6 July 2006 -1 H GH SENSI TI VE RADI O RECElI VER SYSTEM AND HI GH FREQUEIggnlyzoo6
RECEI VER UNIT FOR USE THEREI N TECHNI CAL FI ELD 5 The present invention
relates to a high sensitive radio receiver systemincludi ng bandpass filters
whi ch are cooled for reception of a desired high frequency signal as nay be
used in a base station radi o equi pnment for nobile conmunication system for
exanpl e, and a high frequency receiver qﬂLt for wuse in such a receiver
system 10 PRI OR ART For a base station of a nobil e-conmunication system
which includes a plurality of sectors, space diversity reception technique
is enpl oyed for HBEGH SENSIFIVE RADIO REGEIVER SYSTEM ANDY EIIGIdept i on of
the signal transmtted from 15 a nobile station. In this instance, the
transmtted signal FREQUENGYbRECEEVER INISFOR &TSEATHYEREENpl ural ity of
antennae, and in order to achieve high C/ N(carrier to noise ratio)
characteristics, the received high frequency (hereafter h.) signals from
the antennae in each sector are processed by the bandpass filters of

pr edet er m TECHMNCALEIEHLDcs which are cooled with 20 extrenmely | ow
tenperature, and one of the filter outputs which exhibits a highest |evel

i s sel écted for Ubepreserntiiovehtionrelatesntd atlaghrsensities radio reneiverslyistegn
function applied to these bandpass filters ceases to_operate and allows the
t enper at ur mcludingbandpassnfaltersowhech gemeooleddforireneption iod abdesiped bighi | ter s

i ncrease, and there results a degradation in the noise 25 figure which has
been kept freguency signaltas may|bengsediica ibase stasian radioequipsmidar moebiler t he
received signal or a failure of reception. In_particular, when the bandpass
filters areomonpaisatonfsystensy omexampley anshalpigh frequeacy reeeiver unit for

use in such a receiver system.
10
PRIOR ART

Eor a base station of a mobile communication system which includes a
plurality of sectors, space diversity reception technique is employed for each
sector in order to attain high sensitive feception of the signal iransmitted from

15 amobile station. In this instance, the transmitted signal from the mobile
station is received by the plurality of antennae, and in order to achieve high
C/N(carrier to noise ratio) characteristics, the received high frequency
(hereafter h.f.) signals from the antennae in each sector are processed by the
bandpass filters of predetermined characteristics which are cooled with

20 extremely low temperature, and one of the filter outputs which exhibits a
highest level is selected for demodulation by an associated receiver.

If the cooling function applied to these bandpass filters ceases to
operate and allows the temperature to rise, thermal noises generated within
the bandpaés filters increase, and there results a degradation in the noise

25 figure which has been kept improved by the cooling function, leading to a
degradation in the received signal or a failure of reception. In particular,

when the bandpass filters are composed of superconducting bandpass filters, a



6 July 2006 -2 fault in the cooling unit results in not only a degrgga I>866
of the noise figure, but also a problemthat the reception is disabled in
all the sectors. This is because the superconducting bandpass filters
cannot be maintained in the superconducting state after exceeding the
critical tenperature. This problemis 5 quite renmarkabl e when the bandpass
filters connected to the plural antennae yn each sector are cooled in a

si ngl e vacuum chanber (heat shi el ding bo%? to reduce the total nunber of
the cooling units corresponding to the sectors for econom c purpose.
However, afidt intRe cBolin@ @it réqses ipAbt baly}Aidegradsdsh of thé Eh%i§eeﬁ§ﬁi‘d,0n of
the correspondi ng sector, even though the cooling unit is 10 provided

separ at el ybhiph]sog problmg rthatﬁmeafeeegﬂ@ﬁﬁgtliy&mea if\edl tesctbory. s Phighkem i s
disclosed in U S~ Patent NO 5,828,944, and is illustrated in Fig. 1. As
shown, twobsoawsedee supercendactsg bandpass fitfers bannot be maintainedtinrthe vacuum
chanbers 81, 82, 83. Each chanber contains a pair of superconducting
bandpass f hhpﬂrmndﬁcti@?watelﬂiéﬂexd&d@ﬁgmtﬁlticSCtélm eratare) Bk @doblem is
bandpass filters 31, 32 contained in different chanbers 81, 83; antennae
13, 14 »f geiteaenfitRablewhenrthetbatidpass dtedp eoanécledetosthedlutal anehnasiad i n
di fferent chanbers 81, 82; and antennae. 15, 16 of sector SC3 are connected
t o bandpaseaéh keetos a3d codled anaaingle vaculirh fobaetbier (heatbkieddBig béS) toQut put s
fromthe bandpass filters 31, 32 are connected to a 20 diversity receiver
91, out put seducemhiiewtalbmnambes ofithe @ooli®g, udids somrespondniged the sextorsviorsi ty
receiver 92, outputs fromthe bandpass filters 35, 36 are connected to a
diversity eecromec pAidpos.t hHowevers adagarein onefofahtse tooingamitsdisablest he
chanber 81 which contains the bandpass filter 3 1, 33 for sectors SC 1 and
SC2, for exfamdoepticieof #te domespondingf feetor, ievendhbughahe aomlirghlieit ibut t he
reception in these sectors are not disabled because the remai ni ng bandpass

filterk) 32providedrsepasately fort each seator.
An arrangement which overcomes this problem is disclosed in U. S.

Patent No. 5,828,944, and is illustrated in Fig. 1. As shown, two antennae
are arranged in each of three sectors and three vacuum chambers 8, 8,, 8s.
Each chamber contains a pair of superéonducting bandpass filters. Antennae

15 1,, 1, of sector SC1 are connected to bandpass filters 3;, 3, contained in
different chambers 8,, 83; antennae 13, 14 of sector SC2 are connected to
bandpass filters 31, 34 contained in different chambers 81, 8,; and antennae 15,
1 of sector SC3 are connected to bandpass filters 35, 35 contained in different

chambers 8,, 85. Outputs from the bandpass filters 3,, 3, are cohnected toa

(&)
[an)

diversity receiver 9;, outputs from the bandpass filters 33, 3, are connected to
a diversity receiver 9,, outputs from the bandpass filters 3, 34 are connected
to a diversity receiver 9;. -

\Mtﬁ this arrangement, if a failure occurs with the chamber 8, which
contains thé bandpass filter 3,, 35 for sectors SC1 and SC2, for example, the
25  diversity effect is no longer available, but the reception in these sectors are
not disabled because the remaining bandpass filters 3,, 34 for these sectors are

contained in the chambers 85, 8,, respectively. According to this patent,



contained in the chanbers 83, 82, respectively. According to this PaLERt008
July 2006 -3 received h.f. signals are processed by superconducti ng baH&%ass
filters 31 to 36i the outputs of which are directly |led out of the chanbers
to-be input to the diversity receivers 91, 92, 93, for anplification, and
accordingly, CN of received h.f. signals is degraded due to thernmal noises
generated during the 5 anplification. Insa high sensitive radio receiver
syst em enpl oyi ng superconducting bandpass filters, an extrenely

hi gh-reliable cooling unit is used because the filter performance is

degr aded r aptaived ihif.tshgnale ape processetddbysipdrconductingdramdpiaiss tfiltersiqridpass
filters are cooled exceeds a critical tenperature to 10 render them

non- super cSepslihet ouiputsofbich are directlynigidnautaopthetlambezs to_béenputctepthieon by
the high sensitive radio receiver system nmay be disabled by a_ rapid

degr adat i odiversitigepeniess Raride %7 farampbification;, agdiaecopdingly, CNf as a
result of an aging effect of the cooling unit or a rise in the cooling

t enper at ur eecmped%oﬁéagmaiﬁc%dcgrasdefdadum@ thenmal neisbe ggnerated shuring thet r enel y
15 high-reliable cooling unit cannot be free froma failure. It is an object
of the %reﬁsnﬂﬂmﬁﬂéﬁtion to provide a high sensitive radio receiver system
whi ch has an excell ent_noise figure and-which is operable even when one of a
plurality of cooln adighisensitivg rrdipreceivgnsysiem epjpleying supercopdusting
invention to provide a high frequency unjt for use in the high sensitive 20
radi o r ecebaBgdpasstiligrsaancextremelyphighereliablel capdingynit isaisedeacanse thei gnal
even if a fault ogcurs with the cqoling Qf a superconducting bandpass

filter. D Sdleomentorapanqess|degrpdedsapidly ghthatemperatures@ whick the/er syst em

RO e NSl R R O
10 render them non-superconducting. However, there remains a problem that
the reception by the high sensitive radio receiver system may be disabled by a
rapid degradation in the performance. of superconducting bandpass filters as a
result of an aging effect of the cooling unit or a rise in the cooling temperature
upon occurfence of a failure. This is because even an extrenﬁely
15 high-reliable cooling unit cannot be free from a failure. o
It is an object of the present invention to provide a high sensitive radio
receiver system which has an excellent noise figure and which is operable

“even when one of a plurality of cooling units fails. It is another object of the

present invention to provide a high frequency unit for use in the high sensitive

(]
<

radio receiver system which is capable of delivering a received h.f. signal

even if a fault occurs with the cooling of a superconducting bandpass filter.

DISCLOSURE OF THE INVENTION
A hi.gh sensitive radio receiver system for receiving signals from at
25 least two antennae provided in each of a plurality of sectors according to the
present invention comprises;

a plurality of vacuum chambers;



a plurality of vacuum chanbers; 6 July 2006 -4 a plurality of cool igwg,|ymd§
each cooling the interior of each of the plurality of vacuum chanbers; .. a
plurality of bandpass filters each contained in one of the vacuum chanbers
for deriving a received h.f. signal in a predeterm ned frequency 5 band,
said at | east two antennae of each sector being connected to the bandpass
filters contained in different ones of the plurality of vacuum chanbers;
and a |l ow noise anplifiers each contained in correspondi ng one of said
vacuum chanbers and connected in series with a corresponding one of the 10
plurality of bardplasslify bf eoslihgrurdtpeadh/coglingdheehtermr ofgeadieof drei ved
h.f. signal; wherein a conbination of each series. connection of the
bandpass fplurdityasfivadimimlohambérse anplifier, a vacuum chanber which
contains the series connection and the cooling unit which cools the series
connection forna plunalyty 6f bandpass fikerseady eontamned i\ omegt theecaceny
receiver unit according to the present invention conprises: a vacuum
chanber; ahambé¢nsfonderiving acreseiveas hifesigmabin arpretletérmingd frequermoyber; 20 a
first signal path contained within the vacuum chanber and including a

ser | es5corbfm§£)isald af least tiyerandenrnas Phgactanegtas dbeing conneptechtoother ates in a
superconducting state at or, below a cri-tical tenperature and a | ow noise
anpl i fi er randpass filtegs gontaiseddn different opes of the plurahigugh vagium second
signal path including a normal conducting bandpass filter 25 operative at
| east at chaaeers; ané criti cal tenperature of the superconducting

a low noise amplifiers each contained in corresponding one of said
vacuum chambers and connected in series with a corresponding one of the
10  plurality of bandpass filters for amplifying and delivering the received h.f.
signal;
wherein a combination of each series connection of the bandpass filter and the
low noise amplifier, a vacuum chamber which contains the series connection

and the cooling unit which cools the series connection forms a high frequency

- —

15 reciever unit.
A high frequency receiver unit according to the present invention
comprises: '
a vacuum chamber;

a cooling unit for cooling the interior of the vacuum chamber;

