-1"H GH SENSI Tl VE RADI O RECEI VER SYSTEM AND H GH FREQUENCY RECEI VER UNI T
..FOR USE THEREIN TECHNI CAL FIELD 5 The present invention relates to a high
sensitive radio receiver system including bandpass fiI%MMﬂ”M@MNMNHﬂF

cool ed for reception of a desired high frequency signalliigs y sed in
a base station radio equi pnment for nobile conmunication sysasny for
exanpl e, and a high frequency receiver wdrt for wuse in such a receiver
system 10 PRIOR ART Ear -a base station of a nobile comunication system

whi ch i ncl udes %%FSENSHNE @w{:gﬁgﬁ ﬁﬁgngm Meg%t echni que

I s enpl oyed for ea sector in order sensitrve reception of
the signal transmt ' SUNTTO i}s%E' ce, the
transm’gtted si gnal ?ﬁgyﬁyﬁbﬁg}mﬁﬁ on | sppgzg%@e ykﬁ%ppl urality of
antennae, and in order to achieve high C/ N(carrier to noise ratio)
characteristics, the received high frequency (hereafter h.f.) signals from
t he ant ennFECHNICALSEIRBIOD are processed by the bandpass filters of
predeterm ned characteristics which are cooled with 20 extrenely |ow
tenper & ure, andTheerefertliaventibarelitedts a M%h%bn@kivd%akﬁo Recdlveh ??éteh'PVm
Is selected for denodul ation by an associ ated receiver. |f _the cooling
function ajmdludihg bahdpass fikedpahic ate eosleddos escéptionpéaalesiredchighl ows
the tenperature to rise, thermal noi ses generated within the bandpass
filters infreqasncy sighdlasrmay deubsed in al bgsedtitiomradio egaipraeat fGEmobile e
whi ch has been kept inproved by the cooling function, leading to a
communication system, for example, and a high frequency receiver unit for

( use in such a receiver system.
10
PRIOR ART

For.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 i:ransmitted 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
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degradation in the received signal or a failure of reception. In _
.particular, when the bandpass filters are conposed of superconducting
bandpass filters, a -2- fault in the cooling unit results in not only a
degradation 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 su conducting state after exceeding
the critical tenperature. This problemis 5 quite renarkabl e when the

bandpass fifh{iRfif the '&%%ﬁr%duﬁﬁ ref\ftPin ' hét oﬁ% ?glﬁgga%dgi)gne?gﬂxe?ggfsgrﬁ%, { ot al

cooled in a single vacuum chanber (heat s uce

number of tﬂmathabwihttﬁatc@fer&éEﬁﬂemgdséabtlgﬁﬁﬁ%ﬂtﬁéssek s, eeﬂﬁ@ﬁ% oy

pur pose. However, a failure in one of these cooling units disables

reception Mechbise e sigsareoddaetia @aﬁﬂpa@é’ﬁ'[’tew@bﬁlibttlg@nféiﬁ{diﬁgd e I S 10
provided separately for each sector.. An arrangenent which-overconmes this
problemis sdﬁemmting dtateSafteRatceding tite EAficAltemperanire, 'I'h'iygﬁdﬁléﬁfjis' n
Fig. 1. As shown, two antennae are arranged in each of three sectors and
three vicuqgmitehenmkabllwhes, the-bandphss fidtebe cosnedtad 1 the phiral @htennae in
super conducting bandpass filters. Antennae 15 11, 12of sector SC 1 are
connect ed eachseciorsse icobled in 8 singléoauain eHamber ¢hédtestisldiap o te 81,

83; antennae 13, 14of sector SC2 are connected to bandpass friters

33, 34cont aireduts thediotdlenember béthe coolihg \iilts entespumdingaolthe sedfors foect or
SC3 are connected to bandpass filters 35,6 36contained in different chanbers
82, 83- Cut gaosomio purpeseantiavever; a fatlyredin one of thesencwalirgl uhits aligdbles
di-versity receiver, 91, outputs fromthe bandpass filters 33, 34are connected
to a di veths recepion oftheocorrespondingfsector; seem dnoiggls the cooking wRit 36ar e

connected to a diversi ti/ recei ver 93
10  provided separately for each sector.,

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,, 8;.
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;, 8;; antennae 13, 1, of sector SC2 are connected to
bandpass filters 33, 34 contained in different chambers 81, 82; and antennae 15,
( 16 of sector SC3 are connected to bandpass filters 35, 3¢ contained in different
” chambers 8,, 83. Outputs from the bandpass filters 3;, 3, are cbfmected toa
20  diversity receiver 9, outputs from the bandpass filters 33, 3, are connected to
a diversity receiver 9,, outputs from the bandpass filters 3s, 3¢ are connected
to a diversity receiver 9;. )
With 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 8;, 8,, respectively. According to this patent,



Wth this arrangenent, if a failure occurs with the chanber 81 which
..contains the bandpass filter 31, 33for sectors SC 1 and SC2, for exanple,
the 25 diversity effect is no |longer available, but the reception in these
sectors are not disabled because the remaini ng bandpass filters 32, 34for

t hese sectors are contained in the chan?ers 83,82, respectively. According
to this patent, -3- received h.f. signal™@ are processed by superconducti ng
bandpass filters 31 to 36, the outputs of which are directly | ed out of

the chanbergcdivede.f."bghalt Uré PRocélsva sy :?L\épérééﬁ'gﬂﬁ@g %élngﬁéfss fifrerd 8! 10

anplification, and accordingly, C'N of ceive S ‘defraded

due to thedgpthercutpass of eiich et divectly e cHRkidhanithdrs QoBHenié%u'? t9'the
sensitive radi o receiver system enpl oyi ng superconducting bandpass

filters, adieersitymetyiviersb,r®), 9apfor anplifiegtion] &nd acesRiinBBE e he

filter performance is degraded rapidly if the tenperature to which the
super conduceceiyed wflstgmalsiis degradededueto titrmal arvisepgendratebliutinprieat ur e
to 10 render them non-superconducting. . However, there remains a problem
that the amplfficatiotby t he high sensitive radio receiver system nay be

di sabled by a rapid degradation in the performance, of superconducting
bandpass filter sIma highsensitiveafadio regsivier systent employiagsuperconditingr a
rise in the cooling tenperature upon occurrence of a failure. This is
because evbﬂndpaSSxﬁ}terﬁe lap ep8rerngly: high-rzdliable cobiing umit is usedhbecagsef thee from
a failure. It is an object of the present invention to provide a high
sensitive fdterperfaymancerisdegradeduanidly ifithertemperaturato wohich thegur e and
vzhich is operable even when one of a plurality of cooling units fails. It
i's anot her Sépgreendyetingbangpase filters arseooled: exqeeds iaceriticali tgmperstyre oy

unit f use 'n\;hhe hi gh sensitjve, 20 radi o receiver systemwhich is
capabl@ frqdqr FMROT- SUpERGancuoting.  Hgmagver, 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 occurrence of a failure. This is Because even an extrerﬁely
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 hlgh sensitive
20  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;



even if a fault occurs with the cooling of a superconducting bandpass
cfilter. DISCLOSURE OF TEE I NVENTION A high sensitive radio receiver system
for receiving signals fromat 25 |east two antennae provided in egch of a
plurality of sectors according to the present invention conprises; a
plurality of vacuum chanbers; -4- a plurality of cooling units each cooling
the interior of each of the plurality Gﬂ'vacuun1chanbers; a plurality of
bandpass filters each contained in one of the vacuum chanbers for deriving

