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A Turnstile Junction Waveguide
Orthomode Transducer for the 1 mm Band

Alessandro Navarrini, Richard L. Plambeck, and Daning Chow

Abstract—We describe the design and construction of a
waveguide orthomode transducer (OMT) for the 200-270 GHz
frequency band. The OMT provides a circular waveguide input
(diameter 1.12 mm) and two WR3.7 rectangular waveguide
outputs. It utilizes a turnstile junction and two E-plane power
combiners. A tuning stub located at the base of the circular
waveguide matches the input over the full frequency band.

We have machined two such OMTs, but their performance has
not yet been measured. Electromagnetic simulations predict a
reflection coefficient at the circular input port below -20 dB for
both polarizations and a transmission loss of ~0.6 dB at room
temperature. When cooled to 4 K, the transmission loss is
expected to be ~0.2 dB. In previous tests of a K-band scale model
of the OMT, the measured performance matched the theoretical
results closely.

Index Terms— Radio astronomy, Turnstile junction, Power
combiner, Polarimetry, Waveguide transitions

I. INTRODUCTION

We are constructing orthomode transducers for dual
polarization 200-270 GHz radio astronomy receivers
on the CARMA array. In order to fit into the existing dewars,
the OMTs must be compact; hence we strongly prefer to use
waveguide-based designs rather than wire grid polarizers.

Wollack amd Grammer [1] constructed a waveguide OMT
based on a Bpgifot junction that gave excellent performance
over the 211-275 GHz band. We felt that this OMT would be
challenging for us to mass produce because it requires careful
alignment of a 0.036 mm thick septum and four 0.061 mm
diameter capacitive compensation pins inside the waveguides.
Other designs using a thicker septum have been proposed;
here the pins are eliminated in favor of short capacitive steps
[2] or standard multi-step transitions on the side arms [3].
Although in these cases the construction of the blocks is
simplified, the alignment of the septum inside the waveguide
is still critical.

In [4] we described an alternative to the Boifot OMT that is
based on a turnstile junction. An advantage of this design is
that neither the pins nor the septum of the Boifot junction are
required to achieve polarization separation and low VSWR
over a wide bandwidth; in addition, all rectangular
waveguides can be split along their midplanes. As reported in
[4], we constructed and tested a K-band version of the
turnstile OMT. From 18-26 GHz we measured an input
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Fig. 1. Internal view of the turnstile junction with a circular waveguide input
and four full-height waveguide outputs. The tuning stub is optimized for
broadband performance. The circular waveguide on top represents the output
of the ] mm feed horn to which the OMT will attach.

reflection coefficient of less than -16 dB, a cross-polarization
of less than -47 dB, and a transmission loss of ~0.1 dB. We
also used electromagnetic simulations to estimate the
degradation in performance that machining errors of = 0.13
mm would cause in the 18-26 GHz band, with the expectation
that the fabrication tolerances could be held to + 13 um for a
200-270 GHz OMT.

Here we describe the design and construction of a Imm
version of the turnstile OMT. Two have been machined so far,
but have not yet been tested.

II. DESIGN AND OPTIMIZATION

As shown in Fig. 1, the turnstile junction uses a round input
waveguide and four rectangular output waveguides. We note
that a Boifot junction is essentially a turnstile in which two of
the arms have been folded around a septum. After emerging
from the turnstile, signals in opposite pairs of waveguides are
combined in power combiners before they are directed to two
output waveguides.

The input circular waveguide on the turnstile junction has a
diameter D = 1.12 mm, but attaches to the D = 1.27 mm
circular waveguide at the output of the existing feed horns.
The reflection coefficient caused by this step in the waveguide
diameter is below —30 dB over most of the band. The
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rectangular waveguides are full height WR3.7 (0.94 mm x
0.47 mm).

