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Abstract— An integrated dual polarization (IDP) mixer at 350
GHz, which integrates a  superconductor-insulator-
superconductor (SIS) junction mixers with a planar orthomode
transducer (OMT), has been designed and fabricated. The IDP
mixer makes a receiver system with dual polarization observation
capability more compact, which is significant factor for multi-
pixel receiver. The orthogonal waveguide probes separate the
incoming signals from a circular waveguide into two
polarizations, and then the signals propagate to individual SIS
mixer through the integrated transmission line which also
behaves as an impedance match circuit. All circuits are
implemented on a 2um thick silicon nitride membrane which is
suspended in a gap of 20 pm across the circular waveguide. The
devices were fabricated by a standard Nb-based SIS junction
technology and SiN/Si membrane process. We have measured the
performance of fabricated IDP mixers. The double-side-band
(DSB) receiver noise temperature (Trx) of both polarizations,
measured simultaneously in a 4K cryostat, is approximately
100K at between 332GHz and 372GHz. An Mylar beam-splitter
and a linear polarization RF source are arranged as the
measurement setup for the estimation about the dual polarization
performance. The isolation of cross polarization is approximately
20dB.

I. INTRODUCTION

For the application of radio astronomy in submillimeter-
wave receivers, the ways to increase the observation speed and
sensitivity of superconductor-insulator-superconductor (SIS)
receivers are to use dual-polarized receiver and multi-pixel
array [1-3]. An orthomode transducer (OMT) separates two
orthogonal modes signals into its linear polarization
components by a feed horn [4]. Either kinds of planar or
waveguide OMTs have been proposed at millimetre and
submillimeter wavelengths region [5-6]. Planar OMTs directly
interfaces dual mode waveguide to mircrostrip input ports and
have been integrated with transition-edge sensors (TES) in
polarimeters [7-9]. The planar OMT which used in these
polarization sensitive bolometric pixels consist of four probes
suspended on a silicon-nitride membrane inside a waveguide.
The waveguide is terminated in a backshort approximately one
quarter wavelength behind the probes. Pairs of probes on
opposite sides of the guide couple to a single incoming linear
polarization. The signals from opposite probes are recombined
by incoherently terminating power from both arms on the

same TES prior to detection. To combine the signals of the
same polarization from the 4-probe design, resorting to some
high frequency power combining schemes is difficult.
Simulations show that 2-probe and 4-probe design can have
similar co-polarization coupling, but the 4-probe design has a
substantially improved isolation of cross polarization. The
membrane fabrication are wide

In this note, we describe the proposed planar OMT consists
of two rectangular waveguide probes suspended on a 2 um
membrane within a circular waveguide [10]. Besides, the
methods to measure the cross polarization performance of
device is revealed. The appropriate use of the techniques lends
a large-format detector array design as possible.

I1. DESIGN AND FABRICATION

The IDP SIS mixers include a planar OMT, two SIS
junctions, and RF chokes on a membrane chip. The planar
OMT consists of two rectangular waveguide probes suspended
on a 2 um silicon nitride membrane inside a circular
waveguide which is terminated in a back-short approximately
one quarter wavelength behind the probes. Each probe couples
radiation of orthogonal TEiz modes from the circular
waveguide to junctions via the microstrip tuning circuit. The
design of probes, RF chokes, and mixer block are optimized
with the 3-D EM simulator (HFSS). The fabrication process of
the membrane chip is described in [10]. For the membrane
fabrication, the SIS mixers were fabricated on a 2-in silicon
wafer, 200 pm-thick double-side polished, 2-in in diameter
silicon wafer. The wafer front was deposited with a 2 um-
thick silicon nitride film as the membrane. An additional 0.3-
pm-thick silicon oxide was deposited on the silicon nitride
film as the etch stop for the etch process of junction definition
on the front. The wafer back was covered with a 0.5-um-thick
silicon nitride film as a wet etching mask. Three-mask-level
Nb/AI-Oxide/Nb junction fabrication with a 0.2-pum-thick
niobium ground plane, 0.6-pum-thick niobium wiring layer,
and a single layer of 0.25-pum-thick SiOx, which is used as the
dielectric for the superconducting microstrip line [11]. For the
backside process, IR was used as the light source from the
bottom of the mask aligner for the membrane area definition
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on the backside. Before etching the silicon, reactive ion
etching (RIE) was used to remove the silicon nitride of the
membrane area with mixed gases of SF6 and Ar. Finally, an
anisotropic wet chemical etching was carried out in KOH
solution to etch away the thick silicon through the backside
opening [12]. In so doing, a free-standing silicon nitride
membrane containing planar OMTs and SIS mixers was
created on the front side of the wafer [10]. Fig. 1 shows the
picture of the device on the membrane. The circular part is the
waveguide area of 655 um in diameter.
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Fig. 1 The IDP SIS mixer with a planar OMT on the membrane. The
transparent part is free standing membrane without covered metal. Two
rectangular probes, turning circuit, SIS junctions, and RFCs are suspended on
the membrane.