. : . : ' : | east
a received hS. sj 1j Raeh fck qg@n 3 t

two ant ennae of e?gﬁfzetgt(g;%cg?%ﬁgghngc¥eg%?fgg@é lgg aggeé‘?}f nge

contai ned piurdlity @fancudfiteh@mbepe plurality of vacuum chanbers; and a | ow
noi se anplifiers each contained I n corresponding one of said vacuum

chanbers and conagtuedity ofiiridpasyifiiters eah rc%ﬁ?ééﬁgh | d?{éeof){l}e}]\'/‘fcu

plurality of bandpass filters for anplifying an el rvering e received

h.f. signehambees fomderivinged receivéd bof Rigeiliiasy p llhgg fg% lﬁé;,fcr}tsaandpass

filter and the |ow noise anplifier, a vactuum chamnber t he

seri es Tonhend, said atieastteccantehnge wficachivectoranahg dotRiesid RSteonnect i on
forms a high frequency 15 reciever unit. A high frequency receliver unit

accor di ng bandpassfilsersntoritaireed inodifferenponesef tite phaality oifaabanm a cool i ng
unit for cooling the interior of the vacuum chanber;
chambers; and
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

iy ——

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 chaxﬂber;

20 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



20'a first signal

path contai ned wthin the vacuum chanber and including a

_series connection of a superconducting bandpass filter which operates in a

superconducting state at or below a critical

tenperature and a | ow noi se

anplifier for passing a received h.f. signal therethorough; and a second
signal path including a normal conducti ng bandpass filter 25 operative dit
e

| east at or above the critical tenperati

filter and having substantially the same passband as the superconducti

bandpass fbj(pazsrsing the fledti sighalngathn®hepevéreR sfh‘@e?é&itﬁlcth}@ bandpadsefiReng the

of the superconducting bandpass

ng

In a

first signal path whenever the superconducting bandpass filter® 1s not
super condutiotdnd supercBRELELIRESEAEPTI ON OF THE DRAWNGS 5 Fig. | is a
bl ock diagramillustrating an exanple of prior art high sensitive radio

recei ver system Fig. 2 is a block diagramillustrating an exanple of a

first enmbodiment of a high sensitive radio receiver system according t
t he presenBREIFEDESCRIPHQ@N OF THE BRAWINGS am i | | ustrating an exanpl e
of an antenna 10 duplexer; Fig. 4 is a block diagramillustrating a second
enbodi Sent of tHag. prissebliockrdiegtamnllusirgting ansexamplecéf priegasthigh

illustrating a third enbodi mrent of the.present

bl ock di aggemsitive radipaeceiyeasystebtsdi ment M hi gh frequency recei ver uni
according to the present invention; Fig. 7 is a schematic illustration

an out put sel ectlign2ds adiliockiagram nllustrating;an example of a first embodiment
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of a high sensitive radio receiver system according to the present invention;

Fig. 3 is a block diagram illustrating an example of an antenna
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;

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 irhpedance
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
superconduéting state;

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;
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I nvention; _15 Fig. 6 is a

t
of



Fig. 8is a Smth chart representing an exanple of input inpedance 20 when
.a bandpass filter 3 is in its superconducting state and

non-superconducting state; Fig. 9 graphically shows signal transfer
characteristics frompoint 0 to point T of an output selection circuit
when the bandpass filter3 is inits sup éconductlng state; 25 Fig-. 10
graphically shows signal transfer characferistics frompoint 0 to point S
of the output selection circuit when the bandpass filter 3 is not inits

super conducting <Figt ¢1 is@n iHugtratioh ¢$axﬁbutﬁdﬂ&flé@tidr981r€ﬁ1tasﬂhé‘ﬂtaBLMEMS
selection circuit when an MEMS RF switch i's used f he swtch el enent;

Fig. 12 is RFwitth i asediforsthevéwigcletérhent; arrangerrent of the high
frequency receiver unit according to the present invention; 5 Fig. 13 is a

bl-ock di agr am shdiignd24s fablockrdiagramghowihgainother vrah eﬁxéﬁﬂb?ﬂﬁ‘dhf ei ver
unit according to ~he present invention; Fig. 14 is a block diagra

showi ng yetﬂa@mmrmeummmeaccmdlngeo theginegemqnee@uonecel ver unit
according to the present invention; g 15 is a bl ock diagram show ng
still aRother ar nglggéBrgma bibckhhagmma gwing ecfiether arearggementuof thedsigdr di ng
to the pre I nvention; Fig. 16 is an.illustration of an exanple of input
sel ection ﬁ?%rtcyqurmm aceonghing te the present dpvemtionni t shown in Fig.
15; Fig. 17 is aéll)l ock .di a ram of an additional arrangenent of the high
frequency receiv gulﬁ*tlsa ockidiggnam diagram shewing yebanotherariangement dfithei g. 18

s an il ust, n of an-exanple of input selection-circuit when an MEMS
RF switch ﬁysﬁlf&ﬂut’é}cﬁmem?mt aceording to the present invention;

( Fig. 15 is a block diagram showing still another arrangement of the
10 high frequency receiver unit according to the present invention;
Fig. 16 is an illustration 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
frequency receiver unit according to the present invention; and
15 Fig. 18 is an illustration of an'example of input selection circuit when

an MEMS RF switch is used for the switch element.

BEST MODE OF CARRYING OUT THE INVENTION
FIRST EMBODIMENT

AN

20 An embodiment of the invention for a conventional high sensitive
radio receiver system is shown in Fig. 2 where three sectdrs are used.

In a mobile communication in which the high sensitive radio receiver
system is uéed, a signal is received by applying the space diversity technique
using two antennae per sector. In the example shown in Fig. 2, one of the

25  two antenfiag is shared for transmission and reception. The high sensitive
radio receiver system.comprises an antenna terminal 2, to which a received

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




BEST MODE OF CARRYING QUT THE | NVENTI ON FI RST EMBCDI MENT 20 An embodi nment
.of the invention for a conventional high sensitive radio receiver system
is shown in Fig. 2 where three sectors are used. In a nobile conmunication
in which the high sensitive radio receiver systemis used, a signal is
received by applying the space diversity jechnique using two antennae per
sector. In the exanple shown in Fig. 2, oife of the 25 two anterifiab is
shared for transm ssion and reception. The high sensitive radio receiver

syst em conselents adignaltiidesipedbanl Fdm! BetREEN R H'?'C%ﬁ\gﬂﬁné‘rﬂt%s@ octs

antenna 11 of sector SC 1 is input, a bandpass filter _ ects
a signal i mmeniesteratinabdf 4 lowmioise aRpifeedt, ok a?ﬁaﬁl'ﬂﬂi?g%“ém{qh?ﬁd?ﬁaf
antenna termnal 21, a |low noise anplifier 41 for anplitying an-output” from

~bandpas bahidpass filter 3i; twith d low RoistrespoRsE)Thd AN SuppuRitall & whial 51
\(f;\lhi cﬁn gglsi vers the recéi ved ah. f signal > hat i s anpl Pmd_ E@’ ]E%e T OW ;g: ng
i fi dleliverstie recgivexbhdl signal teatiie angsiefive byshetle® hsise lifiep 48

glrp[odl)olrgror in the vicgi nity of gglﬁe top of "an ant &nna t ower magngﬁéer to

reduce 3 f ddwchighsensitiveradiotreveivet systennis oftes ihstalledddutdobrs Eﬁﬁhﬂ?ei ver
system al so_conprises an antenna termnal 22 to which a received h.

