gt = 6 μm is better than without a gap, but this is too hard to achieve for manufacturing in
the submillimeter band. However, in the centimeter wave band where the manufacturing error
is relatively small, it may be possible to achieve better characteristics than previously obtained.

2.2 High-Accuracy and Small Size Waveguide Flange Design

The standard waveguide size in the 500-GHz band is as small as W 0.559 × H 0.280 mm (WR-
2.2) or 0.381 × 0.190 mm (WR-1.5). As shown in Fig. 1, the total length of the septum part of
the 500-GHz band SST-CP is about 0.8 mm. Despite this, a UG-387 waveguide flange with a
diameter of 19.5 mm has generally been used in the submillimeter band, over 100 GHz.
Therefore, conventional submillimeter band waveguide devices have very long waveguides,
resulting in an unnecessary increase of insertion loss. In addition, the alignment mechanism of
UG-387 uses four ⌀1.56-mm knock pins and holes, which are significantly larger than the
pins. According to [28], the horizontal positional error of UG-387 is 20 μm, and the
waveguide vertical/horizontal axis angle error is < 1.4°. For SST-CP, an axis angle error of
1.4° of the input square-shaped waveguide corresponds to − 34-dB X-pol talk level, which
cannot satisfy the design target value of − 30 dB.

For these reasons, the UG-387 waveguide flange is clearly insufficient for the 500-GHz
SST-CP. Therefore, we developed a new, very small waveguide flange with a highly accurate
position determination mechanism, called the high-accuracy and very small (HAS) flange.
Figure 4 shows a connection surface 2D drawing and 3D CAD images of the HAS flange. The
flange consists of two flange pairs, male and female, like coaxial SMA connectors. The
vertical and horizontal positions are determined by highly accurate manufactured position

Fig. 2 Results of the 500-GHz SST-CP simulation design. a Schematic of the 500-GHz SST-CP single model
and b its simulated performances; the red solid and dashed lines are V/H-pol input wave return losses, the black
line is the output port isolation, and the blue line shows the output port return loss. c Schematic of the mirror
duplicated model and d its simulated performances; the red dashed line is the output port return loss on the mirror
model, the blue line is the insertion loss on two connected SST-CPs, the black line is the output port isolation on
the mirror model, and the green line shows the X-pol talk level caused by the two duplicated septa
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reference side surfaces on each flange, shown by the V and H labels on the yellow protrusions/
depressions in Fig. 4. Thus, the positioning accuracy and axis angle error are determined by the
horizontal dimensional milling accuracy and the perpendicularity of the manufactured sur-
faces. The horizontal dimensional error in our machining is ~ 3 μm, so that the HAS flange is
several times more accurate than the UG-387. Furthermore, the influence of the offset error
and scale error of the milling machine is suppressed by ensuring the milling dimensional origin
of the HAS flange pair coincides with each other.

2.3 500-GHz Band SST-CP Structure Design

A new positioning mechanism for the HAS flange is also applied in the two-divided SST-CP
structures connection position determination, as shown in Fig. 5. Using this method, we expect
to be able to suppress the deterioration of the X-pol level due to displacement of the square-
shaped input waveguide of the SST-CP core.

Figure 5 shows a top view 2D drawing of the two divided 500-GHz band SST-CP
structures. To determine their assembly positions, the HAS flange positioning technique is
applied. We thereby expect to be able to suppress the deterioration of the X-pol level caused by
the displacement of the square-shaped input waveguide of the SST-CP core. In addition, using
the HAS flange allows the SST-CP device size to be reduced to 12-mm width × 10-mm
depth × 10-mm height, which is about 1/6 smaller than the 20 mm3 size when the UG-387
is used. Because of this reduction in device size, the ohmic loss of the waveguide, which is
large in the higher frequency band, is greatly reduced. It is also expected that the gap spacing
on the septum-divided surfaces is suppressed due to small area ratio between the septum and
body. The SST-CP width of 12 mm is larger than the HAS of 10 mm so as to avoid

(a)

(b) GL = 0.1 mm

(c) GL = 0.2 mm

Fig. 3 Simulated X-pol talk deterioration for the SST-CP mirror model with various gap spacings at the 4th step
on the stepped septum. a Schematic of the simulation model of the SST-CP with a gap spacing. b X-pol talk
performance for various gap thicknesses Gt for a fixed gap length of GL = 0.1 mm and c a fixed GL = 0.2 mm
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interference between the left and right pairs of M2 screws that fasten the HAS flange. If a
screw smaller than M2 is used, the width can be reduced to 10 mm; however, we did not need
to minimize the size in this stage of the development, so we choose M2 screws because of their
sufficiently strong fastening force.

