-1 HCGH SENSITIVE RADI O RECEI VER SYSTEM AND HI GH FREQUENCY RECEI VER UNI T

FOR USE THEREI N TECHNI CAL FI ELD 5 The present invention rel a hi gh
sensitive radio receiver system including bandpass filtersamﬂﬂmmmﬂmﬁmwm
cool ed for reception of a desired high frequency signal as in
a base station radio equi pnent for nobile conmunication system*I®Py
exanpl e, and a high frequency receiver ohit for use in such a receiver
system 10 PRI OR ART For a base station of a nobile conmunication system

whi ch i ncl udes qﬂ(%ﬁthNiglﬂq:fEnRgggg?slt{g%gi S%IEIMA | \II{;!,I(?H t echni que

I's enpl oyed for ea Sector I gh sensi eception of

the signal transm g[y-%m ' Ry I g@ gﬁ'pmnce, t he
transmtted signal tthlrag the xtﬁgﬁiy{%{i on Ir?tr)gcgfsye y e 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
t he ant enmpECHINEEAL FIEL Yy are processed by the bandpass filters of
predeterm ned characteristics which are cooled with 20 extrenely | ow
tenper&ture, andlieprédent evéntide elatdsdie 8 high Sonsitivelthlifo fecediVah@dtetmeVe!
i s selected for denbdul ati on by an associated receiver. If the codling
function apeludiagtsaridirss fllesdRaliehf Aretidled €86 psceplionodfs desiredhigh! ows
the tenperature to rise, thermal noises generated Within the bandpass
filters infreqascy siphal s m@ady beaulsed ia dibgsestationrradio ehaipmeatiotombbiler
whi ch has been kept 1 nproved by the cooling function, l'eading 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 reception of the signal transmitted 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 bandpass 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
particul ar, when the bandpass filters are conposed of superconducti ng
bandpass filters, a 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 supdfconducting state after exceeding
the critical tenperature. This problemis 5 quite renarkabl e when the

cool od 1 n LACIEHE AR Bnlihebfs B Hop ookl bigHMdon SRiRe ERREEBE | o1
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- pur pose. wever , ure I n one ese cooli ng uni | : the
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B g, 1 AUHeTCORBRANG siate After E3bEinbIhe eI Mty T HObIt TS "
e oo M R W P tfPbardid s IR Yorf RRI] RP R RKAL Btenpag in

connect ed dfehbaRepeste ddled in Sdingh2vaanidl dfnbér (Hlat SRIQAInFBaRYES S 81,
cted to Ij él ?

83; antennae 13, 14 of sector SC2-are conne bandpass ters 33, 34

cont ai ned redude thetetal nﬁhﬂﬁé&%ﬁt}ﬁ%ocﬁﬁ%ﬁﬂﬁs %6}1%%86?3% %o e sdctdpctqy SC3

are connected to bandpass filters 35, cont ai ne ferent chanbers

82, 83. Oﬁmio;enifcrmngdse. baleweaser, fdl faikiré iR bnesf theSe @@EsﬁﬁgtMté gisabid
d"lersity receiver 91, outputs fromthe bandpass filters 33, 34 are

c@hect ed the reeeplion iofithy coerspoadifZsectof,ivieh thovight the duwliaaAaitiis! ters
35, 36 are connected to a diversity receiver 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,, 8s.
Each chamber contains a pair of superconducting bandpass filters. Antennae
15 1y, 1, of sector SC1 are connected to bandpass filters 3;, 3, contained in
different chambers 8,, 8;; antennae 13, 14 of sector SC2 are connected to
bandpass filters 33, 34 contained in different chambers 8,, 8,; and antennae 15,
. 16 of sector SC3 are connected to bandpass filters 35, 35 contained in different
chambers 8,, 8;. Outputs from the bandpass filters 3, 3, are connected to a
20  diversity receiver 9y, outputs from the bandpass filters 33, 34 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 the 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, 33 for 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, 34 for
t hese sectors are contained in the chanbers 83, 82, respectively.
According to this patent, received h.f s3gna|s are processed by
superconducti ng bandpass filters 31 to 36, the outputs of which are
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anplification. Ina high sensitive rdadio receiver systeme

super condudivehilty RERIPARD | Dl 84, For Atylifi Al Yarld Qébdrﬁiﬁﬁlg,' E/Ragt I ng unit

is used becausethe filter performance Is degra ed rapl

t enper at ureceivedh fhsighalsisndsgiaded dietd MRRtaRrAdides! efat%aed% in
exceeds a critical tenperature to 10 render them norn-superconducti ng.
Howevess, tdapHficatiehns a problemthat the reception by the high sensitive
radi o recei ver systemmay be disabled by a rapid degradation in the

performance of Jupehipnskiwitive ridivdReedvdr dylsedf e&ﬁpﬁ)tyé%%gugérdﬂn(ﬂfét i ng

effect of the cooling unit or a rise in thé cooling rature upo

occur r encebafdpash dilters can EBriremelylieghustiabletosling inieiehsedlBedtu-the! i abl e
cooling unit cannot be free froma Tailure. It is an object of the present

i nventi on ﬁhelppenfoﬂnaﬂchiis;ﬂa%ﬁ&tﬁdtﬁa‘pédllsai@the temperatie sy wifighwhech has an
exeel | ent noise figure and ich is operable even when one of a plurality
o‘:ool i nupercendwudtisg bandpassfilteteareatyaied exicetdea apitizd nempeystuie 66 t o
provi de a high frequency unit for use in the high sensitive 20 radio
recei 18r spsdenthdmaton-supencandactihgdelHowever thereersnaies dpfoblenptialit even
if a fault occurs with the cooling of a superconducting bandpass filter.