I1l. POLARIZATION MODEL

To measure the cross polarization performance of the IDP
SIS mixer receiver, a Mylar beam splitter combines the LO
and RF signals together, and then transmit the heterodyne
signal to the mixer block. This method is different from the
ALMA band 7. In ALMA band 7 receiver, two mixer block
for dual polarization detection, couples the RF polarization
signal from a wire grid, and then the LO signal is combined
with a coupler. In our setup, only one mixer block sense the
LO and dual polarization signals at the same optical path
where is combined with a Mylar beam splitter. The Mylar
beam splitter is polarizer material and the polarization of the
two signal sources are discussed below.

A. LO Injection

To provide the similar LO pumping power to the both
junctions at the polarizations, we chose the LO transmission of
TM mode through the Mylar beam whose incident angle of 45
degree, and then to the mixer block. The detail calculation of
obligue incidence at a dielectric interface can be found in [xx].
The polarization of the LO signal is orientated at the centre
between the orthogonal probes. At frequency of 350GHz, the
TM transmission of the 50 um thick Mylar beam splitter is
0.971 at an incidence angle of 45 degree. This arrangement
can support more power to the both SIS junction mixers than
the setup of TE mode dominated which the transmission is
only 0.792.

B. RF Input

Compared to the LO pumping power, the RF signal for the
measurement of cross polarization is only differential source.
We conduct the RF signal via the reflection from the Mylar
beam splitter to the mixer block as the signal path and set a
wire grid between the beam splitter and the source. The
polarization is described in Fig. 2. The linear polarized source
pass through the wire grid which make an angle, xxx, between
the transmission axis of the wire grid and the source signal
polarization. To handle the TE and TM reflection, the
polarizations are separated into horizontal and vertical parts as
E, and E,, respectively.
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Fig. 2 The polarization model for the RF signal source passing to the mixer
block via a wire grid and the reflection from the Mylar beam.

I\VV. MEASUREMENT SETUP

The measurement system of cross-polarization is shown in
Fig. 3. The LO used is a tunable Gunn oscillator which
frequency is between 105GHz and 118 GHz and a triple
multiplier. On the other side, another Gunn oscillator, which
frequency is at between 80GHz and 95GHz and a quadruple
multiplier as the RF signal source. The RF and LO signals
pass through a 50-um-thick mylar beamsplitter and the
combined signals travel into the cryostat through a 50-pum-
thick window at room temperature, followed by a 0.1mm-
thick-Zitex IR filter at 77K. Inside the cryostat, the beam pass
through a Teflon lens, and then through the corrugated horn to
the mixer block which is mounted at 45-degree angle with
respect to the horizontal plane. The detail design of the mixer
block can refer [10].
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Fig. 3 The measurement setup of testing cross-polarization performance. LO
and RF signals are combined at the Mylar beam splitter, and then after the SIS

mixer, LNA, and, IF amplifier, the heterodyne signal can be sensed with a
spectrum analyser.