si gnal froMieinitymithesopof an antemna tawerridorder to reduced2 féederIBss Bopat i Ny a
signal in a desired bandfromthe received h.f signal which is provided
fromthe aphtenma letonanignnazermimadidienna dupl exer 61 which allows t he comu
= antenna 12 tg be shared between the transm ssion and t he r ecept ion, a
| ow noi se anplif ff”bp TROCIVEF Sysiem alsorepmprises pntantenma terminabDgitmedhiéh lat er
3@ to a desired Eﬁ?l'MAth a | ow noi se response, and an out put
received h.f. signal from an antenna 1, is input, a bandpass filter 3, for
10  selecting a signal in a desired band from the received h.f, signal which is
provided from the antenna terminal 2,, an antenna duplexer 6, which allows
the commop antenna 1, to be shared between the transmission and the
reception, a low 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 antenna duplexer 6, has an input terminal 7, to
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. 'signals from
20 the output terminals 5, and 5, on the basis of the received strength
information so that a signal which exhibits a higher sensitivity is selected to
be delivered through a selector output terminal 22,. )
In the similar manner as mentioned above in connection with the
sector SC1, the receiver system also comprises antennae 15 and 14, antennae
25 terminals 23 and 2,, bandpass filters 3; and 3,4, an antenna duplexer 6,, low
noise amplifier 4; and 4,, output terminals 55 and 5, and an input terminal 7,

for the sector SC2 and also comprises antennae 15 and 14, antenna terminals




15'termnal 52 for delivering the receive-: d hS signal which is am_lified
by the Iow noise amplifier 42. The antenna dupl exer 61 has an i nput
terminal 71 to which a transmtting hS signal is input. As one of
di versity reception techni ques, selection conbining is perfornmed by a
sel ector 20 which selects one of the recejved hS signals from 20 the
output termnals 51 and 52 on the basis Of the received strength
information so that a signal which exhibits a higher sensitivity |sI .
selected t ' I n : n e
ST LB e e e e o AT, AR el QUDIeRY B Mo Fbide 1, the
recei ver sumiplifiet 4pandwpy oagsutasiaiAe 513nds dt aﬁﬁ'ﬁu%ﬁ‘ﬂ“t%?miﬁél 1EfdF the! S
2-3 -and 24, bandpass filters 33 and 34, an antenna duplexer 62, 1ow noise
amplifier 48ctand(@3, output ternminals 53 and 54 and an input terminal 72
for the sector SC2 and al so conprises antennae 15 and 16, antenna termnals
-8- 25 and 26, bRorpask ofithe sestods SCRiaR6 SE3, o of tige thelived h, 63igradyw
noise anplifier 45 and 46, output termnals 55 and 56 and-an inpu
term nad 7frdmithe pair sfoutput3enirals Seand 5if ort Sipand Sk ¢s selsctedby tiE3. one
of the received h.f. signals 5 fromthe pair of output termnals 53 and 54
or 55 and 5electors2 tabedlelivered thrnigica seleztort outpat derdminal &4, tor2iygh
a"sel ector output termnal ~12 or 213. In this enbodinent, a series
connection of thin thisepabeditiéntea sgtieaconnebtionh of theibandpaps filieer3; 4hd s
confined in a vacuym chanber 81 to be thermally insulated fromthe
exterior aH low aeiseampifierchoisicenfined ira vathembehambers 81 o belthermallg,
the |l ow nojise amplifier 4 1, the vacuum chanber 81 and the cooling unit 91
f@r min comﬁurll%fﬁd(fﬁoﬁl theggxteriog aadds cooded byra cooling apit %.ise"]{'hebaggpass I

n ss filter, 32-apd the | ow noi se a i fier Is al so
ﬁ?tfer rll,eth%alo(iilslg)%ofse ampfiﬁer 4,, _&e vacuum chamber 8,rra11)nd the cooling

unit 9, form in combination a high frequency receiver unit 50,. A series

connectj on
1d

connectign of the bandpass filter 3, and the low noise amplifier 4, is also
contained in a vacuum chamber 8, and is cooled by a cooling unit 9,. The
bandpass filter 3,, the low noise ampliﬂer 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 33 to 3
and corresponding one of the low noise amplifiers 4; to 44 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 fdrfning high
20  frequency receiver units 50; to 50s. Antenna duplexers 6, to 6; and the high
frequency receiver units 50, to 504 are housed in a casing 10.
While not shown, the low noise amplifiers 4, to 4¢ and the cooling
units 9, to 96 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



cont-ained in a vacuum chanber 82 and is cooled by a cooling unit 92. The
. bandpass, filter 32, the |Iow noise anplifier 42, the vacuum chanber 82 and
the 15 cooling unit 92 formin conbination a high frequency receiver unit
502- In the simlar manner, a series connection of each of the bandpass
filters 33 to 36 and corresponding one of the | ow noise anplifiers 43 to
46 is contained in correspondi ng one of “¥acuum chanbers 83 to 86, and is
cool ed by corresponding one of cooling units 93 to 96, respectively, thus

or mng N SanARitd@RLL B TRahPlratBinkfler Odc! 8 BR e SBieFs SHALAXRRF:

61 to 63 and the high frequency [ecelver units

a casing 10govler 6 fir coiipkhg bﬁ@.ehﬂwmhé%mlkéﬂSQB%é%&MSitﬁ%g :[an enna

cooling wunits 91 to 96 are fed with an operating power.

dupl exers Gécéw&al.tsighbuﬁbhﬁtl%iaﬁﬂénﬁﬁ%idéis B%keﬁ%\/ﬁ&i@ﬁéﬁ&%as’saﬁlter 6B

directional filter. Specifically, in the exanple shovn, the I rectional

filter conpfrosebemgmanpmitted to ties trBAsifiitensidesyhtle 2hé ehfisnsittel H.1, s‘igﬂﬂlal o
a - -

froman antenna to a receiver side, a bandpass filter 6B which passe
transni 6t edfronf the gansmittemsidetis dicciidd by the Bantpasdfilter b fdm Bethd
directional coupler 6C for coupling one ends of the both filters to the
ant enna si deansthited tothe/raceiver. side.ginathi$ neanridrebetit thenaansrdittérsard ocked by
the bandpass filter 6B frombeing transmtted to the transmtter side

whi | e the tregeivertcironits darsbegcehnéctedam a bivigleantertriaer si de is bl ocked by

t he bandpass filter 6A frombeing transmtted to the receiver side. In
this manner, bot fEadheof themeacuim tchambrets 8; ¢o8q\ieconstraviddstocimterrapca heaet ed
t@ a single_antenna. Each of the vacuum chanbers 81 to 86is constructed to
i'nterrupt elowdront theextenior thyevaouum heat iysulationpforestampley badi on, f or
exanpl e, and 10 _accordingly, the bandpass filters 3 to 36and the | ow noi se
anpl i f 18r s agcordingdy, the bandpass filters 3, to 3¢ and the low noise amplifiers 4, to 4,

which are confined in the vacuum chambers 8, to 84 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¢ comprises a cryogenic refrigerator capable of maintaining an extremely
15  low temperature such as tens K in a stable manner 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¢ and the low noise ampiiﬁers 4, to 4¢
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 3¢ and the low noise amplifiers 4, to 4¢ can be reduced
ultimately. - Consequently, when the high sensitive radio receiver system
shown in F 1g 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.



which are confined in the vacuum chanbers 81 to 86 are cool ed by the
.cooling units 9 L to.26 to an extrenmely |low tenperature on the order of
several tens K in a stable manner for prolonged period of time. Each of
the. cooling units 91 to 96conprises a cryogenic refrigerator capable of
mai ntaining an extrenely 15 | ow tenperature such as tens Kin a stable
manner for a prolonged period of tine b}out|I|Z|ng.a heat exchange cycle

t hrough the conpression and the expansion of a heliumgas or the like, and

. : . i S. he band
ilTers 31 to somndnt pecraflehbodibay fye' Sifedlopbbdlis Op iy BondpRsd e
bl o1 onged pheyadtoror feist APAEFAFhRLLE Eoligspbits fo BBRN Bhterti js oidd
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bananads B eeahinguiloidfo.| Dronss BBOB ey £PT

reduced ultimately. nsequent

Sy e | Shdgnehth Sedtor Atis asiRed that Feaifie brfPitle Glo BoBliHETHINRIK | ©f

power Noi se 25 power) cah be obtained froma recel- and

al so 1151 S coprpbhd tolthe tRd diftehfife bF e Sbetdr TRilD ANA'prE M B tindilSs

transmtting side to allow reception ~signa h he gi_ven A é e
recei ving dilter.andlthel low heiser &aplifice Hhasbin thab Paftf ot b 86b]
bandpass filter 3i and the | owpnoi se gl?r%l ifier 4? \f;\}ﬁl (?l?lﬁcoﬁ%sppneggtﬁo
N . : A X i

dip ¥mp) .
each ant encenibinatiohef thebandpase filictandnthe 19w hbise snplifier tﬁ@gﬂﬂﬁ
provi ded separately. As a result, for each sector, 1t"is assured that if
ei t her onepath isheapalie ofaeriving ai teseivMedch. fosigaat.espond to the two antennae
of the sector fails and prevents the bandpass filter and the |ow noise
anplifier disposed in that path from being cooled, the conbination of the
bandpass filter and the | ow noise anplifier in the other path is capable

of deri@i n§ECORR EMBODIMENghal .

