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Abstract 

We are presenting here the first results of optical responsivity measurements for the 
Normal Metal Hot-electron Microbolometer (NHEB), a hot-electron direct detector for 
sub-mm wavelengths. The detector is a metallic microresistor coupled to a planar 
antenna; superconductor-insulator-normal metal (SIN/NIS) tunnel junctions are 
employed to monitor the temperature of the electron gas. We aim to achieve with this 
detector sensitivity around 10-17 W/√Hz at 0.3 K while the time constant is going to be 
less than 1 µs. Planar design of the NHEB is favorable for its future expansion into a 
detector array. Earlier we have measured electrical NEP (noise equivalent power) of 
3×10-16 W/√Hz for an NHEB at 0.3 K. This time we have performed an optical 
responsivity measurement for another NHEB at 0.5 K using a hot/cold load. We have 
obtained an optical responsivity value consistent with the electrical responsivity data, 
and with the estimated efficiency of the quasioptical coupling.  

 

Introduction 

Direct detectors can be used in those astrophysical applications where sensitivity is more 
important than the spectral resolution. Some examples of studies are observation of the 
extragalactical objects, observation of remote galaxies radiation from which is highly red-
shifted, and study of the early phases of the star formation. For these applications the 
interesting frequency range is between 400 GHz and 1.2 THz [1]. Another kind of study, 
where bolometers are employed, is the Cosmic Microwave Background (CMB) study. In 
the CMB experiments astrophysicists try to resolve fine fluctuations of intensity in the 
relict radiation with equivalent black-body temperature around 2.7K, that is why the 
interesting frequency range there is 50..300 GHz.  

Today’s most common type of bolometers is the NTD-Germanium thermistor suspended 
on a SiN-mesh. The newer type is a superconducting transition-edge sensor (TES), also 
suspended on thin SiN or Si supports [2][3]. All these bolometers have noise equivalent 
power (NEP) around 10-17 W/Hz1/2, which usually means that their sensitivity is already 
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limited by noise from fluctuations in the stream of received photons (photon noise). 
However the time constant is at the level of 1 ms, which means that an experiment 
requires very long observation time. This problem can be resolved by integrating many 
bolometers into an array, thus building an imaging camera. Several research groups have 
proposed different ways how large bolometer arrays could be built, however at present 
there is still no fully developed solution for a fast, sensitive, and robust bolometer, that 
could be easily integrated into an array with thousands of pixels. 

It would be a great advantage for integrating the detectors if the whole array could be 
fabricated on a single wafer and processed at the same time instead of assembling it from 
individual elements as it is usually done nowadays. We are developing a detector which 
is fully compatible with the planar microtechnology and can be fabricated on a standard 
silicon wafer without membranes or any suspended structures. This detector, normal-
metal hot-electron bolometer (NHEB) is an antenna-coupled device, similar to the widely 
known hot-electron heterodyne mixers. Its operating temperature is 0.3 K or below, and 
the sensitivity after optimization can be as good as 10-17 W/Hz1/2 at 0.3 Kelvin and 
10-19 W/Hz1/2 at 0.1 Kelvin. Furthermore, this bolometer has the time constant as short as 
20 µs at 0.1 K (less than 1 µs at 0.3 K), thus allowing for high-speed scans. In the 
following text we review the prospects of this detector and describe its optical 
qualification that has been done now for the first time. 

 

The Normal-Metal Hot-Electron Bolometer 

The normal metal hot-electron bolometer (fig. 1) has been proposed by M. Nahum et al 
[4][5]. It consists of a normal-metal absorber strip with small volume connected as a 
matched load to a planar antenna, and a pair of Normal metal-Insulator-Superconductor 
(NIS) tunnel junctions. The electron gas in the absorber strip receives thermal energy 
from the high-frequency currents induced in the antenna and gives it away to the lattice 
phonons in the film. At low temperatures the electron-phonon interaction time is much 
longer than the electron-electron interaction time, so that the electrons arrive at thermal 
equilibrium at a temperature which is higher than the lattice temperature (hot-electron 
effect). In order to avoid energy loss through diffusion of the electrons into the antenna 
the strip is contacted via superconducting electrodes, since the Andreev effect prohibits 
energy transport from the normal metal to the superconductor at an NS-interface. 
Variations of the electron temperature in the absorber strip of the NHEB are detected 
from smearing of IV-curves of the NIS junctions, which have the strip as their N-
electrode. In the latest design of our devices the absorber strip is made of copper and has 
dimensions 5.6µm×0.25µm×0.03µm. The superconducting electrodes are made of 
aluminum. The NIS junctions have normal resistance between 1 and 10 kOhms.  
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Fig. 1  

