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Abstract. The comparative review of investigations and daweient state of super
high sensitive superconducting nanobolometers-serigoterahertz frequency range
Imaging array radiometers is presented. The comriusoncerning preferred design
of such bolometers is made. Hot-electron nanobdersevith combined radiation
absorber and transition edge sensor (TES) are pnostising for the achievement of
utmost high sensitivity as opposed to bolometershvhadiation absorbers are made
as suspended membranes and transition edge sansqust membrane temperature
measuring elements. Dimensions of absorber-TES icatnbn have to be small to
the limit — down to tens of nanometer, and openat@mperature has to be super low
— down to 30 — 40 mK. The networks of immersiors|golanar antenna, microstrip
and coplanar lines with nanobolometer coupled theam have to be used to match
THz radiation energy transfer to such small nanoieters. The design, fabrication
technology and application of imaging radiometersingt mentioned above
nanobolometers-sensors are considered.

Keywords: terahertz detector arrays, utmost high sengitiimbiaging radiometers.
Annotanus. [IpencraBieH conocTaBUTENbHBIA 0030p COCTOSIHUS HMCCJIEIOBAaHUN U
pa3pabOTOK  CBEPXUYBCTBUTEIBHBIX  CBEPXIIPOBOJHUKOBBIX  HAHOOOJIOMETPOB-
CEHCOPOB JIJII MAaTPUUYHBIX W300pKAIOIINX PATHOMETPOB TEPArepIOBOTO HUAIIa30HA
yactoT. CrenaH BBIBOJ O MPENNOYTUTENBHON KOHCTPYKIIMH TaKUX OOJIOMETPOB.
HanOosiee oOemaromumMu ¢ TOYKH 3pEHUS JOCTHIKEHHS MaKCHMAJIbHO BBICOKOM
npeﬂeanoﬁ YYBCTBUTCIIbBHOCTHU ABJIATOTCSA HaH060JIOMeprI Ha ropA4ux 3JICKTPOHAX

C ceHcopoM Ha Kpar cBepxmpoBogHukoBoro rmepexoma (CKII = TES),
COBMCHICHHBIM C ITOITIOTHUTCIICM H3JIYUCHHA, B IIPOTHBOIIOJOXHOCTD 6OJ'IOMeTpaM, y
KOTOPBIX IMOTIOTHUTCJIEM HU3JTYYCHUSA ABJIAIOTCA IMOABCIICHHBIC M€M6paHLI, a CCHCOPbI

Ha Kparo CBCPXIPOBOAHMWKOBOIO IICPEXoda ABJIANOTCA 3JICMCHTAMH, H3MCPAIOIIMMU
TeMriepatypy meMOpas. Pasmepsr comemernHoro nornotutens-CKII qomxHbr ObITH
MMpCACIbHO MaJIbIMH. BIINIOTh A0 HECKOJBKHX OCCATKOB HaHOMCTPOB, a pa6oqaﬂ
TeMIlepaTypa 0JDKHA ObITh CBepXHU3KOH: BITOTH A0 30 — 40mK. Jlyst cornmacoBanus
Ipyu IIepeade DHEPIrud TEparepuoBOrOo H3JIyYCHUSI K TakMM MaJIopa3MEpPHBIM
HAHOOOJIOMETPaM JIOJKHBI OBITH MPUMEHEHBI MHTETPAJIbHBIE OJIOKH, COCTOAIINE U3
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HMMCPCHUOHHLIX JIMH3, IIJIAHAPHBIX AHTCHH M MHUKPOIIOJOCKOBBIX H KOIIIAHAPHBIX
JIMHUW C BKJIOYEHHBIMM B HHX HaHO6OHOMCTpaMI/I. PaCCMOTpCHBI KOHCTPYKIUA,
TEXHOJIOTHSA HM3TOTOBJICHUA MW IIPUMCHCHUA H306pa>1<a}0mnx pPaasuomMeTpoB C
Ha3BaHHBIMH BBIIIC HaHO6OJ'IOMCTpaMI/I-CCHCOpaMI/I.
KiawueBble cioBa: MaTpuibl TEPArcpuoBbIX ACTCKTOPOB, IIPCACIBHO BBbICOKAsA
YYBCTBUTCIIbHOCTD, 1/1306pa>1<a}01111/Ie PaasnuOMETPEI.

