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Influence of substrates and buffer layers on the
quality of NbN ultra thin film for THz HEB

B. Guillet, V. Drakinskiy, R. Gunnarsson, O. Arthursson, L. Méchin, S. Cherednichenko, Y. Delorme, J.M. Krieg

Abstract— In order to improve the crystalline quality of NbN
ultra thin film for THz HEB applications, several buffer layers
have been selected and investigated. The influence of the buffer
layers on thermal boundary resistance of membrane-type Hot
Electron Bolometer (HEB) devices and on their IF bandwidth is
discussed. The influence of substrates and buffer layers on the
quality of NbN ultra thin film has been studied by performing
Atomic Force Microscopy (AFM) and low reflectometry
measurements on NbN films on different substrates (3 pm SOI
substrate and MgO buffered 3 um SOI substrate). In particular,
the physical properties (roughness and thickness) of NbN film
layers have been carefully measured.

I. INTRODUCTION

NbN Hot Electron Bolometer (HEB) mixers are the

device of choice for low noise heterodyne receivers for future
astronomic and Earth’s science space missions for the
frequency range above 1 THz. Currently, the mixer noise
temperature is approximately 10 to 15 times higher than the
quantum limit (hv/kg=48 K/THz, where hv is the photon
energy, and Kg is the Boltzmann constant) [1,2,3,4] and the IF
gain bandwidth on bulk substrate is up to 4.5 GHz [1,5,6].

The goal and motivations of this work is to fabricate a
multipixel heterodyne receiver for 2.5 THz based on NbN
superconducting hot-electron bolometer (HEB) mixers with
quasi-optical design. The main membrane advantages are
related to the RF and LO coupling efficiency. A 16 pixel
heterodyne camera has already been built, which will be
operated at 2.5 and 4.7 THz for deuterated hydrogen (HD) and
neutral  atomic  oxygen (Ol) lines  observations,
respectively [7].
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The performances of NbN HEB mixer rely very much on
the substrate the HEB is placed on (in contrast to SIS and
Schottky mixers). As the result of the finite electron relaxation
rate, the 3dB HEB mixer gain bandwidth is limited by
fie=(2ntmy) " 1 GA=G(0)/(1+(f fie)?).

The gain bandwidth of NbN mixers is related to the
« intrinsic » properties of the NbN material (the temperature
derivative of the resistance, the electron-phonon interaction
time, the electron and phonon thermal capacitances and the
speed of sound), to the substrate (the film/substrate phonon
transmission) and to the measurements setup (bias current, IF
load resistance, etc.) [8].

Since the electron-phonon interaction time in NbN films is
very short (~12 ps [9]), the limiting parameter of the hot
electrons relaxation rate Ty~ is the phonon escaping time
(from the NDbN film into the substrate). Figure 1 shows state of
the art of the IF bandwidth using NbN mixers. Assuming that
all these devices have the same thickness (expected thickness
is 3.5 nm), the mixer gain bandwidth is related to the substrate
or the buffer layer used. Most of the publications deal with
HEB on bulk substrates but there are a few reports of how the
HEB gain bandwidth is affected by replacing a bulk substrate
by a thin membrane [7,10,11]. HEB devices (with 600 GHz
design) have been fabricated on 1.4 pm thick SisN4/SiO,
stress-less membrane or SisN4/SiO,/bulk-Si. The difference of
gain bandwidth measured between these two types of devices
was not significant and was in the 0.6-0.9 GHz range [7,12].
These values are narrower than for NbN on bulk-Si [13]. The
reduction of the gain bandwidth compared to bulk Si substrate
is probably due to the material on which NbN is grown
(SisN4/SiO,), and not to the membrane effect [12].
Nevertheless these values are sufficient for some
radioastronomy applications.

Since a membrane is needed to reduce losses but it may be
detrimental for epitaxial growth of NbN, there are two ways to
increase the IF bandwidth of HEB devices. The first method is
to put the HEB outside the membrane and place it on a bulk
silicon surface by etching the SisN4/SiO, buffer layer.
Preliminary study has shown that a NbN film with a high Tc
can be deposited on silicon surface after SisN4/SiO, etching.
Moreover a careful study of the interconnexions between the

153



18th International Symposium on Space Terahertz Technology

&
64 9 £ 1
= o e S o
v £ _ £ ¢ @
7] g % =
] ] = )
'ﬁ" A % 4
X ® =
9, A . %
£

4

Si,N/SiO/Si
Si_N_/SiO

Material - Buffer layer/Substrate

Fig. 1. State of the art of the IF bandwidth using NbN mixers (data taken
from Refs. 5, 6, 7 and 12)

antenna on the membrane and the deported HEB mixer has to
be done. The second way is to choose the “right material” for
the membrane fabrication and NbN deposition. This technique
is required in order to obtain epitaxial NbN thin films.
Epitaxial thin films could exhibit similar properties as bulk
material. So far it has not been thoroughly studied which
buffer layers that are most suitable to get such films. The
purpose of this work is to study the influence of various layers
on NbN properties.

