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ABSTRACT 

 
We present the design and first experimental results of a 385-500 GHz fixed-tuned double sideband (DSB) receiver based 
on a superconductor-insulator-superconductor (SIS) junction mixer with on-chip LO injection circuitry. At high frequency, 
branch waveguide couplers are difficult to manufacture with required accuracy as the branches (slots) become extremely 
narrow. In order to solve this problem, we propose a coupler integrated onto the mixer chip and fabricated together with the 
SIS junction and the tuning circuitry. The on-chip LO directional coupler is made of superconducting lines with slot lines in 
the ground plane. Thus, the coupler is integrated into conventional SIS junction fabrication steps, benefiting from the 
processing accuracy better than 0.5 μm by using optical lithography only. Furthermore, the mixer design includes a novel 
component, an ellipse termination for the idle LO port, made of thin-film resistive material. This termination gives very 
broadband performance using a compact area. Moreover, it is very tolerant to the sheet resistivity of the film, geometry and 
does not require any physical grounding [1]. The mixer is to be used at the Atacama Pathfinder EXperiment (APEX) 
telescope in Chile [2].  
 
 
Keywords: SIS mixer, waveguide probe, directional couplers, E-probe, substrate-based coupling structure. 
 
 

1. INTRODUCTION 
 
The Atacama Path Finder EXperiment (APEX) [2] is a 12 m telescope; it is a prototype antenna of the Atacama Large 
Millimeter Array (ALMA) [3]. APEX is placed in Cerro Chajnantor in the Chilean Atacama desert, at an altitude of about 
5000 m. The site is one of the best places for submillimeter astronomy on the Earth because of the extremely low content of 
water vapour. For spectroscopy studies APEX will house single pixel heterodyne receivers covering the frequency range of 
211 GHz up to 1.5 THz and heterodyne arrays consisting of 7 x 2 pixels CHAMP+ [4] operating at 650 and 850 GHz. 
The work presented here is part of our development for APEX band 3 (385 – 500 GHz), a sideband separation SIS mixer 
with 4-8 GHz IF output. This technology provides better sensitivity for spectral line observation than double sideband 
(DSB) [5]. Besides, DSB observations may lead to spectral line-confusion or degrade the system noise temperature and the 
receiver sensitivity with strong atmospheric absorption bands falling into the image band. This is a driving reason to choose 
this technology considering that some of the important molecules for this band are very close to telluric absorption line, as in 
the case of deuterated water, HDO, with its fundamental transition frequency at 465 GHz.  
 

2. MIXER DESIGN 
 
2.1 Mixer Chip Design 
 
The mixer design integrates several novel RF components in the same substrate, making the design very compact and 
innovative. The mixer chip comprises a waveguide-to-microstrip transition with integrated bias-T; two hammer-type 
chokes; a 50-Ohm LO probe; an on-chip - 16 dB directional coupler for the LO injection and an ellipse termination for the 
idle port of the coupler.  
The RF probe couples the input waveguide signal to the SIS junction while having an isolated port at the opposite side of the 
substrate, where the IF signal can be extracted and DC current can be injected to bias SIS junctions, minimizing its influence 

 

18th International Symposium on Space Terahertz Technology 

44



on the performance of RF [6]. The RF probe is shaped using a combination of rectangular and radial probe in order to 
achieve a broadband matching between the waveguide and the probe output. A low impedance probe is important for the 
matching of the SIS junction with typical impedance at RF of ~ 5 – 10 Ω. According to our HFSS simulations [7], the 
impedance observed at the microstrip (output of the probe) is approximately 35 Ω [8] 
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Fig. 1.  Drawing of the mixer chip design for APEX Band 3 (385 – 500 GHz). The quartz substrate containing the RF and LO probe and 
two hammer type choke to provide RF ground and IF port. A zoom view of the 16 dB coupler with the tuning circuitry and the twin 
junctions. 