In addition to the fundamental TE;; modes associated with
the orthogonal polarizations, the circular waveguide can
propagate higher-order modes in the 200-270 GHz frequency
band. These are the TM,; mode, with A~1.306 D (v.=205.0
GHz), and the TE,; mode with A.~1.028 D (v.=260.5 GHz).
In theory, these modes can be excited by the discontinuity
created by the sidearm junctions. However, their excitation
can be avoided as long as the four-fold symmetry of the
structure is maintained.

The metallic tuning stub located at the base of the circular
waveguide enables broadband operation with low reflection
coefficient. The stub is a square prism with dimensions 0.43
mm X 043 mm x 0.21 mm, centered on the circular
waveguide axis. The base is filleted with radius 0.09 mm so
the stub can be machined from the side. The structure was
optimized using the electromagnetic simulator CST
Microwave Studio [5] based on the finite integration
technique. Fig. 2 shows the simulation result for the reflected
amplitude of the TE;; mode at the 1.27 mm diameter circular
waveguide input, with all four rectangular ports terminated
with matched loads. The reflection coefficient is below -28
dB over the frequency range of interest.
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Fig. 2. Simulated reflected amplitude for a TE,; mode at the circular

waveguide port of the five-port device illustrated in Fig. 1.

Figure 3 shows the complete OMT. Signals split by the
turnstile junction exit opposite waveguides 180° out of phase.
These signals are recombined in a power combiner that also is
180° out of phase, implemented using the E-plane Y-junction
shown in Fig. 4. The electrical lengths of the waveguides from
the turnstile to the power combiner are kept equal to maintain
the 180° phase shift. The combiner was based on a W-band
design by Kerr [6] and was further optimized using CST
Microwave Studio. The steps of the three-section transformer
are filleted so they can be machined with an 0.45 mm diameter
end-mill. The cusp at the junction of the curved arms is
truncated at a width of 0.05 mm. Fig. 5 shows the simulated
reflection coefficient at the WR3.7 common port when the
two curved arms are terminated with matched loads. It is
below —30 dB from 200-270 GHz.
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Fig. 3. Internal view of the full OMT. Opposite ports of the turnstile junction
are brought together with E-plane bends and power combiners.
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Fig. 4. Internal view of the E-plane Y-junction used to recombine the 180° out
of phase signals at the output of the turnstile junction.
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Fig. 5. Simulated reflection coefficient at the common waveguide port of the
three-port device illustrated in Fig. 4.
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The inside radius of the waveguide bends is 1.41 mm for
Pol 1 and 0.78 mm for Pol 2. Electromagnetic simulation
shows that even the tighter bend has reflection coefficient
below —38 dB across the full waveguide band.

After recombination in the Y-junction, each signal is
directed to its output flange through a 90° E-plane bend with
inner radius 0.78 mm.

Figs. 6 and 7 show the simulated reflection coefficient and
transmission losses for both polarization channels of the full
OMT. The simulation was performed with the three-port
model shown in Fig. 3, including the turnstile junction, power
combiners, and all connecting waveguides. The model
included the short section of 1.27 mm diameter circular
waveguide at the input port to take into account the
discontinuity at the feed-horn/OMT interface. A Cartesian
mesh was automatically generated and the time domain solver
calculated the broadband response of the device in one
simulation run. We set the parameter “lines per wavelength”
to 12; this is the minimum number of mesh lines per
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Fig. 6. Simulated Pol 1 (solid line) and Pol 2 (dotted line) amplitude

reflection of TE;; mode at the circular waveguide output of the feed-horn
when looking into the OMT input. The simulation refers to the 3-port device
illustrated in Fig. 3 modified to include the abrupt transition between circular
waveguides shown in Fig. 1.

-0.45
L} "\rl
-0.50 Pol™1 . i:,"ll.“\!"wl\"l A%
=SSPl 2 RO L
-0.55 v‘m‘,‘ul"""‘ ! |‘\ I' 'vrq
o yiees 2 AV
S, 060 T VEVV
: e AvAl
D > e v\
B 065 { TV \/
€ ! s
2 r’ /
§ 070
'_
0.75 v
/“f
-0.80
200 210 220 230 240 250 260 270
Frequency [GHz]

Fig. 7. Simulated room temperature transmission losses for Pol 1 (solid line)
and Pol 2 (dotted line) of the OMT. We assumed a conductivity of half the dc
value of gold 6,=(4.26-10")/2 Q'm™.
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wavelength in each coordinate direction for the shortest
wavelength in the simulation.

