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Abstract— Technology of remote sensing in the terahertz range
(frequency interval arbitrarily set between 0.1 — 8 THz) is the
object of considerable development efforts addresdeto a
number of new civilian and military applications. Technical
challenges appear in the THz sensing of temperaturdifferences
above an existing hot surface target, such as radian patterns
produced by high energy electrons in laboratory acslerators,
and thermal differentiated structures in the solardisk in space.
The efficient suppression of radiation in the visikd and near
infrared (set arbitrarily for wavelengths < 10 um) is an essential
requirement. An experimental setup has been prepatk for
testing at room temperature THz materials and deteors, aiming
the detection of solar radiation. A custom-made dettor
consisted in a room-temperature micro-bolometer INOcamera
with HRFZ-Si window. The THz transmission of two “low-pass”
membranes were tested for black body temperaturesanging
300-1000 K: Zitex G110G and TydexBlack. It has been
demonstrated that both are effective suppressors ahdiation at
wavelengths < 15um, with the first one exhibiting a small
radiation excess, that may be attributed to small igible and NIR
allowance. We describe optical setups prepared to detect solar
radiation, consisting in a microbolometer camera peceded by a
photon pipe, low-pass membrane and band-pass resartametal
mesh, placed at the focus of the 1.5 m reflectorfeubmillimeter
waves (SST) at El Leoncito, Argentina Andes.
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. INTRODUCTION

Technologies for photometry and imaging in the Teizge
(arbitrarily 0.1 — 30 THz) are in full expansiorr f@ variety of
new and unique applications in different civil amdlitary
areas presenting a number of distinctive advantageshe
well known microwaves or near-infrared technologigésiz
radiation propagates well through cloth, dust aogl [tL]-[3].
Sensing in this range is proving to be particularbeful to
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determine internal characteristics of materialsthia search
for drugs, mines and explosive materials. New lgjmal and
medical THz imaging applications are far reachivgrospace
THz remote sensing applications include new appgresido
determine  atmospheric  inhomogeneities and cloud
characteristics [4]-[6].

Photometry and imaging at THz frequencies have itapb
application in the diagnostics of radiation prodlidey high
energy electrons, observed in laboratory accelesdi@ and
by thermal and non-thermal space plasmas [8][9]. &
currently developing subsystems needed for thenasgea
THz photometer/imager to be used in solar flareepolaions
at discrete frequencies from the ground, in theoaphere
transparency 0.4; 0.67 and 0.86 THz windows at gh hi
altitude site, and from space at 3 THz. One eident
requirement to perform these measurements is tleetiok
suppression of input visible and near infra-redR]Niadiation.
This can be obtained using a number of THz low-fidtess
[4]. We present here the experimental arrangemeaide to
measure the transmission of materials commercéaiilable:
Zitex G110 G [10] and BlackTydex [11]. Optical setuare
shown for solar observations using the same labrdtHz
photometer arrangement.

. THE EXPERIMENTAL ARRANGEMENT

The tests were carried out by collimating a radati
blackbody (made with a nichrome resistor) at an IMBICII
V2 camera focal plane array of vanadium oxide micro
bolometers, according to the schematic arrangestewn in
Figure 1. The 0.15 m diameter concave mirror wagsaed to
produce a real image at the camera FPA (withoutlang).
Resistor temperatures were measured by a coupérdhoh
pair. The low pass filters where placed in front EPA:
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TydexBlack and zZitex G 110. The range of tempeestwere
typically from ambient (about 300 K) to 1000 K. gkie 2
illustrate the actual assembly.

Low pass filter

Camera
INO

NiCr
Resistor

Plate

Black body

Figure 1. Principle of the experimental setup

Figure 2. INO camera with TydexBlack THz filter placed in front of the
FPA (left). At right the nichrome heated resistor,the 0.15 m concave
reflector in the background aligned to form its image in the camera FPA
(located behind the protecting surface, at the lefof the picture).