[\
<o

a first signal path contained within the vacuum chamber and including
a series connection of a superconducting bandpass filter which operates in a
superconducting state at or below a critical temperature and a low noise
amplifier for passing a received h.f. signal therethorough; and

a seéond signal path including a normal conducting bandpass filter
25 operative at least at or above the critical temperature of the superconducting
bandpass filter and having substantially the same passband as the

superconducting bandpass filter, for delivering the received h.f. signal by



bandpass filter and having substantially the sane passband as the
super conducti ng bandpass filter, for delivering the received h.f. s@dﬂ&?og@
6 July 2006 -5 bypassing the first signal path whenever the superconducting
bandpass filter is not in a superconducting state. BREIF DESCRI PTI ON OF THE
DRAWNGS 5 Fig. 1 is a block diagramillustrating an exanple of prior art
hi gh sensitive radi o receiver system Fig. 2 is a block diagramillustrating
an exanple of a first enbodinent of a hPgh sensitive radio receiver system
according to the present invention; Fig. 3 is a block diagramillustrating
an exanpl 1 onb ' -di Ik | atin
nmp Sbngé)acf?rrihe%?ﬁ%mﬁ é@n%l#@bﬁ%%en@v@r tie é@;%é}c%gﬁilétslﬂgaﬁiﬁ!o ﬁdsg wislissel 9

a second t he sent 1 nventl on; I g. I agram

i |1 ustratiRthd ihhd s6h&ebadubBAb sphtet e present invention; 15 Fig. 6 is a
bl ock di agram ilh usltgeati ng an Errbodi ment of a high frequency receiver unit

according to the present invention; Fig. 7 is a schematic illustration of an
out put selection circuit shown in Fig. 6; Fig. 8 is a Smth chart

represent i BREF BESCREPPION'OR THR PRAWINGS when a bandpass filter 3 is

in its superconducting state and non-superconducting state; Fig. 9

graphi gal | y shovgjgsiiqeal bldckr@i%gi‘ax@ﬂﬂﬁﬁﬁfaﬁﬂgséﬂ egafipleofPrivr &ttighpoint T

of an output selection circuit when the bandpass filter3'is inits
super condugdrisitivé tadie: rediverdysémgr aphi cal |y shows signal transfer

characteristics frompoint 0
Fig. 2 is a block diagram illustrating an example of a first embodiment
of a high sensitive radio receiver system according to the present invention;
Fig. 3 is a block diagram illustrating an example of an antenna
10  duplexer;
Fig. 4 is a block diagram illustrating a second embodiment of the
present invention; )
Fig. 5 is a block diagram illustrating a third embodiment of the present
invention; |
15 Fig. 6 is a block diagram illustrating an embodiment of a high
frequency receiver unit according to the present invention;
Fig. 7 is a schematic illustration of an output selection circuit shown in
Fig. 6;
Fig. 8 is a Smith chart representing an example of input impedance

when a bandpass filter 3 is in its superconducting state and

[ (]
[}

non-superconducting state; )

Fig. 9 graphically shows signal transfer characteristics from point O to
point T of an output selection circuit when the bandpass filter3 is in its
supercondubting state;

25 Fig. 10 graphically shows signal transfer characteristics from point O
to point S of the output selection circuit when the bandpass filter 3 is not in its

superconducting state;



to point S of the output selection circuit when the bandpass filter 63 ils dbgt
inits superconducting state; 6 July 2006 Fig. 1 1 is an i 11 ust rat PotYeA?%n
out put selection circuit When an HEMS RF switch is used for the switch
element; Fig. 12 is a block diagram showi ng anot her arrangenent of the high
frequency receiver unit according to the present invention; Fig. 13 is a

bl ock di agram showi ng a further arrangenent of the high frequency receiver
unit according to the present invention; Fig: 14 is a bl ock diagram show ng
yet anot her arrangenment of the high frequency receiver unit according to

the present inventfan; j FiganldstraAidd 8¢krdbaghamsewdidc sl v.tﬁ'{lkéﬁi}ﬂ\/ﬂilvls

arrangenent of the ™10 high frequency receiver unit accordi ngto pr esent

i nvention; ?E-s@ﬁchsis%%éd kastHat i hofledReganpl e of input sel ection
circuit use in the high frequency receiver unit shown in Fig. 15; Fig. 17

i's a block diagranpof pm;jag 'Itdchnaiaﬁéfrﬁgq%%ﬂgnﬁ% i 143%%@,%&{1%&% high

receiver unit according to the presént 1nventi

illustratio ‘ i ki i i an MEMS RF
switch is usf}%gé?g@c @%&%ﬁ%%%ﬁ?ﬁ%@&ﬁ Mt %AR%@? R& our THE
|WENTI G F1 RST EWHON AENE DRG0t 050kiAb 4 Berbiy SO0 (0 et 0ich
sensitive radio recerver systemis own in FI'G. ere three séctors are

used. 10 & NOBYLENEOTEUDI a1 A IR oML B Bl LRSIl gy adTo T ece ver

systemis used gnhal  is recel ved applying the space diversity

techni que using tpe, afil 60RA8 RR dRSELAI <hbhihey SAIBlSSHOMo L &h 4 (Be

one of the 25 two artennae is s fransiti'ssi on and reception.

%?thgnfietc ie}?ﬁ\%bé dﬁ%ﬁ}b‘énﬁgr(&%ic\é%ezsﬁﬁﬁ%r@c%‘?ﬂmé $6%h3RREERRRVESBRal 22] to
E Fig. 15 is a block diagram showing still another arrangement of the
10  high frequency receiver unit accordjng,to the present invention;
Fig. 161s an ilJlustration of an example of input selection circuit used
in the high frequency receiver unit shown in Fig. 15;
Fig. 17 is a block diagram of an additional arrangement of the high
frequencyr:eceive.r unit according to thé present invention; an.d
15 Fig. 18 is an illustration ofa:;a"éxamp]e of input selection circuit when

an MEMS RF switch 1s used for the switch element.

BEST MODE OF CARRYING OUT THE INVENTION
FIRST EMBODIMENT
20 An embodiment of the invention for a high sensitive
radio receiver system is shown in Fig. 2 where three sectérs are used.

In a mobile communication in Which the high sensitive radio receiver
system 1s ﬁsed, a signal is received by applying the space diversity technique
using two antenmae per sector. In the example shown n Fig. 2, one of the

25 1two antenfiae is shared for ransmission and reception. - The high sensiive
radio receiver system comprises an antenna terminal 2; to which a received

signal from an antenna 1, of sector SC1 1s input, a bandpass filter 3, which



signal froman antenna |I) of sector SCI is input, a bandpass filter ;]
“which 6 July 2006 -7 selects a signal in a desired band fromthe rdcéilwaens
h.f signal input froman antenna termnal 21, a |ow noise anplifier 4] for
anplifying an output froma bandpass filter 3, with a | ow noi se response,
and an output termnal 51 which delivers the received h.f. signal that is
anplified by the |l ow noise anplifier 4]. 5 The high sensitive radi o receiver
systemis often installed outdoors or in theg/- vicinity of the top of an
antenna tower in order to reduce a feeder |loss from antenna 11 to antenna
termnal 21. The receiver_ systemalso conprises an antenna termnal 22 to
which a recs§lests h.signahimp daseradabandticomatlioreceivagur.f. ol gneldppss framtesr
32 for 10 selecting a signal in a desired band fromthe received h.f. signal
which is praviedus faromnahe antemnaotse ampalfions, iar anmehifangupherspusfrom a
which allows the conon antenna 12 to be shared between the transm ssion and
the receptioandpatoW I Sewatipeilprenonse faspomssl Ny arg cavipuuteuninalom whish
bandpass filter 32 to a desired level with a | ow noise response;, and an

out put 15 tededivars 8% fercivedihériiggal Heatriscanpddiad by diegheal swhise mglifier 4.
amplified by the |ow noise anplifier 42. The antenna dupl exer 63 has an

i nput t ebm ndhe?ighoservihtivie radto aneerverisygtamfis cligmansiadlddputdosss oni dfe
diversity reception techni ques, selection conbining is perforned by a

sel ect or 20 Wisiniysel g sopné aof anitanacesvared hrder 8 gadiiee far tandezGosh&rom
output termnals 51 and 52 on the basis of the received strength information
so that a sigm@nneicto eskérsia teraniiaglar sensitivity is selected to be
delivered through a selector output termnal_ 213. In the simlar manner as
nenti oned above i nTHSMEEEIV&INSYGIEM 8l5@ S@TPOISESAN anhenneteimipalsystemnath s
conpri ses antennae 13 and 14i. antennae termnals 23 and 24, bandpass
filters 33 aff®e3¥ed il sngeahFdupeseiensE 11 gunput, 2 bandpass hilter 3; for

10  selecting a signal in a desired band from the received h.f. signal which is
provided from the antenna terminal 25, an antenna duplexer 6; which allows
the comupop antenna 15 to be shared between the transmission and the
reception, a Jow noise amplifier 4, for amplifying an output from the
bandpass filter 3, to a desired level with a low noise response, and an output

15 terminal 5, for delivering the received h.f. signal which is amplified by the
low noise amplifier 4,.  The anienna duplexer ¢, has an input iermunal 7; 1o
which a transmitting h.f. signal is input.

As one of diversity reception techniques, selection combining is
performed by a selector 20 which selects one of the received h.f.. ﬁignals from
20  the output terminals 5; and 5, on the basis of the received strength
information so that a signal which exhibits a2 higher sensitivity 1s selected 1o
be delivered through a selector output terminal 21,.
In ﬁe similar manner as mentioned above in connection. with the

sector SC1, the receiver sysiem also comprises antennae ]; and 1,4, antennae:

1S}
h

terminals 25 and 2,4, bandpass filters 35 and 3., an antenna duplexer 6,, low
noise amplifier 45 and 4., output terminals 53 and 5, and an 1nput terminal 7;

for the sector SC2 and also comprises antennae ] s and lg, antenna terminals



noi se anplifier 43 and 44, output termnals 53 and 54 and an i nput é%l?‘é@@é
72 for the sector SC2 and al so conpri ses antennae 15 and 1 antenna
termnals "6 July 2006 -8 25 and 26, bandpass filters 35 and 36, an antenna
dupl exer 63, low noise anplifier 45 and 46, output termnals 55 and 56 and
an input termnal 73 for the sector SC3. For each of the sectors SC2 and
SC3, one of the received h.f. signals 5gromthe-pair of output termnals
53 and 54 or 55 and 56 is selected by the selector 20 to be delivered
through a "selector output termnal 212 or 213. In this enbodinent, a series
connect i on2efandhds, bandpassfiters 85 and xnan amiennaduplexar Gupdwineise41 i s
confined in a vacuum chanber 81 to be thermally insulated fromthe exterior
and i s cooRswplbendcand dagoutnut tenmingls Ss andpsand enfinpug terzina e footheoi se
anplifier 41i the vacuum chanber 81 and the cooling wunit 91 formin

conbi natioﬁe@toﬁi%-frequency receiver unit 501. A series connection of the
bandpass filter 32 and the | ow noise anplifier 42 is also  contained in a
vacuum chanber 8Porgach oftheseatasy SC2 andiSg3 uane ofthe Tpecivediupasignalsi t er
32, the |l ow noise anplifier 42, the vacuum chanber 82 and_the 15 cooling
uni t 92 f ofFAMthe Pty ahenMutieANINAls So gy OF acandets igmeleated by the t he
simlar manner, a_series connectjon qf each of the bandpass-filters 33 to 36
and corresﬁﬁmFWgzéﬁ% Sfdeﬁﬁ@m \k{‘mﬂ aéﬁ%{qtﬂ' eptpuderningl 25 ebAlai ned in
correspondi ng on f. vacuum chanbers, 83 to 86, and is cool ed
cor r espondi ng ongn ngsc%’éll"i"flﬂQn@ﬂﬁatasseg@stC&r@GFth the b%ﬂ“&?aﬁs ex 3r adg hi gh

o B S S s oS s RGBT o B o
10 S0 A TNRRR P B s S B 5 A T e b, ¢
a UStlrdEl ' e%l'ierr] 3'? I, the I%w Exilrc])(ilse amplifier 4;, the vacuum chamber 8, and the cooling
unit 9, form in combination a high frequency receiver unit 50,. A series
connection of the bandpass filter 3, and the low noise amplifier 4, is also
contained in a vacuum chamber 82 and is cooled by a cooling unit 9,. The
bandpass ﬁiter 3,, the low noise ampliﬁer 4,, the vacuum chamber 8, and the
15  cooling unit 9, form in combination a high frequency receiver unit 50,. In
the similar manner, a series connection of each of the bandpass filters 3; to 3¢
and corresponding one of the low noise amplifiers 43 to 4 is contained in
corresponding one of vacuum chambers 8; to 8¢, and is cooled by
corresponding one of cooling units 9; to 9¢, respectively, thus forfning high
20 frequency receiver units 50; to 50¢. Antenna duplexers 6, to 65 and the high
frequency receiver units 50; to 50 are housed in a casing 10.
| While not shown, the low noise amplifiers 4, to 4¢ and the cooling
units 9, to §6 are fed with an operating power.
One~ of the antenna duplexers 6; to 65 is illustrated in Fig. 3, and
25 comprises a directional filter. Specifically, in the example shown, the
directional filter comprises a bandpass filter 6A which passes a received h.f.