V. RESULT

A. Junction I-V Curves

The 1-V and P-V characteristics of a junction on the
membrane chip are shown in Fig. 4. The normal state
resistance (Rn) of the junction is 25.4 Q with 1to 2 Q series
resistance, J; is approximately 7.2 kA/cm?, and the quality
factor (Rsy/Rn) is better than 10 where Rsq is the sub-gap
junction resistance.

B. Receiver Noise Temperature

The receiver noise measurement setup and hot/cold load
experiment can refer to [5]. Fig. 5 shows the noise
performances of two IDP SIS mixer receivers. The double-
side-band (DSB) receiver noise temperature was measured at
approximately 120 K between 332 GHz and 360 GHz.

C. Cross Polarization

A cross polarization measurements of IDP SIS mixer has
performed at a single frequency of 348 GHz. The linear
polarization source is switched at 25 degree and 155 degree
for co-polarization at PO and P1 probes. The transmission axis
of wire grid is rotated at between 10 degree and 40 degree for
the P1 co-polarization and at between 140 degree and 170
degree for PO co-polarization. The measurement results are
presented in Fig. 6 and Fig. 7. The peak cross-polar signal of
approximately -30dB relative to the input signal power is
observed. The performance is dependent with a wire grid
angle which cross-polarization power is minimized.
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Fig. 4 A sample line graph using colors which contrast well both on screen
and on a black-and-white hardcopy

160 - —«—DP-1-11-C5R2-P0
1 —e+—DP-1-11-C5R2-P1

]50_, —A—DP-1-11-C6R6-PO
~— 1404 —v¥—DP-1-11-C6R6-P1
2 1301
:‘: 4 =d%=DP-1-11-C6R6-P1-Tx|
2 120] .
£ 0] = - .
= ]
w i x\\\ /
2. 1004 A,
5 ]
g 9]
h 80,
@ 4
Z 704
= 1 *“-——-___*__‘__*/__-*
Z 60

50

40 . ; : . . : :

T T
328 332 336 340 344 348 352 356 360 364
Frequency (GHz)

Fig. 5 A sample line graph using colors which contrast well both on screen
and on a black-and-white hardcopy
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Fig. 6 A sample line graph using color which contrast well both on screen and
on a black-and-white hardcopy
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Fig. 7 A sample line graph using color which contrast well both on screen and
on a black-and-white hardcopy

Fig. 2 A sample line graph using colors which contrast well
both on screen and on a black-and-white hardcopy

V1. CONCLUSIONS

This study presents the performance of dual-polarization
SIS junction mixers integrated with planar OMTSs at 350 GHz
band. This study also designs a method to estimate the cross-
polarization performance via coupling simultaneously the LO
pumping and RF signals by a Mylar beam-splitter. The
isolation of cross-polarization is approximately 20 dB at
frequency between 340GHz and 350GHz.

ACKNOWLEDGMENT

The authors would like to thank Wei-Chun Lu and Chuang-
Ping Chiu at the Institute of Astronomy and Astrophysics,
Academia Sinica for their help in measurement program and
setup. This study was supported by the Institute of Astronomy
and Astrophysics, Academia Sinica.

REFERENCES

[1] R. Padman, “Optical fundamentals for array feeds,” in Proc. Astronom.
Soc. Pacific Conf. Ser—Multi-feed Syst. Radio Telescopes, 1995, vol.
75, pp. 3-26.

[2] K.-F. Schuster, C. Boucher, W. Brunswig, M. Carter, J.-Y. , B.
Foullieux, A. Greve, J. B. Lazareff, N. A. Perrigouard, J.-L. Pollet, A.
Sievers, C. Thum, and H. Wiesemeyer, “A 230 GHz heterodyne

(3]

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

[12]

receiver array for the IRAM 30 m telescope,” Astron. Astrophys., vol.
423, no. 3, pp. 1171-1177, Sep. 2004.