 
The LO is fed through a waveguide-to-microstrip probe at the opposite side of the substrate and is coupled to the RF signal 
through a - 16 dB directional coupler, see Figure 1. The 50 Ohm LO probe impedance is transformed into a 9 Ohm - 
impedance of the coupler- by a quarter of wavelength transformer followed by a three sections Chebishev transformer. 
The on-chip LO directional coupler is placed on the same dielectric (SiO2 with εr = 3.74) as the SIS junction and the RF 
tuning circuitry. The coupler consists of two parallel superconducting lines coupled via lumped links - two perforations 
forming slot-lines in the ground plane. This way, the RF signal coming from the waveguide-to-microstrip probe is coupled 
to the LO signal and directed to the SIS twin junctions while the idle port of the LO coupler is terminated with an elliptical 
termination [1].  
In order to match the complex impedance of the SIS junction to the nearly real impedance of the signal source (probe), the 
capacitance Cj of the junction should be resonated out at RF. The use of photolithography to define the junction area limits 
us to use relative large junction area (~ 3 μm2). For a given critical current density, the SIS capacitance is of the order of 
300 fF. The tuning circuitry uses two junctions connected through a short line, equivalent to an inductance, Lt, at RF. A 
quarter of wavelength transformer transforms the impedance of the probe into the RF impedance of the twin junctions [9]. 
The tuning circuitry provides a power matching better than -10 dB over the band of interest [8]. 
 
2.2. Mixer Block Design 
 
The double sideband mixer block, shown in Figure 2 top-left, is fabricated using Copper-Tellurium alloy, which is easier to 
machine. A very thin layer of gold (2 μm) is plated to allow bonding with gold wires and to protect the block from 
corrosion. The DSB mixer block consists of two parts; the mixer back piece where the mixer chip is placed together with the 
DC circuitry and IF output (see Figure 2 top-right); and the intermediate piece containing the waveguides for the RF and LO 
signal injection. Those parts are manufactured by direct milling, using the split-block technique. Figure 3 shows the 
sideband separation mixer block which consists of two mixer back pieces, being common for the DSB and 2SB design, 
whereas the intermediate waveguide piece will be substituted with a unit containing the LO in-phase power divider and a 3 
dB 90 degrees waveguide hybrid for the RF signal in order to achieve sideband separation using quadrature scheme [8]. This 
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intermediate piece is intended to be fabricated by using copper micromachining, an innovate technology developed at 
GARD and successfully used for the APEX T2 [10]. 
The mixer chip is placed in a 65 μm-deep channel milled in the mixer back piece with a 10 μm x 120 μm air-gap underneath 
the substrate. The use of suspended microstrip increases the cut-off frequency of the substrate channel and allows increasing 
its width. The substrate dimensions are 1200 μm x 150 μm x 65 μm, one bond wire connects the ground of the mixer chip to 
the mixer block. The IF circuitry made on alumina substrate is integrated in the mixer block. It comprises a bias-T and 20 
Ohm-to-50 Ohm IF transformer. Three bond wires connect the mixer chip to the IF circuitry, which tune out the IF 
capacitance of the SIS and tuning circuitry lines. The DC circuitry for the SIS biasing is placed on the back side of the mixer 
block pieces. 
 

 
Fig. 2.  Top left picture shows the DSB mixer block: two magnetic iron concentrators guide the magnetic field from an external coil to 
the vicinity of the junctions; Top right picture of the mixer back piece containing the mixer chip, the bias-T and the 20 to 50 Ohm 
transformer and the DC circuitry in the back side, this piece is compatible with the 2SB mixer; bottom centered picture of an optical 
microscope view of the mixer chip.  

3. MEASUREMENTS 
 
3.1. Measurement setup 
 
The laboratory test measurements are performance in a liquid helium Oxford Instrument cryostat. The mixer uses a 
corrugated horn followed by a cold Teflon lens with a focal distance of 25 mm. The vacuum window is a 1.5 mm high 
density polyethylene (HDPE) window with anti-reflecting grooved surface optimized for these frequencies. We use a 200 
μm Zitex film as infrared filters. The local oscillator is a multiplier chain (x36) from VDI and is quasioptically injected at 
the opposite side of the RF window with the help of a combination of horns and a Teflon lens of 36 mm focal distance.  
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Fig. 3. Drawing of the 2SB mixer block. The mixer block consists of two mixer back pieces where the mixer chip is placed together with 
the DC input and IF output, and two intermediate pieces containing the LO power divider and the RF3dB 90° hybrid.   
 