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 filters 3,, 3,, 3; and low noise amplifiers

15 4y, 4,, 4, which are connected to the filter outputs. The vacuum chamber 8,
contains superconducting bandpass filters 3,, 35, 35 and low noise amplifiers
44, 45, 4 which are connected to the filter outputs. Outputs from the low

( noise amplifiers 4, to 4; and 4, to 44 are connected through output terminals

51 t0 53 and 54 to 5¢ 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 95, respectively.
In this embodiment, three sets of the bandpass filters 3, to 3; 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, to 3¢ and the low noise amplifiers 4,4 to 4¢

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



10 SECOND EMBODI MENT Fig. 4 shows a second enbodi ment of the high sensitive
.radio receiver systemaccording to the present invention. In this

enbodi ment, two vacuum chanbers 81, 82are disposed in the casing 10. The
vacuum chanber 81 contains superconducting bandpass filters 31, 32, 33and

| ow noi se anplifiers 15 41,42, 43which ar ghconnect ed to the filter outputs.

The vacuum chanber 82 contains supercondticti ng bandpass filters

34, 35,36and | ow noi se anplifiers 44,45, 46which are connected to the filter
out puts. Ocbpstituté threet high! fequendys fecRiver finies wiile ﬁﬁliéﬁg‘ﬂae‘%&}lﬁﬁar e
S

connected through output termnals 51 to 53and 54to 56 ectively to the

t hree di vechampbea8pland thescodlimghunited,dn ¢orpaiar] out si de the_casing 10

t hough not shown in Fig. 4. The interior of vacuum chanmbers 81 and 82 is
cool ed by cool i nBeaeivedd1.fasignals, froas tlectwo ahyennden] t dnd 19 BfadfifseRbetorhr €€
sets of the bandpass filters 31 to 33and the low noise anplifiers 41 to
43whi ch ar areapplied &0 anterysy ﬂeemlnallse’zl\mdﬂunremhﬁely,%chﬂﬁrfchﬁnpggIdﬂ&

unit 91 constitute three high frequency receiver units white 25 utilizing

t he- vacuunfilegHy@ndgthezother Haraugh amgntenina duplerer 6{ytorthe Sarndpass Yilters hr ee
sets of thg bandpass, filters 34to 36and the | ow noise anplifiers 44to 46
whi ch are doARdckauhich arerqantainedndidferant acten daaners!$ amb&hng urlito2

constitute three hjgh frequency receiver units while utilizing the vacuum
chamber 82ERfPEEH¥CWYo0l ing unit 92 in common. Received h.f signals fromthe
21 and 22, T espelPé SIS, aMRlies NuhesacApdsecte A Eoeivasthit Sigmal framaher
e a0 e RhRAH3 1 SRppEt hrousingt temfamnnl 2etnthe biadbass fiur Sare
appl i g9 t C)wthE]c fscon dir?eeaC fnog)he %frtﬁg %ia\é&gmhélflar?xl)gps?l&f vrvcl)lri?eaa?n antenna 1, is
connected through an antenna terminal 2, and an antenna duplexer 6, to the
bandpass fijter 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 6; to the bandpass
filter 35 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 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 44 to 4. The bandpass filters 3, to 3; and
the low noise amplifiers 4, to 4, are confined in the vacuum chamber 8, and
are cooled By the cooling unit 9; while the bandpass filters 3,4 to 34 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.



antenna 13 is supplied through an antenna termnal 23 to the bandpass
filter 32 10 which is contained in one of the vacuum chanbers, 81, while an
antenna 14 is connected through an antenna term nal 24and an antenna

dupl exer 62 to the bandpas~-fdter 35contained in the other vacuum chanber
82. The sane applies to the third sector,where a received h.f signals from
an antenna 15 is supplied through an ant'eina term nal 25 to the bandpass
filter 33which is 15 contained in one vacuum chanber 81 while an antenna 16
i s connected thrBhgboaneatibr ofawiccinteAhe t HH%QE to
the bandpass filter 36contained in the otﬁg?ﬂgggﬁﬁﬁﬁgﬁg#ger %$§T¥ﬁ§§
manner, i n whichs erocontaimed indifferent &abiiom EERAKERSS, 4KE ]) €merely 1S are
divided into one set including the bandpass filters %7t0%33 and "t he 20 | ow
noi se anpl i ¢xemplifiedtin Pigadd aAletretivedy, theaoriertonlethaRARAS SarftbhA£r S 34
to 36and the | ow noise anplifiers 44~0 46. The bandpass filters 31 to 33and
the | ow noitesminglsiZiands2pand thet Bandpassfiltersi3 | and Bg shawiiin F?Wﬁ'{agsée and
are cooled by the cooling unit 91 while the bandpass filters 34to 36and the
| ow noi Se dngrchaaged andtheseorneatidn hetivéen theeanteanurerhimleD; 33d, &R
cool ed bythe- cooling unit 92- In this panner, two receiving paths, each
conpri si ng thadapgpassfdters By andahomayalsoherinterehanged.f | Four diffefatsane
sector are coo]ed, by separate cooling units. -12- The connection of two
ant ennae ofcambmationsaf (Elﬁqrg@t eomgeitmnsfaretpossiblei ¢ Withesuohnd sbnaection,
different v\ c%unhchanbe[s 81l and 82 is.nmerely exenplified in Fig. 4.

Al ternat i vef # TaRHOCCYES & ET1ORT tae eeeling haitft enfato disatile the cadliagd 22and

t he bandpass fj.lters 31 .and 34shown.in Fig. 4 nay be 5 interchapged, and
th dpggti aptidlvs

e connect BRURSHMUAT HANBANAS ik the pEpE tratechih Figrel mriedpstaome
fil terf 32and 3 al so .be interchan etﬂ. Four different
0" 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 amplifier to be drastically reduced, allowing a received h.f, signal of a
15  high quality to be obtained. o T
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;, 8,, 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, 82, 83, in a similar manner as in the prior art shown in
Fig. 1. Thé vacuum chamber 8, contains bandpass filters 3,, 3, and low
25 noise amplifiers 4,, 4, connected thereto; the vacuum chamber 8, contains
bandpass filters 33, 34 and low noise amplifiers 43, 4, connected thereto; and

the vacuum chamber 8 contains bandpass filters 3s, 34 and their connected low



conbi nati ons of different connections are possible. Wth such a connection,
if a fault. occurs in either the cooling unit 91 or92to di sable the cooling
function in a simlar manner as in the prior art illustrated in Fig. 1, at

| east one 10 path of each sector is not influenced, thus avoiding a
degraded reception or an inability of rggeption of all the sectors. As
before, in this enbodi nent, each bandpass filter and its connected

| ow- noi se anplifier are contained in a vacuum chanber to be cool ed,

resul ting noischamplifiers ds, 4§ comegdred thetetes in the anplifier to be
drastically reduced, allowing a received h.f. signal of a 15 high quality

to be obtained. ITHtRenh&EdiMeMNTWEisets 6f baadpass filtere3 eBadid B I’ t he

hi gh sensitive radio receiver systemaccording to the present invention.
In this enbotsenamplifiens de, 20whachiare commeeted ifikerigs, fikavatiann ehaaiteg 8,
cooling units 91, 92,93are disposed in a casing 10, respectively. Two