Left panel – SEM image of the power sensor (tilted view). The structure is fabricated by 
e-beam lithography and shadow metal evaporation from different angles.  

Right panel – principle of operation of the NIS thermometer. Two junctions in series are 
biased with a constant current. Voltage over the junctions is then almost linearly 
dependent on the electron temperature in the normal electrode.  

 

The following expressions can be used for a simple estimation of speed and sensitivity of 
the detector at various temperatures: 

SeNEP n /=  

is the Noise Equivalent Power (NEP), which is the common measure of sensitivity for 
bolometers; en is the total voltage noise at the output of the bolometer and S is the 
bolometer’s responsivity (output voltage change per unit of input power change). The 
output noise is a sum of many contributions: thermal fluctuation noise, shot noise in the 
tunnel junctions, noise from thermal flow fluctuations in the junctions, amplifier noise, 
and the photon noise. A detailed analysis of the different noise contributions can be found 
in [6]. Here we can mention that in all experiments reported by now the output noise has 
been dominated by the noise of a semiconductor amplifier. In our latest experiment we 
had en = 15 nV/Hz1/2 at 35 Hz with a room-temperature amplifier, and we estimate that by 
using a cold amplifier we must be able to reach en = 3 nV/Hz1/2.  

The responsivity is given by 

GdT

dV

dP

dT

dT

dV
S

1⋅=⋅=  

where T is the electron temperature in the absorber strip, dV/dT is the temperature 
responsivity of the tunnel junctions, and G is the thermal conductance from electrons to 
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phonons in the absorber strip. dV/dT for aluminum junctions is nearly constant from 
0.15 K to 0.45 K with nominal value of 8×10-4 V/K per pair. Low thermal conductance is 
of the key importance for obtaining high responsivity and low NEP, and it is strongly 
dependent on the operating temperature. For copper films which we use for the absorber 
strip in the NHEB, the electron-phonon cooling rate is given by 

( )5
0

5 TTPep −ΣΩ=  

where Ω is the volume of the strip (0.045 µm3), Σ is the material parameter (2.5×10-9 W 
µm-3K-5 for copper), and To is the phonon temperature. Then the thermal conductance 
will be  

45 TG ΣΩ= . 

The time constant of the bolometer is equal to the electron-phonon interaction time in the 
absorber strip. According to the data that can be found in literature [5] this constant for 
our type of films is  

τep = 20 / T3 ns. 

By substituting the typical values into the formulas above we get the following summary 
of performance parameters expected for the NHEB: 

 

 T = 0.3 K T = 0.1 K 

thermal conductance G 5×10-12 W/K 6×10-14 W/K 

responsivity S 1.8×108 V/W 9×109 V/W 

NEP with en = 15 nV/Hz1/2 8×10-17 W/Hz1/2 1.7×10-18 W/Hz1/2 

NEP with en = 3 nV/Hz1/2 1.7×10-17 W/Hz1/2 3×10-19 W/Hz1/2 

time constant 0.7 µs 20 µs 

 

In our earlier experiments we measured the so-called electrical responsivity of a NHEB, 
that is response at the output per unit power dissipated in the absorber strip by a constant 
current applied through it. We obtained SE = 1×108 V/W at 0.3 K and SE = 4×109 V/W at 
0.1 K for a bolometer with absorber strip of double the volume used in the calculations 
above [7]. Thus the experimental values were in a good correspondence with theory. 