This paper presents some results of this « buffer layer
approach ». Five different structures have been studied:
NDbN/SigN4/SiO,/Si,  NbN/MgO/SisN,/SiO,/Si,  NbN/SOI,
NbN/MgO/SOI and NbN/MgO/Si. The NbN films on these
differents structures have been deposited by dc reactive
magnetron  sputtering at Moscow State Pedagogical
University.

Il. STRUCTURAL CHARACTERIZATION OF NBN FILMS

The choice of the most appropriate substrate for achieving
the epitaxial growth of NbN is governed by several
criteria [14]: (i) the lattice parameter mismatch between NbN
and the substrate (or the buffer layer) has to be low
(amorphous material is then prohibited); (ii) the NbN material
and the substrate (or the buffer layer) have to be chemically
inert; (iii) an ideal substrate would have a flat dense surface
and be free of twins and other structural inhomegeneities; and
(iv) the thermal expansion mismatch between NbN and the
substrate (or the buffer layer) has to be low. Moreover the
pressure and the substrate temperature during deposition have
to be properly chosen in order to satisfy thermodynamical
conditions during growth.

According to Table I, the most suitable material are 3C-
SiC, Al,O; and MgO. Their lattice mismatch with NbN
material is approximately zero. SizN4/SiO, buffer layer is not
the most suitable substrate for achieving the epitaxial growth
of NbN. The SisN4 layer described here and used for the
previous realisation of NbN HEB devices on membrane was
amorphous. It is possible that the reduced IF bandwidth

TABLEI
LATTICE MISMATCH BETWEEN NBN MATERIAL AND DIFFERENT POSSIBLE
SUBSTRATES OR BUFFER LAYERS

Lattice parameter Lattice mismatch &

Material [A] 8 = (Asubstrate - ANbN)/Bsubstrate
NbN 4.39-4.42 na.
SiN, 7.59 +0.52
Si 5.43 +0.19
Ce0, 5.41 +0.18
vsz 5.14 +0.14
AlLOs 476 +0.07
3C-SiC 436 -0.01
MgO 4.20 “005

measured in NbN/Si;N4/SiO, devices was related to reduced
quality of the NbN films.

Samples have been studied by x ray diffraction (XRD) in
grazing 20 configuration so that the signals from the substrate
is minimized compare to those of the ultra thin film. Figure 2
shows the results for NbN/SOI and NbN/MgO/SOl. In the
latter case all possible MgO orientations are observed
indicating a polycrystalline MgO buffer layer. This was
expected since the MgO layer was deposited at room
temperature. In both cases reflections from the ultra thin NbN
films are weak and no preferential orientation could be
established, thus revealing the polycrystalline structure of
NbN. The peaks are also quite wide compared to reflections
from epitaxial layers.

Il. THICKNESS MEASUREMENTS

The thicknesses have been investigated with a
spectroscopical ellipsometer (from J.A. Woollam Co.), with X
ray reflectometry, or with high-resolution transmission
electron microscopy (HRTEM). The details of the modelling
of the studied structures will be published seperately. The
NbN exhibits a metallic behaviour in ellipsometry terms. The
analysis also gives that the optical constants of the NbN are
slightly different in the different samples, which may indicate
that the stoichiometry of NbN could vary between the
samples.