signal from an antenna to a receiver side, a bandpass filter 6B which passes a



25 conprises a directional filter. Specifically, in the exanple Shoé‘”]ulytzg%
directional filter conprises a bandpass filter 6A which passes a recerve
h.f. signal froman antenna to a receiver side, a bandpass filter 6B which
passes a 6 July 2006 -9 transmitted h.f. signal froma transmtter side to
the antenna, and a directional coupler 6C for coupling one ends of the both
filters to the antenna side. The receiveg_h.f. signal fromthe antenna side
is bl ocked by the bandpass filter 6B frombeing transmtted to the
transmtter side while the transmtted h.f. signal 5 fromthe transmtter

si de is bl oraesimityed hef. sigrhd dsemfa transmitief side tocthegantennasand wedireatidriad
receiver side. In this manner, both the transmtter and receiver circuits
can be connemuplér 6€& forscouplingione remals dfzbie bdtht fikersstouthe artenbassd81 The86
is constructed to interrupt a heat flow fromthe exterior by vacuum heat

i nsul at i on, reicetvendafipignakfront thaentangiargjly is bheckeshbipabe bandpass fikter 6B 36
and the low noise anplifiers 41 to 46 which are confined in the vacuum
chamber s 81from being wranswitted by theéransolittey sidenwhsleathet trargsnittechh. fesignatel v

| ow tenperature on the order, of several tens K in a stable manner for

prol ongéd pFemthetransmitterside istbloeked bylthadandpass ditert@A feomobpgingses a
cryogenic refrigerator capable of maintaining an extrenely 15 | ow

t enper at ur etrangrnitied tethe rederver sidabinethigmanner both phe tengsttieeandd of

time by utilizing a heat exchange cyc] e through the conpression and the
expansi on orrecglmlmmwgﬁa@arbbetcn@nlec%@, txagingltantenna. y avail abl e product s
may be used at this _end. Wen the bandpass filters 31 to 36 and the | ow

noi se anplifiers Bach ef e vaguumchasabers §itot 8y is canstaicted to irterrunta Reatow
tenperature_in stable manner = and for a prol onged period of tine, thernal

noi ses whi clowairopetheierdgrios bynwacwimdirat dnsylafiens fen exampde,and t he | ow

i gh saRel 1AcserainE s thecannass JUims: 10 3¢ and the fow noise amplifiers 4, 10 45

which are confined in the vacuum chambers 8, to 8¢ are cooled by the cooling
units 9; to 9¢ to an extremely low temperature on the order of several tens K
in a stable manner for prolonged period of time. Each of the cooling units 9,
to 9 compﬁses a cryogenic reﬁ'igeratdr capable of maintaining an extremely

15  low temperature such as tens K in a stable mal‘mer for a prolonged period of
time by utilizing a heat exchange cycle through the compression and the
expansion of a helium gas or the like, and commercially available products
may be used at this end.

When the bandpass filters 3, to 3¢5 and the low noise ampiiﬁers 4, to 44

20 are cooled in this manner to a extremely low temperature in stable manner
and for a prolonged period of time, thermal noises which may be added in the
bandpass filters 3, to 34 and the low noise amplifiers 4, to 4¢ can be reduced
ultimately.' Consequently, when the high sensitive radio receiver system
shown in Fig. 2 is used, a received output of a given C/N(Carrier power/Noise

25 power) can be obtained from a low level received signal and also it is possible
to reduce the transmission power required at the transmitting side to allow

reception of signal with the given C/N at the receiving side.



shown in Fig. 2 is used, a received output of a given C N(Carrier 6 July 2006
power/ Noi se 25 power) can be obtained froma |l ow | evel received signav an
also it is possible to reduce the transm ssion power required at the
transmtting side to allow reception of signal with the given CN at the
receiving side. 6 July 2006 -10 In the present enbodi nent, the series
connection of the bandpass filter 3i angothe | ow noi se anplifier 4i which
corresponds to each antenna is cooled Dby the cooling unit 9i (i=1,2,....,6)
which is provided separately. As a result, for each sector, it is assured

that if either ohetled présent emisedimerg, the serighcomnéetion bfshe bdntdpaifilteno
antennae of the sector fails and prevents the bandpass filter and the | ow

noi se anpl 3f and thé $owsesise antplafiepd! Whiclocohespands 0b edch tamtengo idessiedon of
t he bandpass filter and the |l ow noise amplifier in the other path is

capabl e of rl:gethb\ddmjirg onpited; (&<l Bl . . sj@nahichliy d@E@GBEH SbBarAtdNT Ak @.redulthows

a second enbodi nent of the high sensitive radio receiver system according
to the predeneadchnsestor,anis assurbdshanifadtherrine dfithe/twowovolnigaohis swkith 82
are disposed in the casing 10. The vacuum chanber 81 contdins
super canducobimegpbaddpdhe twiol areanad of 3Re sd8Gtoarfdils andnpreventsrtie bardpasts 41,
42, 43 which are connected to the filter outputs. The vacuum chanber 82
cont ai ns s fiter amdothet liowg nbisedarapdi fieridispesegitin Bt path drainl eingaicoded, the
anplifiers 44, 45, 46 which are connected to the filter outputs. Qutputs
from t he | carmmbinatienafithetbamdpadd filter4ndatine low noistcampdi feeminetdieasthehr ough
output termnals 51 to 53 and 54 to 56 selectively to the three diversity
anpl i fi er spath tshcapable ©f|derining aoxeceivkd hifesigmsilng 10 t hough not shown in
Fig. 4. The interior of vacuum chanbers 81 and 82 is cool ed by cooling unit
91 and 92, respectively. 1In this enbodinent, three sets of the bandpass
filters 31 to 33 and the |l ow noise anplifiers 41 to 43 which are connected
EMBO NT .

in serl@®s, SB(ONDQ

Fig. 4 shows a second embodiment of the high sensitive radio receiver
system according to the present invention. In this embodiment, two vacuum
chambers 8, 8; are disposed in the casing 10. The vacuum chamber 8,
contains superconducting bandpass ﬁltrers 31, 32, 33 and low noise amplifiers

15 4,, 4,, 4; which are connected to the filter outputs. The vacuum chamber 8,
contains superconducting bandpass filters 34, 35, 3¢ and low noise amplifiers
4,4, 45, 4¢ which are connected to the filter outputs. Qutputs from the low
noise amplifiers 4, to 4; and 4, to 44 are connected through output terminals
5,10 53 and 5,4 to 54 selectively to the three diversity amplifiers which are

20 located outside the casing 10 though not shown in Fig. 4. The interior of
vacuum chambers 8, and 8, is cooled by cooling unit 9, and 9,, respectively.
In this embodiment, three sets of the bandpass filters 3, to 35 and the low
noise ampliﬁers 4, to 4; which are connected in series, the vacuum chamber
8, and the éooling unit 9, constitute three high frequency receiver units while

25 utilizing the vacuum chamber 8; and the cooling unit 9, in common. Similarly,
three sets of the bandpass filters 3,4 to 34 and the low noise amplifiers 4, to 4

which are connected in series, the vacuum chamber 8, and the cooling unit 9,



81 and the cooling unit 91 constitute three high frequency VECEiVEVG%ﬂiE%OG
while 25 utilizing the vacuum chanber 81 and the cooling unit 91 in~co n.
Simlarly, three sets of the bandpass filters 34 to 36 and the | ow noise
anplifiers 44 to 46 which are connected in series, the vacuum chanber 82
and the cooling unit 92 6 July 2006 -11 constitute three high frequency
receiver units while utilizing the vacuu chanber 82 and the cooling unit
92 in common. Received h.f. signals fromthe two antennae 1, and 12 of a
first sector are applied to antenna termnals 21 and 22, respectively, and

thence i npgbnsttite thred ki tfrygae@lcy hecedv &reanith vatvidd utilizang ehe ¥ aduphexer 61,

to the bandpass filters 31 and 34 which are contained in different vacuum

chanbers 8thanbedB, andetieesdolvgd unitPeinseomnempl i es to the second sector. A
received h.f. signal froman antenna 13 is supplied through an antenna

term nal 23 to tRecbaedpladssiignalefrod? the bwotinténnse ¢ pahdi nest a firsnsecwdr t he
vacuum chanbers, 81, while an antenna 14 is connected through an antenna

term nal 24sndpphedntd antenmhitdradaalse2, dmd 2herespectipelysand themc8inmanbaened
in the other vacuum chanber 82. The sane applies to the thHird sector where

a receiSveddirettlyiayrbtle éthemthrougit ennaatdrinha duplexepl6) etb the banydpass fhernna
termnal 25 to the bandpass filter 33 which is 15 contained in one vacuum
chanber 8, 3yande anhioht arencoritdined ndifferent vathunughambers8eand &,er mi nal 26
and an antenna dupl exer 63 to the bandpass filter 36 contained in the other
vacuum chanéspec@iZely.n this manner, in the second enbodi nent, the high
frequency receiver units are divided into one set including the bandpass
filters 31 to 33Thadanecappliesto the secondsedtorrA rédeived4sf.amgnahfroneanset

i ncl uding the bandpass filters 34 to 36 and the | ow noise anplifiers 44 to
46. The baadiease Fyistsapplied thsosgh amcanthana sevmuiald @;dophefhandpasy filterd3 are
confined in _the vacuum chanber 81 and . )

10  which is contained in one of the vacuum chambers, 8;, while an antenna 1, is
connected through an antenna terminal 2, and an antenna duplexer 6, to the
bandpass filter 35 contained in the other vacuum chamber 8,. The same
applies to the third sector where a received h.f. signals from an antenna 15 is
supplied through an antenna terminal 25 to the bandpass filter 3; which is

15 contained in one vacuum chamber 8; while an antenna 1¢ is connected
through an antenna terminal 2¢ and an antenna duplexer 65 to the bandpass
filter 3¢ contained in the other vacuum chamber 8.

In this manner, in the second embodiment, the high frequency receiver
units are divided into one set including the bandpass filters 3, to 3 ; and the

20 low noise amplifiers 4, to 4; and another set including the bandpass filters 3,
to 3¢ and the low noise amplifiers 4, to 4¢. The bandpass filters 3, to 35 and
the low noise amplifiers 4, to 43 are confined in the vacuum chamber 8, and
are cooled by the cooling unit 9, while the bandpass filters 3, to 3¢ and the
low noise amplifiers 4, to 44 are confined in the vacuum chamber 8, and

25 cooled by the cooling unit 9,. In this manner, two receiving paths, each
comprising the bandpass filter and the low noise amplifier, of the same sector

are cooled by separate cooling units.



are cooled by the cooling unit 91 while the bandpass filters 34 to€§ﬁgg§@b6
the low noise anplifiers 44 to 46 are confined in the vacuum chanber and
25 cooled by the cooling unit 92. In this nmanner, two receiving paths, each
conprising the bandpass filter and the | ow noise anplifier, of the sane
sector are cooled by separate cooling units. 6 July 2006 -12 The connecti on
of two antennae of each sector to the bapppass filters which are contained
in different vacuum chanbers 81 and 82 is-nerely exenplified in Fig. 4.