1. Nanobolometers. At the present time the electromagnetic oscillagioof
transitional (between millimeter and far infrareshges) frequency rande 0.3 — 10
THz (A = 1 mm — 3Qum) and the corresponding detector devices findiegobns in
several spheres: astronomical observations of darfjalaxies, development and
application of security systems, apparatus for gsddiagnostics, environment
monitoring devices, various production control @aares including staple foods and
so on. Nanobolometers based on the very low teriyerasuperconducting
nanostructures being in transition state are vemportant for the listed above
applicationsWhy nanobolometersihe well known quasiparticle Cooper pair [1] has

acquired recently one more name — “nanoparticlgj.. Fexplains this.
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Fig. 1. The Cooper pair — nanoparticle.
When this nanoparticles are occurring in a thim fdtructure of nanometer thickness:
a single layer of superconductor or in a two-lajgmperconductor - normal metal”
structure — the very important physical propent@seal themselves: dimension effect
in the superconducting single layer structure arakimity effect in the two-layer
“superconductor - normal metal” structure [1]. Gleristic thicknesses of thin films
in both cases are 10 -100 nm order what is commabieu with dimension of

nanoparticle “Cooper pair”. Both named above effeesult in possibility to adjust
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an operating temperature of nanobolometer by fafc¢he adjustment of layers
thicknesses to operation temperature of cryorafatge which cools nanobolometer.
The next substantial argumentthe dependence of the noise equivalent power of
nanobolometer on temperatuiie and absorber volum& of nanobolometer as
NEPO Tv [2]. As we have seen the thickness is enough s(all- 100 nm). The
transversal dimensions have to be as small as hipesas well. The available
fabrication technology being in our disposal preadiimensions up to ~pin x 100

nm.

2. Nanostructure effectsExperiments on said above nanostructure effectsy site

described in this section.

2.1. The dimensional effect in the single thin filnsuperconducting structure.The
dimensional effect occurs in the single thin fileppsrconducting structure at very
low temperatures. The effect is a partial suppoessif superconductivity on the
score of short distance (10 — 30 nm) between thin boundaries. The partial
suppression intensifies significantly the boundanmgluence on interaction of paired
electrons what reduces superconductivity transtigonperature. We have studied [3]
this effect in superconducting titanium thin filnfkig. 2). The superconductivity
transition temperature was reduced from ~ 387 7% mK, i. e. for ~ 23 % as it is
necessary to match this temperature with operatonperature ofHe sorption
cryorefrigerator.
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Fig. 2. The dimensional effect in superconductitantum thin film structure; films
thickness: (a) 320 nm, (b) 30 nm [3].
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2.2. The proximity effect in two-layer thin film structure “superconductor -
normal metal”. We have described this effect earlier [4] but rép@ascription
briefly here for generality. This effect is the malt partial penetration for nanometer
distances of Cooper pairs from superconductor tomabmetal and normal electrons
in opposite direction [5]. These displacements lteisuthe partial suppression of

superconductivity in two-layer thin film structur€he possibility of the reducing the

superconductivity transition temperatur& in two-layer thin film structure

“molybdenum — copper’” was studied in the laboratofyauthors together with

P. L. Kapitza Institute of Physical Problems of RA& in respect of TES-

nanobolometers (Table 1 and Fig. 3). Sample | isigle-layer molybdenum. It is

given here as initial one to demonstrate the alittemperature lowering due to

proximity effect.

Table 1
Sample | Thicknesses Critical Normal R(T) Operation| Noise equivalent
of layers, | temperature| resistance characteristici  bias power estimation
nm Te, K Ry, Ohm slope U Vv 172
, , NEPW/Hz
Mo | Cu =%a§$
I 12 0 0,93 67 1070 - -
Il 15 | 35| 0,40 2,9 150 16 ~4.10"
1 12 | 35| 0,27 2,6 320 19 ~ 410%°
IV 12 | 10/ 0,08 0,6 510 19 ~ 410+
0
20 30 25
60 0.5}
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0r 201 0.4}
20F
40F 1 I 1.5F I ozl IV
30l 1.5F ol
20k 10 ' 0.2
10+ 05} 0.5 0.1
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Fig. 3. The proximity effect in two-layer thin filistructure “molybdenum — copper”;
explanation in the text.
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In both cases (at Fig. 2 and Fig 3) transverse minas of samples ardex w=

15 x 1.5 mr The NEP estimations for nanobolometers which can be fabeit of
this structures with mentioned aboWT) characteristics and thicknesses were
performed for samples transverse dimensions reduoed.5 x 0.1%um?. The
estimations were performed on the basis of the uned®(T) dependences and the
electron energy balance equation [4, 6] like tleiraother similar works [7]. The
estimation results for Mo/Cu structures are represein Table 1 and results for

Mo/Cu and for Ti structures are shown at compaegtiot of Fig. 8.