35 —
(=]
a
30 ° B
- £ g
AR S
= o {‘\-I’
(3 20 4 EE % l =
z T g2 gl ==
2 15 Zl 8 | al 29
E = ig 4 } | | £=
10 Ml Az IR
) T hl | Iww% : I.I ﬁ NbN/MgO/SOI
5 | .
At 7 il V5101
10 20 30 40 50 60 70 80
2e(7)
Fig. 2. XRD using grazing 20 diffraction of 2 different samples:

NbN/MgO/SOI and NbN/SOI. Peaks marked with * are parasitic signal from
the instrument.
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TABLE Il
EXPECTED STRUCTURES COMPARED TO THE MEASURED THICKNESSES FOUND
ELLIPSOMETRY TECHNIQUE FOR 3 DIFFERENT SAMPLES

Samples Expected structure Measured structure
NbN 3.5nm 5% NbN 5.9+ 0.4 nm
SiO, 6.7+0.7 nm
NbN/SOI g:o 3um 2:0 2960.0 £ 0.3 nm
2 0, 2
(BOX) 500 nmx 5% (BOX) 4899+ 1.1nm
Bulk-Si_ 520 um suk-si |GG
NbN 3.5nm 5% NbN 7.8+0.1nm
NbN/MgO/Si MgO 200 nm MgO 206.7 £ 0.5 nm
Bulk-Si 520 um Bulk-Si
NbN 3.5nm 5% NbN 10.1+£ 0.1 nm
i i ~ SigNy 600 nm+£ 5%  SisNy 602 +1nm
NBN/SisNo/SIO/ST gjo, 800 Nm+5%  SiO, 784.9 +1.1 nm
Bulk-Si 520 um Bulk-Si
TABLE 111

PHYSICAL AND ELECTRICAL PROPERTIES OF DIFFERENT NBN SAMPLES
NbN (3.5 nm expected)

Thickness
Samples Structural [nm] Rou[%l:]ness Raook T
roperties Q K
prop (methodb) (2x2 um?) (] K]
NbN on a 101201 660-
SisN/Si0,/Si poly. (ellips.) >9 700 83
NbN on a ~5-7 470- 111
MgO/SisN/SiOy/si  POIY: (TEM) 480 :
NbN on a 5904 450-
sol poly. (ellips.) 3109 s00 0
NbN on a ~7 N
MgO/SOl poly. (X-ray) 5 500 102
NbN on a 7.8+0.1 250- o0
MgO/Si poly. (ellips.) 255 :

2All the samples are polycrystalline.
PMethod used: ellipsometry, HRTEM or x ray measurements

The SOI substrate exhibits a 3 mm silicon device layer
(high resistivity), a buried oxide (BOX) 500 nm + 5% thick
and a 520 pum thick handle silicon wafer. Thin low stress
Si3N4/SiO, membranes could be obtained with 0.6 um thick
Si3N, buffer layer and 0.8 um thick SiO, buffer layer.

As shown in Table I, the thicknesses from ellipsometry
measurements are quite consistent with the substrate
specifications. An important fact is that the measured NbN
thickness is larger than expected for all samples. This
thickness is between 5 to 10 nm and seems to be substrate
dependent. Electrical properties of the NbN films and
therefore of the devices are related to the quality and the
thickness of the NbN film. For example, it is known that for a
given substrate the critical temperature decreases with the
thickness of the NbN film (thinner film gives lower critical
temperature) [5]. Therefore, thickness measurements have to
be considered important for the further development on
devices based on such ultra thin films. Previously Gao et al.
using HRTEM found a thicker NbN film than expected from
deposition on bulk Si and on 3C-SiC buffer layer [15].
Moreover, ellipsometry revealed the presence of native silicon
dioxide. A quite thick oxide (6.7 nm) has been measured on
top of the SOI structure. One reason why this layer is much
thicker than expected (1 to 2 nm usually) could be linked to

10.0 nm

00 1: Height 5.0 |.lm‘
Fig. 3. AFM image of NbN/SOI sample: the associated rms roughness is 3 A
(5%5 pum? area).

40.0 nm

5.0 pm

o
Fig. 4. AFM image of NbN/MgO/SOI sample: the associated rms roughness
is 5 A (5x5 um? area).

1: Height

the NbN deposition process that oxidises the Si surface. The
vacuum is never perfect (oxygen remains) and the sample
surface heats up to 800 °C during the deposition process.
HRTEM measurement has to be done to check the thickness
of the native silicon dioxide.

IV. SURFACE MORPHOLOGY

AFM measurements have been made on the films. The root
mean square (rms) roughnesses are quite large compared to
the NbN film thickness (Table I11). The surface morphology is
not homogeneous on a 5x5 pm? scale, which could cause
problem for the HEB fabrication (cf. figures 3 and 4).