ant ennae ofnd3be coelingrunit 8; formrwa high freduehey eeceivendnits whilé shaginghi ch
are contained in tw- of the three vacuum chanbers 81, 82;83, in a simlar
manner s he vaeuynichamber §han thercosling unit ne Similardys baotsets 8f cont ai ns
bandpass H)It rs St;L 32and low 25 noise anplifiers 41, 42cannected thereto;
t he vacuu riiliersodn, S mnd therdovanoise amplifies 3; 34 awhitlhareobarected
anplifiers, 43, 44connected thereto; and the vacuum chanber 8 contains
bandpass f}f}%@?%s,égt? vacuum ehamper 8nanditbe cophingignit Spifermawo higler s 45, 46
connect ed tgte\ereto. In.this enbodi ment, two sets of bandpass filters 31, 32
and the | offCAHENCY IeGRIVET MBS While sharing the yasuunnhekamber 8pandithes, the

ni te uni | ©0Qing Pt S5 + hBo. st hReRdRBey Bliethds Jemnddm low nowse 01
Simlgyy, a&\ﬁﬂﬁse% 5«5,016 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 thémdpass 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 95 to disable the c;ooling function, at least one path of
each sector is not influenced, thus avoiding a degraded receptioh'-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 ra&io 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



bandpass filters 33, 34 and the | ow noise anplifier 43, 44 whicl ~are
..connected in series, the vacuum chanber 82 and the cooling unit 92 form
two high frequenc: .y receiver units while sharing the vacuum chanber 82
and the cooling unit 92. Two sets of bandpass filters 35, 36 and the | ow
noi se 10 anplifiers 45, 46 which are connected in series, the vacuum
chanber 83 and the cooling unit 93 f or mltdmo hi gh frequency units while
sharing the vacuum chanber-Land the cooling unit 93. The connection

bet ween t hebay _sqma*elmdwﬁiesl&éMs@&é@g@#hsfagﬁggﬁgﬁ%wgﬁ 31 to 36

shown in Fig. Is merely an exanple, tre ys of
connect i ng dohtemdlgteldeat fsilgvseach sector to the bandpass filters which are
contained in different two of the three vacuum chanbers. Wth this

connection, even (i) A detdfia 08QMIrR Hantb& Ateh c%{&ﬁngauéil?gangglé{ggi&'é}tt >

91, 92 and 93 to disable the cooling function, S ne pat ach
sector is not inf| uforossth pithsasinohdiewibadishPeiRsv ST on of an 20

i nability of receEtion of all the sectors, in a simlar nher as in the

enmbodi m@nts show{2) ntwo gets ¢f wauindn chahbiers agddculingg ﬁﬁﬁg?g%‘?gﬁﬁggm

menti oned above, but a high sensitive radio receiver syster

constructed with a afi itf theeembediment skowariadhipny, efeh seX@GiMaths ﬁxzﬁe}th?caor
or the

arrangenent can be constructed in 25 entirely the-- sane manner a

three-sector arrangacintomprisingampties cohaectibs of Xbardpays FIEPANETR0W

twel ve antennae are required. The connection between t'he twelve antennae
to the series conndwmiseampléfiey conprising the -14- bandpass filter and the
E1 nOTSE ATPLTT (55 three Sets of vacuum chambers and ¢ooling units may be provid
y 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; 3
(4) while not shown in the drawings, four sets of vacuum chambers
and cooling units may be provided, each set containing three paths
15 each comprising a series connection of a bandpass filter 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 umt Obviously, if a compact cooling unit of a low power
consumption 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



(1) ‘A set of a vacuum chanber and a cooling unit may be provided for each
~path as in the enbodi ment shown in Fig. 2; 5 (2) tw sets of vacuum .
chanbers and cooling units nmay be provided as in the enbodinment shown in
Fig. 4, each set contains six paths each conprising a series connection of
a bandpass filter and a low noise anplifier; (3) three sets of vacuum
chanbers and cooling units may be providéé' 10 as in the enmbodi ment shown
in Fig. 5, each set contains four paths each ;o_rrpri Si nlg_ a series .
connection [ ‘: Il e
not shown i@%ﬁéﬁgﬁ%@% %‘ﬁlyg‘g?g&o#&gggggfn C gﬁ’begir%g’ dlgér{gﬁggéﬁ%, ﬁ%ﬂﬁni ts
may be prowyg sRfhnaet A i\ |
Seri o5 conrsanire AREANBS mEPHePrONed RO Sttdr, drie LRI RfEbE il B
six sets oishupetifoR hearbieiiisaitth 4Q'the fedthitich WhilMheReRtliflfitl rwgoh SCt
contai ning two paths each conprising a series connection o ~bandpass
filter and antérayaemaybyuned foethe Reeptioh. | A¢ 8uithed alt@gﬁ‘eﬁﬁb, 'JIpfnce 1S
to avoid that series connections of andpass filters and l-ow'noi se
anpl i fi$rs aneenreseemiayrtge tved fort the reoepos, thRHVidiHEtHORSd B?Qnteﬂn? conmmon
vacuum chanber to be cool ed by a compn. cooling unit. Qoviqusly, It a
conpact coalupdexersit of a | ow power consunption is available, a vacuum
chanber and a cooling unit may be 25 provided f6r- each of the twelve
paths. In the defmthéddsenbedembudiments; eathtofitherbasidpass fidters 35863 i s
used as one which is shared for the transm ssion and the reception while
the ot her amaycompriseusmicrosttipdine for examphe. r éc groimblayde whded signal
a}rl ternatively, three ) ) .

line are formed by superconducting material so that a loss of a resulting

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 (T1),
Lead (Pb) or Yttrium (Y), 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 exceeding- 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 mé.nner 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.



or ‘nore antennae may be provided for one sector, one of the antennae may be
.shared for the transm ssion and the reception while the remaining two

ant ennae may by used for the reception. As a further alternative, all the

5 antennae may be used for the reception, thus avoiding the use of antenna
dupl exers. In the described enbodi nents, each of the bandpass filters 31 to
36 may conprise a mcrostrip line, for‘H&anple..A ground | ayer and a
signal line are formed by superconducting nmaterial so that a | oss of a

resul ting FOURTHPEMBODISIERGN be substantially reduced, allow ng a

significant inprovenent of the noise figure of the receiver, Hand
ccordi ngl Si iabalk ) d ver.
ECi:opper o>g<’| ée sugg}rl%gﬁ)guctdgrsgﬁgoﬁt alﬁ?ngﬁ%étﬁﬁﬁ%%ng?%mrﬁm??ﬁﬁﬁ Lead
(Pb) or YtévénmieY) oné of tiexasblifig wifs fa’lB""ﬁo@ﬁll*Bﬁﬂ tﬁ@?ﬁfe’?&ﬂf@ﬁo&

ucting maieri oGPt he

super conductors, and can be used as the supercon

pur pose of comresporadiagtsectoreiccome Siyabléd. ghNbWTﬁﬁbﬂﬁéi* ﬁnﬁﬁaﬁh‘éﬁf‘gf'ﬁthg%@t i ng

have a critical tenperature exceeding 1 OOK bel ow whi e supercon

state i% afrequercy reteivesunit wilbbe desctibed) which/egsblek rﬂie ? it
state is achieved by merely cooling to the order of 77. I C

boi | i ng 20pathi b}head:h get dfalhamlpass filfewandld R)Wfiidlﬂgaﬁﬂﬁ élggm .

capability of unit and permtting a conpact and inexpensive cryo
refri ger ateooled dy@nufcaoboolmg anitefaillst, a hi gh sensitive radio receiver
system can be constructed in a conpact nmanner and inexpensively. However,

even if the bandpnembodimentishovn imdigy s areanged suctbting wikeh thg
(fon: super conduct L10) e eral, e norse figure can be | mroved by the
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 83 within the
vacuum chémber 8 in close contact therewith, and the cooling substrate 88 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,