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 extremely
15  high-reliable cooling unit cannot be free from a failure.
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
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 high 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;



DI SCLOSURE OF THE | NVENTI ON A hi gh sensitive radio receiver systemfor
receiving signals fromat 25 |east two antennae provided in each of a
plurality of sectors according to the present invention conprises; a
plurality of vacuum chanbers; a plurality of cooling units each cooling the
interior of each of the plurality of vacuum chanbers; a plurality of
bandpass filters each contained in one o#- t he vacuum chanbers for deri ving
a received h.f. signal in a predeterm ned frequency 5 band, said at |east

two antennae of afegﬁﬂaﬁg%?&ol-}ﬁhgﬂgﬁ%‘u Séi(gllﬁfggmgiﬁ%?ﬁ?gﬁze@fggéf{h§nd a | ow

contained in different “ones o rall vacuum

noi se arrpg'?llgﬁ.%gt? @P@ﬁb&ﬁﬁﬂtﬁ{a?ﬁgeﬂsn correspondi ng one of said vacuum

chanbers nected in series wWith a corresponding one of the 10

plurality of banggRsslify bf Bafidpads AMBH éddH6oRthéleld YRR IdThERAChARE! ved
1;(? (%‘I of the

hS. signal; wherein a“conbination each series connection

bandpass féﬁdrﬁbe@rﬁrtdéeivihg\a RRebre B! big unap@aewxﬁﬁéaﬂﬁéng?{c%g cories

contains the series connection and the cooling unit which coo

connecti orbdmt, aidat ekt wotimetac dBeadle seMOF beg cofinBE®M fortpguency
receiver unit according to the present invention gonprises: a vacuum

chanber; amipaspdiltersicohedineddhidiffer&st diéseof the glfurhliﬁy yaGHsEphaner; 20

a first signal path contained within the vacuum chanber” and including a
seri es corglmmbers; ahda superconducting bandpass filter which operates in a

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;
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 second 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



superconducting state at or below a critical tenperature and a | ow noi se
anplifier for passing a received hS. signal therethorough; and a second
signal path including a normal conducting bandpass filter 25 operative at

| east at or above the critical tenperature of the superconducting bandpass
filter and having substantially the same_passband as the superconducting
bandpass filter, for delivering the rece?ved h.f. signal by bypassing the
first signal path whenever the superconducting bandpass filter is not in a
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receiver §§sﬂ(ﬁr{h aF%Lg)eé.gﬂfllg%@%@%gl ediagramillustrating an exanple of a

first enmbodi nent I've radi o receiver systemaccording to
the present invention; Fig. 3 is a block diagramillustrating an exanple
of an antenna 10 duplexer; Fig. 4 is a block diagramillustrating a second

enbodi nent REENTO} ' AWINGISS a bl ock di agram
BREIF F’rsgl enbodlmfng@Pelﬁgr esen

illustrating at t invention; 15 Fig. 6 is a
bl ock gi agram i Ifjgst gt BlacRMUiSERAA TSErath aanhéﬁﬁﬂ f¢ SFBFABE Wrl Kighl ver unit
according to the gresent invent!’on; IIllﬁg. 7 gs a sc gmatthg ifl ust rrati on of
an out put gelshpe PAHi6IreEeivier Yot N 10 Fig. 6, Fig. 8 is a Smth chart
representing an exanpl e of 1nput Inpedance 20 when a bandpass filter 3 is

in its supercondigt Drig ashlatk diagrar AlustREhS AMdssedrhple 6f 2t 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

o Fig. 6;
Fig. 8 is a Smith chart representing an example of input impedance
20  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
superconducting 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;



Fig. 9 graphically shows signal transfer characteristics frompoint O to
point T of an output selection circuit when the bandpass filter3 is in its
superconducting state; 25 Fig. 10 graphically shows signal transfer
characteristics frompoint O to point S of the output selection circuit
when the bandpass filter 3 is not in its_ superconducting state; Fig. 11 is
an illustration of an output selection chrcuit when an MEMS RF switch is
used for the switch elenment; Fig. 12 is a block di agram show ng anot her

“nventi o s i g erd 13 2 IEBHANGH SERE LU HcoE Bk b RV
the high RFaQHEEEYs 1SEF Y Ethe SWitcRetGhehld 10 the present invention; Fig.

14 is a block diagram show ng yet anot her "arrangenent of the high

frequency recei Vg, Q0ij i iRbSSfthet hNant | LOioHD IS a
bl ogk di agram shovgvi Eg 1§ﬁlﬂ@)@[g§&ﬁ%ﬁlﬁ§l§3&gg§mm hgl; szfﬁ{géé%nﬁ:ogﬁﬁ? %(13 l:tlhency

recei ver uffeguér®prétieider enit ARcOFAIALD the\BSéMTnvEhHoni6 IS an
illustrati onq%f an exanpl e 1of icnput gsel ec;ﬁiion Ci rr'l(\:’ui toﬂsed in the high

frequescy recei g, 48iik ashiook difgfird -shé%ingiagﬁlrlﬁeﬂ Srrangemehit 8f e Hl,%fpf an

addi ti onal arrangeénment of the high frequency receiver Unit accordi to

the presenfrequerdyt reveivé@ngnit actoflingoithe Preséntupieatibn of an exanpl e of
i nput selection circuit when an RF switch is used for the switch

Grbodi ment of theC hvont on Tor 'S Canvonts Al oo s aran T ort Ve 20 A7
recei ver shighdfirequersdyorgteiverrunit adcotding tolthepres@itdhventionysed.
. 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
20 An embodiment of the invention for a conventional high sensitive
radio receiver system is shown in Fig. 2 where three sectors are used.