3. Two ways of the designing receiving arrays withanobolometers.Two types of
TES-nanobolometePs are under consideration: (a) suspended at memdrane
spider-webs [8] and (b) coupled to antennas [2]arEples are given at Fig. 4.
Membranes 1 (there are seven of them in the gixample [8]) are mounted into
frame using legs 1. The THz radiation in this ces@rovided to each membrane
using horns 3 with resonance section behind memsbraa improve radiation
absorption. Two bandpass filters at 77 K and 4 Kesgess thermal radiation off.
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Fig. 4. Receiving arrays based on nanobolometerssese and radiation concentrated
horns and planar antennas, explanation in text.

The attached to each membrane TES 4 is carryingheumometer function. The
thermometer readings correspond to the radiatiamep@bsorbed by membrane. In
case of nanobolometers coupled to antennas [2jatthiation absorber and TES in

each nanobolometer are combined (Fig. 4, positlomhe reaction mass absorbing

Y TES-nanobolometers = nanobolometers-sensors
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radiation is the electron gas in the absorber-gernsahis case the electron gas is
heated by radiation and its temperature is incngasi comparison with absorber-
sensor film. By this reason nanobolometers undesideration have definition “hot-

electron”. The design example of such nanobolomatel the antenna providing it
with THz radiation power are shown at Fig. 4,b &dl \{positions 5 - 8) [9]. Properly

nanobolometer with combined absorber-sensor, maagely absorber-TES, in this
case is the single superconducting thin film or -teayer thin film structure

“superconductor-normal metal” (Fig. 4,b, position I this design a perpendicularly
crossed two double-slot planar antennas are enghlepr@at makes possible to receive
independently radiation power of both polarizationshe array of such

nanobolometers 8 is formed by the integration afjle nanobolometers as this is
shown at Fig. 4,b and Fig. 5 (on the right) or bg tntegration in camomile form

shown at Fig. 5 (on the left) as well. The radiat@an be provided to set of planar
antennas by horns (Fig. 4,a) or by immersiomsds. Two possible immersion lens
array configurations are shown at Fig. 5. The ¢tmgc of planar antennas and
Immersion lenses combination shown at Fig. 4,bFagd5 provides the realization of
hot-electron TES-nanobolometers with micron/subamcrtransverse dimensions
what is necessary for the obtaining utmost higls@aquivalent power for unique

astrophysical observations.

Fig. 5. The arrays of receiving element_s with imsrar lenses for THz radiation
reception.
4. Fabrication of THz integrated receiving microcircuits. The combination of
electron beam and optical lithography processeactepted as main concept for
fabrication THz integrated receiving microcircuii$e electron beam lithography is
destined for fabrication of THz absorbers-sensord matching elements having
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micron/submicron transverse dimensions while thecaplithography is destined for
fabrication of other components and parts of rangivnicrocircuits. In the capacity
of example the microphotograph of the fabricatedzThitegrated receiving
microcircuit with single polarized double-slot amb@ matched with nanobolometer-
sensor by microstrip and coplanar line sectionshewn at Fig. 6. The network
composed of transverse micron sized 10wt titanium absorber-sensor of 30 nm
thickness in the middle (main component of nanobel@r-sensor) with microstrip
and coplanar line sections on the left and right obrresponds tdhe lower levebf
the integrated receiving microcircuit. It has twilobium electrodes at the ends. Its
draft is given below at Fig. 6 for clarity. The abser-sensor is placed in the middle
of network between massive niobium electrodes piingithe hot electrons Andreev
reflection from them [10]. The whole network is falated using electron beam
lithography processThe top layerof niobium coated with gold to prevent THz
radiation losses forms area with double slots ¢érama and slots the edges of which
are opposite electrodes of coplanar lines. Theerlatbrm short-circuit quarter
wavelength sections for the blocking THz radiatidine center slot with coplanar
line is excited by double slot antenna, and thdar@y line transmits THz energy to
absorber-sensorThe middle isolating layemof integrated receiving microcircuit
(transparent) is of SO

One may expect tHeEP~ 10"° W/HZ"? of such integrated receiving microcircuits at
operation temperature 0.3 K as well asNEP =~ 10%° W/HZz? and better with
transverse dimensions 1 x Quin’> and operation temperature30 — 40 mK. The
results of these estimations are made in sectiand?presented at Fig. 8. The latter
sensitivity is needed for most advanced space @sj8PIRIT [11], FIRI [12],
MILLIMETRON [13] and others.
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Fig. 6. The microphotograph of the fabricated Thiegrated receiving microcircuit,
explanation in text.
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Fig. 7. Temperature dependences of two Ti absarnii@obridges in the
vicinity of a litle bit less than 0.3 K, dimensioatmicrobridges are
| xw x t0100 x 10 x 0.03um”.

The first R(T) measurment results of two micrometer-sized costbiabsorbers-
sensors fabricated using electron beam lithogrgpbgess are shown at Fig. 7. The
mentioned above estimation of valueNEP~ 10" W/HZ"? at

reduced samples transverse dimensions to 1 prf*and at temperature 0.3 K for

samples withR(T) shown at Fig. 7 were performed using the methaeflip

described in section 2. We have to take notice divaensiond andw of measured
microbridge samples is 15000 times larger each. (EFignd Fig. 3) and 100 times
larger each (Fig. 7), correspondingly, in comparigath model microbridge sample

transverse dimensions of 1 x Oum® chosen for estimations. In spite of such
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difference in transverse dimensions of experimgntakasured samples the resulting
estimated\NEP’s are almost the same what is a posteriory evidehdae identity of
samples physical properties at different transvealgseensions as well as the
estimation calculations methodology correctness.

5. The comparison of TES-nanobolometerNEP’s. We have carried out the
comparison of TES-nanobolometsiEP’s on the basis of Ti and Mo-Cu samples
estimated in section 2 with analogous values obthiby other authors. The
comparison results are presented at the plot of %igrhe besNEP at the plot
measured optically using radiation at frequencybOl8iz (. 0O 850 um) is ~ 3-10
Y'W/HZ"2 This figure is related to radiometer SCUBA-1 @ning 34 x 40
nanobolometer array installed at J. C. Maxwelldetpe [14]. Nanobolometers are
attached to membranes of transverse dimensi@ns x; the radiation is concentrated
onto membranes using horns analogous to that wieastaown at Fig. 4,b. These
nanobolometers are operated at temperature ~ 100 Ahdost similar optical
NEPU10® W/HZ? at the same wavelength but in cryorefrigerator vafferating
temperature ~ 0.3 K is obtained in [8]. The desigthese nanobolometers is shown
at Fig. 4,a. In both cases absorbers of nanobokymetre rather large by area (~
A x ) what causes their large volumei.e. sufficiently larger than absorbers of
nanobolometers coupled to antennas (Fig. 4,b). Thisses considerably larger
(the worse) values dNEP in comparison with expected ones at volumes of -TES
nanobolometers with micron/submicron transverseedsions of absorber-sensors
coupled to antennas. Data NEP’s at the plot of Fig. 9 are borrowed from works the

references on what are given at the plot.
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Fig. 8. TheNEP’scomparison of nanobolometers, explanation in text.

6. THz radiation image production with sub-diffraction resolution. Described

above high sensitive nanobolometer-sensors can rbploged in arrays for

production of THz radiation image with high defiait. Such possibility is very

important for THz range where the diffraction d#fon is considerable. One of

methods of such procedure is proposed in the lédrgyraf authors [18]. The method

Is based on the image scanning using two-dimenisienaiving element array when

array and image move circularly in common planatnetly each other (rotating or

not rotating) with small eccentricity between theaénters. The reconstructed image

can be obtained by means of the processing thenedtzeries of scanned images.

One of important requirements for obtaining ima@digh definition is utmost high

NEP of nanobolometer-sensor. The results of methodicgtion are demonstrated

briefly at the Fig. 9. In more details the procedigrdescribed in [18].
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Fig. 9. The illustration of the method: (a) the geabtained at a telescope with high
definition and used as comparative one, (b) orszafhned images of the same
observed object obtained at a telescope with hiffaction diffusion, (c) the

reconstructed image.

7. Conclusion.On the basis of performed consideration the falhgwconclusions are
made. (1) Hot-electron nanobolometers with combimadiation absorber and
transition edge sensor (TES), the latter fulfik telectron temperature measurement
function, are most promising for the achievementuthost high sensitivity as
opposed to bolometers which radiation absorbersenaadsuspended on membranes
and TES’s are membrane temperature sensors. (Hr3ions of TES have to be
small to the limit — thickness down to tens of maeter, transverse dimensions down
to 1 x 0.1um? and operating temperature has to be super lowwa do 30 - 40 mK.
The networks of immersion lens, planar antennarostdp and coplanar lines with
nanobolometers coupled into them have to be usedattch THz radiation power
transfer to so small nanobolometers. Such nanoleikns and arrays of them are
needed in the first place for the space astrondnaigplications where the cosmic

Y2 and less related to one nanobolometer.

background noise is of order of ¥0N/Hz
The electron-beam lithography technology is neddethbrication of nanobolometer
absorbers-sensors with mentioned above dimensidhs. array structures of
receiving elements with such nanobolometers ar@gs@d. It is reasonably to be
guided to such hot-electron nanobolometers andysariaf them in case of
applications demanding the moderate sensitivitg @*® W/Hz"?). In this case they
have to have dimensions of order of 10 pn¥ and not too super low temperature (~

0.3 K).
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