. THE THZ LOW-PASS FILTER MEMBRANES

The Zitex G110 film (0.25 mm thickness, sinteredidre

with 1-2 um pore sizes) is known as an effective suppredsor o

radiation with wavelengths shorter than B, where the
measured transmission is nearly zero [10]. Seer&igu
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Figure 3. Zitex G110 transmission and absorption1[0]

The transmission of this membrane was recendy
measured by Tydex Company, at St. Petersburg, &usith
results shown in Figure 4. Although confirming tEéex
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G110 transmittance in the THz range, careful meamsants
taken in the visible-near infrared (< i, ) range revealed a
small amount of power transmission, shown in Figbre
corresponding approximately to about 0.3 % of tbevgr in
the visible-NIR. This amount may become significant
relative power since blackbody radiation at tempees
ranging 300-1000 K produce nearly 20 times more grom
the visible-NIR compared to the power in the > range.
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Figure 4. Zitex G110 transmittance as measured atyHex laboratory
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Figure 5. Transmittance of Zitex G110 in the nearrnifrared, as measured
at Tydex laboratory

The alternate THz low-pass filter considereds whe
TydexBlack membrane, produced by Tydex company.[11]
The TydexBlack THz transmittance is shown in Figbire
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Figure 6. TydexBlack THz transmittance [11]

TYDEX JSCo

The visible - near infrared transmittance of TyddR,
shown in Figure 7, is considerably smaller compdeceditex
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G110 (Figure 5). The power transmission in the NBR<<
0.05% (compared to the 0.2% measured for Zitex 110
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Figure 7. The TydexBlack NIR transmittance is consglerably smaller
compared to Zitex G110 (Figure 5) [12]

IV. RESPONSE TO BLACK BODY RADIATION

The nichrome resistor emission may be assumed iag be

close to an ideal black body radiator. The resistoage
occupied nearly 70 % of the camera FPA. We selettied
Region Of Interest (ROI) over the area in the fritied by
the heated resistor. All pixels readings on the R@ie added
and averaged for every frame reading, quoted inecam
reading units. Several sets of measurements wéemn,tdor
temperatures ranging from ambient to about 900 ke €eries
of measurements are summarized in Figure 8.
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Figure 8. INO camera response to the temperaturef ¢he black body
(resistor) collimated on the focal plane array, fre path (blue), and with
low pass filters interposed (pink and red)

The camera response with the low pass filtelerposed in
front of the FPA was considerably reduced. Anoteres of

with Zitex G110 low pass filter interposed is ab@@-40
reading units above the TydexBlack readings, fer whole
range of temperatures. This effect was repeatdudgmved for
all series of measurements. It might corresportiedraction
of power in the visible-NIR transmitted by Zitex Gl (see
Figure 5).
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Figure 9. Another independent set of measurementsr TydexBlack
interposed. The “average raw” plot is for several dta readings averaged
at a same temperature. The “fluctuations” are reprsentative of the
uncertainties of the measurements

To evaluate the effective low pass filtering of ieadd
power in the approximate > 16n range, we shall compare to
calculated black body variation in radiant power &given
temperature change at a given reference temperafbere
are several website readily available for quickcahtions
[12]. In the higher temperatures the measuremeamtdhetter
defined. Taking the measurements at 783 K and 888ekcan
predict the increase in radiant power within thexdbgband
radiance):

AP(0.5-1000) 4188.3 W/niYsr, for the wavelength range of
0.5 to 100Qum (i.e., without low pass filter)

AP(15-1000) 76.5 W/nd/sr, for the wavelength range of 15 —
1000pm (with low pass filter).

The predicted ratio of power increase for aclblédody
heated from 783 K to 883 K is close to 55. FronuFég 8 and
9, powers are proportional to the square of theecameading
units. The measured power increase is proportibaathe
difference of squares of reading units for 783 Kl &83 K.
We obtain the ratio for power increases for frems$mission
to low pass filter transmission (data taken frora thest fit
line) of about 108 (for BlackTydex) and of 55 (fditex
G110). The difference in the attenuation factorghhibe
acceptable, in view of the fluctuations in the ceaneeading
units. This result is qualitatively close to thegicted ratio of

measurements using TydexBlack membrane are zoomed power increase.

Figure 9. The fluctuations of data points can habatted to
measurement fluctuations (of about + 1 reading)usinhce
they were taken with short time integration (30nfess/s), at
the limit sensitivity. It can be noted that the @aenreadings
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We conclude that both Zitex G110 and TydexBlémk
pass filters effectively suppress the short NIR amslble
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radiation. The Zytex G110 filter, however, appeamtiow a
small excess transmission in the whole range opé&zatures.

V. SETUP FOR BOLOMETER SOLAR OBSERVATION

There were mechanical developments made at EAGio
place the INO camera and filters at the focus @&f solar
submillimeter-wave telescope (SST) 1.5 —m reflecimeated
at El Leoncito, 2550 m altitude, Argentina AndeS8][1Two
configurations were prepared: (a) Prime focus, ewtdnian
(illustrated in Figure 10); (b) Nasmith configuti (adding a

terciary flat mirror to the Cassegrain setup).