3.2. Noise temperature performance and diagnosis 
 
The noise temperature measurements were performed with the Y factor technique using a hot (293 K) and a cold load (77 K) 
placed in front of the input window. Figure 4 shows the measured uncorrected receiver noise temperature.  
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Fig. 4. Measured DSB receiver noise temperature. 
 
The measured noise is almost five times greater than the noise expected through modeling for this mixer. A possible reason 
for such disagreement with the design expectations is thought to be due to high RF losses originated from the ground 
perforations for the on-substrate LO injection circuitry. The slots cause weak-links – areas where the line gets thinner than 
two times the London penetration depth, loosing superconductivity properties- in the strip counter layer and detune the 
circuitry resulting in the frequency-dependent mismatch. Figure 5 illustrates different points where we can have such weak 
links, e.g. at the probe-to-microstrip transition, where the probe (made of Nb line of 350nm) is deposited over quartz 
substrate and it is connected to the microstrip line placed over a SiO2 layer of 250 nm. In such places, the line is thinner than 
on flat surfaces and, hence, might have structural defects acting as weak-links. Figure 5 shows how this effect appears in the 
DC IVC and IF power.  
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Fig. 5.Left picture shows a cross section of a mixer chip; right picture shows the DC measurements of the IVC (red curve) and IF power 
(blue curve). 
 
A new iteration of the wafer has been produced adding Nb patches in those critical regions on top of the counter Nb layer 
(referred as Nb line on Figure 5 left), increasing the thickness of the lines in the discontinuity areas. DC features at the IVC 
and IF power were no longer detected, nevertheless, no significant changes in the noise performance were measured. These 
results indicates that discontinuities on the lines still introduce extra parasitic inductance in the mixer RF tuning circuitry, 
coming from possible cracks in the transitions areas or from regions where the Nb top layer get closer to the ground layer. 
Currently, a new study is been carrying out to planarize the ground-plane by filling the perforations with SiO2 to avoid any 
RF effects due to discontinuities in the strip layer. 
 

4. CONCLUSIONS 
 
In this paper, we present the design and first measurements of a DSB fixed-tuned SIS mixer for APEX band 3 (385-500 
GHz). The mixer design introduces novel components such as a waveguide probe with integrated bias-T, allowing to extract 
IF signals and to inject DC current, and an on-chip integrated LO injection circuitry employing a high-performance ellipse 
termination for the directional coupler idle port. All these components are fabricated together with the SIS junction and the 
tuning circuitry. The first measurements show perfect functionality of the LO injection over the entire mixer band 385-500 
GHz, while we have measured a higher noise than the expected especially at the higher frequency band. The analysis of the 
measurements results point out to imperfections in the manufacturing of the chips, that produced weak links or cracks in the 
top Nb line and introduce extra parasitic inductance, which at these frequencies could affect the tuning circuitry 
considerably and therefore, increase the conversion losses of our mixer. 
 

ACKNOLEDGEMENTS 
 
The authors would like to acknowledge D. Henke, GARD, for very interesting and useful discussions. Dr. D. Meledin, 
GARD, for assisting in the mixer block design and Prof. H. Olofsson, Director of Onsala Space Observatory for his support.  
APEX Project is funded by the Swedish Research Council and the Wallenberg Foundation by their respective grants. Part of 
this work was supported by EU FP6 AMSTAR Program.  

 
REFERENCES 

 
1. R. R. Monje, Vessen V. Vassilev, Alexey Pavolotsky and Victor Belitsky, “High Quality Microstrip Termination for 

MMIC and Millimeter-Wave Applications” IEEE MTT-S International Microwave Symposium, June 12-17, 2005, 
Long Beach, California 

2. APEX homepage at Onsala:  http://www.oso.chalmers.se/oso/apex/index.html 
3. R.S.Booth, “ALMA, the Atacama Large Millimetre Array”, European Space Agency, (Special Publication) SP-451, pp. 