In addition, when a special waveguide flange is used, such as HAS, it is necessary to
consider how to realize frequency characteristic measurements using the high-frequency
vector network analyzer (VNA). In this study, we planned to make measurements using
the WR-2.2 waveguide VNA extender module of Virginia Diode Inc. (VDI), which has a
standard waveguide port with a UG-387 flange, so a flange converter between HAS and
UG-387 was required. Furthermore, two waveguide terminators were required to perform
measurements. There were no problems with these, because they could be manufactured
separately, as shown in Fig. 6. On the other hand, since it is difficult to measure the
frequency characteristics of SST-CP alone, we had to also measure the SST-CP mirror
model characteristics. It was expected that it would be difficult to screw-fasten the square-
shaped waveguide surface of two SST-CPs to each other using M2 screws, and thus we
used bolt-nut fastening for that purpose.

Fig. 4 Schematics of the newly developed HAS flange. a 2D drawing of the connection surfaces on the male and
female flange. b 3D CAD image of the HAS flange connection
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3 Manufacturing with High-Precision Polishing

Figure 7 shows a photograph of the manufactured 500-GHz SST-CP and companions, as
illustrated in Fig. 6. These were manufactured with A6063-T5 aluminum alloy by high-
precision machining manufacturing at Kawashima Manufacturing Co., Ltd. (KMCO), with a
practical milling accuracy of ~ 3 μm in the horizontal direction and ~ 5 μm in the vertical
direction. The A6063-T5 is a superior material and is well matched to the high-precision
machining in this study, because of the following five factors: (1) It is known that the surface
accuracy of the milling machining is superior than many other metal alloys. (2) The surface
accuracy of electrical discharge machining for scraping the waveguide of the flange converter

Fig. 6 Schematic of the 500-GHz SST-CP measurement assembly 3D CAD design. Yellow, UG-387 to HAS
female flange converter for SST-CP; gray, SST-CPs (a unit and a duplicate mirror unit); blue, waveguide
absorber; orange, UG-387 to HAS male flange converter for absorber measurement

Fig. 5 Top view 2D drawing of the two divided 500-GHz SST-CP structures. Yellow parts, position determi-
nation structures; green parts, two-divided parts connection surfaces; blue parts, SST-CP waveguide circuit
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is very good. (3) Since aluminum alloy generally has high weathering and corrosion resistance,
it does not require surface plating, such as gold plating on tellurium copper. (4) Among
aluminum alloys, A6063-T5 has a uniquely high electrical conductivity, giving a low ohmic
loss (0.55 IACS for typical A5052: 0.3, A6061: 0.42). (5) Applying T5 treatment, which is a
heat treatment by air cooling after rolling, it can be procured with a relatively low residual
stress strain. Therefore, it is not necessary to release stress by annealing before manufacturing.

Furthermore, for high-precision milling fabrication, it is necessary that the orthogonality
and surface flatness of the blank material to be fabricated are high. This is because, when the
material has poor surface flatness or an angle error in the machining horizontal surface, the
machining dimensional error and waveguide connection position error due to the flange
contact face angle shift deteriorate. In addition, when the milled surface flatness is poor, the
error from the dimensional reference in the depth direction is directly linked to the fabrication
error. Therefore, to improve the manufacturing dimensional accuracy, it is important to ensure
the orthogonality and flatness of the blank material as well as improving the machining
accuracy.

