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Abstract — In this work we present the progress on the

realization of a superconducting microbolometer II.

sensible to the THz radiation. The operation of ttg
detector is based on an integrated antenna coupled
a suspended strip of superconducting material. The
bolometer works anywhere in the temperature range
2-7 K which can be easily reached in helium bath
cryostats or closed-cycle cryocoolers. We also reppo
on two possible applications we are working on, one
related to a system for homeland security and the
other one to astrophysical observations.

. INTRODUCTION

In the last decade there has been an increasiageat
in applications in terahertz sensing, spectroscapg
imaging that can be applicable in several fieldshsas
astrophysics and atmospheric science,

THE BOLOMETER'’S OPERATING PRINCIPLES

The Bolometer structure is based on a design first
introduced by Luukanen and Pekola in 2003 [1]. It
consists of a microscopic narrow Nb strip wheregrider
to improve its sensitivity, the thermal isolatiors i
enhanced by removing the physical contact with the
substrate, creating a free standing bridge strectlihe
application of a voltage bias to this superconahggcti
structure causes the formation of a hot spot imtfddle
of the strip where the superconductor switcheshi® t
normal state. The suspended strip acts as a thezteom
since the incoming radiation energy is dissipatedhie
hot spot region with a consequent modulation ofite.
This results in a modulation of its resistance andurn,
in a modulation of the current that flows as a ltestithe

biomedicalboltage bias. The recording of this current prosidiee

imaging, information and communication technology,measure of the radiation.

non destructive evaluation,
weapons, drugs, and explosives and so forth. teeeist
in applications in this region of the electromagnet
spectrum, which was characterized by a relativé lafc

convenient devices, has been triggered by the tecen
devices capable of both
recent
development of solid state sources such as Quantum

appearance of practical

generating and detecting the radiation. The
Cascade Lasers (QCL) emitting in the THz regiom, fo
example, is giving a boost to the development of ne
applications as they improve their characteristiceerms

of emitted power and operating temperature. The® h
been a large activity in recent years also conogriie
development of the THz detectors. Here we predemnt t
performances of a superconducting bolometer with hi

sensitivity, ease to use and of an optimized readou

electronics, called SHAB (Superconducting Hot-shiot
bridge Bolometer)

detection of concealed

‘-‘ 5 |im ; ;

Ifig. 1. Picture of the SHAB with the spiral antenna

taken with an optical microscope. The inset is 81SE
picture showing a detail of free standing bridge

structure of the microbolometer
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The THz radiation is transferred to the bolométedge .  READOUT OF THE BOLOMETER

by means of a planar lithographic antenna eledlyica The readout of the bolometer is performed by medns
coupled. The antenna is shaped as a logarithmialspi 5 transimpedance amplifier (TIA) which provides tbot
whose dimensions determine the relative bandwith [ the voltage bias of the bolometer and the measureafe
_ Infigure 1 an optical microscope picture of theide  the current flowing in the bolometer [5]. The eféxl
is_shown. The inset shows a SEM picture of thechematic principle of the TIA connected to the BHia
microbolometer bridge. _ shown in figure 3. The feedback resisfris cooled
The suspended strip is 1 pm wide and 15 um I08g. Igjose to the SHAB in order to minimize its conttibn
volume determinates the heat capa@yand, with the g the noise and to avoid the contribution of thegenic
thermal conductancé, the time constant= C/G of the  wjres that, with their resistance, would spoil thetage
device. In previous measurements we have estim@tedpias. The best sensitivity, with an electrical Bois

time constant value of about 200 ns which was altingr equiva|ent power NER10 fW/HzY over a frequency
to what we what expected [3]. band from 100 Hz to 10 KHz, has been obtained mgsi
A hyperhemispherical silicon lens of 6 mm diameser the SHAB close to the minimum in thd(V)
pressed on the back side of the chip containing thgharacteristics; this represents a trade-off betwthe
SHAB, in order to focus the incoming radiation teet need of a large dynamic resistangegto minimize the
planar antenna. contribution of the amplifier to the overall noisend a
The fabrication process [4] of the bolometer isgtbsn  |arge responsivity of the device.
the electron beam lithography (EBL). The EBL allowgs
a great flexibility in changing the design duringe th

Y
1

A}
1

1
optimization of the fabrication process and in aotap ' farn '
the constructive parameters for a specific appbtocat ! w .
When the SHAB is voltage biased and cooled to 4.2 K ' :
its I(V) characteristics follow the Hot-Spot model [1], : ! B
where the curve presents a minimum when the voloime ' SHAB ! —0
the hot spot equals about half of whole strip wwdu In : ! + Vout
figure 2 a typical characteristic of our SHAB, \age ' '
biased and cooled to 4.2 K is shown. A best-fithef hot- ' : v
spot model parameters allows to evaluate the tHerma ! X bias
conductance @) value The bolometer electrical ' T 42K 1 T
responsivity, i.e. the current response to a galentrical Semmmmmmm-- ‘
power, § =dl/dP,, is inversely proportional to the
voltage bias. Fig. 3. Electrical schematic principle of the TIA
connected to the SHAB
200 IV. BOLOMETER APPLICATIONS
Among the fields where the bolometer can be used, w
are now investigating two possible applicationsted to
a spectral signature system for homeland secunitiyta
180 - astrophysics.
<§_ A. Spectral signature system
=160— Since many materials among ERCs (Explosive and
related compounds) and drugs present unigque spectra
“fingerprints” in the terahertz range, the devel@mof
systems, capable to perform a spectral analysithim
140 - range of frequencies, is of great importance in ¢éland
INE————— security applications [6].
2 4 6 8 10 12 14 We are developing a THz spectral signature system
V(mV) based on a multicolour QCL emitter and a SHAB