The predicted reflected amplitude at the circular waveguide
port is below —20 dB for both polarizations between 200 GHz
and 270 GHz. The room temperature transmission loss is
below 0.8 dB for both polarizations. For this calculation we
assumed the blocks are plated with pure gold and used a gold
conductivity of half its dc value. For comparison, we estimate
the theoretical room temperature loss [7] of a straight section
of WR3.7 waveguide with perfectly smooth surfaces and a
conductivity o4,=(4.26-10")/2 Q@ 'm™ to be in the range 0.18-
0.26 dB/cm between 200-270 GHz.

The electrical path length from the circular waveguide at
the input of the OMT to the WR3.7 waveguide outputs is 30
mm for Pol 1 and 26 mm for Pol 2. The 0.1 dB higher
insertion loss predicted for Pol 1 compared to Pol 2 is
consistent with its 4 mm extra length.

The insertion loss of the OMT is expected to decrease by a
factor of ~3 when it is cooled to cryogenic temperatures [8].
Therefore, we expect insertion losses in the range 0.16-0.27
dB when the OMT is operated at 4 K in front of SIS mixers.

III. MECHANICAL DESIGN

The OMT is constructed by dividing the structure of Fig. 3
into four blocks that intersect along the circular waveguide
axis. This allows all rectangular waveguides to be split along
their midplanes. The power combiner for Pol 1 could be
located along the central axis of the structure, but it is
deliberately offset so that the sharp cusp of the Y-junction
does not coincide with the plane where two blocks join. The
tuning stub at the center of the turnstile junction is split into
four identical sections that are machined at the same time as
the rectangular waveguides.

The top of the OMT accepts a standard UG387 flange so it
can mate with our existing feed horns. Although the locating
pins for this flange are on the normal 14.29 mm diameter bolt
circle, it was not possible to locate the waveguide screws in
their normal positions, so a special clamp will be made to
attach the flange. Custom mini-flanges, rather than standard
UG387 flanges, are used for the output waveguides. Reducing
the flange diameter allows the OMT to be smaller, hence
reduces the waveguide lengths and insertion losses. The
alignment pins and screw holes in the mini-flanges are on a
7.11 mm diameter bolt circle.

Thus far we have machined two OMTs on our numerically
controlled milling machine. To minimize setup time, we
machine all four blocks at one time as part of a single 12.7 x
12.7 x 165 mm metal bar. The bar is mounted to a tool steel
fixture on the milling machine table with five 10-32 screws.
A light cut is taken off one surface of the bar, then the fixture
is rotated to expose the second surface of the bar and a light
cut is taken off this surface as well. The waveguide circuitry,
screw holes, and alignment pin holes are cut into this face of
the four blocks in one pass, then the fixture is rotated back to
the original position and the waveguide circuitry and holes are
cut into the first face of the four blocks, again in one pass.
Figure 8 shows the bar after it is removed from the fixture. To
complete the OMT, the bar is cut into four sections; these are



16th International Symposium on Space Terahertz Technology

aligned with 2.38 mm diameter dowel pins and bolted
together. Finally, the outer surfaces are faced off and the
round input waveguide and associated mounting holes are
machined into the top face of the OMT.

Figs. 9-12 show photos of, respectively, one of the blocks
in detail, all four unassembled blocks, the mated block pairs,
and the fully assembled OMT. The final OMT, after finish of
the surfaces, is a cube 23 mm on a side.