In this study, to obtain high-quality blank materials, we performed high-accuracy
surface polishing using a hard resin fixture, after making a squared cutout by general
six-face milling. In this method, the cutout blank materials are inserted into just-fitting
holes provided in the resin fixture, as shown in Fig. 8. They are then pressed mechanically,
together with the resin fixture, onto a lapping table to polish the blank materials at the
same contact angle for each surface. The resin fixture was manufactured with very high-
precision machining by KMCO, such that we had to insert the blank materials into the
fixture holes by hitting them with a wooden hammer, which ensured they could not be
easily moved. Using this technique, the six-plane orthogonality of the blanks could be
made almost perfect, the flatness of each face could be made extremely high, and we could
control the polishing dimension precisely. In this study, the polishing was performed using
a liquid compound containing a minimum of 1 μm of abrasive particles, and the flatness of
the polished surface was ~ 3 μm r.m.s in practice.

Fig. 7 Photograph of the manufactured 500-GHz SST-CP, waveguide absorber, and an HAS female to UG-387
flange converter
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4 Measurements

4.1 Measurement Results for the 500-GHz Band SST-CP

Figure 9 shows the measured insertion loss of the 500-GHz WG-CPs, and Fig. 10 shows the
measured and simulated X-pol talk levels. Figure 11 shows a photograph of the measurement
experiment. In this measurement, we used a high-frequency VNA N5260 from Keysight
Technologies Inc. and VDI’s WR-2.2 waveguide VNA extender module described in
Section 2.3, which are owned by the National Institute of Information and Communications
Technology (NICT).

The measured LHCP/RHCP insertion losses shown as red and black solid lines in Fig. 9 are
very close to the simulation design performances shown by the green dotted line. However, a
ripple of about 1-GHz frequency and ± 0.1-dB magnitude are evident. This is a standing wave
with a wavelength of approximately 15 cm, and considering that the SST-CPs are approxi-
mately 10 mm in size, it is considered that this wave is due to the measurement system and not
the device performance.

The measured X-pol talk level shown as the red solid line in Fig. 10 is better than − 30 dB at
465–505 GHz and – 20 dB at 435–505 GHz. This result shows that this SST-CP achieves

Fig. 9 Measured and simulated insertion losses of the 500-GHz SST-CPs

Fig. 8 Schematic of the high-accuracy polishing method with the cured resin fixture
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extremely good cross-polarization separation characteristics in the high-frequency band of
500 GHz. However, a difference from the simulated design performance can be recognized,
shown as the green dotted line. This is considered to be largely due to manufacturing
dimensional error, because the difference between the measured and re-calculated performance
using the measured dimensions of manufactured SST-CP shown as the blue solid line is very
small. Also, the higher-order mode resonance of TE11 at 510 GHz is shifted to the high-
frequency side by about 5 GHz.

Furthermore, we estimated the size of the gap spacing on the 4th step of the septum by
simulating this gap using the SST-CP analysis model with the measured dimensions. We
found a gap length of GL = 0.2 mm and thickness Gt = 0.5 μm were the best fit, shown as the
black dashed line. This result suggests that polishing with the resin fixture significantly
improved the flatness of this device-divided surface, giving a flatness of 0.5 μm compared
to the conventional value of over 10 μm, such for the 230-GHz SST-CP.

Fig. 10 Measured, simulated, and re-calculated X-pol talk level of the 500-GHz SST-CPs

Fig. 11 Photograph of the performance measurement experiment of the 500-GHz band SST-CP with the VDI
WR2.2 VNA extender module
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4.2 High-Accuracy Small Size WG-Flange VNA-Measured Result

Figures 12 and 13 show the fluctuation of the measured input return losses due to waveguide
flange connection errors. In this measurement, two pairs of identical straight waveguides with
UG-387 and HAS flanges were clamped, measured, and disassembled seven times for UG-387
and 10 times for the HAS flange. The results for the UG-387 flange in Fig. 12 show that the
input return loss magnitude varies over a fairly wide range of − 14 to − 26 dB, and the
frequency characteristics also change significantly. In the result for the HAS flange, shown in
Fig. 13, the trend of the frequency characteristics is almost unchanged, and it can be seen that
the magnitude error is very small, at approximately 1 dB. From these results, it is considered
that the HAS flange position determination mechanism by the positioning side surface
obtained by high-precision machining is very effective, at least in the 500-GHz band.
Moreover, it can be expected to be effective even in the higher frequency bands, such as the
1-THz band where the waveguide size is halved.