Al ternatively, the connection between the antenna termnals 21 and 22 and

t he bandpass fi| Teesapnegtionf sy wntémmag of eachnhegctoets thebandpasyBlitersand

t he connecti on between the antenna termnals 23 and 24 and the bandpass
filters 32wineh2se gaptained indlifferentcramusn chamberdidh fandeBs is. mendlynat i ons of
different connections are possible. Wth such a connection, _if a fault
occurs i n exemplifiacbincbig.ichg Adiernatively, the connectipn betweer dbe @ntenmainct i on
in asimlar manner as_.in the prior art jllustrated in Fig. 1, at |east one
10 path of tesHuRakedt and s ansitherhandnass dilters s angbd oshowa egigademayd@pt i on
or an inapility of reception of all the sectors. As before, in this

embodi rent ;ntémang@slmépdggefqmpnaﬁcbqwea gantenn? termdale2aapdiZiand are
contained in a acuum chapber .to be cpoled, resulting in the, additi on of
Cher mal - nothscBandpass terspts And B s Ay, 3 S@rla%mt@wshapg%ﬂucﬁgurdﬁamg a
received h.f. signal of a 15 high quality to be gbtained. TH RD EMBODI MENT
Fig. 5 shofRmbinafipns eﬁﬂbﬁ%mtw@mesﬁenﬁ iag® p@éﬁl&ﬁe-i vmtgcﬁué?hr%%wtlo%yst em

Chaner & gl a it BECURANLEiAHRH WeDUUHE BRI U G2 1 G1saIE dhe Gpaling, sposed | n
i T or ont UYL mSEWIAS ARG 35 B Gortrion et RSTAPCI Fit Lrftdgast one
10 path of each sector is not influenced, thus avoiding a degraded reception or an
inability of reception of all the sectors. As before, in this embodiment, each
bandpass filter and its connected low noise amplifier are contained in a
vacuum chamber to be cooled, resulting in the addition of thermal noises in
the ampliﬁér to be drastically redﬁced, allowing a received h.f. signal of a

- - ~ o m—

15  high quality to be obtained.

THIRD EMBODIMENT
Fig. 5 shows a third embodiment of the high sensitive radio receiver

system according to the present invention. In this embodiment, three

20  vacuum chambers 8;, 85, 8; and associated cooling units 9, 9,, 95 are
disposed in a casing 10, respectively. Two antennae of each sector are
connected to different bandpass filters which are contained in two of the three
vacuum chambers 81, 8,, 83, in a similar manner as in the prior art shown in
Fig. 1. Th'e vacuum chamber 8, contains bandpass filters 3, 3, and low

25 noise amplifiers 4,, 4, connected thereto; the vacuum chamber §, contains
bandpass filters 33, 3, and low noise amplifiers 43, 4, connected thereto; and

the vacuum chamber 8 contains bandpass filters 35, 35 and their connected low



vacuum chanbers 81, 82, 83, in a simlar manner as in the prior art ﬁ\%pg@bé n
Fig. 1. The vacuum chanber 81 contai ns bandpass filters 31, 32 andeio

noi se anplifiers 41, 42 connected thereto; the vacuum chanber 82 contai ns
bandpass filters 33, 34 and | ow noise anplifiers 43, 44 connected thereto;
and the vacuum chanber 8 contai ns bandpass filters 35, 36 and their
connected low 6 July 2006 -13 noi se arrplﬁi ers 45, 46 connected thereto. In
this enbodi ment, two sets of bandpass fitiers 31, 32 and the |ow noise
anplifiers 41, 42 which are connected in series, the vacuum chanber 81 and

t he cooli ngog@imgﬁﬁ%ﬁ%tmmtédwy receiver units while sharing 5
the vacuum chanmber 81 and the cool i ng unit 91. Simlarly, two sets of

bandpass filt er srBthis 3fntsodimidin, twe sees 6€bafidpads filted33,, 8% ad the Fove
connected in series, the vacuum chanber 82 and the cooling unit 92 formtwo

hi gh freqneiseyamplifieyed;,uhy whicthatecomaedted ihlveriescthenvahaunearhadzbang), t he
cooling unit 92. Two sets of bandpass filters 35 36 and the |ow noise 10
anpl i fi er saddithet6owtingturit 8, formeawtelighnfrequensy redeivenanitsiwhietsharidg and
the cooling unit 93 formtw high frequency units while sharing the vacuum
chanberS 83themdadihen abeimbey 84nand 88 codlingamin®¢t i Simblatrlye ewot dets aifit enna
termnals 21 to 26 and the bandpass filters 31 to 36 showLin Fig. 5is
merely an bardpdss,fikexs 34)8;andrthellowenglite avapifrer 4p4pediich@re connected ennae
of each sector to the bandpass filters which are contained in different two
of the threeseraes)the vlaguber shambeh 8 and thervoedirigunitéseforin twoflaght occurs
with either one of the cooling units 91, 92 and 93 to disable the cooling
function, freqhensy recaiveprtuhitsfiwhideshaxngtthe viacunom chafmbes@aeuhd theus avoi di ng
a degraded reception or an 20 inability of reception of all the sectors, in
a sinmlar ceolieg uast 9n t Two satpofibamdpass fidters 38, 34 gud the dow moise
10 amplifiers 45, 4¢ which are connected in series, the vacuum chamber 8; and
the cooling unit 9; form two high frequency units while sharing the vacuum
chamber_8; and the cooling unit 9.
The connection between the antenna terminals 2; to 2¢ and the
bandpass filters 3; to 3¢ shown in F ig. 5 is merely an example, and there are
15 eight ways of connecting to the antennae of each sector to the bandpass filters
which are contained in different two of the three vacuum chambers.
With this connection, even if a fault occurs with either one of the
cooling units 9;, 9, and 9; to disable the cooling function, at least one path of
each sector is not influenced, thus avoiding a degraded reception or an
20 inability of reception of all the sectors, in a similar manner as in the
embodiments shown in Figs. 2 and 4.
A three-sector arrangement has been mentioned above, but a high
sensitive radio receiver system can be constructed with a different sector
arrangement. For example, a six-sector arrangement can be constructed in
25 entirely the same manner as for the three-sector arrangement. For example,
for the six-sector arrangement, twelve antennae are required. The connection

between the twelve antennae to the series connections, each comprising the



A three-sector arrangenent has been nentioned above, but a high Se@ﬁ&tESSG
radi o receiver system can be constructed with a different sector Y
arrangenent. For exanple, a six-sector arrangenent can be constructed in 25
entirely the same manner as for the three-sector arrangenent. For exanple,
for the six-sector arrangenent, twelve antennae are required. The connection
bet ween the twel ve antennae to the serieg,connections, each conprising the 6

July 2006 -14 bandpass filter and the | ownoise anplifier, of all the paths
may be contenplated as follows: (1) A set of a vacuum chanber and a cooling

unit may bebdidpass€ilterfard grclow aldisesmiplifidreof atlatieriths shywbei n Fig. 2; 5
(2) two sets of vacuum chanbers and cooling units may be provided as in the
embodi ment «omemplatetias. followesicch set contains six paths each conprising a
series connection of a bandpass filter and a low noise anplifier; (3) three
sets of vacuum cl{abArsetafc vaolumghamber amd alvwadimy uditdnay beagrovidede
enbodi nent shown in Fig. 5, each set contains four paths each conprising a

seri es connection oforedchnpthsss i theesmbodimehbshownadinsEiga®pl i fier; _ (4)
while not shown in the drawi ngs, four sets of vacuum chanmbers and cooling

units nfly be proy2yenvo setshofSeacuuantchiamibverstamdeeoplinf units magtbecpravidedng a

series connection of a bandpass filter and a | ow noise anplLifier; or (5)

si x sets of vacuum ahantizr smbodiment shgwanint Eigraly ehehmet codeains seaphtiset

containing two paths each conprising a series connection of a bandpass

filter and a | ow noé¢ash eomiprisieg a sefiedfcamriestionqef a ddandpass fiter msnidenbewvi s t o

avoid that series connections of

_noise amplifier;
(3) three sets of vacuum chambers and cooling units may be provided
10 as in the embodiment shown in Fig. 5, each set contains four paths
each comprising a series connection of a bandpass filter and a low
_.hoise amplifier; )
(4) while not shown in the drawings, four sets of vacuum chambers
and cooling units may be prbvided, each set containing three paths

15 each comprising a series connection of a bandpass?fl-tér and a low

noise amplifier; or

(5) six sets of vacuum chambers and cooling units may be provided,
each set containing two paths each comprising a series connection
of a bandpass filter and a low noise amplifier. -

20 What is required in each instance is to avoid that series connections of
bandpass filters and low noise amplifiers representing two paths for one
sector are confined in a common vacuum chamber to be cooled by a common
cooling urut Obviously, if a compact cooling unit of a low power
consumptidn is available, a vacuum chamber and a cooling unit may be

25 provided for each of the twelve paths.

In the described embodiments, one of two antennae for a sector is used

as one which is shared for the transmission and the reception while the other



bandpass filters and | ow noise anplifiers representing two paths foghﬂpgmoe
sector are confined in a comon vacuum chanber to be cooled by a comon
cooling unit. Gobviously, if a conpact cooling unit of a | ow power
consunption is avail able, a vacuum chanber and a cooling unit may be 25
provi ded for each of the twelve paths. In the described enbodi nents, one of
two antennae for a sector is used as ong6¥hich I's shared for the

transm ssion and the reception while the™otther 6 July 2006 -15 antenna is
used exclusively for the reception. However, alternatively, three or nore
ant ennae ”%t@ﬁnﬁﬁ@ﬁbé'&@xf:ﬁisi%‘l? fiiahereceifo! HEWRDEL WIRSnABYe e threBar ed

for the transm ssion and the reception while the remaining two anfennae may
by used forof Aore iR mafsbeé ptovidedrforlonRr strtor dneddf tHehthteRna@ hedyBe May

be used for the reception, fhus avoiding the use of antenna duplexers. In
the descri bgthredifof e ftafsmRg€ibnaind e ReBgHBASWhilLUtRE YembiAthg3fvoRY
conprise a mcrostrip line, for exanple. A ground |layer and-asignal |ine

are forned inehHRE m@APBY tisedForthere@dptich.t NAls Afh@Rer fftematRel alli thg 10
bandpass filter can be substantially reduced, allow ng a significant

| npr oveent attnhAe ni) BE uskdfoe thé rédepticit; ehus avosditigaheqisd dantenna

significant inproverent of the sensitivity of the réeceiver._ Copper oxide
superconducﬁw]&x@pgjt aining Bisnuth (Bi), Thallium(Tl), Lead (Pb) or
Yttrium (Y), for exanple, are known as high tenperature 15 superconductors,

and can be used &g theedesdpbedasitibotimentsaeath aff thebandpasd fileRess, @6 3khe
present invention. Sonme high tenperature superconductors have a critical

achy oved. heh Sueh Suparconantr or ! & uced P ke, SuBar conaCet tng - SERCe i s
achi eved bylineasd forewed bpgupertdredwdtitey nedteridl do thatha tdssi of 4 besultingi ng
10  bandpass filter can be substantially reduced, allowing a significant
improvement of the noise figure of the receiver, and accordingly, significant
improvement of the sensitivity of the receiver.
Copper oxide superconductors containing Bismuth (Bi), Thallium (TI),
Lead (Pb) or Yttrium (YY), for example, are known as high temperature
15 superconductors, and can be used as the superconducting material for the
purpose of the present invention. Some high temperature superconductors
have a critical temperature exceedingi 100K below which the superconducting
state is achieved. 'When such superconductor is used, the superconducting
state is achieved by merely cooling to the order of 77.4 K which is the boiling
20 point of the liquid nitrogen, thus alleviating the cooling capability of unit 9
and permitting a compact and inexpensive cryogenic refrigerator to be used.
As aresult, a high sensitive radio receiver system can be constructed in a
compact ma.mner and inexpensively.
HoWever, even if the bandpass filter is formed by a normally

25 conducting (non-superconducting) material, the noise figure can be improved

by the refrigeration.




i

20 point of the liquid nitrogen, thus alleviating the coollng capaB B%% §f
unit 9 and permtting a conpact and inexpensive cryogenic refrlge P
be used. As a result, a high sensitive radio receiver systemcan be
constructed in a conpact manner and i nexpensively. However, even if the
bandpass filter is formed by a normally 25 conducting (non-superconducti ng)
material, the noise figure can be inproved by the refrigeration. 6 July
2006 -16 FOURTH EMBODI MENT The above dedéri bed enbodi ment provi des an