FOURTH EMBCDI MENT The above descri bed enbodi nent provides an i nprovenent so
that even when one of the cooling units fails, not all of the receiver
units for the corresponding sectors becone di sabl ed. Now, another

enbodi mrent of a high 5 frequency receiver unit will be described, which
enabl es the reception along a path for by each set of a bandpass filter
and a | ow noise anplifier being cooled &Ven if a cooling unit fails. An
enbodi ment shown in Fig.6 is arranged such that when the tenperature

within a vandthersisprovided acdecondaeyeived signhhﬁaﬂ‘laSBBWhil:ﬂ eliendsfioml to
86 shown in Fig. 2, for exanple, has exceeded the critical tenperature for
reason of shereutputi selectiomcicaitsl ¥ td thee cogplend 7athrenph iaf sezRisi cWhnection of
required.for an input received h.f. signal can be assured through a bypass
path. A hi grswmdme&mgnt £3£4 nermabcondactihg bandpass fidter 1Scanmd aJew Boike
super conducti ng_bandpass filter 3 which selects a signal in ale-sired band
froma recempltfier 16. si gnal which is input through a coaxial cable 8a and a
coaxi al _connector 8C 1, a |ow noise anplifier 4 which anplifies an output
fromth® bandpasdheiqutput sehegtlgncces:mggl determinies iwhichomeof the fisstmgnal, a
coaxi al cabla_!gi; and a cqaxial conpector 8C2 which deliver_the received
h.f. 20 si §& ﬂazassm&&gpu dasesiesiganneskionon kthesupercorductingrbandpassnal
erred a first sigpal path SPL. The_ superconducting

GOREI T KD - -
pass f fltez3 and thelewanaiseamnltierdrandrthesegond sigralpash SR2 passingi ng
heCoel kbt BeSLReotSHTHSESRS Sommaboreing Basdpes Riada s
donnect ed HhF 0tk ek EUAISTal 13 ebs Selseted i orcasived ok signal is
10  transmitted thorough the selected signal path. The normal conducting
bandpass filter 15 has a passband which is substantially the same as that of the
superconducting bandpass filter 3. The outputs 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 output selection circuit 11 is delivered.
15 A circulator 12 is connected in the first signal path SPT between the
output selection circuit 11 and the coaxial 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 impedance of the bandpass filter 3 to thereby produce an impedance
mismatch with the coaxial cable 8C1, the received h.f. signal input to the
bandpass filter 3 is reflected to pass. through the circulator 12 to be fed to a
level detector 14. If the level detector 14 detects a reflected wave equal to or
above a prédetermined 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 line. Point O represents an input end for



connection of the bandpass filter 3 and the |ow noise anplifier 4,
respectively, -17- and there is provided a second received signal path SP2
whi ch extends from the output selection circuit | | to the coupler 17
through a serie's connection of a switch elenent 13, a normal conducting
bandpass filter 15 and a |ow noise anplifier 16. 5 The output selection
circuit | | deternines which one of the -8rst signal path SP 1 passing
through a series connection of the superconducting bandpass filter 3 ang .
t he | ow noi | 4i b4 ; ; | . S . Qug
series connrgg??cfms % fﬂﬁ rlllgtpgre{F Qggﬁgﬁfgtaﬁng Qb%l 62@%&&%%??’1@(2?8 "hthtés | ow
noi se anpl idg t i tstder ! : %Hﬁp
transnirFeék¥ﬁ§?gﬁBﬁ§?ﬁg seﬁggkgg g?gnal 6§?ﬁ&f éﬁﬁggnavei%%gzt%?n
bandpass fill3 & Fig. heepreseaskiianenyihisab the brahsh ?B‘iﬁtalré%bécli’ﬁl e as t hat
of the superconductin bandpass fiTter 3. The ou put$ of t he rst and the
second 9 sABhetghdthis ©bd defittined depenl bhtthefpfélﬂﬂ}f‘érallgettiwg&r {3% a
signal fromthe 'signal path which is selected by the output seFettion
circuit5l Idesiratis to/be etiosdd ad shiokrcal poSyibIEin Piewl M@é&@@ihg-thbfﬁ%ﬁém% :
signal path SPTaetween the output selection circuit 11 and the Toaxia
connector 8C 1, Ji lihe lersgthilv2edntd.3 ase dGﬁnﬂiﬁ@d‘ab@ll@WS@qiiFISS'sﬁ@Wsoﬁl
circuit 11 passes through the circulator 12 to be directly Ted to the
coaxi al coexample ofthe inpat ihpedamgecofithe wpércbhductiﬁg Ibandpasd filter BeorP
exceeds the critical point to cause a change in the 20 inpedance of the
bandpass fiSmith charto tPeinsi ipdicdtesctherimpadmieeoshenithesupéresnducting
coaxial cable 8C 1, the received hS. signal input to the bandpass Tilter 3
i's refl ect bandpagmBliter Aris ntits supercondueting state tandhis hatthied ta theevel
detector 14. If the_ level detector 14 detects a reflected wave equal to or
10  characteristic impedance of coaxial cable 8a. Ifthe 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 transferring 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 Oto 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 che;racteristics where 0dB stands for a no loss transmission while —10
dB indicate-s 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.



ove a predetermned level, it turns the switch element 13 on, thus
?gndering 25 the second signal path SP2 conductive. Fig. 7 shows an exanple
of the output selection circuit 11, which conprises a T-shaped mcrostrip
line. Point O represents an input end for -18- received signal, point Sis
connected to the switch elenent 13, and point T is connected to the input
of the superconducting bandpass filter rIQ-l, L2 and L3 in Fig. 7 .
represent line lengths to the branch point, respectively. Although L I is
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char act er i svithoutrpeitefedl tf theosuperton@itenddantpaidfilerBer %5%@%1?@3{, the . 1o

bandpass filter 3 is not in its superconducting state, fthe-inpe

super coduqarameberidp as deferhtined %otthaﬂﬂi@frﬁPé@ari&i & pdint g;ﬁ'{g% Phe g#’tlczﬁ] gr

an inpedance nismatch with the coaxial.cable 8a. en the | pass
3 is in i tlosadtethedindinity agpessibée ohtthe %a_@ﬁc@ﬁ?@mt B m'Fig.h& STOfA0 B
transmtted to 15 point T shown in Fig. 7 without transferring it to point
S. The si gtaderstondithat at ﬂuatmﬁle,etheilmpdda:_tmednmhhig i achieved Ié?f)o'?dt gynning
the switch elenment 13 off to produce an inpedance nismatch for “point and
choosi ng UF3g. 7yt tuaning theeswwitck el¢ment 8 dR.i s | nfinity. Fig. 9 shows
signal transfer characteristics frompoint 0 to point T 20 shown in Fig. 7
when t he bandpasAssuming that the charastmspmrmqmﬂmert%f thtﬁeliz_ﬁe LZ;EB%@BF% ssa
ts th requency and the center frequency of the inpu
- TEPTESFE" ® that of a s&ccee ing 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 as the line length L2 is changed from 0 to /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 F ig. 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 impedaﬁce 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



h.f.- signal is |located at the center of the abscissa. The ordinate
.represents the transfer characteristics where OdB stands for a no | oss
transm ssion 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 frompoint O to point T, that is, fromthe input end
to the output end of the superconducting20bandpass filter 3. _19- On the
ot her hand, if the superconducting bandpass filter 3 is not inits
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t he superconducti ng bandpass filter 3 when the superconducting ndpass
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where the inpedance at point P is nost ose to infrnity on the ci

The |ibe | bagdpasLfiiter dSséaanbel ashievedt withe lowerdRas @ontpared 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,
1.J. Yao and M. F. Chang: A Surface Micromachined Miniature Switch for
15 Telecommunications Applications ;vith 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 2 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 sul:j)erconducting 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



20'in Fig. 7 is set to point I show in Fig. 8 Fig. 10 shows a signa
.transfer characteristic frompoint O to point S in Fig. 7 when the line
length L2 is designed in the manner nentioned above and the bandpass
filter is not inits 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. --Wen not in the supercond2dting state, an efficient signal
transniSS|on can be achieved frompoint O to point S, that is, to the
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swi tch el enent 13 onif it detects a
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 wlfien the superconducting bandpass filter 3 is its superconducting
state. |
25 o
SIXTH EMBODIMENT