In a mobile communication in which the high sensitive radio receiver
system is used, 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 antennae 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



In a nobile comunication in which the high sensitive radio receiver
systemis used, a signal is received by applying the space diversity
techni que wusing two antennae per sector. In the exanple shown in Fig. 2,
one of the 25 two antennae is shared for transm ssion and reception. The
hi gh sensitive radio receiver systemconprises an antenna termnal 21 to
which a received signal froman antenna’/-l1 of sector SC 1 is input, a
bandpass filter 31 which selects a signal in a desired band fromthe
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vicinity of the top of ‘an antenna tower "I n otder to reduce a eelier 10ss
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an antenna term na I gnha
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fromthe received h.f. signal which i"'s provided fromthe antenna term nal

22, an antgipfidityl ePtieX e6p 6F antiribni kOWer in BRIGITRIAURE PR et fodOfrBRy Shar ed

between the transm ssion and the reception, a | ow noise anpfl??l er 42 for

anmpl i fyi ngargBnAatIpYé ahtérind femihangpass filter 32 to a desired level with a
| ow noi se response, and an output 15 term nal 52for delivering the received

h.f signal whi ciThereyeiveér sytemyalsd eomprisetoars Snfeiilal tetBindl22, tHwhadh gnna
dal exer 61 has an input termnal 71 to which a transmtting h.f. signal

| @ nput . redeivedeh.8f sighub fioinh wnranenha 49 i$ aghut, adrmdpass fltdrd) fopnbining is
performed by a selector 20 which sel ects one of the received h.f. signals
from 100 tdedectingatsigmalninrgtesivdd dadd Fromnthehechinaidsh.9f sighal witdeh ved

strength provided from the antenna terminal 2,, an antenna duplexer 6, which allows
the common 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 24, bandpass filters 33 and 34, an antenna duplexer 6,, low

noise amplifier 4; and 44, output terminals 53 and 5, and an input terminal 7,

for the sector SC2 and also comprises antennae 15 and 1¢, antenna terminals



I nformati on so that a signal which exhibits a higher sensitivity is
selected to be delivered through a selector output termnal 221. In the
simlar manner as nentioned above in connection with the sector SC 1, the
recei ver systemal so conprises antennae 13 and 14, antennae 25 termnals
23 and 24, bandpass filters 33 and 34, an antenna dupl exer 62, |ow noise
anplifier 43 and 44, output termnals 538-and 54 and an Il nput termnal 72
for the sector SC2 and al so conprises antennae 15 and 16, antenna term nals
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and 56 is gRkecSed by the selector 20 to be delivered through a selector
output termnal 212 or 213 In this enbodi nent, a series connection of the

bandpass filter & @t of iR é&%fsoseg %&(;S'dsi, e the &eefv;faf}g.ﬂic%igﬁggacuum

chanber 81 to be thermally 1nsulate mthe exterior an by a

cool i ng unfrbnPthe gaie oTanRApasferifinhid $£and 5, or® VS PR ﬁe@tﬁﬁ'ﬁ}fa{ 41, the

vacuum chanber 81 and the cooling unit 91 formin conbination I gh

frequency geteetoy 20 teybé del¥ered ARbuLh a S€ledRR O RPpuPieritifabangdpagy,filter 32
and the low noise anplifier 42 is al'so contained In a vacuum chaiber 82

and is cool ed bynahé®embaditient, £3eriddeonhéctitnass thé bhAdpass gltb%haw_dnoi se

anplifier 42, the vacuum chanber 82 and the 15 cooling unit 92 formin

conbi nat i athedolw goiserarnplfiey 4, ¢s eoninedrinta P&Cuurhrehdntilsersd nid Bé thamnsly a
saires connection of each of the bandpass filters 33 to 36 and

c@r espondinsglated fromithe exteriopand ieopbldd by a cbdling 4fiti%. ccThebaadpass
correspondi ng one of vacuum chanbers 83 to 86, and Is cool ed by

cor r edfondfilter Bneheflovondiseqmplifier 43, the RfEuuneshantberd,yand thescdalimg ng
on 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 8, and is cooled by a cooling unit 9,. The
bandpass filter 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 33 to 3¢
and corresponding one of the low noise amplifiers 4; 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 forming high
20  frequency receiver units 50; to 50s. Antenna duplexers 6, to 63 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 94 are fed with an operating power.
One of the antenna duplexers 6, to 63 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



20 frequency receiver units 503 to 506. Antenna duplexers 61 to 63 and the
high frequency receiver units 5 01 to 5 06 are housed in a casing 10.
Wil e not shown, the |ow noise anplifiers 41 to 46 and the cooling wunits
91 to 96 are fed with an operating power. One of the antenna dupl exers, 61
to 63 is illustrated in Fig. 3, and 25 conprises a directional filter.
Specifically, in the exanple shown, the-“?directional filter conprises a
bandpass filter 6A which passes a received h.f. signal froman antenna to
a receiveryshde; g@ [t | ] :
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filter 6B rebepvbriief.ndghilefor tHeeshteAnhedé 1PBRIEKEBY ﬁi@BaM‘;kés% filtér 6B
transmtted h.f. signal 5 fromthe transmtter side is blocked by the

bandpass ffrbirebefin fransmiteed o tHeaiafibiiger sidetWhileehe iti&fsnﬁitt‘éﬂ-h.f.nsigﬁhls
manner, both the transmtter and receiver circuits can be connected to a

si ngl e Santfonathefransmittérheide ds bloeledibby ehe bahdpasPhiltes 620 fiwim beigg t o