In order to measure the optical responsivity, which is the response per unit power of an 
external sub-mm wave signal coupled to the bolometer, we had to incorporate the NHEB 
power sensor with a suitable planar antenna. We have chosen the twin-slot antenna 
because of its reasonably narrow pattern and frequency characteristics. The slot 
dimensions were designed using the calculation procedure developed at Caltech [8]. To 
simplify the fabrication process coupling between the slots and the power sensor has been 
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done by two co-planar waveguides (CPW) with characteristic impedance of 30 Ohms, 
which is equal to the antenna impedance at the resonance frequency (300 GHz) – see 
figure 2.  
 
Fig. 2 

The twin-slot antenna. The bolometer (in the 
center) is connected to the slots by a CPW 
transmission lines with characteristic impedance 
of 30 Ohms, which matches the calculated 
impedance of the slots at 300 GHz. The ground 
plane is divided by another narrow slot in other 
to allow measurements of resistance of the 
absorber strip and to make space for the bias 
wiring of the tunnel junctions. 

 

 

The optical setup 

The concept of our optical setup was described in detail in [7]. These are its main 
elements: 

• Helium dewar with an optical window, type HDL-8 from IR-labs; minimum 
temperature of the cold plate is about 1.5 K achievable by pumping on the helium 
bath. 

• Closed-cycle 3He cryocooler mounted at the cold plate of the dewar and providing 
cooling of a detector holder to 0.3 K. 

• Detector holder containing the detector, a hyperhemispherical silicon lens, and a 
focusing dielectric lens. 

• Filter unit mounted in the dewar window and cooled to the cold plate temperature. 

This setup provides coupling of the external radiation to the detector cooled to 0.3 K by a 
nearly gaussian beam, so that the whole throughput of the antenna is covered by an 
external load. It also prevents overheating of the bolometer by thermal radiation at high 
frequencies. For the latter purpose we are using three sequential filters (in order from 
room to detector):  

• metal mesh resonant low-pass filter with sharp edge at 450 GHz 

• alkali-halide low-pass filter with edge at 1650 GHz; this filter blocks the resonant 
leaks of the metal-mesh filter at higher frequencies 

• neutral density filter with 1.3% (-18.9 dB) transmission reducing the overall 
power load on the bolometer from the room-temperature environment. 
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All the filters are fabricated by QMCI [9]. The schematic diagram of the quasioptical 
path and a view of the cold work area of the dewar are shown in the figures 3 and 4. 

 

Fig. 3 

Ray traces in the quasioptical path (at the  
-8.7dB relative power level) for frequencies 
from 180 GHz to 420 GHz. The components 
on the drawing from left to right are the filter 
unit aperture, the dielectric lens and the 
hyperhemispherical lens (shown by a small 
circle). The traces are calculated in the 
assumption of the gaussian beam shape. 
  

 

Fig. 4
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The measurement results 

In our optical qualification experiment we have measured how voltage across the tunnel 
junctions of the NHEB changes in response to switching between the hot (room 
temperature) and cold (liquid nitrogen) loads placed outside the dewar window. View of 
the experimental setup is presented in the Fig. 5. The measurements were done with a 
lock-in amplifier and the chopping frequency was 35 Hz. We have also measured the 
voltage noise at the output of the amplifier in order to determine the NEP of the 
bolometer. By modulating an external microwave source irradiating the bolometer we 
could estimate the post-detection bandwidth of the system, which was limited by the RC-
constant of the readout.  

Fig. 5 

Setup used in the optical responsivity mea-
surement: the chopper disk is tilted 45° 
from the optical axis; the bolometer sees 
either the lab environment reflected by a 
chopper blade (hot load) or an Eccosorb 
pad floating in liquid nitrogen in the foam 
box behind the chopper (cold load).  

 

 

The NHEB used in this experiment had an absorber strip with resistance of 30 Ohms. The 
detector sample had been tested first electrically in a dilution refrigerator at T = 0.3 K.. 
0.5 K. We have recorded IV-curves of the junctions at different temperatures, which has 
allowed us later to measure the electron temperature of the absorber strip in the optical 
experiment. 