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



refl ected wave fromthe superconducting bandpass filter 3 (or a m smatch
~condi tion) through the circulator 12 when the tenperature of the 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
refl ected wave, this means that the sup@2eonducti ng bandpass filter 3 is
in its superconducting state, and the switch elenment 13 is maintained off.
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that the switch el ement 13 can be turned on~if enpe eis

above the temperature sensurel 86 dispisedewitai B vacim! b T qgency. uni

shown in Fig. 6 is applicable to any enbodi ment t'he hi'gh “sensi tive
radi o receideeisiopaimitrl 8 itztermimeSivhether the dBtbcbed l‘@iﬁ?ﬁfdﬁm wg%ﬁ'e applied to
t he enbodi nrents shown in Figs. 4 and 5, each set of e vacuum chanber 8

and the codémpgramre sensor Bfhieabove theotttishl pyirforidth) IFteadetYed ECEI Ver
u¢1its. 15 FI FTH EMBODI MENT Fig. 12 shows anot%er enbodi nment oltil %ﬁ i gh
f

equency teoperature s 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 vaciuum 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
consumptio-n and the size of the system.
Altématively, 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. As a distinction fromthe embodi ment
shown in Fig. 6, the output selection circuit 11, the switch el ement 13,

the nornal conducting bandpass filter 15, the |low noise anplifier 16, the
20 circulator 12 and the |evel detector 14 are also contained in the vacuum
chanber 8 to be cooled by the cooling unit 9. This allows thernal noises

whi ch are added in the output sel ection-&~rcuit | | and the circulator 12
to be reduced when the superconducting. bandpass filter 3 is its

super condu mm@{? H EMBCDI MENT I n the enbodi nent shown in Fig.
12I,o t he svaggh el ement , e -22- normal conducting bandpass filter 15

and the | ow noi sgjcaBl §{dvos stifi %@&g@?ﬁ%ﬁi%%h@%ﬁ%@%ﬁg@%&( di ng

di sposed outsi de the vacuum ch
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cont ai ned The low ndise amplifierch astiesiged to operate not only below but also equal
( to or above the critical temperature.
10 Fig. 16 shows an example of the input selection circuit 19 shown in
Fig. 15. L4, LS5 and L6 represent line lengths, respectively. The line length
L4 is determined 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 LS 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



to be cooled. This allows thermal noi ses 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 coaxial cables connected to the vacuum
20 chanber 8 can be reduced, whereby a heat flow fromthe outside of the
vacuum chanber 8 through the coaxi al cab24-8c and a coaxial connector 80
shown in Fig. 12 can be elimnated, contributing to a reduction in the

power cong;%qi&fﬂ{b %%i‘;&es(}%it;%ﬁh()f the system Alternatively, the switch

el enment 13, e normal con g bandpass 25 filter 15 a6d -the | ow noise
anplifier 16 may be di sposed outside the vacuum chanber 8 to avoid their
cool ing, even though this increases the nunber of coaxial Cables and
connect or s NENPH EMBODRRSPrMENT Fig. 15 shows still another enbodi nment
of the high frequency receiver unit according to the present invention.

The S emood ment Fieal TeHowsaR afothe crhBARABRELIRY Wil HEqhenéy Secelvr |

that the two | ow noise anplifiers 4, 16 5 and t e replaced

by an ifipuunittaceriiiy 0 tdbfeséft Aivbrtici. NITRis élﬁ‘ﬂoﬂﬁhéﬁh?é@%gi er 4. The

i nput selection circuit 19 selects either output fromthe _bandpass filters
3 and 15 t médiéitation'of teccrhbudimeaesiowhiih'Fip. 45 iAltfiat 2 8witthl eleniem! 1 | er
4 is designed to operate not only bel ow but alFso equal to or above the

critical tépennécted betWebhdhe hHoraad wandictg Bindipats fir! TPand 88 ffuton
circuit 19 shown in Fig. 15. L4, L5 and L6 represent |ine |engths,

respect i vebglectiba dircuit 18ngtThe béth switchasleineats U8 RedN Ndre Sett tdctulps 'onPifer al
settings as nentioned with L 1, but is desirable to be chosen as short as
ossi bl e i theslemel deteatdrid#rdetedts that the bandpass filter 3 is not in its
10  superconducting state. The connection 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 supercaﬁducting state.  As a result, any filter
can be used as a normal conducting'bandpass 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



signal loss. The line lengths L5 and L6 are determined in the simlar
~manner 15 as nentioned above for the choice of those of L2 and L3 descri bed
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 isinits superconducting state and switch element 13 is turned
of f, whereby the inpedance at point S -2% nismatched. The line length L5
is chosen so that 20 the inpedance at point P is infinity when the

bandoass 1 halic Sl KAdE RGOS, N state, s a consequence.
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embodi ment of the high frequency recelvet I't faccording to
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switch elenents 13 and 31 are set to turn o the | eve ctor 4e
detects t hpidibliecsived R9sten shoé®n ih Fipsno! 4idhd §s 10 superconducting state.
The connection of switch el enent 31 between the bandpass filter 15 and the
input selection circuit 19 yields that only the switch

el enent - 3-Ldeterm nes the inpedance at point S in Fig. 16 regardl ess of
what 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§ receiver unit according to the present
invention, when a rapid degradation. in the performance of the
superconducting bandpass filter oceurs 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.



type of filter is used as the bandpass filter 15. Based on this. inpedance,
L6 can be determ ned such that the inpedance at point Rl may be infinity
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 the2ésbodi nent of Fig. 15. The switch
elenent 31 is set to turn off when the bandpass filter 3 is rendere d in a
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enbodi nents shown 'in Figs. 1 15_an out pu Ion

circuit 11&%1&9%ﬂmﬂhlﬁehﬁﬁiﬂe?§‘, circuit 19 are constructed with
mcrostrip lines, but other lines having simlar characteristics may be 5

used such as CO&&pihr&lf\t?' ofSbarfdpasp filtéiSeach contained iRBRTEF fie Oﬁémﬁﬁk& for

exanpl e. Each enbodi me of the high frequency receiver units shown in
Figs. 6, 12hambkes afd defivingaPiticetvdd B.f1 Sighay ire déﬁﬁniﬁédtﬁlﬁk@rﬁ

%Fn5|t|ve radi o recei ver systemshown in Figs. 2, 4 and 5. 10 EFFECTS OF
H

f EI { NVENT bahid/saidestdeastatvaanennas ofwathector béiagicifitited tyeid i on, if a
au

bandpass filters contained in different ones of the plurality of vacuum
chambers; and

law noise amplifiers each contained in corresponding one of said
vacuum chambers and connected in series to an output of corresponding one
of the plurality of bandpass filters, for émplifying and delivering the received
h.f. signal; ) o

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



occurs with-a cooling unit of a hi gh-sensitive radio receiver system a
-degraded reception or the inability of reception for all the sectors can be
avoi ded. 15 Also with the high frequency receiver unit according to the
present invention, when a rapid degradation in the performance of the
super conducting bandpass filter occurs as a result of a tenperature rise or
a failure, a change in the input and cnﬁZﬂﬂll npedance of the .

super conducting bandpass filter can be utilized to transfer a received
signal to apgapth]iary 20 circuit, thus avoiding inoperability of the

recei ver system -26- WHAT IS CLAIMED IS: 1. A high sensitive radio _
receiver systemfor receiving a signal fromat |east two antennae provided
in each of a plurality of sectors, conprising: a pIurallty‘Gfix?ggrn} o
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each cont ai @éfimg] 969, FirthBecy chambers. -and deriving a received
signal in a predeterm ned frequency gband, said at | east two antennae of
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and reception.
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5. A high sensitive radio receiver system according to Claim 2, in
which a signal path through series connection of the superconducting
bandpass fjlter 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 bandpaés filter which operateé not only below
but also equal to or above the criticél_temperature of the supé?é;hducting
bandpass filter and having a substaritially 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 ﬁlter 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.