interrupt a heat flow fromthe exterior by vacuum heat insulation;, for

exanpl e, apahsiiteetw thewdceivérsideahttds sndnndrebstiBthe @agématter Ade | ow

noi se anplifiers 41 to 46 which are confined in the vacuum chanbers 81 to

86 are codaleedivey difonitsoein be conneétedydb 4 sirpde batahaextremely | ow

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

prol onged peri oEauth of the vaanimehalisers & Itor8y iswonstratted w Hieaapphileas a

cryogeni c refrigerator capable of nmaintaining an extrenely 15 | ow

t @per at urBowufrbmathe exterioriby vachahlleatinsidatibay for gxaxhphgasidper i od of

time by utilizing a heat exchange cycle through the conpression and the

expandlon agcoadingly,utiredrendpass tﬁ'gtelrsBe,toahcamb loov ablise amplifiers &, godlduct s

may be used at this end. )
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 96 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 amplifiers 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 35 and the low noise amplifiers 4, to 44 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.




When the bandpass filters 31 to 36 and the | ow noise anplifiers 41 to 46
20 are cooled in this manner to a extrenely |low tenperature in stable
manner and for a prolonged period of tinme, thernmal noises which may be
added in the bandpass filters 31 to 36 and the |ow noise anplifiers 41 to
46 can be reduced ultimately. Consequently, when the high sensitive radio
recei ver system shown in Fig. 2 is used0-a received output of a given
CN(Carrier powerNoise 25 power) can be obtained froma |ow | evel received
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second enbodi nent of the high sensitive radio re systé&m according to

the presendorBiRINOOE tHéTbéﬁdhﬁasger%F afed'the oW ﬂ@%ﬂiﬁtplm other 82 are

di sposed in the casing 10. The vacuum chanber 81 contains superconducting

bandpass fadth4§ ea éble%fd&%vﬁi%’akéb’éi{i@ﬂ%@ﬁ% alf i ers 15 41, 42, 43 which

are connected to the filter outputs. The vactuum chanber 82 contains
s‘er conducti ng bandpass filters 34, 35, 36 and | ow noise anplifiers

10 SECOND EMBODIMENT
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 44, 4,, 4; which are connected to the filter outputs. The vacuum chamber 8,
contains superconducting bandpass filters 34, 35, 35 and low noise amplifiers
4,4, 45, 4¢ which are connected to the filter outputs. Outputs from the low
. noise amplifiers 4, to 4; and 4,4 to 44 are connected through output terminals
51 to 53 and 5, 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 9,, 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
81 and the cooling 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 44 to 4

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



44, 45, 46 which are connected to the filter outputs. Qutputs fromthe | ow
noi se anplifiers 41 to 43 and 44 to 46 are connected t hrough out put
terminals 51 to 53 and 54 to 56 selectively to the three diversity
anplifiers which are 20 |ocated outside the casing 10 though not shown in
Fig. 4. The interior of vacuum chanbers 81 and 82 is cooled by cooling unit
91 and 92, respectively. In this enbodildent, three sets of the bandpass
filters 31 to 33 and the low noise anplifiers 41 to 43 which are connected
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antennae 11 and 12 of a first sector are“app ntenna term nhal's 21

and 225 r efipesly 4R4 the dilter theoGgh iadPititenff Gupdekir GC td Yh@BQnHﬁ%ssgﬁft%sl ch

t hrough an ant €énna dupl exer 61, "to the bandpass filters 31 a

are cont ai3\ethd B, WHitRaed conbaudiA affees R vibuang cBEmbe?s B?‘éh'ki\@, y. The

sanme applies to the second sector. A received h.f. signal froman antenna
13 is suppekpectivelpugh 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 tlugimapplicstoaht seodnédsedtbrnA reeRsdERTasignal Eoth a82 to
$ bandpass filter 35 contained in the other vacuum chanber 82. The sane
|

i es t arternd i isisspplied thoergh @n aaterinacdrinifal, 2 sioothel aridpuss dlita3 £nna
15 is supplied through an antenna termnal 25 to the bandpass filter 33
whi chl0s 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 14 is connected
through an antenna terminal 24 and an antenna duplexer 6; to the bandpass
filter 34 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 44 to 4s. 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 34 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.



15 contai ned in one vacuum chanber 81 while an antenna 16 is connected

t hrough an antenna term nal 26 and an antenna dupl exer 63 to the bandpass
filter 36 contained in the other vacuum chanber 82. In this nmanner, in the
second enbodi nent, the high frequency receiver wunits are divided into one
set including the bandpass filters 31 tQ_33 and the 20 | ow noise anplifiers
41 to 43 and anot her set i ncluding the'ﬂgndpass filters 34 to 36 and the

| ow noise anplifiers 44 to 46. The bandpass filters 31 to 33 and the | ow
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sector are cooled by séparate cooling units. -12 The connection

ant ennae cter@dtdls 95 cinel 24 and ftise bandpassfiltetd 8] and BRishbval FP%F@' bén
di fferent vacuum chanbers 81 and 82is nerely exenplified in Fig.

Al t er nét i viaterchahged,canbthie contuedtivre betweerathieantennadeffniedls 22 hnd ), #2d and
t he bandpass filters 31 and 34 shown in Fig. 4 may be 5 interchanged, and

t he connedhedandpase €iitarb 8, andedhymayeslso bel iatetdhadged.an¥out deffeperipass

filters 32 and 35 may al so be interchanged. Four different conbinations of

di f f er ent combamtiomssofadiffarent cohrectibnsareysdssibleoni@iith such aiconactdoh!
occurs in either the cooling unit 91 or 92 to disable the cooling function

in a sinlifia fanlneccurs in eithiee the cooliagtunit Pyt 9ttedlisableithe cboliaig | east one
1Q path of each sector is not influenced, thus avoiding a degraded _
r&ept i on fanction inreasinhilaymaihnee as phithe poforairt ilivstratedtinRig. Asatlehst énei n
this enbodi nent, each bandpass filter and its connected |ow noise
anpl i A0er path ofcachi sestot 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.