The results of the optical responsivity measurements are shown in the Fig. 6. The 
maximum response was 4 µV at the optimal bias current of 1.2 nA. By comparison of the 
junctions’ IV-curve with the IV-curves recorded in the dilution refrigerator we could 
conclude that the electron temperature in the absorber strip was 0.50 K, which also was 
the minimum electron temperature we could achieve in this experiment, even though the 
cryocooler’s physical temperature was as low as 0.30 K. Presently we suspect that this 
overheating was due to the rf-interference from outside the cryostat penetrating through 
the test wiring attached to the antenna plane. 
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Fig. 6 Left panel: IV-characteristics of the SINIS tunnel junctions in the optical 
responsivity measurement; the curve corresponds to the electron temperature of 
0.5 K in the N-electrode (absorber strip). Right panel:  Voltage response 
corresponding to chopping between cold and hot loads outside the dewar 
window. The measurement has been done with a lock-in at 35 Hz. The vertical 
axis is the junctions’ bias current (same as in the left panel). 

 

A simple estimation of how the radiation power coupled to the bolometer changes with 
switching between the cold and the hot loads can be obtained with the following 
expression, derived from the Plank’s formula for blackbody radiation in the limit of high 
temperatures and low frequencies: 

( ) fKKkP B ∆⋅−⋅=∆ 77297η . 

η represents all the optical and coupling losses, and ∆f is the detection bandwidth which 
in our case is determined by the width of the main resonance in the frequency 
characteristics of the antenna. We have accounted for the following losses: 

• Dewar windows (teflon), reflection, -0.4 dB  

• Neutral density filter, calibrated by the manufacturer, -18.9 dB 

• Focusing dielectric lens (TPX), reflection, -0.2 dB 

• Silicon lens, reflection, -1.5 dB 

This gives in total -21 dB, or η = 7.9×10-3. The unaccounted losses can be absorption 
losses, interference losses, antenna losses, and antenna-to-bolometer matching losses. 
The bandwidth ∆f has been estimated from a measurement done on a 100:1 scale model 
of the antenna as 0.3fo, or 100 GHz (accurate within about ±50%). Substituting the 
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estimations for the losses and for the bandwidth into the expression above we get ∆P = 
2.4×10-12 W and maximum responsivity S = ∆V / ∆P = 1.7×106 V/W.  

The theoretical responsivity of the NHEB with this volume of the absorber strip would be 
Stheor = 1.5×107 V/W at 0.5 K. If we associate the discrepancy solely with the 
unaccounted losses it would mean that those losses in this experiment were as large as 
-9.5 dB. 

Fig. 7 

Voltage noise from the NHEB at 
the operating conditions and the 
amplifier’s own noise. The optical 
responsivity has been measured at 
35 Hz. 

30x10
-9

 

25

20

15

10

5

0

V
ol

ta
ge

 n
oi

se
  [

 V
 / 

H
z1/

2
]

10
2 3 4 5 6 7 8 9

100
frequency [Hz]

amplifier

NHEB at working bias

 

 

The results of the noise measurements are shown in the Fig. 7. The noise from the 
amplifier (INA110, differential OpAmp with an FET input) is the dominating 
contribution (13 nV/Hz1/2 at 35 Hz). The total bolometer noise at 35 Hz (the frequency 
used in the optical responsivity measurement) is about 15 nV/Hz1/2 which corresponds to 
NEP = en/S = 9×10-15 W/Hz1/2. For the same bolometer operating at 0.3 K and in the 
absence of coupling losses this output noise would have corresponded to 
NEP = 9×10-17 W/Hz1/2. 

Finally, we attempted to measure the time constant of the detector or that of the 
measurement system, whichever would be shorter. We had placed an IMPATT oscillator 
radiating at 62 GHz in front of the dewar window and modulated it at frequencies up to 
200 kHz. To reduce the incident power the window was blocked by a metal bar, leaving a 
small gap just enough to get a measurable response from the NHEB. We have observed a 
–6 dB/octave roll-off with characteristic frequency 20 kHz (Fig. 8). Considering the 
dynamic resistance of the tunnel junctions at the working point (100 kOhms) and 
capacitance of the wiring connecting the junctions to the amplifier (about 100 pF), this 
frequency behavior perfectly corresponds to the low-pass filtering action of the readout 
circuit. The conclusion has been made that the time constant of the bolometer itself is at 
least below 10 µs. The theoretical value of the NHEB’s time constant at 0.5 K is 0.16 µs 
(fmod > 6 MHz). 
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Fig. 8 

Dots: Amplitude of the bolometer’s 
response to radiation from a strong 
62 GHz-source modulated at diffe-
rent frequencies.  