Figure 10. The primary focus configuration designléft), and installation

The flat secondary mirror has a aluminized tosgrface to
diffuse and further minimize the visible and NIRliaion as
described by Kornberg et al. [14]. A photon trapabalic
cone was added to enhance the total solar disktradiinto

the detector FPA.
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Figure 11. M12-81-8000 ESSCO Radome GoreTexMembrane

The SST radome losses for smaller THz frequendies a
shown in Figure 11.
transmission becomes sufficiently good for frequesndess

than about 0.8 THz.

losses [15]

VI —BOLOMETRIC DETECTION LIMITS USING THEL.5-M
REFLECTOR ANTENNA

A. Atmosphere attenuation factors

The best values for atmosphere attenuation unedisat El
Leoncito at 0.4 THz range 0.7- 1.0 nepers [16]. dialitative
estimate we may adopt for low opacity days an omtim
optical depth oft = 0.8 nepers at El Leoncito. For these days
we may assume a model extrapolation giving 1.5 nepers
for the “windows” at 0.67 THz and 0.85 THz. Theasotlisk
temperature in these frequencies is close to apped&ly
5000 K [18]. Fort = 0.8 nepers at 0.4 THz, elevation angle H
= 35, the brightness is reduced by a factor efsifiH] = 8.
Beam efficiency of 0.5 might be arbitrarily assignessulting
in a reduction final factor of about 8. We expectemlar
antenna temperature of about 620 K. £erl.5 nepers at 0.67
and 0.85 THz, assuming the same elevation anglebaath
efficiency, adding the attenuation due to the raglowe may
expect solar antenna temperatures of the order26fR at
0.67 THz and of 140 K at 0.85 THz.

B. Detectability for FOV smaller than the solar disk

The measurements performed in section IV indicated
INO camera response of about 20 K per reading forit). >
15 um, averaging pixels over a large ROIl. These
measurements were obtained collimating a black-body
radiation source through a 0.15 m diameter conceflector.
The use of the metal mesh resonant filters [18rptdsed to
the low pass filter further reduces the availabdevgr at the
center frequencies +10% band-pass by a factor ofitab00.
On the other hand, it is necessary to scale thesuements
with the camera placed at the SST focus, taking astount a
gain factor, corresponding to the gain ratio of SEb m
reflector with respect to the 0.15 m collimatindleetor gain
at the corresponding frequencies. It can be shbanthe SST
has a gain roughly 100 bigger than the 150 mm ¢tfieused
in the laboratory tests. It roughly compensates plogver

limited within the band-pass set by the metal nfétgrs.

Therefore, for the above good atmosphere transomssi
conditions one might expect to obtain about 30 irepdnits
at 0.4 THz; 10 reading units at 0.67 THz and 7 irepdnits at
0.85 THz. We predict that 3 sigma detection of shkar disk
should be possible with small time constant (0.@oeds) at
0.4 THz. Considerably longer integration times nidgie

needed to detect the solar disk at 0.67 and atT-&5

C. Detection of temperature enhancement of sourcefiesma
than the FOV

The minimum detectable solar flux for a bursurse

It indicates that the membransmaller than the field of view can be derived frime well

known equation:
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AS = 2 KATJA. Wm?Hz!

Where k is the Boltzmann constamtT, is the detectable

temperature difference and, As the aperture effective area.

The camera operating with 5/second cadence proviged.
of 1.5 reading units, which correspond to about K(n

antenna temperature. We remind that the 1.5 m aaten

gain/0.15 m ratio equals approximately the poweluction
within the 10% band-pass, at frequencies centemddl4 0.67
and 0.85 THz. Therefore we may assume that 3 sig
detection levels equals approximately 4.5 readimgsuor 90
K. Substituting in the above equation, for 20% &yer
efficiency for the 1.5 m reflector (at 0.4 THz fooherent
radiation) [13], we obtain a 3 sigma flux detectiohabout
100 10 Wmi ?Hz*, or 100 solar flux units, at 0.4 THz, with
0.2 s time constant.

We may tentatively predict the SST antenna taper
efficiency for higher frequencies using the welblum Ruze
equation [19], valid for coherent detectors at fiheal plane.
Extrapolating from the 20% efficiency at 0.4 THZ3]lwe
obtain estimates of 4% and 1%
respectively, which would imply in flux density law
detection limits with 0.2 s time constant of ab&®0 and
2000 SFU, respectively.
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