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,, 9; 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 8,, 8;, 85, in a similar manner as in the prior art shown in
Fig. 1. The 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 4, 4, connected thereto; and

the vacuum chamber 8 contains bandpass filters 35, 3¢ and their connected low



vacuum chanber to be cooled, resulting in the addition of thermal noises in
the anplifier to be drastically reduced, allowing a received h.f. signal of
a 15 high quality to be obtained. THI RD EMBODI MENT Fig. 5 shows a third
enbodi nent of the high sensitive radio receiver systemaccording to the
present invention. In this enbodi nent, three 20 vacuum chanbers 81, 82, 83
and associ ated cooling units 91, 92, 9313re di sposed in a casing 10,
respectively. Two antennae of each sector are connected to different

bandpass fﬁéi&@;aﬁlﬁr?nﬁﬁa&r%ﬁ%ﬁ%Q’%%m*{eﬁe"tom of the three vacuum chanbers

81, 82,83, In er as i1n e prior art showmn in Fig. 1. The

vacuum chanber g}, tﬁ?é‘&ﬁb%ﬁél‘?ééﬁﬂ%?& séﬂs'&feéa?lcdyjaﬁ]scﬁg%éﬁ rll gzgaﬁé tpeilaeu

anplifiers 41, 42 connecte ereto; the va cont ai ns
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enbodi ment, two sets of bandpass filt OW nol se

anpl i f i5er sthé lvachanyehamber 8, Goid gl &sbling A1t B, SieilNag o seadrer 81  and
the cooling unit 91 formtwo high frequency receiver units while sharing 5

t he vacuurbatdpusefilfers 3303} had chellowmnoisk tandslifiet 41| ArwhicH e s@ifectéd
bandpass filters 33, S?aanlcij t he | ow noi se anpl ifiregr ﬁS, 44 which are

connect ed ini seriesy tles vadinemveramiberc® paié thé 2oalidghlifit 99 fbim awehigh®2 form
two high frequency receiver units while sharing the vacuum chanmber 82 and

the cool ifigquendy fsteivievoumsies svhile slaritpasise Vathwmscldmbet8aandthe | ow noi se
1 anplifiers 45, 46 which are connected in series, the vacuum chanber 83

a t he camlimguniti,. 93[Worsets efbhndpady filtees3y, 34nridsthehliove ndisy i ng t he
vacuurlno amplifiers 4s, 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 24 and the

bandpass filters 3; to 3¢ shown in Fig. 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



chanber 83 and the cooling unit 93. The connection between the antenna
termnals 21 to 26 and the bandpass filters 31 to 36 shown in Fig. 5is
nerely an exanple, 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 chanbers. Wth this connection, even if
a fault occurs with either one of the -ddeling units 91, 92 and 93 to

di sabl e the cooling function, at |east one path of each sector is not
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be constructed in"25 entirely the sane manner as
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are required. The connection between the twelve antennde fo the series
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anplifier, of all”the paths may be contenplated as A set of a
vacuum chanber andagirf @ efbodinientBioW R Pig. 4 Gach®et 8fithiRg sk patHsn t he

enbodi ment shown in Fig. 2; 5 (2) tw sets of vacuum chanbers and cool i ng

units may be provi ggsch cemprisinh@ Feddmctivnosha bantpss filtefatld SRIw

contains six paths each conprising a series connection of a bandpass
filter and a | ow noisempﬁﬁbi;i er; (3) three sets of vacuum chanbers and
coling units nay be provided
8 (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
noise amplifier;
(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 unit. 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



10 as in the enbodi mrent shown in Fig. 5 each set contains four paths each
conprising a series connection of a bandpass filter and a | ow noise
anplifier; (4) while not shown in the drawi ngs, four sets of vacuum
chanbers and cooling units may be provided, each set containing three
paths 15 each conprising a series connection of a bandpass filter and a

|l ow noise anplifier; or (5) six sets oflSvacuum chanbers and cooling units
may be provided, each set containing tmo pat hs each conprising a series
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the reception, thus avoiding the use of” antenna duplexers.
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‘ 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 a result, a high sensitive radio receiver system can be constructed in a
compact manner 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.



may conprise a mcrostrip line, for exanple. A ground |layer and a signal
line are forned by superconducting material so that a |loss of a resulting
10 bandpass filter can be substantially reduced, allow ng a significant

i mprovenent of the noise figure of the receiver, and accordingly,
significant inprovenment of the sensitivity of the receiver. Copper oxide
super conduct ors contai ning Bismuth (Bi)16Fhallium (Tl), Lead (Pb) or
Yttrium (Y), for exanple, are known as high tenperature 15
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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 chamber 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,



cooled even if a cooling unit fails. An enbodi nent shown in Fig.6 is
arranged such that when the tenperature within a vacuum chanber 8 such as
any one of the vacuum 10 chanbers 81 to 86 shown in Fig. 2, for exanple,
has exceeded the critical tenperature for reason of sonme fault, a bandpass
filtering and an anplification required for an input received h.f. signal
can be assured through a bypass path.1l7high frequency receiver unit of

t hi s enbodi ment conprises a 15 superconducting bandpass filter 3 which
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anplifier 4. are secured to a cooling substrate 8 within the vacuum
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cooled by a cooling unit 9. 25 In addition, in this enbodiment, an output
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a
t he out put side o? a series connection of the bandpass filter "3 and the
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received signal path SP2 which extends from the output selection circuit