From the electromagnetic simulations described in [4] we
estimate that machining tolerances must be £10 um to avoid
degrading the OMT performance. Four types of mechanical
imperfections were considered in these simulations: a
difference in lengths of the opposite waveguide arms between
the turnstile junction and the power combiner; a tuning stub
that was too high; a circular waveguide offset from the
intersection of the four blocks; and a difference in the height
of the four quadrants of the tuning stub. Among the
fabrication and alignment errors considered, differences in the
lengths of the waveguide sidearms, between the turnstile
junction and the power combiner, are the most harmful.
These cause the appearance of a series of narrow resonances
regularly spaced in frequency.

Fig. 10. View of the four blocks of the OMT.

Fig. 8. View of the aluminum bar showing the machined waveguide circuitry
of the two internal faces of the OMT. The bar is later cut in four parts which

are assembled to form the OMT.

Fig. 11. View of assembled mating pairs of blocks showing the waveguide
circuitry for Pol 2.

Fig. 9. View of one of the four TeCu blocks of the OMT showing the internal
waveguide circuitry of turnstile junction, bends, and power combiners.

Fig. 12. View of assembled OMT with the circular waveguide input on top
and the two WR3.7 waveguide outputs with custom mini-flanges. The
external dimensions are 23 mm x 23 mm x 23 mm.
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IV. CONCLUSION

We presented the design of an OMT with a circular
waveguide input (diameter 1.12 mm) and two WR3.7
waveguide outputs for the 200-270 GHz band. The OMT
utilizes a turnstile junction and two E-plane power combiners.
A tuning stub located at the base of the circular waveguide
matches the input over a broad frequency band.

The predicted amplitude of the reflection coefficient at the
circular input port is below -20 dB for both polarization
channels from 200-270 GHz.

The OMT is constructed from four blocks that intersect
along the circular waveguide axis. Room temperature
insertion losses below 0.8 dB are predicted. From simulation
we estimate that machining tolerances must be within £10 pm
to avoid degraded performance.

REFERENCES

[11 E. J. Wollack and W. Grammer, “Symmetric Waveguide Orthomode
Junctions,” Proceedings of the 14™ International Symposium on Space
Terahertz Technology, Tucson, Arizona, Apr. 2003, pp 169-176.

[2] G. Narayanan and N. Erickson, “Full-Waveguide Band Orthomode
Transducer for the 3 mm and Imm Bands,” Proceedings of the 14"
International Symposium on Space Terahertz Technology, Tucson,
Arizona, Apr. 2003, pp 508-512.

[3] A. Navarrini, and M. Carter, “Design of a Dual Polarization SIS
Sideband Separating Receiver Based on Waveguide OMT for the 275-
370 GHz Frequency Band,” Proceedings of the 14" International
Symposium on Space Terahertz Technology, Tucson, Arizona, Apr.
2003, pp 159-168.

[4] A. Navarrini and R. L. Plambeck, “A Turnstile Junction Waveguide
Orthomode Transducer,” IEEE Trans. Microwave Theory Tech.
submitted.

[5] CST Microwave Studio. Biidinger Str. 2 a, D-64289 Darmstadt,
Germany.

[6] A.R. Kerr, “Elements for E-plane Split-Blocks Waveguide Circuits,”
National Radio Astronomy Observatory, ALMA Memo No. 381, Jul.
2001.

[71 A. F. Harvey “Microwave Engineering,” Academic Press Inc. London,
1963, pp. 15.

[8] E. J. Wollack, W. Grammer, J. Kingsley, “The Bwoifot Orthomode
Junction,” ALMA Memo No. 425, May 2002.

A. Navarrini (S.M. ’96-Ph.D ’02) received an S. M. degree in physics from
the University of Florence, Italy, in 96. After one year of graduate research in
optoelectronics at University of College London he started to work on
heterodyne instrumentation at IRAM, France, where he completed his Ph. D.
in ’02.

He is currently a postdoctoral fellow at the Radio Astronomy Lab at the
University of California, Berkeley. His research interests include
superconducting devices, low noise heterodyne instrumentation, submillimeter
and quasioptical techniques, analysis of 3-D electromagnetic problems, and
star formation.