107-114, May 200. See also ALMA project in ESO homepage: http://www.eso.org/projects/alma/index.html. 

18th International Symposium on Space Terahertz Technology 

48

http://www.oso.chalmers.se/oos/apex/indes.html
http://www.eso.org/projects/alma/index.html


4. Champ + homepage at: http://www.strw.leidenuniv.nl/~champ+/ 
5. P. R. Jewell and J. G. Mangum, “System temperatures single versus double sideband operation and optimum receiver 

performance”, International Journal of Infrared and Millimeter Waves, Vol. 20, No 2, pp. 171-191, May 1999. 
6. Christophe Risacher Vessen Vassilev, Alexei Pavolotsky and Victor Belitsky, “Waveguide-to-microstrip transition with 

integrated Bias-T”, IEEE Microwave and Wireless Components Letters, Vol.13, No. 7, July 2003, pp. 262–264. 
7. HFFS, High Frequency Structure Simulator version 5.6, Agilent Technologies. 
8. R. R. Monje, V. Belitsky, V. Vassilev, A. Pavolotsky, I. Lapkin, ”A 385-500 GHz SIS Mixer for APEX Telescope”, 

proceeding of the SPIE Millimeter and Submillimeter Detector for Astronomy, eds. J. Zmidzinas, W. S. Holland, S. 
Withington, W. D. Duncan, 6275, pp 19. 

9. Belitsky V.  , Tarasov M.A., "SIS Junction Reactance Complete Compensation", IEEE Trans. on Magnetic, 1991, 
MAG- 27, v. 2, pt. 4, pp. 2638-2641. 

10. A. Pavolotsky, D. Meledin, C. Risacher, M. Pantaleev, V. Belitsky, “Micromachining approach in fabricating of THz 
waveguide components”, Microelectronics Journal 36 (2005), pp. 683-686. 

18th International Symposium on Space Terahertz Technology 

49

http://www.strw.leidenuniv.nl/%7Echamp+/

	Proceedings front page - ISSTT
	Title page - Proceedings ISSTT2007
	Content - ISSTT 2007
	test-2-book
	1-1_Becklin
	4.1. The ISM of Galaxies
	4.2. The Interstellar Deuterium Abundance
	4.3.  THz (Far-Infared and Submillimeter) Surveys

	1-2 Goldsmith
	Abstract  —  Submillimeter astronomy from space offers many advantages, due to completely avoiding the attenuations and noise from the Earth’s atmosphere.  For spectroscopy in the 60 to 670 micron range, the Herschel Space Observatory offers important new capabilities in terms of angular resolution, sensitivity, and over much of this range, for high spectral resolution observations.  Herschel builds on the success of two earlier space missions devoted to submillimeter spectroscopy: SWAS and Odin.  In this paper, I briefly highlight the results from those missions.  I then discuss the capabilities of the three instruments on the Herschel Space Observatory, known by their acronyms HIFI, SPIRE, and PACS, focusing on spectroscopic observations.  I conclude with a short summary of some of the astrophysical highlights that may be anticipated when Herschel is operational, which should be about 6 months after launch, currently scheduled for September 2008.  
	Index Terms — submillimeter spectroscopy, far-infrared spectroscopy, spectrometers
	I. THE EARTH’S ATMOSPHERE
	II. SUBMILLIMETER ASTRONOMY FROM SPACE – THE PATHFINDER MISSIONS: SWAS & ODIN
	References

	1-3 radford-1
	1. INTRODUCTION
	2. SCIENCE HIGHLIGHTS
	3. TELESCOPE SITE
	TELESCOPE DESIGN
	4.1 Optical design
	4.2 Primary mirror
	4.3 Active mirror control
	4.4 Secondary and tertiary mirror
	4.5 Mount
	4.6 Dome
	4.7 Facilities

	5. INSTRUMENTATION
	5.1 Direct illumination cameras
	5.2 Antenna coupled cameras
	5.3 Direct detection spectrometers
	5.4 Heterodyne cameras