Curve: theoretical frequency 
characteristics of an RC lowpass 
filter with fc=20kHz. This value 
corresponds quite well to the R and 
C of the readout circuit. No rolloff 
contribution from the bolometer 
itself could be identified. 
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Further development 

 
In the near future we are aiming to improve our experiment and achieve better values of 
sensitivity. The primary issue is to avoid the rf interference by installing additional filters 
in the cryostat. In this way we hope to reduce the working temperature of the bolometer 
to the physical temperature of the cryocooler, that is 0.3 K. The next step will be to 
minimize the output noise by using a cooled amplifier with noise level below 5 nV/Hz1/2 
in the vicinity of the detector. These two measures should improve the sensitivity by the 
factor of 20. At the same time we will need to identify and measure the unknown losses 
in the optical coupling and measure the true frequency spectrum of the receiver. We plan 
to do this by using a Fourier Transform Spectrometer.  

Later on we would like to improve the performance of the NHEB even more by 
decreasing the absorber strip volume and by trying out materials other than copper and 
aluminum. It has been reported that in Hafnium and possibly in some other thin films one 
could obtain dependence of the τep on temperature as T4 instead of T3 [10]. This would 
mean that the electron-phonon thermal conductance might be reduced even more, thus 
enhancing the bolometer responsivity. And besides the development of the individual 
detector element we plan to provide eventually also an array solution with a few NHEBs 
operating simultaneously on the same chip. 

 

Conclusions 

We are developing the NHEB - an antenna-coupled hot-electron direct detector 
particularly suitable for creating rapid bolometer cameras. According to the electrical 
responsivity measurements this detector can have sensitivity of NEP = 10-17 W/Hz1/2 and 
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time constant in the microsecond range at 0.3 K; a greatly better performance is possible 
at 0.1 K. Functionality of the NHEB has now been demonstrated in an optical 
qualification experiment with hot/cold load; the detector has been operated at 0.5 K and it 
has shown the optical NEP = 9×10-15 W/Hz1/2. In the near future we aim to improve 
performance of the NHEB at 0.3 K and obtain the predicted level of sensitivity; later on 
we will also start to develop an array solution. 

 

Acknowledgements 

We are grateful for the scientific and technical support from the bolometer group at the 
University of California at Berkeley (Prof P.L. Richards et al). 

This project is supported by The Swedish Research Council for Engineering Sciences 
(TFR) and by Swedish Foundation for Strategic Research (SSF). 

 

References 

[1]  M. Griffin, B. Swinyard, L. Vigroux, Proc. SPIE 4013, Munich, 27-31 March 2000 

[2]  J.M. Gildemeister, Adrian T. Lee, P.L. Richards, Appl. Phys. Lett., Vol. 74, No. 6, 
868 (1999) 

[3] D.J. Benford, C.A. Allen, A.S. Kutyrev, S.H. Moseley, R.A. Shafer, 
J.A. Chervenak, E.N. Grossman, K.D. Irvin, J.M. Martinis, C.D. Reintsema, Proc. 
of the 11th Int. Symp. on Space Terahertz Technology, Ann Arbor, MI, May 1-3 
2000, pages 196-205 

[4] M. Nahum, P.L. Richards, C.A. Mears, IEEE Trans. Appl. Supercond., Vol. 3, No. 
1, 2124 (1993) 

[5]    M. Nahum, J. Martinis, Appl. Phys. Lett., Vol. 63, No. 22, 3075 (1993) 

[6] D. Golubev and L. Kuzmin, submitted to the Journal of Applied Physics 

[7] D. Chouvaev and L. Kuzmin, Proc. of the 11th Int. Symp. on Space Terahertz 
Technology, Ann Arbor, MI, May 1-3 2000, pages 465-473 

[8] J. Zmuidzinas, H.G. LeDuc, IEEE Trans. on Microwave Theory and Techniques, 
40(9):1797-1804, Sept. 1992 

[9] Ken Wood /QMC Instruments Ltd., 
http://qmciworks.ph.qmw.ac.uk/Products_frame.htm; accessed 2000-04-27. 