I mprovenent so that even when one of the cooling units fails, not all of

anot her - erfoM R E B G T B 09, Saei ver unit wi il be described,

11 ter and a1 on HoFEERe HeRoT &l Spfhagfiehs sbiRissath RRBRoRgHeRh 8 Y Tai s,
G thin e GREnRNERSRsco! W codiTad LERS R HE sh ST B ERe MEE il ETREB 51
reason of Detebpating SeetERLbm R GRS KRy, Aofidr<fiBogihEF ﬁé% By an
Frequency Fedisrlry, RedEr i iR B2 Bk ifuld HRh Ehaegthe réirtiof alills
bandpass ah SrelByF ErctPLECi a BaRBARL il AndSPIgEAAN I Beifoel Vol

coaX|a a and coaxi a

Comiet O At b PIREBIBIE’ 1001 a1 T e o from e
An embodiment shown in Fig.6 is arranged such that when the
temperature within a vacuum chamber 8 such as any one of the vacuum
10 chambers 8, to 8 shown in Fig. 2, for example, has exceeded the critical
temperature for reason of some fault, a bandpass filtering and an amplification
required for an input received h.f. signal can be assured through a bypass
path.
A high frequency receiver unit of this embodiment comprises a
15 superconducting bandpass filter 3 which selects a signal in a desired band
from a received h.f. signal which is input through a coaxial cable 8a and a
coaxial connector 8C1, a low noise amplifier 4 which amplifies an output
from the bandpass filter 3 to a desired level with a low noise response, a
coaxial cable 8b and a coaxial connector 8C2 which deliver the received h.f.
20 signal that is amplified by the low noise amplifier 4. This signal path is
referred to as a first signal path SP1.  The superconducting bandpass filter 3
and the low noise amplifier 4 are secured to a cooling substrate 8S within the
vacuum cha.mber 8 in close contact therewith, and the cooling substrate 8S is
cooled by a .cooling unit 9.
25 In addition, in this embodiment, an output selection circuit 11 and a

coupler 17 are connected to the input side and the output side of a series

connection of the bandpass filter 3 and the low noise amplifier 4, respectively,



coaxi al cable 8b and a coaxial connector 8C2 which deliver the received h.f.
20 signal that is anplified by the |ow noise anplifier 4. This signd Jya2®06
is referred to as a first signal path SP1. The superconducti ng bandpass
filter 3 and the |ow noise anplifier 4 are secured to a cooling substrate 8S
wi thin the vacuum chanber 8 in close contact therewith, and the cooling
substrate 8S is cooled by a cooling unit 9., 25 In addition, in this

enbodi ment, an output selection circuit 11-5Ad a coupler 17 are connected
to the input side and the output side of a series connection of the

band fil 3
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of the supercong\;}mtl nér bandpass fil ter 3 and the | ow noise anpl ifier 4 and

t he second SP2 passi ng through a series connection of the

be s6l ec Qd“cé'ngga 8RB SH Tl sl L HtepSindrboBaRiRbt bligheihat B
passband whiORD @L%ﬁéggﬁ% Sicen £ 5885 ook B bR reShebebrane mgpess
SP1. SPp ar i Berieom BRe 0 voRmsEPupl et By BShortnd Branel RetP STQac i n
i cul ator 159Gk UIEAORRCRETG) Ule BpgRa Wi i Dpsiiase SHe Tagnput
Tohal | fromPRdobyDpted SiBrERBI Foure SRR Rl 20e % ridyh O B et o
12to 49 transmitted thorough the selected signal path. The normal conduciing
bandpass filter 15 has a passband which 1s substantially the same as that of the
superconducting bandpass filter 3. _ The cutputs of the first and the second
signal paths SP1, SP2 are coupled with coupler 17, whereby a signal from the
signal path which is selected by the bufput selection circuit ] ] is delivered.
15 A circulator 12 is connected in the first signal path SPT between the
output selection circuit 11 and the coaxiz] connector 8C1, and'the received h.f.
signal from the output selection circuit 11 passes through the circulator 12 to
be directly fed to the coaxial connector 8C1. if the temperature of the
cooling substrate 8S exceeds the critical point to cause a change in the
20 mpedance of the bandpass filter 3 to thereby produce an impedance
mmmmdqﬁmﬂmcmmMMmMGSa,memamwdhfégmhmmﬁome
bandpass filter 3 is reflected to pass thrbugh the circulator 12 to be fed to a
Jevel detector 14. If the level detector 14 detects a reflected wave equel 10 or
above a pre.detemlined level, it turns the switch element 13 on, thus rendering
25  the second signal path SP2 conductive.

Fig. 7 shows an example of the output selection circuit 11, which

comprises a T-shaped microstrip hne.  Point O represents an mput end for



be directly fed to the coaxial connector SCl1. If the tenperature of _the
cooling substrate 8S exceeds the critical point to cause a change i A Jple0050
i npedance of the bandpass filter 3 to thereby produce an inpedance m smatch
with the coaxial cable Sa , the received h.f. signal input to the 25
bandpass filter 3 is reflected to pass through the circulator 12 to be fed
to a level detector 14. If the |evel deﬁ ctor 14 detects a reflected wave
equal to or above a predeternmined level, "t turns the switch el enent 13 on,
thus rendering the second signal path SP2 conductive. Fig. 7 shows an.

exanpl e of rebeived: sighak¢aiat 5ds connevidd tblthevdwitbh eterient 485 aad paiheled
rnicrostrip line. Point O represents an input end for 6 July 2006 -18

recei ved sicgiglectétbtdthéSiriputaiithesuperéenditimybhadpasefittet 318.1, AMlap@i nt T
is connected to the input of the superconducting bandpass filter 3- L 1, L2

and L3 inIFdnFi r%mepmeht linedehgtigttosthedbraheh lpant reppectivelyespect i vel y.
Al t hough L1 is togbe et erm ned dependi ng on thelpperi phzﬁ ' setyti ngs, LI is

S desi rabl eAlthobghdhbseto be deterntinegd dupenidihg onnthel poripherat dettinggs, {ieissi gnal
|l oss. The line length L2 and L3 are determ ned as follows:  Fig. 8 shows an

exanpl e5of desérabietd berohesanas shiort A pessible imdiewiofredacitpntse signabios3. on a
Smith chart. Point A indicates the inpedance when the superconducting
bandpass filter Jheslihe lengthsbpandob8ace ideterstiaed asnfbllowvseFigh&ishowvs ha 10
characteristic inpedance of coaxial cable 8a. If the superconducting
bandpass f iexamplé ofstheanput impedanpe of thel supempnsusting baredpassdiliec® onfa t he
super conducti ng bandpass filter 3 transfers to point B, thereby producing an
i npedance Smithtcharti t RoiriteAdndidaeés tabimp&dansthehenithelmmpdpessdictingr 3 is
inits superconducting state, it is necessary that the signal be transmtted
to 15 poi ntbahdplassvfilter Fisin its supéemonductingf state and is ntatclped to tiee The si gnal
transfer
10 characteristic impedance of coaxial cable 8a. If the superconducting
bandpass filter 3 is not in its superconducting state, the impedance of the
superconducting bandpass filter 3 transfers to point B, thereby producing an
impedance mismatch with the coaxial cable 8a. When the bandpass filter 3
is in its supérconducting state, it is necessary that the signal be transmitted to
15 point T shown in Fig. 7 without traris_ferring it to point S. The signal transfer
in a direction toward point S is blocked by turning the switch element 13 off
to produce an impedance mismatch for point S and choosing L3 so that an
impedance at point R is infinity.
Fig. 9 shows signal transfer characteristics from point O to point T
20 shown in Fig. 7 when the bandpass filter 3 is in its superconducting state.
The abscissa represents the frequency and the center frequency of the input
h.f. signél is located at the center of the abscissa. The ordinate represents the
transfer characteristics where 0dB stands for a no loss transmission while —10
dB indicates a signal attenuation by a factor of ten. In this manner, in the
25 superconducting state, an efficient signal transfer is possible from point O to
point T, that is, from the input end to the output end of the superconducting

bandpass filter 3.



in a direction toward point Sis blocked by turning the switch elenggP %ﬁOG
off to produce an inpedance m smatch for point S and choosing L3 s Ha n
i npedance at point Ris infinity. Fig. 9 shows signal transfer
characteristics frompoint O to point T 20 shown in Fig. 7 when the
bandpass filter 3 is in its superconducting state. The abscissa represents
the frequency and the center frequency OH he input h.f signal is |ocated at
the center of the abscissa. The ordi nate répresents the transfer
characteristics where 0dB stands for a no |l oss transm ssion while -10 dB

i ndi cates a si gnaDnahé othéx hasd B the sapeRiorefuctio: basidpiisSABARAS not intlse 25

superconducting state, an efficient signal transfer is possible frompoint O

to point Tsupgdredbndacting otate e is heoessapy tb@etﬂﬁeﬁﬁgedan@éldtpbiﬁtmas close
superconducting bandpass filter 3. 6 July 2006 -19 On the other hand, if

the SUDerchnﬁdiqga@?odﬁbsesiﬁ otd@rtodtransfepthé bigriad topaiat Sandeipl i7ng st at e,

It Is necessary to set the inpedance at-point P as close to infinity as

possi bl e i nwithdat being fadhsd tie bhpercondatting henidpass filterr 3 9. Accordingdy, thei ng
fed to the superconducting bandpass filter 3. Accordingly, the 5 paraneter

L2 is dét erparaaseter]Rhatdetéreninedestaties the impiedan®e ian poigt P inlfigs @tbeasetadsosed
to the infinity as possible on the basis of point Bin Fig._.8. It is to be

under st ood d¢lbsed & théirsfinityas pdssiblemerdrckasinioftpoint BsireEig. /edltas todent S
in Fig. 7 by turning the swtch element 13 on. Assumi ng that the
char act er i sinderstopetithat at diistthme| threeirhgedancommltcliing isGiahiievedht porit® @edi ng
super conducti ng bandpass filter 3, the locus of the inpedance at point P in
Fig. 7 depiEigs 7eby tummling thevsimitthpelessentt Iy ongh point B in Fig. Us-the line
| ength L2 is changed fromO to a/2. Here, a represents the wavel ength of
t he center frequehssuming that $hechbraatemstie impedance lod thetimet L29sleqaal t;m
circuit 11. In the actual design of the line length L2, the
10 that of a succeeding superconducting bandpass filter 3, the locus of the
impedance at point P in Fig. 7 depicts a circle Q which passes through point B
in Fig. 8 asthe line length L2 is changed from 0 to a/2. Here, a represents the
wavelength of the center frequency of the signal transferred on the output
selection circuit 11. In the actual design of the line length L2, the
15 characteristic impedance of the line from point P to point T shown in Fig. 8 is
chosen to be equal to that of the superconducting bandpass filter 3 when the
superconducting bandpass filter 3 is in its superconducting state. Point I
indicates the point where the impedance at point P is most close to infinity on
the circle Q. The line length L2 is designed so that the impedance at point P
20 inFig. 7 is set to point I shown in Fig. 8.
Fig. 10 shows a signal transfer characteristic from point O to point S
in Fig. 7 when the line length L2 is designed in the manner mentioned above
and the bandpass filter is not in its superconducting state. As in Fig. 9, the
center frequency of the desired input h.f. signal is located at the center of the
25 abscissa. ~ When not in the superconducting state, an efficient signal
transmission can be achieved from point O to point S, that is, to the normal

conducting bandpass filter 15 on the second signal path SP2 while bypassing



15 characteristic inpedance of the line frompoint Pto point T Sh°§ﬂu$ﬁp 6
Fig. 8 is chosen to be equal to that of the superconducting bandpasSs fi 9 r
3 when the superconducting bandpass filter 3 is in its superconducting
state. Point | indicates the point where the inpedance at point P is nost
close to infinity on the circle Q The line length L2 is designed so that
the i npedance at point P 20 in Fig. 7 iséfet to point | shown in Fig. 8. Fig
10 shows a signal transfer characteristi (¥r0n1point Otopoint S inFig. 7
when the line length L2 is designed in the manner nmentioned above and the

ban dpass fi{e ﬁ{})éﬁoHGﬁcﬂgg% bah dpHBE fifer BUsH RO firsedi aﬁ@afﬁﬁﬁlg- 9, the

center frequency of the ired input h.f. signal IS loCated at the center
of the 25 absci sy, IW‘Q{bWS)hn!é?nb@@irﬁé&ﬂeépﬂ’iéd&?t&iu@%e%d‘kﬁmcﬁeﬂﬁffl! whent
signal transm ssiom can be achieved frompoint O'to point S, that is, to the

normal — congwMENS IRIP&pAtch fs hded] aslthedswitbR elsent 131 9MPhe BaffBrezice Whi l e
bypassing 6 July 2006 -20 the superconducting bandpass filter 3 on the first

si gnal pat hb&leen Fiks. Flarfi014s atatdId esleqaal tPzerdle PHiPItbERusE ifh8Rical F cui t
11 when an MEMS RF switch is used as the switch elenent 13: The difference

bet ween 5 ggenrfectitsh Bétweer HwitchIetrRiilydh MEMSIRF sWité¢h sSedigbBstsa] it cal