M. Honma, T. Fujii, T. Hirota, K. Horiai, K. Iwadate, T. Jike, O.
Kameya, R. Kamohara, Y. Kan-ya, K. Kawaguchi, H. Kobayashi, S.
Kuji, T. Kurayama, S. Manabe, T. Miyaji, K. Nakashima, T. Omodaka,
T. Oyama, S. Sakai, S. Sakakibara, K. Sato, T. Sasao, K. M. Shibata, R.
Shimizu, H. Suda, Y. Tamura, H. Ujihara, and A. Yoshimura, “First
fringe detection with VERA’s dual-beam system and its phase-
referencing capability,” Astron. Soc. Jpn., vol. 55, no. 4, pp. L57-L60,
Aug. 2003.

Mamoru Kamikura, Masato Naruse, Shin’ichiro Asayama, Naohisa
Satou, Wenlei Shan, Yutaro Sekimoto, “Development of a
Submillimeter Double-Ridged Waveguide Ortho-Mode Transducer
(OMT) for the 385-500 GHz Band,” J. Infrared Millim.Terahz Waves,
vol. 31, pp. 697-707, 2010.

Goutam Chattopadhyay, David Miller, Henry G. Leduc, and Jonas
Zmuidzinas, “A dual-polarized quasi-optical SIS mixer at 550 GHz,”
IEEE Trans. Microw. Theory Tech., vol. 48, no. 10, pp. 16801686,
May. 1999.

E. JWollack and W. Grammer, “Symmetric waveguide orthomode
junctions,” Proc. 14th Int. Symp. Space Terahertz Technol., 2003, pp.
169-176.

J. McMahon, J. W. Appel, J. E. Austermann, J. A. Beall, D. Becker, B.
A. Benson, L. E. Bleem, J. Britton, C. L. Chang, J. E. Carlstrom, H. M.
Cho, A. T. Crites, T. Essinger-Hileman,W. Everett, N.W. Halverson, J.
W. Henning, G. C. Hilton, K. D. Irwin, J. Mehl, S. S. Meyer, S.
Mossley, M. D. Niemack, L. P. Parker, S. M. Simon, S. T. Staggs, C.
Visnjic, E. Wollack, K. U.-Yen, K. W. Yoon, and Y. Zhao, “Planar
orthomode transducers for feedhorn-coupled TES polarimeters,” in
Proc. 13th Int. Workshop Low Temp. Detect., Stanford, CA, USA, 2009,
pp. 490-493.

M. D. Audley, D. Glowacka, D. J. Goldie, V. N. Tsaneva, S.
Withington, P. K. Grimes, C. E. North, G. Yassin, L. Piccirillo, G.
Pisano, P. A. R. Ade, P. D. Mauskopf, R. V. Sudiwala, V. Rashmikant,
J. Zhang, K. D. Irwin, M. Halpern, and E. Battistelli, “Microstrip-
coupled TES Bolometers for CLOVER,” in Proc. 19th Int. Symp.
Space Terahertz Technol., Apr. 2008, pp. 143-151.

T. Stevenson, D. Benford, C. Bennet, N. Cao, D. Chuss, K. Denis, W.
Hsieh, A. Kogut, S. Moseley, J. Panek, G. Schneider, D. Travers, K. U-
Yen, G. Voellmer, and E. Wollack, “Cosmic microwave background
polarization detector with high efficiency, broad bandwidth, highly
symmetric coupling to transition edge sensor bolometers,” J. Low Temp.
Phys., vol. 151, no. 1/2, pp. 471-476, Apr. 2008.

K. Y. Liu, M. J. Wang, C. T. Li, T. J. Chen, and S. S. Shi
“Development of a Dual Polarization SIS Mixer with a Planar
Orthomode Transducer at 350 GHz,” IEEE Trans. Applied Supercond.,
vol. 23, no. 3, 1400705, Jun. 2013.

M. J. Wang, H. W. Cheng, Y. H. Ho, C. C. Chin, and C. C. Chi, “Low
noise Nb-based SIS mixer for sub-millimeter wave detection,” J. Phys.
Chem. Solids, vol. 62, no. 9, pp. 1731-1736, Sep. 2001.

David M. Pozar, Microwave Engineering, 3rd ed., John Wiley &Sons,
Inc., 2005.