[10] M.E. Greshenson, D. Gong, T. Sato, B.S. Karasik, W.R. McGrath, A.V. Sergeev, 
Proc. of the 11th Int. Symp. on Space Terahertz Technology, Ann Arbor, MI, May 1-
3 2000, pages 514-523 

 

W Dang


W Dang
456


	KOSMA, I. Physikalisches Institut, Universität zu Köln
	Zülpicher Strasse 77, 50937 Köln, Germany
	A mixture of 6 sccm CCl2F2 + 1.2 sccm NF3 is used for anisotropic reactive ion etching of the 100€nm top Niobium for 1:30 at 0.17€W/cm2, (-105€V) and 40€µbar [5]. The Al2O3-Al barrier is sputter etched with 8€sccm  Argon at 10€µbar and 1.1€W/cm2 (-605€V)
	Table 1: Differences in fabrication between the batches A. B and C
	Ground layer
	1.4_Salez.pdf
	ABSTRACT
	
	
	1. INTRODUCTION


	4. SIS JUNCTION FABRICATION
	
	
	
	
	Table I
	Table II


	6. LOW-CURRENT ELECTROMAGNET
	7. DEMONSTRATION MODEL MIXER
	ACKNOWLEDGEMENTS

	REFERENCES


	Microwave Studio, Computer Simulation Technology, http://www.cst.de
	Société Audoise de Précision, Z.A. du Pont, F-81500 Ambres, France.



	2.4_Merkel.pdf
	Introduction
	Steady State Large Signal Model
	
	Contact resistance
	Heat balance


	Time Dependent Linearised Small Signal Model
	The Active Zone Model
	Comparison with Experiment
	Conclusion
	References

	4.1_Betz.pdf
	HgCdTe Photoconductive Mixers for 2-8 THz

	5.4_khosropanah.pdf
	Abstract
	Introduction
	RF current distribution in an infinite long resistive strip
	QuickWave-3D( simulated results
	2D bolometer model
	Sonnet( simulated results
	Discussion and conclusion
	Acknowledgements
	References

	5.12_Shi.pdf
	Fig. 2 Differences of the noise temperature and conversion gain
	as a function of junction’s ?RnCj product.
	Fig. 5a Feed point impedance vs. frequency; Fig. 5b Feed point impedance vs. feed width
	References

	5.16_Matsuura.pdf
	Shuji Matsuura
	Abstract
	References


	6.3_yngvesson.pdf
	K.S. Yngvesson, C.F. Musante, M. Ji, F. Rodriguez, and Y. Zhuang
	E. Gerecht
	Department of Astronomy, University of Massachusetts at Amherst,
	Amherst, MA 01003; gerecht@astro.umass.edu
	M. Coulombe, J. Dickinson, T. Goyette, and J. Waldman

	6.4_cherednichenko.pdf
	Local oscillator power requirement and saturation effects in NbN HEB mixers.
	S.€Cherednichenko1, M.€Kroug, H.€Merkel, E.€Kollberg
	D.€Loudkov, K.€Smirnov, B.€Voronov, G.€Gol’tsman, E.Gershenzon.
	Abstract  The local oscillator power required for NbN hot-electron bolometric mixers (PLO) was investigated with respect to mixer size, critical temperature and ambient temperature. PLO can be decreased by a factor of 10 as the mixer size decreases from
	Introduction.
	Device fabrication and experimental Set-up.
	Local oscillator power
	Saturation effects in NbN HEB mixers.
	Conclusion.
	References.