5 connection between switch termnals in MEMS RF switch is established when

the switch fhe $wittkeds afmeli dre wHik! theré i9doshyieall codivteion benb@ingrn t he
switch termnals when it is turned off. As aresult, the inpedance of point

S" i's mat chegitth tefpindidividn fvs temddsofiur k¢l acesaldttiesimpedande 6PgotVE  RF

swtch is turned off. Since L3 is equal to zero, signal transm ssion to the

10 bandpassS¥fii hedtchéd ¢BthdMBME RIFegwitchhisautmak bnl AfbiscopanifgheWEMShe
output circuit shown in Fig. 7. The.switch el enent 13 conprises an RF

:x : gﬂ 12 gre Z,Rﬂff‘;‘r’it?l‘( gb ng}rg’éd ofr SarceNED& egaabr) 2erio; sipaedlararesthissitsi fmheRF
10  bandpass filter 15 can be achieved with a lower loss compared with the output
circuit shown in Fig. 7.

The switch element 13 comprises an RF switch formed by PIN diode
or an MEMS(microelectromechanical system) RF switch (see, for example,
J.J. Yao and M. F. Chang: A Surface Micromachined Miniature Switch for

15 Telecommunications Applications with Signal Frequencies from DC up to 4
GHz, ibid, pp. 384-387), for example.

The level detector 14 turns the switch element 13 on if it detects a
reflected wave from the superconducting bandpass filter 3 (or a mismatch
condition) through the circulator 12 when the temperature of th'e- bandpass

20 filter 3 exceeds the critical point. Consequently, the received h.f. signal from
the output selection circuit 11 is routed through the second signal path SP2 to
the coupler 17. If the level detector 14 detects no reflected wave, this means
that the suéerconducting bandpass filter 3 is in its superconducting state, and
the switch element 13 is maintained off.

25 The bandpass filter 15 and the low noise amplifier 16 on the second

signal path SP2 are such ones that the former is operable at a temperature

above the critical point and the latter exerts the best performance at a



J.J. Yao and M F. Chang: A Surface M cronmachined Mniature Swi tch %QBI%%Oe
Tel ecomruni cations Applications with Signal Frequencies fromDC up to A

GHz, ibid, pp. 384-387), for exanple. The |evel detector 14 turns the switch
element 13 on if it detects a reflected wave fromthe superconducting
bandpass filter 3 (or a msmatch condition) through the circulator 12 when
the tenperature of the bandpass 20 filter,3 exceeds the critical point.
Consequently, the received h.f. signal f?%ﬁﬁ the output selection circuit 11
is routed through the second signal path SP2 to the coupler 17. If the |evel

det ect or 14t@ﬁpggt@rerubd@ﬂﬁcéﬁgcwﬁm,this means that the superconducting
bandpass filter 3 is in its superconducting state, and the switch el enent

13 is maintai ned Rf the etbddimeanstnewa ihiFige 6, heaipbrafigeldeteciing elamient fi er

16 on the second signal path SP2 are such ones that the forner is operable

at- a tenper §88rrovidelin tHeevaduumahaniieer® asiddidaced i beskeax Hines ih Rghést
performance at a 6 July 2006 -21 tenperature above the critical point. In

t he embodi shavitized t6ideted that tieeenpérateredef g supserebadacting18S
provi ded in the vacuum chanber 8 as indicated in broken linés in Fig. 6 nmay

be utili5zedbandpteisefiitert hhlastexeetded eiettitieabpoirtetostupathostitih senieritemtlpass
filter 3 has exceeded the critical point to turn the switch_el enent on. The

det ect ed t eTherdetested nempeeatupepedyctle 2omperedaagaingt £ etiticaheanpéetatare val ue
in a decision unit 18 so that the switch elenent 13 can be turned on if the

det ect ed t evglaedhw de¢isiaabong t&so thatttheawitelreteraent €3 cihdbetdmddrmnif of
the high frequency unit shown in Fig. 6 is applicable to any enbodi nent of

10 the hi ghtleedetetiedetergpiraturedsiabevethetoziticl dtampenattirgs. The émbodiment
However, when applied to the enbodiments shown in Figs. 4 and 5, each set
of the vacofithechighbfreq8emeyd unfteshooah imdigné tis @pphicabker edarny embpdinernittof of
hi gh
10 the high sensitive radio receiver system shown in Figs. 2, 4 and 5. However,
when applied to the embodiments shown in Figs. 4 and 5, each set of the
vacuum.chamber 8 and the cooling unit 9 is shared by a plurality of high

frequency receiver units.

15 FIFTH EMBODIMENT
Fig. 12 shows another embodiment of the high frequency receiver unit

according to the present invention. As a distinction from the embodiment
shown in Fig. 6, the output selection circuit 11, the switch element 13, the
normal conducting bandpass filter 15, the low noise amplifier 16, the

20 circulator 12 and the level detector 14 are also contained in the vacuum
chamber 8 to be cooled by the cooling unit 9. This allows thermal noises
which are added in the output selection circuit 11 and the circulator 12 to be
reduced wﬁen the superconducting bandpass filter 3 is its superconducting

state.

SIXTH EMBODIMENT

In the embodiment shown in Fig. 12, the switch element 13, the



frequency receiver units. 15 FI FTH EMBODI MENT Fig. 12 shows anot herGJul 2006
enbodi nent of the high frequency receiver unit according to the presel){t

i nvention. As a distinction fromthe enbodi nrent shown in Fig. 6, the output
selection circuit 11, the switch elenent 13, the normal conducting bandpass
filter 15, the |ow noise anplifier 16, the 20 circulator 12 and the |evel
detector 14 are also contained in the vagum chanber 8 to be cooled by the
cooling unit 9. This allows thernmal nois whi ch are added in the output
selection circuit 11 and the circulator 12 to be reduced when the

super conduaiérmgalbenrtthasting bhhdpass fiker 1§ sidodreclovd noisengmpdifadrel 6 2 the XTH
EMBODI MENT I n the enbodi nent shown in Fig. 12, the switch elenent 13, the 6
July 2006 -s22ondrsighabpathuSPRngapbediispssdd btutsidd Shewdctim ¢lramber 8gas
anplifier 16 on the second signal path SP2 may be di sposed outside the
vacuum chandiws ind4g. $Bpthus avdidng 4 odlingsofithmsdielgmentsniol Imthetxamnpde

el enments. In the exanple shown in Fig. 13, the superconducting state is
noni t ored rsitdven 1&g, by, tHeesupeateorducting state 6§ necnicoredorathebtiiarby skasi ng a
cooling tenperature through the tenperature sensor 18S di sposed within the
vacuum Shandetection Hfaefléetsdsivaveybiit by edeingr aicoelinghteniperature thetwgh ee
tenperature by the tenperature sensor 18S is above the critical point or
not. If theedgeraturd sensopéBStdisposed wathah the vacuahoebamber &.i t Theal poi nt,
the switch elenment 13 is set 10 to turn on. SEVENTH EMBCDI MENT Fig. 14
shows a f urdevasiomntmidili8edetenmninerewhietherfthegletectgditeimperature by the

temperature sensor 18S is above the critical point or not.  If the detected
temperature is equal to or above the critical point, the switch element 13 is set

10 to turn on.

SEVENTH EMBODIMENT
Fig. 14 shows a further embodiment of the high frequency unit
according to the present invention. In this embodiment, the coupler 17 shown
15  in the embodiment of Fig. 12 is also contained within the vacuum chamber 8
to be cooled. This allows thermal noises which are added by the coupler 17
to be reduced when the superconducting bandpass filter 3 is in its
superconducting state. In this case, since the coupler 17 is disposed in the
vacuum chamber 8, the number of coaxial cables connected to the vacuum
20 chamber 8 can be reduced, whereby a heat flow from the outside of the
vacuum chamber 8 through the coaxial cable 8c and a coaxial connector 8C3
shown in Fig. 12 can be eliminated, contributing to a reduction in the power
consumptidn and the size of the system.
Altérnatively, the switch element 13, the normal conducting bandpass
25 filter 15 and the low noise amplifier 16 may be disposed outside the vacuum
chamber 8 to avoid their cooling, even though this increases the number of

coaxial cables and connectors.




according to the present invention. In this enbodinent, the couplersﬁﬂ %@8@“
15 in the enbodinent of Fig. 12 is also contained within the vacuunt CRafbe

8 to be cooled. This allows thernmal noises which are added by the coupler 17
to be reduced when the superconducting bandpass filter 3 is inits
superconducting state. In this case, since the coupler 17 is disposed in the
vacuum chanber 8, the nunber of coaxi al bl es connected to the vacuum 20
chanber 8 can be reduced, whereby a heat“tlow fromthe outside of the

vacuum chanber 8 through the coaxial cable 8c and a coaxial connector 8C3

shown i n EIGHIZHENMBODIMENEt ed, contributing to a reduction in the power
consunption and the size of the system Alternatively, the swtch el enent

13, the nornal Clbilgdll&émbsﬁﬂmheﬁénﬁddiﬁfeni%f&hé|high€ﬁ"é?!mﬂ‘6}l feteiver
anplifier 16 may be di sposed outside the vacuum chanber 8 to avoid their

cool i ng, ewein atbordihg!toi theipreseasiesyenbi®nuPiis @hbodiraghtls £ abddificanion
connectors. 6 July 2006 -23 EI GHTH EMBODI MENT Fig. 15 shows still another

enbodi mentofthet drabbdirhefit sliovencin Figc didvar thatnthé twodow nogsel amiphidiars ds 416t

i nvention. This enbodinent is a nodification of the enbodinent shown in
Fig. 14 i nandtie toeplend 7 are replacedibylanf inpus sélectionbciaogittiifeand aminglel7 are
repl aced by an input selection circuit .19 and a single |ow noise anplifier
4. The i nplow neisecameptifrrr4 ui Thednpat selestientdiscuio d Omelects redther lomtpandpass
filters 3 and 15 to feed it to the | ow noise anplifier 4. The | ow noi se
anpl i fi er fonsthiebandpabstiltersed and Ifoto feed itielthe lowt naissmmplifier 4.0 or
above the critical tenperature. 10 Fig. 16 shows an exanple of the input

sel ecti on The towtndiSe snypinfien4 isidgsigited todoperatendt bfly bplos dnit alsmnequal
| engt hs, respectively. The line length L4 is detained depending on the
per i pher al tos@t abongs thescritinal temepleratute. L1,
10 Fig. 16 shows an example of the input selection circuit 19 shown in
Fig. 15. L4, L5 and L6 represent line lengths, respectively. The line length
L4 is detgrmined depending on the peripheral settings as mentioned with L1,
but is desirable to be chosen as short as possible in view of reducing the
signal loss. " The line lengths L5 and L6 are determined in the similar manner
15 as mentioned above for the choice of those of L2 and L3 described above in
connection with Figs. 7 and 8, respectively. Specifically, L6 is chosen so
that the impedance at point R’ is inﬁnity when the bandpass filter 3 is in its
superconducting state and switch element 13 is turned off, whereby the
impedance at point S’ is mismatched. The line length L5 is chosen so that
20 the impedance at point P’ is infinity when the bandpass filter 3 is not in its
superconducting state. As a consequence, when the bandpass filter 3 is in its
superconducting state, the signal from the bandpass filter 3 is delivered to the
low noise afnpliﬁer 4, while when the bandpass filter 3 is not in its
superconduéting state, the signal from the normal conducting bandpass filter
25 15 is delivered to the low noise amplifier 4. The input selection circuit 19