fil'ter and the |ow noise anplifier, the vacuum chanber 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

recei ver systemaccording to Claiml1, in which each of the bandpass
filters conprises a superconducting bandpass filter formed by

super conducting material which is in its28uperconducting state at or bel ow
a critical tenperature when cooled by the cooling unit. 3. A high sensitive
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the critical tenperature of the superconductlng bandpass filter and having
a substantially same passband as the superconducting bandpass filter for

delivering the rg CR'Mgﬂ &ngltf%@i:%ilo%h#ﬁfle{gyﬁ%ﬁfEe&fd}ﬁg% r(?l%irﬁi@,qﬁl path

whenever the superconfductin ass
{ 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 filter is in
its superconducting state and to be turned on when the superconducting

bandpass flter 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



is no longer in its superconducting state. 6. A high sensitive radio
receiver systemaccording to Claimb5, in which each high frequency unit
has an output selection circuit which delivers the received h.f signa
fromthe antenna to which the superconducting bandpass filter is connected
to the first signal path when the superconducting bandpass Filier is in
its superconducting state and to the secdfhd signal path when the
superconducti ng bandpass filter is not in its superconducting state. -28-
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path and the output "of the second sig path

signal. A i%ixfﬁ'tiﬁei@'sﬁpé&%ohdﬁbﬁng%ﬁﬁieyer system according to Caim®6, in
I ( ngs

whi ch an input selection circuiT 1s connected between the superconducting
bandpass filter and the | ow noise anplifier on the first signal path of
each high frequency receiver unit for _selecting either an_output fromthe

super conduct | ng. Handigh sehsitive redidrediver Sydisaaddurdilsg 85 CIERAY0E 1A N0
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bandpass filter for input to the | ow noise anplifier. 9. gh sensitive
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pat h out put switch el enment connected to the output of the nornma
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f/r equency unit to be turned off when the superconducting bandpass fil t%r is
itn
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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 tum the signal path input switch
element on whenever the temperatur_é is 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.



bandpass filter is not in its superconducting state. 10. A high sensitive
radio receiver systemaccording to any one of Cainms 7 to 9, in which each
hi gh frequency receiver unit conprises a signal path input switch elenent
connected to the input of the normal conducting bandpass filter in the
second signal path, and detecting neans for detecting whether or not the
super conducti ng bandpass filter is in it3)-superconducting -29- state to
turn the signal path input switch elenent off when the superconducting
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means whi ch dete ?mrne wave fromthe superconducting bandpass
filter when it iékﬁg néﬁ@;ﬁ’gtmerconducti ng state and which turn the
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vacuum chanber. 14. A high sensitive radio receiver system accoral ng to any

one of dCI amptbiffertfor Passing WiedeivetPh!Tosigial HReteuaduph; hapdpass filter is
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a second signal path including a normal conducting bandpass filter
which operates at least above the critical temperature of the superconducting
bandpass filter 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.

17. A high frequency receiver unit according to Claim 16, further

comprising an output selection circuit which delivers the received h.f, signal

s which is input to the high frequency unit 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.

18. A high frequency receiver unit according to Claim 17, in which the
second signal path comprises a second low noise amplifier 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 of the second

signal path, and a coupler which combines an output from the first signal path



Wi thin the vacuum chanber. 15. A high sensitive radio receiver system
.according to daim7, in which the coupler is disposed within the vacuum
chanber. -30- 16. A high frequency receiver unit for filtering, anplifying
and delivering a received h.f signal which is input thereto, conprising a
vacuum chanber; a cooling unit for cooling the interior of the vacuum
chanmber; a, first signal path contained-38lthin the vacuum chanber and
i ncl udi ng a series connection of a supercondgcting bandfasslfllter m?lch
erates | reonduct i ng state at or critica nper at ure
ggd a | ow %’ Oéﬁﬁ ﬁ&%‘rﬁ’& Seﬁﬁ?@ ﬁﬁngleﬁo\éﬂlYprftheé'Fﬁﬂé’le t}hgr%gﬁ?‘]@ugh
and a second signal path including a normal conducting bandpass filter
which operates at |east above the critical tenperature of the
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super conducting state. 18. A high fr uen recerver
Caiml7, am é&h the second signal path conprises a second | ow noise
a(rpl i fier which operates not

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

a.signal path output switch element connected to the output of the
normal conducting bandpass filter on the second signal path and adapted to be
turned off when the superconducting béndpass filter is in its superconducting
state and to be turned on when the sﬁﬁerconducting bandpass filter is not in its

superconducting state.

( 21. A high frequency receiver unit according to any one of Claims 18

to 20, further comprising: -

a signal path input switch element connected to the input of the normal
conducting bandpass filter on the second signal path; and

detecting means for detecting whether or not the superconducting
bandpass ﬁiter is in its superconducting state and for turning the signal path
input switch element off when the superconducting bandpass filter is in its
superconducting state and turning the signal path input switch element on

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



onl'y bel ow but also equal to or above the critical tenperature and
.connected in series to the output of the normal conducting bandpass filter
of the second signal path, and a coupler which conbines an output fromthe
first signal path -31- and an output fromthe second signal path to deliver
the received h.f signal. 19. A high frequency receiver unit according to
Claim17, further conprising an input s®pection circuit connected between
t he superconducting bandpass filter and the | ow noise anplifier on the

first signal patp.fqr..selkecting either an, output, fromthe superconducting
bandpass filter 22 %ﬁl@hhﬁ%ﬂﬂ&ﬁ%@%@ﬂ@pce Ggépir&ljll@a%hpiﬂs\yhfql’lﬂ'@r
for input to . the lLow.noise .anplifier.. 20. A hj.gh,frequency receiver unit
accor di ng p&t@r}.&qe‘%c\i@n FETPPHe?rBDmEBﬁW P@W&?s@,&hgﬁ having g predgtermingd ch

el ement conﬁect %d.to t he 8ut ut gf t he rlﬁ_r mai1 conducti ng bandpass filter-
on the sec&HATASTERSHC faprdance and haying g granc d off when the

super conducti ng bandpass filter is in its superconducting state and to be
turned on when the superconducting bandpass filter is not inits
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el enment co e ' ! .. copduct bandpass f.iJter on
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t he superconducting bandpass filter is in its superconducting state and
for turning the signal path input switch elenent off when the

super conducti ng n | b Sacdabl,d . ' . t.urni ng
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~ detecting means 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. . -

25. A high frequency receiver unit according to Claim 21, in which the
detecting means comprises means which detects a temperatui';-v;ithin the
vacuum chamber and which turns the signal path input switch element on

whenever the temperature is equal to or above the critical temperature

26. A high frequency receiver unit according to any one of Claims 17
to 20, in which the output selection circuit is disposed within the vacuum

chamber. _
27. A high frequency receiver unit according to any one of Claims 17
to 20, in which the normal conducting bandpass filter is disposed within the

vacuum chamber.

28. A high frequency receiver unit according to Claim 18, in which the



when the superconducting bandpass filter is not in its superconducting
.State. -32- 22. A high frequency receiver unit according to Claim2 1, in
whi ch the output selection circuit conprises a mcrostrip line having a
predeterm ned characteristic inpedance and having a branch port. 23. A
hi gh frequency receiver unit according to Caim?22, in which the swtch

el enent conprises an MEM5 RF switch forngg.at the branch point. 24. A high
frequency receiver unit according to CCaim2 1, in which the detecting
means conpri nmeans which detects a reflected wave fromthe

super conducﬁqqi’zefblérﬂﬁﬁg%ed within thasiacuum chambern it s superconducting state
and which turns the signal path input switch elenment on in response to a
detection output. 25. A high frequency receiver unit according to Claim?2
1, in which the detecting neans conprises nmeans which detects a
tenperature within the vacuum chanber and which turns the signal path
input switch elenent on whenever the tenperature is equal to or above the
critical tenperature 26. A high frequency receiver unit according to any
one of Clainms 17 to 20, in which the output selection circuit is disposed
wi thin the vacuum chanber. 27. A high frequency receiver unit according to
any one of Clains 17 to 20, in which the normal conducting bandpass filter
is disposed within the wvacuum chanber. 28. A high frequency receiver unit
according to Caim18, in which the -33- coupler is disposed within the
vacuum chanber.
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