R. L. Plambeck (S.B. *71-Ph.D °79) received an S.B. from M.I.T. and a Ph.D.
from the University of California, both in Physics. Since 1979 he has worked
at the University of California Radio Astronomy Lab, currently as Research
Astronomer.  His interests are in observational millimeter astronomy,
particularly star formation, and in low-noise instrumentation.

D. Chow (S.B. ’81) received an S.B. from College of South China. He is a
Principle Laboratory Machinist for the Radio Astronomy Lab, University of
California, Berkeley since 1990. He has worked extensively on precision
machining of microwave and millimeter-wave components. His work includes
manufacturing prototype mixer blocks, filters, feeds and orthomode
transducers.

523



	S02.pdf
	S02-02_Hübers.pdf
	A. Tredicucci, R. Köhler, L. Mahler


	S03.pdf
	Introduction:  Time Domain Quantum Mixer Theory
	Accounting for the Source Impedance
	Voltage Update Method (VUM)
	Variation: Time Domain Voltage Update Method (TDVUM)

	Implementation of TDVUM into 3D EM Field Solver (MEFiSTo)
	Conclusion and Future Work

	S05.pdf
	P01.pdf
	P01-09_Mahieu.pdf
	INTRODUCTION
	4 K Optics and Support Assembly
	Requirements
	Optical train.
	Cold optics mechanical design
	Tolerance analysis

	Wiring
	Requirements
	Choice of wiring material and diameter
	ESD protection and routing board
	Harnesses and connectors

	LO path inside the cartridge
	Design choices.
	Overmoded waveguide: resonant absorption caused by bends.

	IF Subsystem description
	Requirements
	Signal chain implementation
	Thermal Stress Relief (IF and LO paths):

	Results
	Receiver noise.
	Image rejection.
	Cartridge Gain Stability

	Conclusions

	P01-11_Volkov.pdf
	Leonid V. Volkov, Alexander I. Voronko, Natalie L. Volkova
	Secomtech Ltd., 24/2, 125, Prospect Mira, Fryazino,
	Moscow region, 141196, Russia, (E-mail: leon_volkov@mail.ru)


	P02.pdf
	P02-03_Vystavkin.pdf
	INTRODUCTION
	SPECTRAL CHARACTERISTICS MEASUREMENTS.
	NEP MEASUREMENTS

	P02-07_Tarasov.pdf
	INTRODUCTION
	Coherent and incoherent detection at mm and submm waves
	Conventional heterodyne mixers
	Power mixers
	P=E2/2R+E2/2R=E2/R
	Cold electron bolometer as mixer
	Design and studies of CEB


	P03.pdf
	P03-06_Shan.pdf
	INTRODUCTION
	SIS Mixer DESIGN
	Design of Waveguide-microstrip Probe
	Design of SIS Junction and Tuning Structure
	Mixer Block Design
	RF Hybrid Design

	SIS JUNCTION FABRICATION
	MEASUREMENT SETUP
	MEASUREMENT RESULTS AND DISCUSSION
	DSB Receiver Noise
	Sideband Separation Receiver Noise and Image Rejection Ratio (...
	Determining the Embedding Impedance of SIS Mixers

	Conclusion

	P03-07_Schicke.pdf
	Introduction
	Mems fabrication procedure
	Meander-suspended Microbridges
	Band Pass Filters
	Outlook
	Acknowledgements
	References

	P03-11_Boussaha.pdf
	INTRODUCTION
	Receivers
	Mixer Block
	Detectors and fabrication

	Results
	Conclusion


	P04.pdf
	INTRODUCTION
	Measurement Setup
	Measurement results
	Conclusion
	Acknowledgement
	P04-07_Cherednichenko.pdf
	I. INTRODUCTION 
	II. Direct detection effect 
	A. The noise temperature error 
	B. RF power coupling to the mixer 
	III. Experiment-I 
	IV. Experiment-II 
	V. Conclusion. 