(2 St oo Semmmioin g e el 15
‘m the low noise amplifier 16 is to be selected, and a received h.f. 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 SP1 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 predetermined 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



5 The output selection circuit 11 determ nes which one of the first signal
path SP 1 passing through a series connection of the superconducting
bandpass filter 3 and the |ow noise anplifier 4 and the second signal path
SP2 passing through a series connection of the normal conducting bandpass
filter 15 and the low noise anplifier 16 is to be selected, and a received
h.f. signal is 10 transmitted thorough -l8e sel ected signal path. The nor nal
conducting bandpass filter 15 has a passband which is substantially the
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bandpass filter 3 to thereby produce”an i npedance m smat
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3 is reflected to pass through the circulator 12 to be fed to a |evel

detector ldkarhple Sftheciphut deipealante of the saperaditimcbatipnydildBbnte or

above a predetermned | éevel, it turns the switch el erfent hus

render i ng SipifhhehaecoPYini Aadiacs tiRPAnpedshiss Wten theSupbrédisctaig exanpl e

o] he output selection circuit 11, whic conprises a T-shaped m crostrip

| N¥e.  Poi rbarfiipasp it & ANits BRpercomducing stdte asdiy arhtchaded thepoint S is
connected to the switch elenment 13, and point T is connected to the input
of t hdOsupsharacidvisticrignpsiztieesst dodxiel cablel8al, Ifzhardperconducting
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 superconducting 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 .3 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. signal 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.



L3 in Fig. 7 represent line lengths to the branch point, respectively.
Although L I is to be determ ned dependi ng on the peripheral settings, LI
is 5 desirable to be chosen as short as possible in view of reducing the
signal loss. The line length L2 and L3 are determned as follows: Fig. 8
shows an exanple of the input inpedance of the superconducting bandpass
filter 3 ona Snith chart. Point A indil@ates the inpedance when the
superconducting bandpass filter 3 is in its superconducting state and is
mat ched to the [ [.SYi:e : q;gé'“ad :
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| npedagce paraRENLRAS _dé@éﬂﬁﬁin%dad?ﬂtlfa‘wﬁf ifipeldnéat PaintPin Fi?._eﬂsefvs%t ak
point Ris |nf|n|ty. Fig. 9 s_hows_5|gna transter characteristics rrom
poi nt. 0t alasédto the Afisitpes podsfble on'thitois BE poRMIBARTIL B eIt ds i@ben 1 1S
superconducti ng state. e abscissa represents'the frequency and the

center freaguddrstood thabat thiBitimehtHe iip&diice matchiakdd aehidvigl s1956iak Sof t he
absci ssa. The ordinate represents the transfer characteristics where GdB

st ands f orFig. foby aaning e switohoslemdnite 3 dA. dB i ndicates a signal
a nuation by a factor of ten. In this manner, in the 25 superconducting

s\ e, an efficifkssursinghat thechhercteristio smpbtanée ofitpoline 102 ivequalitot T,
that is, fromthe input end to the output end of the superconducting

bandpdfs fthat ef a3uccééding 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, o 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



On the other hand, if the superconducting bandpass filter 3 is not inits
superconducting state, it is necessary to set the inpedance at point P as
close toinfinity as possible in order to transfer the signal to point S
in Fig. 7 without being fed to the superconducti ng bandpass filter 3.
Accordingly, the 5 paraneter L2 is determ ned so that the inpedance at
point Pin Fig. 7 be set as closed to-20e infinity as possible on the
basis of point Bin Fig. 8 It is to be understood that at this tine, the
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achieved frompoint O to point S, that is, to the norma
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 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 reflected wave, this means
that the superconducting 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



conducti ng bandpass filter 15 on the second signal path SP2 while bypassing
-20 the superconducting bandpass filter 3 on the first signal path SPI.

Fig. I | shows an enbodi nent of the output selection circuit 11 when an
MEMS RF switch is used as the switch elenent 13. The difference between
Figs. 7and | | is that L3 is equal to zero. This is because physical 5

connection between switch termnals in-REMS RF switch i s established when
the switch is turned on while there is no physical connection between the

S0 LR SRk MR o, 2 Co0lt 10 pedance of porr
B e VSR ModER ARk, e BT Pk BT,

e, O DU BSEGHIocSHOUR S oS, I BLET RORLP P
L

Si | sF j < hod g - f | e.
Tha" R E] SRS TillE A ekPedded theTifticabblint B turdPthe fiich demhEBh. h
fl ted I igl .sanat
condi 11 on) TheSHied YHRpEHRARE A LOfpRAdd REAMst o iffical tefipdtaflid 0 00

20 filter yhia¥GROGediSRONCIAK 1840 BRitthe _sGﬂFb?fS}é?x’i’éﬂtyB g&grt?freggg%&fgnhff -

signal from the output selection circuit I'S route e second

si gnal patfheRiedted tbﬁ%)e‘f@ﬂﬁé 8§ a%\r:e the bﬁ?ic'a?‘t’ﬁhpé?étﬁﬁééorﬂlé Se%?? d ereﬁlo

r‘l ected wave, this ans that the superconducting ndpas 31is
i

ts supsfetight fraquéncyt enitahdwr HEFSN 6 eapReable tdanySeBblimeRearof f -

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 § 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 when the superconducting bandpass filter 3 is its superconducting
state.

25
SIXTH EMBODIMENT

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



25 The bandpass filter 15 and the | ow noise anplifier 16 on the second
signal path SP2 are such ones that the former is operable at a tenperature
above the critical point and the latter exerts the best perfornmance at a
-21 tenperature above the critical point. In the enbodi ment shown in Fig.