avoids the need for the provision of the low noise amplifier on the second

signal path SP2, contributing to a reduction in the power consumption and the



but is desirable to be chosen as short as possible in view of reduc'qglt 5
signal loss. The line lengths L5 and L6 are determned in the simlar Nenner
15 as nentioned above for the choice of those of L2 and L3 described above
in connection with Figs. 7 and 8, respectively. Specifically, L6 is chosen
so that the inpedance at point R is infinity when the bandpass filter 3 is
Inits superconducting state and smﬁtch:ﬁ#enent 13 is turned off, whereby
the inpedance at point S is mismatched:“’The line length L5 is chosen so
that 20 the inpedance at point P is infinity when the bandpass filter 3 is

not inits siggnﬂ‘rtherreu@itvieﬁgygt@m_e. As a consequence, when the bandpass
filter 3 is inits superconducting state, the signal fromthe bandpass
filter 3 is delivered to the |ow noise anplifier 4, while when the bandpass
filter 3 is not inits superconducting state, the signal fromthe nornal

conducti ng NANAHREMBODIMENTLS is delivered to the | ow noise anplifier 4.
The i nput selection circuit 19 avoids the need for the provision of the |ow

noi se anplifier dfigt g sroonget angthelr epabddiiiht efothierhight fraquéncyrecedvert i on
in the power consunption and the 6 July 2006 -24 size of thé receiver

syst em 5NI Nihit BvBORIINEND thepredentsinventipat dfvisrenbedhmentizndlsofa t he hi gh
frequency receiver 5 unit according to.the present inventian. This

enbodi ment medifisation widhé ienghodimerit shiosvre i #dgnehHiin shaven simitdh elendenti3i t hat
a switch elenent 31 is connected between the normal conducting bandpass
filter 15 accdrinectedbetwesean tdod hormal conducti®g bahdphsd filteniltScine tleerips 13

and 31 are set to turn on if the level detector 14 detects that the
bandpass fisdlectiénicercnat 19.n The Héthsswirtck etetnenisnd3 andt3] aiighsetctontuen onoif of
switch el enent 31 between the bandpass filter 15 and the input sel ection
circuit 19 thedessl] détectaml 4 detects thatcthe bandpass fdterdeienof negst he i npedance
ot pol th > sxipnersiogduc:lt?né 2?;%;(:1 | (?Ishse gc];nnvg]c?iton of switch element 31 between the
bandpass filter 15 and the input selection circuit 19 yields that only the switch
element 3] determines the impedance at point S' in Fig. 16 regardless of what
type of filter is used as the bandpass filter 15. Based on this impedance, L6
can be determined such that the impedance at point R' may be infinity when
15 the bandpass filter 3 is in its superc6nducting state.  As a result, any filter
can be used as a normal conducting vbandpass filter 15 without any
modification of L6, allowing the use of the bandpass filter 15 for higher
general purposes compared to the embodiment of Fig. 15. The switch
element 31 is set to turn off when the bandpass filter 3 is rendered in a
20 superconducting state by the level detector 14 and turn on when not rendered
in a superconducting state in a similar manner as the switch element 13.
Fig. 18 shows an embodiment of the input selection circuit 19 when an
MEMS RF .switch is used as the switch element 31. The input selection
circuit 19 differs from that in Fig. 16 in that L6 is equal to zero. This is
25 because the MEMS RF switch is used for the switch elemnt, in a similar

manner as in the embodiment of the output selection circuit 11 shown in Fig.

11. By reducing L6 to zero, the signal transmission to the low noise



type of filter is used as the bandpass filter 15. Based on this i”ﬂfg nggbs
L6 can be determ ned such that the inpedance at point R may be infinfty
when 15 the bandpass filter 3 is in its superconducting state. As a result,
any filter can be used as a normal conducting bandpass filter 15 w thout
any nodification of L6, allowing the use of the bandpass filter 15 for

hi gher general purposes conpared to the enbodi nent of Fig. 15. The switch
element 31 is set to turn off when the b3ddpass filter 3 is rendered in a 20
superconducting state by the level detector 14 and turn on when not rendered

H o 16" snanuiiet Akah o s HidA1oBbr S ect Fon cirout ¢ 10°vihen an  WENS
G f7ers from & nath e prgeriikd Entiodifictics Shouhffh FESe, 32 €515 8 PLEREC 0,
the enbodi QurpUbflpRTo SHcuCLL 8 hetihpl SiePibn Cifels T0Mreons B, o 11
o5 anpt AL pARESstri indh, Yl otheANRRS Havifly ShnhlaF chaticheliBhes mat Mo ? o
shown 148 Figsd shchll ddixds %?d]gs,ls%ﬁpﬁllzﬁg?ségﬂtl%%&ﬁb%%r‘flieF\lﬁ'BH%s,]féra”d the

i nput selectron circult are cons crostrip_I1nes,” but other
l i nes havi ALl a bShd : j | es,
Strip 1 neStalple MEAHYACBIMER! 6F (HENigtP fRQHRREyTHCEVRE oSSR WD B
the high f C i N i i : s
appliLgbleT?%'Z%yuéﬁgggyﬁga%?é$hﬁggeﬁﬁgﬂhggﬁgFgﬁvéﬁn}a fgqpég%gggfﬁ§§§?%nm

shown in Firg$io l%ceflvéf%?{s&mjsﬁoﬁﬁfm%@ 'E;I—g?a MVENTI ON . As described above,
pr esent ' ITa’fault

according to the " I nvention, occurs with a cooling unit
of a high sensitive radio receiver system a

10 EFFECTS OF THE INVENTION
As described above, according to the present invention, if a fault
occurs with a cooling unit of a high sensitive radio receiver system, a
degraded reception or the inability of reception for all the sectors can be
avoided.

15 Also with the high frequenC).l receiver unit according to the present
invention, when a rapid degradation in the performance of the
superconducting bandpass filter occurs as a result of a temperature rise or a
failure, a change in the input and output impedance of the superconducting
bandpass filter can be utilized to transfer a received signal to an.a.uxiliary

20  circuit, thus avoiding inoperability of the receiver system.



degraded reception or the inability of reception for all the sectoré qaaoag
avoi ded. 15 Also with the high frequency receiver unit according to H
present invention, when a rapid degradation in the performnce of the
superconducti ng bandpass filter occurs as a result of a tenperature rise or
a failure, a change in the input and output inpedance of the

super conducting bandpass filter can be §ti|ized to transfer a received
signal to an auxiliary 20 circuit, thus- 6oiding i noperability of the
receiver system 6 July 2006 -26 WHAT IS CLAIMED IS: 1. A high sensitive

radi o recelwﬁA Y8tem M@ggl ving a signal fromat |east two antennae
p

provided in eac of a urality of sectors, conprising: a plurality of

vacuum chanbers; 1aAphifgwkéx§sm% radfd éeivey §)$st fbrfr‘éEeRQﬁk dgﬁiggﬁﬁﬁ‘o%? Qafi or

of each of the pI ur al vacuum chanbers; ura ity o pass filters
each cont aijggd tiyd m%nﬂ&e m@vv@wmaa{lam%ﬁrﬁ@t&%éahf@ dmsSsinged h. f.

signal in a predeterm ned'frequency band, "'said | east two ant enmnae of

each sector being g gﬂlﬁy@p\,g&ﬁlﬁe&hm@ass filters contained in different
ones of the plurali ty vacuum chanbers; and | ow noi se anplifiers each

contained in cor lﬁﬂs%ach%#%oqﬁ%‘ﬂﬁ mtéfier eFeaeR ofdhen

series to an outp t of orrespon%| ng one of the urality of bandpass

filters, fojumyidfwdrtaumehdaitetssing the received h.f si gnal ; wherein each
conbi nati on of each series connection of the bandpass filter and the | ow

ey o ST yPbSI Aol hronser e weutast o
chambers and deriving a received h.f. signal in a predetermined frequency
band, said at least two antennae of each sector being connected to the
bandpass filters contained in different ones of the plurality of vacuum
chambers; and

low. noise amplifiers each contained in corresponding one of said
vacuum chambers and connected in series to an output of corresponding one
of the plurélity of bandpass filters, for amplifying and delivering the received
h.f. signal; ’ T

wherein each combination of each series connection of the bandpass
filter and the low noise amplifier, the vacuum chamber which contains the

series connection and the cooling unit which cools the series connection

constitute a high frequency receiver unit.

2. A high sensitive radio receiver system according to Claim 1, in
which each of the bandpass filters comprises a superconducting bandpass
filter formed by superconducting material which is in its superconducting

state at or below a critical temperature when cooled by the cooling unit.

3. A high sensitive radio receiver system according to Claim 2, in

which the superconducting material is a high temperature superconducting



constitute a high frequency receiver unit. 2. A high sensitive rad%% 06
recei ver systemaccording to Caiml1, in which each of the bandpass'%%%Qers
conpri ses a superconducting bandpass filter fornmed by superconducting
material which is in its superconducting state at or below a critica
tenperature when cooled by the cooling unit. 3. A high sensitive radio

recei ver systemaccording to Caim2, in_which the superconducting materi al
is a high tenperature superconducting 6 dlﬁy 2006 -27 material. 4. A high
sensitive radi o receiver systemaccording to any one of Cainmns 1 to 3,
further coqﬁahﬁ%ﬂg: an ant enna dupl exer connected between one of the
plurality of antennae in each sector and the bandpass filter connected
thereto, and having a transm ssion input termnal so that the antenna is
shared for the transm ssion and reception. 5. A high sensitive radio

recel ver system apogiilhAGeniIctdia rebdlvelly Sintas g AWy ShOBEN Seri es

connection of the supe nducti ng andpass ter a nol se

anplifier ic1fgls Pes 32$udnbt Eéﬁ'&’ﬂs?ﬂ | path and each of the high frequency

receiver units also has a secon gnal path including a nornmal conducting

bandpass filter %f&‘i‘teﬁﬂﬁ@hﬂéx&%oﬂ%&e@%%eeﬁ‘Hneaéd%glse?ﬁ#ﬂ?ﬂigfo?r above

the critical tenperature of 'the superconducting ban and havi ng

a subst ant i glibynSETE chEk SLERA A ﬂi&%%&%%dﬁ&té@%@, 4rid havidgr

delivering the received h.f signal _ passing the first signal pat
whenever t hepauRgisq64 ‘ifgf;ht;ﬂﬁ%g{]iﬂp@é thdt the@nteh$a OsHABEFor e tahismission

super conducting state. sensitive radi o recelver system accordi ng

to Caim 5, afdreception.

5. A high sensitive radio receiver system according to Claim 2, in
which a signal path through series connection of the superconducting
bandpass filter and the low noise amplifier is defined as a first signal path and
each of the high frequency receiver units also has a second signal path
including a normal conducting bandpass filter which operates not only below
but also equal to or above the criticél'temperature of the superconducting
bandpass filter and having a substantially same passband as the
superconducting bandpass filter for delivering the received h.f. signal while
bypassing the first signal path whenever the superconducting bandpass filter

is no longer in its superconducting state.