	P04-12_Baubert.pdf
	INTRODUCTION
	SIMULATIONS
	MEASUREMENTS
	Absorption
	Setup
	Measurements
	Discussion

	MEMBRANE PROCESS
	4.1 Membrane Process

	CONCLUSION

	P04-13_Scherer.pdf
	INTRODUCTION
	Film preparation and Parameter Space
	Spectral Ellipsometry and Raman Spectroscopy
	Superconducting Properties
	Conclusion


	P05.pdf
	P05-02_Koshelets.pdf
	INTRODUCTION
	SIR Design and Results of the First RF Tests
	DC Tests of the TELIS SIR of the New Design
	Dependence of the FFO Linewidth on its Parameters
	Remote Optimization of the PL SIR Operation
	Retrieval: Influence of FFO Spectrum Imperfection
	Conclusion

	P05-05_Adam.pdf
	INTRODUCTION
	EXPERIMENTAL SET-UP
	RESULTS

	P05-15_Volkov.pdf
	Leonid V. Volkov, Alexander I. Voronko, Natalie L. Volkova
	Secomtech Ltd., 24/2, 125, Prospect Mira, Fryazino,
	Moscow region, 141196, Russia, (E-mail: leon_volkov@mail.ru)


	P06.pdf
	P06-02_Semenov.pdf
	INTRODUCTION
	Simulation Procedure
	Feed antennas
	Current Distribution
	Antenna Impedance
	Bolometer Impedance
	Ray-Tracing

	Experiment
	Experimental Data versus Simulation
	Comparison with FTS spectra

	Conclusion

	P06-03_Vystavkin.pdf
	INTRODUCTION
	COMBINATION OF PROJECTIONS AND FREQUENCY DOMAIN BIASING METH

	P06-06_Puetz.pdf
	INTRODUCTION
	Future KOSMA THz waveguide mixers
	More mature designs
	Improved feedhorn performance

	Fabrication
	Metal micromilling
	Silicon micromachining of planar structures
	Silicon micromachining of tapered and stepped structures
	Additional considerations

	Silicon Micromachining of THz structures
	Design of waveguide structures
	Prototyping at 490 GHz
	Conclusion

	P06-13_Volkov.pdf
	Leonid V. Volkov, Alexander I. Voronko, Natalie L. Volkova
	Secomtech Ltd., 24/2, 125, Prospect Mira, Fryazino,
	Moscow region, 141196, Russia, (E-mail: leon_volkov@mail.ru)



	S08.pdf
	S08-04_Yagoubov.pdf
	INTRODUCTION
	TELIS Configuration
	SIR Design
	FFO Phase Locking
	SIR Channel Cold Optics
	Verification of the Optical Design
	Alignment and Tolerance Analysis
	Geometrical optics analysis
	Physical Optics analysis

	IF Chain
	Experimental Results

	S08-05_Delorme.pdf
	Key words: heterodyne, SIS, submillimeter, space qualificati
	INTRODUCTION
	mixer's developement
	II.1 Specifications
	II.2 Mixer's design
	II.3  Mixer's fabrication

	mixer's performance
	III.1  Space qualifications
	III.2  Measured performance
	FTS measurement
	Josephson effect suppression
	Heterodyne measurement


	conclusion
	Acknowledgment


	S09.pdf
	INTRODUCTION
	The Transmitter
	Measurement Setup
	Results of Measurements
	Extraction of Beam Parameters
	Reliability of Phase Measurement
	Conclusion

	S10.pdf
	S10-04_Cojocari.pdf
	INTRODUCTION
	Design considerations
	Results and Discussions
	First Design-Version.
	Second Design-Version.
	Third Design-Version.
	Monolithically-Integrated Structure.

	Conclusions and Outlook


	S11.pdf
	S11-07_Schuster.pdf
	INTRODUCTION
	Silicon and possible Applications
	The  problem of Isotropy
	Modelling
	First Results and technical Challenges
	Conclusion


	S12.pdf
	S12-02_Vystavkin.pdf
	INTRODUCTION
	SUPERCONDUCTING TRANSITION IN MO/CU THIN FILM