Table 111 gives the summary of the physical and electrical
properties of the NbN films. The sheet resistance value at
room temperature and the critical temperature for each sample
are given. All the films are polycrystalline (from XRD and
HRTEM analysis). Assuming that the NbN thickness is
similar (around 6-7 nm), the MgO buffered bulk-Si seems to
be the more promising: it gives a low sheet resistance and a
high critical temperature.
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V. CONCLUSION

Physical and electrical properties of NbN ultra thin films
with different buffer layers and different substrates have been
measured and studied. We have demonstrated that several
physical and electrical parameters of the NbN film depend
strongly on the choice of buffer layers and substrates.
Thickness and roughness seem to be the most sensitive
parameters. Meanwhile, the thickness measurements on
devices based on such ultra thin films have to be considered
very carefully. There are still big technological challenges to
achieve ultimate NbN ultra thin films and devices based on
them.

ACKNOWLEDGMENT

The authors thank KOSMA for providing SOI wafer,
SIFCOM at ENSICAEN for x ray measurement and Oriel
GmbH for help in ellipsometry analysis.

REFERENCES

[1] S. Cherednichenko, M. Kroug, P. Khosropanah, A.Adam, H. Merkel,
E. Kollberg, D.Loudkov, B.Voronov, G.Gol’tsman, H.-W. Huebers,
and H. Richter, Physica C, vol. 372, p427, 2002

[2] J. Kawamura, R. Blundell, C.E. Tong, G.N. Gol’tsman, E. Gershenzon,
B. Voronov and S. Cherednichenko, Appl. Phys. Lett., 70(12), p1619,
1997

[31 M. Kroug, S. Cherednichenko, H. Merkel, E. Kollberg, B. Voronov,
G. Gol’'tsman H.-W. Huebers and H. Richter,, IEEE Trans. on Appl.
Supercond. Vol.11, n.11, p962-965, 2001

[4] A.D. Semenov, H.W. Huebers, J. Schubert, G. Gol’tsman, A.l. Elantiev,
B. Voronov and G. Gershenzon, J. Appl. Phys., 88 (11), p6758, 2000

[5] Y.B. Vachtomin, M.l. Finkel, S.V. Antipov, B.M. Voronov,
K.V. Smirnov, N.S. Kaurova, V.N. Drakinskiy and G.N. Gol'tsman.
Proc. of 13th International Symposium on Space Terahertz Technology,
p259, 2002

[6] D.Meledin, P.-Y.E.Tong, R.Blundell, N.Kaurova, K.Smirnov,
B. Voronov, and G.N. Gol'tsman, IEEE Trans. Appl. Supercond., 13 (2),
p164, 2003

[7]1 S. Cherednichenko, V. Drakinskiy, J. Baubert, B. Lecomte, F. Dauplay,
J.M. Krieg, Y. Delorme, A. Feret, H.W. Hiibers, A.D. Semenov and
G. Gol’tsman, Proc. SPIE, vol. 6275, p62750, 2006

[8] A.D. Semenov, G.N. Gol’tsman, and R. Sobolewski, Supercond. Sci.
Technol. 15, p1689, 2002

[91 Y.P. Gousev, G.N. Gol'tsman, A.D. Semenov, E.M. Gershenzon,
R.S. Nebosis, M.A. Heusinger, and K.F. Renk, J. Appl. Phys., 75, p3695,
1994

[10] J. Baubert, H. Merkel, M. Salez, P. Pons, S. Cherednichenko,
B. Lecomte, V. Drakinskiy, G. Gol'tsman, B. Leone, IEEE Trans. Appl.
Supercond., 15, 2, p507, 2005

[11] P.P. Munoz,, S. Bedorf,, M. Brandt, T. Tils, N. Honingh and K. Jacobs,
IEEE Microw. Wireless Comp. Lett., 16 (11), p606, 2006

[12] S. Cherednichenko, V. Drakinskiy, J. Baubert, B. Lecomte, J.M. Krieg,
B. Voronov, G. Gol’tsman, and V. Desmaris, to appear in J. Appl. Phys

[13] H. Ekstrom, E. Kollberg, P. Yagoubov, G.N. Gol’tsman, E. Gershenzon,
and K.S. Yngvesson, Appl. Phys. Lett., 70 (24), 1997

[14] J.M. Philips, J. Appl. Phys., 79, 4, p1829, 1995

[15] J.R. Gao, M. Hajenius, F.D. Tichelaar, B. Voronov, E. Grishina,
T.M. Klapwijk, G. Gol’tsman, and C.A. Zorman, Proc. of 16th
International Symposium on Space Terahertz Technology, 2006

156



	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