6. A high sensitive radio receiver system according to Claim 5, in
which each high frequency unit has an output selection circuit which delivers
the received h.f. signal from the antenna to which the superconducting
bandpass ﬁAlter is connected to the first signal path when the superconducting
bandpass filter is in its superconducting state and to the second signal path

when the superconducting bandpass filter is not in its superconducting state.



whi ch each high frequency unit has an output selection circuit V\/nic(:l’wJul 2006
delivers the received h.f. signal fromthe antenna to which the y
superconducting bandpass filter is connected to the first signal path when
t he superconducting bandpass filter is in its superconducting state and to
t he second signal path when the superconducting bandpass filter is not in
Its superconducting state. 6 July 2006 -28 7. A high sensitive radio

recei ver systemaccording to Caim6, inr28which a second | ow noise anplifier
whi ch operates not only bel ow but also equal to or above the critical
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I nput to t OW Noi se ensitive radio-recelver system

accor di ng ' . . PAPINR ' it wi t ch

el enent co%@%%@ﬂ%ﬁt}{?;gég%?gustlgg?p?%@ trb%?l?rva% %ﬁﬂgﬁgﬂéﬁgﬁg{én aaz's filter on
t he second signal path of each high frequency unit to be turned off when

t he superconducti ng bandpass filter is in its superconducting state and to

be turned on wheg WRisHIRGISGAVE YEHII RcelRIRARS ddcbRdirlgStd Clainl 6, i

superconducting state
which an input selection circuit is connected between the superconducting

bandpass filter and the low noise amplifier on the first signal path of each
high frequency receiver unit for selecting either an output from the
superconducting bandpass filter or an output from the normal conducting

bandpass filter for input to the low noise amplifier.

9. A high sensitive radio receiver system according to Claim 8, further
comprising:

a signal path output switch element connected to the output of the
normal conducting bandpass filter on the second signal path of each high
frequency unit to be turned off when the superconducting bandpéss filteris in
its superconducting state and to be turned on when the superconducting

bandpass filter is not in its superconducting state.

10. A high sensitive radio receiver system according to any one of
Claims 7 to 9, in which each high frequency receiver unit comprises a signal
path input switch element connected to the input of the normal conducting
bandpass filter in the second signal path, and detecting means for detecting

whether or not the superconducting bandpass filter is in its superconducting



10. A high sensitive radio receiver systemaccording to any one of o (4 'q§% 7
to 9, in which each high frequency receiver unit conprises a signal [ﬁ%

i nput switch el enent connected to the input of the normal conducting
bandpass filter in the second signal path, and detecting neans for detecting
whet her or not the superconducting bandpass filter is in its superconducting
6 July 2006 -29 state to turn the signal _path input switch el enent off when
the superconducting bandpass filter is-zg-its superconducting state and to
turn the signal path input switch el ement on when the superconducting

radi o 1 ece Pl o skl byT BT bl GHFuRtAE del'octing means
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sai d det ec%ﬂ& gpgg\%ﬁpg{ﬁdﬁ 'n%es'ﬁ?e.v"hi ch detects a tenperature wthin the

vacuum chanber an urn e signal path input switch-el ement on
whenever the tenperature is equal to or above the critical tenperature. 13.
A high sensitive radio receiver systemaccording to any one of Cains 6 to

9 in which th ' s . DT : Y
chalrrtr;er. | (1:4. Aeh?ghggﬁelﬁgﬁe?l\%gi‘?é;rl olb?ggg}\}vegrsg’lssys Z‘%egﬁlogdﬂbngmﬁgl ggi(;ﬂgg]e of

Clains 6t iq; MR ; ﬂ%{g}é ' Il ' heprsed

within t he%@gggﬁ%%g%gpﬁg%%ehl Seﬁlgbtﬂg%gﬂp ggﬁge'i?éﬂgea} Ise;f}éczsﬁsit em

accordi ng {yrrtRe Suferdohducting bandpass filter when it is not in its superconducting
state and which turn the signal path input switch element on in response to a

detection output.

12._A high sensitive radio receiver system according to Claim 10, in
which said detecting means comprises means which detects a temperature
within the vacuum chamber and which turn the signal path input switch
element on whenever the temperatur—é 1s equal to or above the critical

temperature.

13. A high sensitive radio receiver system according to any one of
Claims 6 to 9, in which the output selection circuit is disposed within the
vacuum chamber.

14. A high sensitive radio receiver system according to any one of
Claims 6 to 9, in which the normal conducting bandpass filter is disposed

within the vacuum chamber.

15. A high sensitive radio receiver system according to Claim 7, in

which the coupler is disposed within the vacuum chamber.



whi ch the coupler is disposed within the vacuum chanber. 6 July 200 J_§%9§g'
A high frequency receiver unit for filtering, anplifying and delive i
received h.f, signal which is input thereto, conprising a vacuum chanber (8);
a cooling unit (9) for cooling the inlrior of the vacuum chanber; a first
signal path (SPl) contained within the vacuum chanber and including a
series connection of a superconducting bandpass filter (3) which operates
inits superconducting state at or below a critical tenperature and a | ow
noi se anplifier (4) for passing a received h.f. signal therethrough; and a
second signal path (SP2) including a normal conducting bandpass filter (15)

super conduct 1§ iR asERHE EayEs bk 55 Al BIBE- AR B8k ehdRie et
passbang r@éeiiz@&h.ﬁbﬁ%ﬂépﬁzﬂiﬂlﬁfsiiﬂﬁutbt%ﬂa‘?@,sc%nﬁﬂ)ﬂiéiﬁg and whi ch delivers the
received h.f. signal” while bypassing the first~signal path whenever the
super conduct i agvadsannhpassntieér{8)er is no longer in its superconducting state;
an output selection circuit (11) which delivers the received h.f. signal

whi ch is input qoelingamit () fpr egelingtheuntariarofithe vagwam ohiagiher; pat h when t he

super conducti ng .bandpass filt 3) is. in its.superconducting.state and to
the second sighAst E)‘&Pﬁf\mgh (Sﬁl)éss F106% dyENih §he afafyEEY Olhia?’ib(?F #d not in
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suppl yin hrougl receive _ € second’signal path
(SP2) ;  ePafads B itd SEpdrBohdidtingSstdiel # AMowlcaatal RHipRvAtupEhREhI1BH Circuit

(11) is constructed of a T-shaped mcrostrip

noise amplifier (4) for passing a received h.f. signal therethrough; and

- a second signal path (SP2) including a normal conducting bandpass filter
(15) which operates at least above the critical temperature of the superconducting
bandpass filter (3) and having a substantially same passband as the
superconducting bandpass filter and which delivers the received h.f. signal while
bypassing the first signal path whenever the superconducting bandpass filter is
no longer in its superconducting state;

an output selection circuit (11) which delivers the received h.f. signal
which is input to the high frequency unit to the first signal path when the
superconducting bandpass filter (3) is in its superconducting state and to the
second signal path when the superconducting bandpass filter is not in its
superconducting state;

a signal path input switch element (13) for supplying therethrough the
received h.f signal to the second signal path (SP2);

characterized in that:



| i ne having a predeterm ned characteristic inpedance and having a bgﬁgﬁh
port connected to said signal path input switch elenent (13), one ¥p£006
said mcrostrip line being supplied with said received h.f. signal, and the
other end of said mcrostrip |line beBhg connected to said first signal

path; wherein a length froma root of said branch port to said the other end
of the mcrostrip line is selected so that when the tenperature of said
superconducti ng bandpass filter is higher than the critical tenperature,

i npedance | ooking into the other end fromthe root of said branch port

becones i nf i §7Id Qupubsfleeionpigent ofl)darenyruntiehoparl-shapedanisodtibso t hat
toener adinU R R R RS R el b R b HE oot
Lpoper 1 TPEU: y . .t gt
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anpl i fi ghicrdshipWMiedtin@RepFli @b witdtsa@hteceRRIAM. Rikina] 511 BféUsthet endbf above the
critical tenperature and connected in series to the output of the nornmal

conduct isayl macrdptagsliné beimg (obfpctef] totshel Sist ergniakpathal path, and a coupl er
(17) which conbines an output fromthe first signal path (SP1l) and an

out put from t Whesasngngihgisam »eeqt of sakbrapeh perdo seitthethenend ofj gnal . 18.
A high fyequency.receiver. uni.t cording to Claimi16, fyrther conprising an
nput sePESTERRTR RBEis Solgeid eo ey hen e e Sliifconduct i ng bandpass
filter [ b ; ' L gnal path (SP1)
for sel gg??%gqg?%}ﬁl 8%@3?%&%@% Icl)lr‘%'h tg f}?a@ﬁ%g??&%%ﬁtgﬁ%%ﬁ%%%dpass filter (3)
or an  Ggipedande lOBkidpeinte tiebthee BAd ¢ion thdrund pdssid briahel podtHecbatesi nput to

the Iow noise amplifier (4). 19. A high frequency receiver unit according

to C ai mfigitivieyandedengtbrdrsasd bpnch portgs aeleptadrsootiapwtheswthe ch el ement  (31)
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impedance looking into the branch port from the root thereof becomes infinitive.

17. A high frequency receiver unit according to Claim 16, in which
the second signal path (SP2) comprises a second low noise amplifier (16) which
operates not only below but also equal to or above the critical temperature and
connected in series to the output of the normal conducting bandpass filter (15) of
the second signal path, and a coupler (17) which combines an output from the
first signal path (SP1) and an output from the second signal path to deliver the
received h.f. signal.

18. A high frequency receiver unit according to Claim 16, further
comprising an input selection circuit (19) connected between the superconducting
bandpass filter (3) and the low noise amplifiers (4) on the first signal path (SP1)
for selecting either an output from the superconducting bandpass filter (3) or an
output from the normal conducting bandpass filter (15) for input to the low noise
amplifier (4).

19. A high frequency receiver unit according to Claim 18, further
comprising;:

a signal path output switch element (31) connected to the output of the
normal conducting bandpass filter (15) on the second signal path (SP2) and



6 July 2006 -32 adapted to be turned off when the superconducting bﬁ”dﬁgﬁﬁ
filter (3) is inits superconducting state and to be turned on whe Ju 6
superconducti ng bandpass filter is not in its superconducting state. 20. A
hi gh frequency receiver unit according2to any one of Clains 17 to 19,
further conprising: detecting neans (14) for detecting whether or not the
super conducting bandpass filter (3) is in its superconducting state and for
turning the signal path input switch element (13) off when the

he. s GRARDISA P PRpHETERPECH TR MR IyR I RHAROPRS SURERCotetng
band
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conpri s&ftns MeMB ftf sepirk6hdd@impedadt the branch point. 22. A high

frequency receiver unit according to daim20, in which the detecting neans
(14) conpri se20nAdnghvliquendg reeiveramnitddcecdiag toang ohewfiClahas

super conducting bandpass filter when it is not in its superconducting state
and whi dif toukhgurther e¢mypeibingat h i nput switch el errent on in response to a

detection output. .23. A hi uency r iver t accordi n .to Cdaim 20,
in which the s%e@vgﬁ@e%ﬁé)% effl-‘ bederannet’ ws;vemnéﬁ WBgects a

T e B R RS S P L
Fooke, | pSIAAGRIchORRELS M DT R et 4 ot o
i s di spespercontheting btate and turning the signal path input switch element (13) on
when the superconducting bandpass filter is not in its superconducting state.
21. A high frequency receiver unit according to Claim 20, in which
the switch element (13) comprises an MEMS RF switch formed at the branch
point.
22. A high frequency receiver unit according to Claim 20, in which
the detecting means (14) comprises means which detects a reflected wave from
the superconducting bandpass filter when it is not in its superconducting state
and which turns the signal path input switch element on in response to a
detection output.
23. A high frequency receiver unit according to Claim 20, in which

the detecting means (18) comprises means (18S) which detects a temperature

within the vacuum chamber and which turns the signal path input switch element



vacuum chanber. 25. A high frequency receiver unit according to any on f
Clains 16 to 19, in which the normal conducting bandpass filter is %?@b%@%
within the vacuum chanber. 26. A high frequency receiver unit according to
Caim17, in which the coupler (17)-83%-disposed within the vacuum chanber.

on whenever the temperature is equal to or above the critical temperature

24. A high frequency receiver unit according to any one of Claims
16 to 19, in which the output selection circuit (11) is disposed within the

vacuum chamber.

| 25. A high frequency receiver unit according to any one of Claims
16 to 19, in which the normal conducting bandpass filter is disposed within

the vacuum chamber.

26. A high frequency receiver unit according to Claim 17, in which

the coupler (17) is disposed within the vacuum chamber.