6, a tenperature detecting elenent 18S provided in the vacuum chanber 8 as
I ndicated in broken lines in Fig. 6 na@2be utilized to detect that the
tenperature of the superconducting 5 bandpass filter 3 has exceeded the
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out put selection circuit 11, the switch elenent 13, the normal conducting

bandpass fdddisionkinit 1 8eddtermirdsswhathidrithe detddied t8MpePattirs byl theor 12 and
the | evel detector 14 are also contained in the vacuum chafber 8 to be

cool ed by tehtperatire sgnsor 189 .is Abbove ahe ewticah poird oAb esIf theiddle@ed added
| gt he output selection circuit 11 and the circulator 12 to be reduced
V\“l t he depmperatmtads eqgabtndpabevé ithé eritidal poirits tlsaipwitehrelemiened 3 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
consumption and the size of the system.
Alternatively, 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.



state. 25 SI XTH EMBCODI MENT I n the enbodi nent shown in Fig. 12, the switch
el ement 13, the -22 normal conducting bandpass filter 15 and the | ow noi se
anplifier 16 on the second signal path SP2 may be di sposed outside the
vacuum chanber 8, as shown in Fig. 13, thus avoiding a cooling of these
el enments. In the exanple shown in Fig. 13, the superconducting state is
monitored rather than by the 5 detecti oB3ef refl ected wave, but by sensing
a cooling tenperature through the tenperature sensor 18S di sposed within

t he vacuung El@lpaﬁiw sion unit 18 determ nes whet her the detected
tenperature by the enpe ure sensor 18S is above the critical point or
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superconducting state. In thig case,” since the coupler I's disposed in
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20 chanber 8 can be reduced, whereby a heat flow fromthe outside of the

vacuum chafirber the baHdpsas filbersPand als ©akled i8to Bl 1GwWaRAYS ainlpfgest or 8C3

shown in Fig. 12 can be elimnated, contributing to a reduction in the

power The low noise amplifier 4 is designed 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, L5 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 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 amplifier 4, while when the bandpass filter 3 is not in its
superconducting 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



consunption and the size of the system Alternatively, the switch el enent
13, the normal conducting bandpass 25 filter 15 and the | ow noi se
anplifier 16 may be di sposed outside the vacuum chanber 8 to avoid their
cooling, even though this increases the nunber of coaxial cables and
connectors. -23 ElI GHTH EMBODI MENT Fig. 15 shows still another enbodi nent of
the high frequency receiver unit accordédng to the present invention. This
enbodi ment is a nodification of the enbodi nent shown in Fig. 14 in that

the two | q ' 1] 16 5 and the coupler 17 are replaced by an
I nput selé%%ggxﬁﬁ??%%%ygﬁg§§ﬁﬁta single low noise anplifier 4. The input
selection circuit 19 selects either output fromthe bandpass filters 3 and
15 to feed it to the Iow1noise anplifier 4. The |l ow noise anplifier 4 is

desi gned tQEQ %{EH\QB%I 1oel ow but al so equal to or above the critical
t enperature. ovvs an exanple of the input selection circuit 19

shown in Fig. § g'? shioy gé‘t éé&oth%%ﬁﬁf‘dﬁlrﬂ %ﬂtﬁegﬁ affécg.get?{?; fetelver The

line length L4 i etermn endi ng on the peri ngs as
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those of L2 and L3 described above in connection with Figs
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is infinity when the bandpass filter 3 is inits super conduct 1 ng _
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g‘mt ched. The line length L5 is chosen so that 20 the inpedance at point
s i nfithietlgvighétettr baderrss tHdtlthebaddpass dillter'3 istrfot 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 31 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 superconducting 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



superconducting state. As a consequence, when the bandpass filter 3 is in
its superconducting state, the signal fromthe bandpass filter 3 is
delivered to the I|ow noise anplifier 4, while when the bandpass filter 3
is not inits superconducting state, the signal fromthe normal conducting
bandpass filter 25 15 is delivered to the | ow noise anplifier 4. The input
selection circuit 19 avoids the need f-@6-the provision of the | ow noise
anplifier on the second signal path SP2, contributing to a reduction in
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uioof t he bandpass fillter 15 for hi gher" general purposes conpared to the
e

dinment of Fig. 15. The switch elenent 31 is set to turn off when the
bandpass filter 3 is rendered in 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 frequency 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 auxiliary

20  circuit, thus avoiding inoperability of the receiver system.



20 superconducting state by the | evel detector 14 and turn on when not
rendered 1in a superconducting state in a simlar manner as the switch

el enent 13. Fig. 18 shows an enbodi nent of the input selection circuit 19
when an MEMS RF switch is used as the switch elenment 3 1. The i nput
selection circuit 19 differs fromthat in Fig. 16 in that L6 is equal to
zero. This is 25 because the MEMS RF swibeh is used for the switch el emt,
in asimlar manner as in the enbodi nent of the output selection circuit
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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 plurality of bandpass filters, for amplifying and delivering the received
h.f. signal;
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



failure, a change in the input and output inpedance of the superconducting
bandpass filter can be utilized to transfer a received signal to an
auxiliary 20 circuit, thus avoiding inoperability of the receiver system
-26 WHAT IS CLAIMED I'S: 1. A high sensitive radio receiver systemfor
receiving a signal fromat |east two antennae provided in each of a
plurality of sectors, conprising: a pluﬂgrity of vacuum chanbers; a
plurality of cooling units each for cooling the interior of each of the
plurality ghtappguum chanbers; a plurality of bandpass filters each
cont ai ned I'n"one” of the vacuum chanbers and deriving a received h.f.
signal in a predeterm ned frequency band, said at |east two antennae of
each sector being connected to the bandpass filters contained in different