) ) v receiver. The source consists of a linear arrag QICLs

the Hot-Spot model (red) and the radiation transmitted or reflected by t@sle is
detected by the SHAB. From the relative differences
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Frequency (THz) A preliminary test to verify the system's abilitp t

recognize materials has been carried out.
Fig. 4. Frequency response to a blackbody sourt¢hef We have measured the transmittance of three differe

conventional SHAB. Frequency emissions of QCL aig  Materials (chalk, aspirin and sugar). In figure t& t

represented by arrows experimental setup is shown.
The radiation generated by the four QCLs is focused

the absorption peaks at the various frequencieth®ef the material under test by a first ellipsoidal mirand to
QCLs, we can gather information about the substancge SHAB by a second one. The QCLs are hosted in a
under test. A better discriminative capacity can b%ryoco(ﬂer which keeps them to their operating
obtained by increasing the number of QCLs. Th&emperature of about 13 K, while the SHAB is houised
frequency response of the SHAB has been estimated B |iquid helium bath cryostat working at about &.2In
using a Fourier-transform infrared (FT-IR) specteden  order to avoid an excessive attenuation of theatut,
[8]. The result is shown in figure 4 where the etjye  the sample has been prepared by mixing the specific
frequency emissions of the QCLs are reported. material in the proportion of 10% with HDPE (High
According to calculations based on a simple logedpi Density Polyethilene) powder, which has low losses
antenna model with internal diameter of 15 um {88  the THz range. The results are shown in figure Rere
response bandwidth shows a high frequency cutofhe transmittance of the materials for the four QCL
around 2 THz. Despite this, the SHAB shows a certaifrequencies is shown. The measurements have been
level of sensitivity up to the higher frequency e  performed twice for each sample in order to chéuk t

QCLs. ~ reproducibility.
We have tested the response of the SHAB to singl 100 _
pulses (4 us duration) generated by the QCLs. &balts . |
are shown in figure 5. 2 -= Sugar
N\ -~ Sugar b
80 2, -&- Chalk
\\ -¥- Chalk b -
5 2 - N —— Aspirin e
1 1 S \:\* —< Aspirin b 7
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e e Fig. 7. Transmittance of chalk, sugar and aspitach
t (us) t (us) measurement was repeated twice in order to chexk th
Fig. 5.SHAB response to single pulses generated reproducibility

QCLs working at different frequencies.
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In these preliminary measurements we have In the observations with the COCHISE telescope, we
experienced a low frequency noise, perhaps duédndo tare interested in the frequency range around th& pé
fact that part of the optical path was in air asidce the the Cosmic Microwave Background (CMB), that means
terahertz radiation is strongly absorbed by theewat millimetre wavelengths. For this reason a SHAB wath
vapour, the measurements could have been affegted bedesigned planar spiral antenna has been faltidate
the moisture variation. meet the necessary bandwidth for these measurements
We are now working on the optimization of the wholePreliminary tests have been performed by means of a
system especially on what regards the optical sétup Lamellar Grating in order to measure the bandwiafth
particular, we are optimizing the optical coupliawgd we this dedicated SHAB. In figure 8 the measuremenhef
are studying a possible setup in which the wholéicap resulting bandwidth is reported, showing the shift
path is enclosed in vacuum or in a controlled aphese  towards the millimetre band.
space. Work is ongoing for the optimization of the optical
coupling of the radiation with the SHAB.
B. Astrophysical application

Millimetre and submillimetre observations are oéafr
interest in many different astronomical fields,cgirthey V. CONCLUSIONS
can yield a new view upon the Universe we liveAs.a We have reported on a superconducting bolometer
result, a great effort has been done in order i®ldp coupled by an integrated planar antenna to THztiah.
sensors with an increasing sensitivity such a§he characteristics of the bolometer are a higlkiseity,
semiconductor bolometers, or the superconductorsase of operation and optimized readout electronics
detectors of the new generation like the Transittwlge  Furthermore the bolometer operates in the temperatu
Sensors (TES) [9, 10] or the Kinetic Inductanceedtirs range 2-7 K, which can be easily reached in helath
(KID) [11]. In any case, to achieve a very goodcryostats or closed-cycle cryocoolers. We have also
sensitivity, it is necessary to operate them atatdtiw  reported on two possible applications we are waykin,
temperatures (300 mK or below). Achieving andone related to a system for homeland security &ed t
maintaining such temperatures is challenging. B t other one to astrophysical observations
other hand, ground based observations are affégtéie
absorption of the incoming radiation by the ambient VI. ACKNOWLEDGMENTS
atmospheric water vapour and the variations of this The authors thank G. Scalari for his support in
absorption causes a noise in the measured sigiails.  providing the QCLs
means that it is not useful to push the sensitigityhe
detector beyond a certain limit for ground-based REFERENCES
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