	6. CONSORTIUM AND SCHEDULE
	7. SUMMARY

	1-4 Blundell
	2-1 mena_2
	I. INTRODUCTION
	II. Design and modeling
	A. RF components
	B. SIS junction and tuning structure
	C. Planar IF filtering and matching

	Construction
	A. Waveguide block
	B. SIS junctions

	IV. mixer characterization
	A. Band coverage
	B. Noise temperature and sideband ratio

	V. conclusions

	2-2_monje
	SIS Mixer for 385 – 500 GHz with On-Chip LO injection

	2-3 karpov
	Development of 1 THz SIS mixer for SOFIA

	2-4_Grimes
	I. INTRODUCTION
	II. The 700 GHz Finline Mixer Design
	A. Mixer chip
	B. Mixer block
	C. Test receiver

	III. Measured Performance
	IV. Simulations of Receiver Performance
	Component modeling
	B. Receiver performance modeling

	V. Conclusions and Future Prospects

	2-5_Shitov
	I. INTRODUCTION
	II. Calculation Method and Criteria
	III. Two-Element Feed in Aplanatic and Elliptical Focus
	IV. Balanced Quasioptical Mixer
	V. Experimental Quasioptical Mixer Result
	Table I.
	Misalignment factors and their effect on beam efficiency of the lens-antenna twin-SIS mixers.
	VI. Conclusions

	3-1-Crowe
	3-2-Maestrini
	3 LERMA, Observatoire de Paris, 61 avenue de l’Observatoire, 75014 Paris

	3-3_bryerton
	I. Abstract
	II. Introduction
	III. Design and Development
	IV. Modeling of AM and PM Noise Sidebands
	V. Potential Problems
	A. Underpumped multipliers
	B. PM-AM conversion

	VI. Conclusions and Recommendations

	3-4-Gao
	3-5_vukusic
	I. INTRODUCTION
	II. Uni-Traveling Carrier Photo-Diode
	A. Working Principle
	B. Device Fabrication
	C. Device characterization
	D. Equivalent Circuit

	III. Epitaxial Modeling
	IV. Layer optimization example
	V. Antenna Design
	VI. Conclusion

	4-1-Karasik
	4-2-Benford
	4-3-chervenak
	4-4_hesler
	Responsivity and Noise Measurements of Zero-Bias Schottky Diode Detectors
	Virginia Diodes, Inc., Charlottesville, VA 22902, www.VADiodes.com
	Abstract  — Schottky barrier diodes can be used as direct detectors throughout the millimeter- and submillimeter-wave bands. When the diodes are optimized to have a low forward turn-on voltage, the detectors can achieve excellent frequency response and bandwidth, even with zero-bias. This paper reports on the characterization of VDI’s zero-bias Schottky detectors. Responsivity typically ranges from 4,000 V/W at 100 GHz to 400 V/W at 900 GHz and each detector achieves good responsivity across the entire single-moded bandwidth of the input rectangular waveguide. Under low power operation the detectors achieve a measured noise-equivalent-power (NEP) of about 1.5x10-12 W/√Hz, even without signal modulation. Such high sensitivity is expected for any zero-bias diode detector with high responsivity when there is no incident RF power; since only thermal noise can be generated under this condition. However, as the input power is increased, excess noise is generated. This noise typically has a 1/f power spectrum and is commonly known as flicker noise. Flicker noise becomes increasingly important as the input power is increased and signal modulation is generally required to achieve maximum sensitivity.  The signal-to-noise of the VDI zero-bias detectors has been carefully measured as a function of input power and modulation rate. This data allows the user to understand the sensitivity of the detector under real operating conditions, and is therefore far more useful than the simple measurement of detector NEP with zero RF power, which is commonly quoted in the literature for new diode detector designs. 
	Index Terms  —  Terahertz detectors, zero-bias detectors, noise-equivalent power, flicker noise.
	I. Introduction
	II. Diode i-v characteristics
	III. MEASUREMENTS OF DETECTOR RESPONSIVITY
	IV. NOISE MEASUREMENTS OF SCHOTTKY DIODES IN THE LOW SIGNAL REGIME
	V. DYNAMIC RANGE OF SCHOTTKY DETECTORS
	Acknowledgement
	References


	4-5-Kuzmin
	I. INTRODUCTION
	II. Model
	III. the CEB with SIN tunnel junction and SN contact and SQUID readout
	IV. the SCEB with SIS’ and Josephson junctions in voltage-biased mode with JFET readout 
	V. The CEB Array with SIN tunnel junctions in current-BIASED MODE WITH JFET readout 
	VI. Conclusion

	P-1-Hesler
	P-2-saeedkia
	P-3_pajot
	1. Introduction
	2. Arrays manufacturing 
	2.1 Thermal architecture
	2.2 Thermometers
	2.3 Microfabrication process 
	2.4 Readout
	2.5 Coupling with radiation

	3. Test perspectives
	4. Conclusion
	References


	P-4-Weinlei-Shan
	I. INTRODUCTION
	II. Mixer design
	III. Measurement Results And Discussion
	IV. Conclusion

	P-5-Cherednichenko
	P-6-Zijlstra
	P-7-Yagubov
	Integration and performance of the flight configuration SIR on TELIS
	P. Yagoubov, G. de Lange, R. Hoogeveen
	National Institute for Space Research, SRON, the Netherlands 
	Institute of Radio Engineering and Electronics, IREE, Russia


	P-8-Baselmans
	P-9-Boussaha
	P-10-Schieder
	Experimental setup

	P-11_morozov
	1. INTRODUCTION
	2. SAMPLES AND EXPERIMENTAL TECHNIQUES
	3. EXPERIMENT AND DISCUSSION
	4. CONCLUSION
	REFERENCES

	P-12_Bryllert
	I. INTRODUCTION
	II. High Power HBV diodes
	III. Multiplier design
	A. Waveguide block
	B. Microstrip circuit

	IV. Results
	V. Conclusion

	P-13_Maiwald
	High Output Power Low Noise Amplifier Chains at 100GHz 
	Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109, USA
	* Currently working at MIT Lincoln Laboratory.
	Abstract  —  Low noise amplifier (LNA) chains at 100GHz were constructed to be used as highly sensitive detectors in the development of the Haystack Ultra-wideband Satellite Imaging Radar (HUSIR).  Three separately packaged MMICs are combined to provide a highly sensitive millimeter-wave detector.  The LNA chip is a 0.1 micron InP based chip [1].  This is followed by 0.1 micron GaAs based driver and power amplifier MMICs [2].  This combination provides more than 50dB of gain over a frequency range of 90 to 100GHz with 50K noise temperature when measured at 20K ambient temperature.  This chain provides enhanced functionality for the Haystack Ultra-wideband Satellite Imaging Radar (HUSIR).
	Index Terms  —  ground based radar, high gain amplifier, direct detector, millimeter waves, InP HEMT LNA, high power GaAs MMICs.
	I. Introduction
	II. LNA CHAINS
	III. RF input power level
	IV. State-of-the-art performance
	V. Conclusion
	VI. Acknowledgement
	References


	P-14-Scmulling
	P-15-Emrich
	P-16_campbell
	P-17_romanini
	I. INTRODUCTION
	II. EXPERIMENTAL SETUP
	III. RESULTS AND DISCUSSION
	IV. CONCLUSIONS

	P-18_bguillet
	I. INTRODUCTION
	II. Structural characterization of NbN films
	III. Thickness measurements 
	IV. Surface morphology
	V. conclusion

	P-19_Baryshev
	I. INTRODUCTION
	II. Layout of measurement system
	A. Quasi-optics layout
	B. Phase and amplitude detection circuit
	C. Calibration procedure
	D. ALMA 100 C test load

	Measurements and discussion
	A. Frequency response
	Spatial response 

	IV. Conclusion

	P-20_Baryshev
	I. INTRODUCTION
	II. Measurement set-up and methods
	A. SIS mixer
	B. Receiver layout
	C. Experimental method and signal source power calibration 

	III. Measurement results and dicussion
	A. Standard FTS and heterodyne characterization
	B. Saturation measurement results and discussion

	IV. Conclusion

	P-21_Baryshev
	I. INTRODUCTION
	II. Receiver Layout
	A. Overall layout
	Signal optics
	C. Local oscillator arrangement
	D. IF system
	E. SIS mixers
	Construction status

	III. Demonstrated receiver perfomance and discussion
	A. Receiver Noise performance
	B. Receiver beam
	C. Receiver saturation by a 100° C black body radiation

	IV. Conclusion

	P-22-yagoubov-1
	Optical design of the submillimeter limb sounder TELIS
	Institute of Radio Engineering and Electronics, IREE, Russia


	5-1-zmuizinas
	5-2-Doyle
	INTRODUCTION
	DISTRIBUTED KID DEVICES
	OPTICAL COUPLING TO A DISTRIBUTED KID
	THE LUMPED ELEMENT KID (LEKID)
	SIMULATED RESPONSE
	MULTIPLEXING
	7. CONCLUSION

	5-3-Yates
	5-4-glenn
	5-5_Barends_ISSTT2007
	Introduction
	Experiment
	Conclusion


	6-1-Semenov
	Fysikgrand 3, SE-41296, Gothenburg, Sweden

	6-2_rodriguez
	6-3_Khosropanah
	I. Introduction
	II. HEB Mixer
	III. Heterodyne Measurement Setup
	IV. Heterodyne Measurement Results
	V. Summary

	6_4_ryabchun
	1. INTRODUCTION
	2. EXPERIMANTAL SETUP
	3. EXPERIMENTAL RESULTS AND DISCUSSION 
	4. CONCLUSIONS

	7-1_yassin
	7-2_Raisanen
	7-3-Uzawa
	7-5-Chattopadhyay_Antenna
	Slot Antenna Array for CMB Polarization Detection

	8-1_edgar
	1 INTRODUCTION
	2 Frequency Bands
	2.1 Initial Channels
	2.2 Water

	Figure 1.  CASIMIR’s coverage of the rotational energy levels of the H218O molecule.  The first 4 bands of CASIMIR will be able to observe 9 transitions, including several low temperature lines, compared to only 2 relatively high energy transitions observable at the CSO, denoted by asterices.
	2.3 1.4 THz Band and H2D+

	3 Receivers, Local Oscillators and Intermediate Frequency System
	3.1 Receivers
	3.2 Local Oscillators
	3.3 Intermediate Frequency System

	4 Microwave  Spectrometers
	4.1 Wideband Analog Spectrometer (WASP2)
	4.2 High Resolution  Digital Correlator, COBRA 

	5 Instrument Configuration and Structure
	5.1 Cryostats
	5.2 Optics
	5.3 Optics Box

	6 Conclusions
	7 Acknowledgments

	8-2-Emrich
	ABSTRACT

	8-3-Schieder
	8-4-Schmulling
	I. INTRODUCTION
	II. Large Bandwidth AOS design
	III. Broadband AOS components and setup
	A. Bragg Cell
	B. CCD
	C. Laser
	D. Optical Setup

	IV. Test results
	A. Frequency resolution
	B. Frequency linearity
	C. Power linearity
	D. Stability

	V. Conclusion
	VI. Acknoledgements

	8-5-Emrich-correlator
	9-1-gardner
	9-2_North
	I. INTRODUCTION
	II. Instrument Description
	A. Requirements
	B. Optics
	Polarimeter
	D. Feed Horns
	E. Orthomode Transducers
	F. Finline Transition
	Detectors and Readout
	H. Cryogenics
	I. Mount

	III. Site and Observations
	IV. Data Analysis and Predictions

	9-3_Wild
	1. INTRODUCTION
	2. MISSION CONCEPT
	2.1 ESPRIT baseline design
	2.2 Interferometer considerations

	3. SCIENTIFIC AIMS
	4. HETERODYNE DETECTION AND ITS IMPLICATIONS
	5. FOCAL PLANE INSTRUMENTATION
	5.1 Heterodyne Receivers
	5.2 Mixers and local oscillators up to 2 THz
	5.3 Mixers and local oscillators above 2 THz
	5.4 IF amplifiers