4.3 Surface Accuracy Measured Result

Figures 14 and 15 show the results of high-accuracy 3D measurements of the side surface of
the waveguide absorber (4.6) and the SST-CP two-divided surface (4.7). These are examples
of polished surfaces using a resin fixture. In the 3D measurements, we used Mitaka Koki NH-
6N, which has a measurement accuracy of 0.1 μm, at the Instrument Development Center,
Graduate School of Science, Nagoya University. From Fig. 14, it can be said that the surface
flatness obtained by polishing with a resin fixture is distributed in the range of 0 to + 1.5 μm,
and the surface roughness is 0.6 μm r.m.s, which is very uniform. It should be noted that this
measurement surface includes the effect of a permanent strain due to vice gripping during
machining. Figure 15 shows that the surface accuracy of the divided surface of the SST-CP is
± 3 μm. In particular, it is extremely flat, at almost 0 μm, near very important points such as
the septum contact part and square-shaped input port. This result is in good agreement with the
estimated gap spacing thickness Gt of 0.5 μm shown in Fig. 10.

However, in Fig. 15, a dent of up to − 3 μm can be seen near the right and left rectangular
output waveguides, and a bulge of up to + 2.1 μm can be seen near the upper M2 fastening
screw hole. The following two factors can be considered as causes of such unevenness: (1)

Fig. 12 Measured input return losses of a straight waveguide using a UG-387 flange, reassembled seven times
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stress strain of the blank material fixing vise during machining and (2) distortion due to pulling
of the M2 fastening screw. The stress strain is considered at the time of manufacture, and the
manufacturing is performed so that such strains are suppressed near the SST-CP core.
However, it is not possible to eliminate the effect of these strains on the entire material and
thus when further suppression is required, it is necessary to develop another method such as
holding vacuum attraction. The effect of the M2 screw is a known issue, and the influence on
the contact accuracy can be largely avoided by digging (anti-cocking method) near the screw
hole, though it cannot be reduced to zero. It may be possible to mitigate this effect by
controlling the screw tightening torque with a torque wrench or a similar tool.

5 Conclusion

In this paper, we developed a high-performance waveguide septum-type circular polarization
separator WG-SST-CP which can achieve a cross-polarization talk level (X-pol) of better than
– 30 dB in the 500-GHz band where observation demands are very high in radio astronomy

Fig. 13 Measured input return losses of a straight waveguide using an HAS flange, reassembled 10 times

Fig. 14 Measured surface flatness of the waveguide absorber with an HAS flange
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and planetary atmosphere observations. As shown in Table 1, the proposed SST-CP is
considerably easier to handle and has higher performances than conventional circularly
polarized wave separators including quasi-optical methods. For the SST-CP design, we
applied the findings of the 230-GHz SST-CP device development, and developed a new
manufacturing method to suppress the manufacturing errors, which would otherwise be too
great. In addition, we developed a new original high-accuracy and very small (HAS) wave-
guide flange, which has a very small size of 10 × 10 mm2 and a low horizontal positioning
error of approximately 3 μm. Furthermore, to obtain very flat surfaces on blank materials, we
developed a new high-accuracy mechanical polishing technique with a resin fixture. The 500-
GHz SST-CP manufactured by these new technologies realized an X-pol talk level of − 30 dB
at 470–505 GHz and − 20 dB at 430–510 GHz in practice. In addition, the new HAS flange
allows operation with almost no characteristic deterioration due to connection position errors.
The surface flatness obtained by polishing with the resin fixture is very uniform within 3 μm,
which is considered to effectively suppress the characteristic deterioration of the SST-CP.
These results indicate that the development of the 500-GHz band SST-CP in this paper was
successful, and it is expected that the new manufacturing techniques developed in this work
will enable stable manufacture of higher-frequency waveguide devices, such as for the 1-THz
band.
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