	7.1_Erickson.pdf
	THz Circuits
	Doubler Design
	Doubler Construction
	Devices
	Cryogenic tests

	Machining
	1 THz Tripler
	Tripler Results
	Conclusions
	References

	8.1_Uzawa.pdf
	Graduate School of Science and Technology, Kobe University
	Abstract
	A. Fabrication and I-V Measurements
	B. Noise Measurements


	10.2_Chouvaev.pdf
	Denis Chouvaev, Daniel Sandgren, Michael Tarasov*, and Leonid Kuzmin
	Abstract
	Introduction
	The Normal-Metal Hot-Electron Bolometer
	The optical setup
	
	
	Fig. 3



	The measurement results
	Further development
	Conclusions
	Acknowledgements
	References

	13.1_Walker.pdf
	Abstract
	Mixers
	Pole Star IF Processing
	Pole Star Array AOS
	Summary
	References



	13.4_matsunaga.pdf
	Abstract
	Introduction
	Non linear transmission line resonator mixer design
	Junction Fabrication
	Receiver noise measurement
	Results and Discussion
	Conclusion
	Acknowledgment
	References
	Figures and Tables

	7.3_maiwald-SpTHz-paper.pdf
	Frank Maiwald, S. Martin, J. Bruston1, A. Maestrini, T. Crawford and P. H. Siegel
	ABSTRACT
	INTRODUCTION
	MONOLITHIC MEMBRANE DIODE (MOMED) CIRCUIT
	WAVEGUIDE BLOCK
	MEASUREMENT SYSTEM
	RESULTS
	SUMMARY
	ACKNOWLEDGEMENTS
	REFERENCES

	7.2_THZ2001_8.pdf
	ABSTRACT
	INTRODUCTION
	DESIGN AND FABRICATION
	Device optimization and Diode loop
	Waveguide probes
	Matching circuit
	Bias circuit
	Housing block and output horn
	Circuit fabrication

	PERFORMANCE
	Simulation
	Assembly
	Measurements

	CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES

	7.4_alderman.pdf
	2) Pillar Geometry
	3.2) Operating temperature of Pillar HBV diode
	Acknowledgements

	2.1_Siddiqi.pdf
	I. Introduction
	
	III. Results
	A. I-V Curves
	B. LO Power and Conversion Efficiency
	C. Conversion Efficiency vs. Bias Voltage
	D. Mixer Noise

	IV. Conclusions
	References


	5.7_saily.pdf
	Jussi Säily, Juha Mallat, Antti V. Räisänen
	Abstract
	Acknowledgements
	References


	CPWfinal.pdf
	Jet Propulsion Laboratory, 4800 Oak Grove Drive, M/S 168-314, Pasadena, California, 91109
	Introduction

	13.5_baryshev.pdf
	ABSTRACT
	
	
	OPTICAL DESIGN
	SINGLE-ENDED WAVEGUIDE MIXERS
	SINGLE-ENDED QUASI-OPTICAL MIXERS
	BALANCED MIXERS
	CONCLUSIONS
	ACKNOWLEDGEMENT




	3.4_abs_wyss.pdf
	Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109
	
	
	S. Matsuura†, G.A. Blake,



	Pasadena, CA 91125
	
	
	C. Kadow‡ and A.C. Gossard



	Materials Department, University of California – Santa Barbara, Santa Barbara, CA 93106
	
	Abstract

	The electric field distribution in photomixers with electrodes deposited on the surface has already been calculated1.  It was shown that the strength of the electric field diminishes rapidly with depth.  It was argued that the resulting reduction of the
	We have fabricated and measured traveling-wave photomixer devices which have both embedded and surface electrodes – the nominal spacing between the electrodes was 2€?m.  Devices were made using either low-temperature-grown (LTG)-GaAs or ErAs:GaAs as the


	5.15_abs_wyss.pdf
	Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109
	Materials Department, University of California – Santa Barbara, Santa Barbara, CA€93106
	
	Abstract

	Traveling-wave photomixers1 have superior performance when compared with lumped area photomixers2 in the 1€to 3€THz frequency range.  Their large active area and distributed gain mechanism assure high thermal damage threshold and elimination of the capac