	6. CORRELATOR DESIGN
	6.1 Distributed correlator
	6.2 Data rates in the correlator
	6.3 Current Technology

	7. COOLING
	7.1 Telescope cooling requirements
	7.2 Front-end optics cooling requirements
	7.3 Front-end  electronics cooling requirements

	8. SYSTEM CONSIDERATIONS
	8.1 The metrology subsystem
	8.2 Navigation, pointing and propulsion 
	8.3 Central control and earth communications

	9. SENSITIVITY CALCULATIONS
	10. CONCLUSION
	REFERENCES

	9-4-Goltsman
	10-1_lodewijk
	I. INTRODUCTION
	II. AlN tunnel barrier growth
	III. DC results and process parameters
	IV. RF evaluation
	V. Conclusion

	10-2_maier
	I. INTRODUCTION
	II. 2SB mixer assembly
	A. RF quadrature coupler
	B. LO coupler

	III. DSB mixer
	A. RF design
	B. Noise measurements

	IV. Conclusions

	10-3_Groppi
	I. INTRODUCTION
	II. SuperCam Science
	III. SuperCam Instrument Description
	A. Instrument Design
	1) Cryogenics
	2) Mixer Array
	3) Local Oscillator
	4) IF/Bias Distribution System
	5) Array Spectrometer
	6) Optics


	IV. Laboratory testing
	V. Conclusion

	10-4-Kooi
	10-5-Koshrelets
	Superconducting Integrated Spectrometer for TELIS 
	Institute of Radio Engineering and Electronics (IREE), Russia 
	Pavel A. Yagoubov, Ruud W.M. Hoogeveen, and Wolfgang Wild
	SRON Netherlands Institute for Space Research, the Netherlands 



	11-1_yngvesson
	I. INTRODUCTION
	II. experimental methods and results
	A. Initial Experimental Procedures 
	B. I-V-Curves and Microwave Detection
	C. Recent Experimental Procedures.

	III. predicted terahertz response for m-swnts
	IV. ab initio simulation of metallic carbon nanotubes
	V. conclusions

	11-2-Ustinov-A
	11-3_endo
	I. INTRODUCTION
	II. Fabrication of Nb/Al (AlNx/Nb SIS Junctions
	1) Ignition of the plasma in pure He with a large power of 6 W.
	2) Reduce the power to 1W which is suitable for the process.
	3) Introduce nitrogen into the chamber to start the reaction.

	Results and Discussion
	A. DC I-V Characteristics
	B. Dependence of RN,cA on Nitridation Time

	IV. Conclusion

	11-4_Samoska_A
	11-5-Chattopadhyay-A
	A 675 GHz FMCW Radar with Sub-Centimeter Range Resolution

	12-1-M Lee-A
	12-2_Siles
	I. INTRODUCTION
	   II. DESCRIPTION OF THE SIMULATION TOOLS
	   III. SCHOTTKY DIODE MODELLING UNDER
	         FLAT-BAND CONDITIONS
	III. 330 GHz SHP MIXER SIMULATION
	IV. CONCLUSION

	12-3_Thomas
	I. Introduction
	II. 380 GHz integrated mixer/multiplier design architecture
	III. 380 GHz integrated mixer/multiplier fabrication
	IV. Test of the integrated 380 GHz receiver 
	I. Conclusion

	12-4-_Schlecht_A
	First Wideband 520-590 GHz Balanced Fundamental Schottky Mixer
	Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109, USA
	Abstract  —  We report on the design and performance of a novel broadband, biasable, balanced fundamental 520-590 GHz fix-tuned frequency mixer that utilizes planar Schottky diodes. The suspended stripline circuit is fabricated on a GaAs membrane mounted in a split waveguide block. The chip is supported by thick beam leads that are also used to provide precise RF grounding, RF coupling and DC/IF connections. At room temperature, the mixer has a measured DSB noise temperature of 2200 K at the low end of the band, and less than 4000 K across the design band.
	Index Terms — Submillimeter wave mixers, Schottky diode mixers, Submillimeter wave diodes.
	I. Introduction
	II. Design and fabrication
	III. Mixer Measurements
	 IV CONCLUSION


	12-5-Eisele-A
	Participants - list