ones of the pl uiplA WolkeNGRNETadfO FERAVEr st RURRIRSIAIRY Idlefs each

contained in correspondi ng one of sa vacuum cha onnected in

series to @rigdt P 39&&1@&{@&9pr§; p one of the plurality of bandpass
filters, for anmplifying and deliverTng the received h.f. signal; wherein

each conbi nat i omnointennll dupléxs saitéd BBrwéen BAcRFHBHGrality!dfer and the
| ow noi se anplifier, the vacuum chanber which contains the S series

connect i orarginad in each sécoyand theithdpass filidteontlectsd HRFBRS; andhaving

constitute a high frequency receiver unit. 2. A high sensitive radio

recei ver sytransmission dnpat teemhal $o thatithe antérmin Rahared fénthepatinaision

filters conprises a superconducting bandpass filter formed by
super condusd regeptionri al which is in its superconducting

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 critical 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 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.



state at or below a critical tenperature when cooled by the cooling unit.
3. A high sensitive radio receiver systemaccording to Claim2, in which

t he superconducting material is a high tenperature superconducting -27
material. 4. A high sensitive radio receiver systemaccording to any one of
Claims 1 to 3, further conprising: an antenna dupl exer connected between
one of the plurality of antennae in ea@2B8-sector and the bandpass filter
connected thereto, and having a transni ssion input termnal so that the
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out put sel ection CI rcuit whi ch delivers the rece| ved h.f. si gnal fromthe
antenna to which the superconducting bandpass filter is connected to the

first signal patg) Afgph isBRsiEHRY AN feédivBEsystem according to Claim 6, in

. 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 bandpass filter is 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



bandpass filter is in its superconducting state and to the second si gnal
path when the superconducting bandpass filter is not inits
superconducting state. -28 7. A high sensitive radio receiver system
according to Caim6, in which a second | ow noise anplifier which operates
not only bel ow but also equal to or above the critical tenperature is
connected in series to the output of t#8-normal conducting bandpass filter
in the second signal path, and further conprising a coupler which conbines
t he out put
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system according to Claim@8, further conprising: a signal path output
switch el enent connected to the output of the normal conducting bandpass
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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 turn the signal path input switch
element on whenever the temperature 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.



whet her or not the superconducting bandpass filter is inits
superconducting -29 state to turn the signal path input swtch el ement off
when the superconducting bandpass filter is in its superconducting state
and to turn the signal path input switch el enent on when the
superconducti ng bandpass filter is not in its superconducting state. 11. A
hi gh sensitive radio receiver systemac86rding to G aim10, in which said
detecting neans conprises nmeans which detects a reflected wave fromthe
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tenperature W thj h m chanmber and which turn the signal path input
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amplifier for passing a received h.f. signal therethrough; and
. 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
. 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



delivering a received h.f. signal which is input thereto, conprising a
vacuum chanber; a cooling unit for cooling the interior of the vacuum
chanber; a first signal path contained within the vacuum chanber and
including a series connection of a superconducting bandpass filter which
operates in its superconducting state at or below a critical tenperature
and a low noise anplifier for passing-3lreceived h.f. signal therethrough:
and a second signal path including a normal conducting bandpass filter

whi ch oper v ritd e e of. .
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as the superconducting bandpass filter and which delivers the received
h.f. signal while bypassing the first signal path whenever the
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unit according to Caim1l7,” in which t second path conprises a
second | oveiitpus fraifivhé hbemmbﬁau@ﬁﬁ%aia@ﬁpaeé file? for REH @V PHe B Aofgual to
or above the critical tenperature and connected in series to the output of
t he normalamﬁ]iﬁeg,ti ng bandpass filter of the second signal path, and a

c | er which conbines an output fromthe first signal path -31 and an
obgut fromthe second signal path to deliver the received h.f signal.

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 bandpass filter is in its superconducting
state and to be turned on when the superconducting 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 filter 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.



19. A high frequency receiver unit according to Caim17, further
conprising an input selection circuit connected between the superconducting
bandpass filter and the | ow noise anplifier on the first signal path for
selecting either an output fromthe superconducting bandpass filter or an
out put fromthe normal conducting bandpass filter for input to the | ow
noise anplifier. 20. A high frequency-8@eeiver unit according to Claim 19,
further conprising: a signal path output switch el enent connected to the
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conducti ng bandpass filter on the second signal path; and detecting neans
for detecting whether or not the superconducting bandpass filter is inits
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22. A high frequency receiver unit according to aim?21, in which the
out put selection circuit conprises a mcrostrip |line having a predeterm ned

characteristic ixpedanstk fritiendy refeivel UANCALdREing to Claim 21, in which the
. 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 temperature within 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



23. A high frequency receiver unit according to Caim22, in which the
swtch el enent conprises an MEMS RF switch formed at the branch point. 24.
A high frequency receiver unit according to Caim?21, in which the
detecting neans conpri ses neans which detects a reflected wave fromthe
super conducti ng bandpass filter when it is not in its superconducting state
and which turns the signal path input 88+tch element on in response to a
detection output 25. A high frequency receiver unit according to Caim
21, in mhlch et ect i ng ,ne conpris ans which detects a

C ehper at urOUAITTis HSRESed TAHhIR B AR ABAMAGEn ¢ ur ne t o i gnal pat h
input switch elenent on whenever the tenperature is equal to or above the
critical tenperature r 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 vacuum chanber. 28. A high frequency receiver unit
according to Caim18, in which the -33 coupler is disposed within the
vacuum chanber. 0 O