	8.2_shitov.pdf
	S.€V.€Shitov
	B.€D.€Jackson, A.€M.€Baryshev
	
	
	Abstract

	Introduction
	General Approach




	3.4_abs_wyss.pdf
	Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109
	
	
	S. Matsuura†, G.A. Blake,



	Pasadena, CA 91125
	
	
	C. Kadow‡ and A.C. Gossard



	Materials Department, University of California – Santa Barbara, Santa Barbara, CA 93106
	
	Abstract

	The electric field distribution in photomixers with electrodes deposited on the surface has already been calculated1.  It was shown that the strength of the electric field diminishes rapidly with depth.  It was argued that the resulting reduction of the
	We have fabricated and measured traveling-wave photomixer devices which have both embedded and surface electrodes – the nominal spacing between the electrodes was 2€?m.  Devices were made using either low-temperature-grown (LTG)-GaAs or ErAs:GaAs as the


	4.4_Sergeev.pdf
	References
	Tc
	NEPGR



	Lee.pdf
	Bell Laboratories – Lucent Technologies, 600 Mountain Ave., Murray Hill, New Jersey 07922

	4.4_Sergeev.pdf
	References
	Tc
	NEPGR



	5.8_abs_mitrafanov.pdf
	*Bell Laboratories – Lucent Technologies, 600 Mountain Ave., Murray Hill, New Jersey 07922

	10.6_abs_matsuo.pdf
	SIS photon detectors for submillimeter-wave observations

	11.3_abs_maestrini.pdf
	A. Maestrini, D. Pukala, E. Schlecht, I. Mehdi and N. Erickson?*
	Caltech, Jet Propulsion Laboratory, 4800 Oak Grove dr., Pasadena, CA 91109
	ABSTRACT

	10.2_Chouvaev.pdf
	Denis Chouvaev, Daniel Sandgren, Michael Tarasov*, and Leonid Kuzmin
	Abstract
	Introduction
	The Normal-Metal Hot-Electron Bolometer
	The optical setup
	
	
	Fig. 3



	The measurement results
	Further development
	Conclusions
	Acknowledgements
	References

	11.3_maestrini.pdf
	1University of Massachusetts
	Introduction
	Description of the test setup
	Multiplier measurements
	Conclusion
	Acknowledgements
	References

	preface.pdf
	Please note the dates and location for the 13th Intl. Symposium on Space Terahertz Technology to be held in 2002:

	8.1_UzawaFixed.pdf
	Graduate School of Science and Technology, Kobe University
	Abstract
	A. Fabrication and I-V Measurements
	B. Noise Measurements


	8.1_UzawaFixed.pdf
	Graduate School of Science and Technology, Kobe University
	Abstract
	A. Fabrication and I-V Measurements
	B. Noise Measurements


	5.12_ShiFixed.pdf
	Fig. 2 Differences of the noise temperature and conversion gain
	as a function of junction’s ?RnCj product.
	Fig. 5a Feed point impedance vs. frequency; Fig. 5b Feed point impedance vs. feed width
	References

	preface.pdf
	Please note the dates and location for the 13th Intl. Symposium on Space Terahertz Technology to be held in 2002:

	titlepage.pdf
	Space Terahertz Technology
	San Diego, California


	4.1_betz.pdf
	HgCdTe Photoconductive Mixers for 2-8 THz
	Introduction
	Existing Technology
	Proposed New Technology HgCdTe

	Bandgap Engineering
	Hg1-xCdxTe Alloys
	HgTe/CdTe Superlattices

	FIR Mixers
	Resonant Cavity Enhanced (RCE) Photodetectors
	Bibliography

	STT_bilayer.pdf
	P. Yagoubov, X. Lefoul*, W.F.M. Ganzevles*, J.  R. Gao,
	P. A. J. de Korte, and T. M.  Klapwijk*
	Abstract
	1. Introduction
	2. Material considerations for the bilayer
	3. Films fabrication and dc characterization
	4. HEB mixer fabrication and dc test results
	5. Summary
	Acknowledgement
	References

	preface.pdf
	Please note the dates and location for the 13th International Symposium on
	Space Terahertz Technology to be held in 2002:




