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used also for fabricating high-speed semiconductor devices such as superconducting transistors having

~ more than three electrodes, superconducting FETs or hot electron transistors which utilized the interface

45 between the superconducting thin film layer and the semiconductor substrate as is shown in Fig. 1.

Brief Description of the Drawing

Fig. 1 shows an illustrative cross sectional view of a semiconductor transistor to which the semiconduc-

s0 tor substrate according to the present invention is applicable.

Fig. 1 shows the concept of the superconducting transistor. The superconducting transistor comprises a
single crystal substrate 3 of semiconductor and a superconducting thin film layer 1 deposited on a surface
of the substrate 3. Fig. 1 illusirates also the conventional insulator layers 2 and 4 and a special shape of the
superconducting transistor which can be fabricated by the conventional lithography and etching technique.

s5 In this superconducting iransistor, superconducting current pass through an active channel 3' of the
semiconductor 3 by the "contact effect” of superconductor segments or electrodes 1' and 1" and is
controlied by a gate 5.

45,'epresented by the general formulae (1), (I1) and (I11): [err] ~ (1) in: -
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presemé |nvention, the deposition nust be carried out under a such

condi t i oBxamplatt the semi conductor substrate of single crystal is not heated

hi gher than [err]. If the substrate tenperature exceed 700 , the quality

of the senmichHis@rrmnn aduffaglayercaf J@Panavmg;a Histyepseef 58 & inflepesitad opa sm@aewg
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t 0 mat chsupbreondudfigityadtdri acbeorbisevadatlich(z tehpardtiwe whque zero mabistahdenig observed) ardrthev t h
t hat of eritical sunentcdensity determined BisT7rkaef dhe superdordugling fthin ik of respectieqremples.t he
superconducting thin filmon the
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30 speci:fi ed plan, preferably {001} pI ane of the semi conductor single

crystal. In the special application, is also possible to use {1 10} :
pl.ane. In this case, the c-axis of the su erconductl ng thin fil mbecone |n .
parallel with a surface of a subst FBO32587Blat current is flown

perpendicularly with respect to the c-axis. According to the present

invention, a buffer layer is interposedpgtween the superconducting thin
filmlayer and the corrpound sem conductor substrate. The buffer |ayer is
deposited on the—s+aghe \,.‘ﬁ’ota! o—35—corpetrt—gericotttetor—raterl

bef gr'e t he depqsﬁ'tﬂeffﬁ""él?“"ﬂ B il per Gﬁﬂ?éfdﬂﬁef?ﬁ”‘t hil nCited! iy WGQSF{QPS'WWF@ZX incti on
of t¥his sbuffer I ayer |st0|rrprq '

bn  of

the super condudTr g T FTTT f MgO.
The fol Fow ng éxa %3 P"‘onl y npt
falling within B, a

buffer | ayer of MyO having a thi ckness of 500 Ais dep05| ted on a:single
crystal 7f- silicon substrate before the superconducting thin filmlayer is
deposited.Bample2 The I\/gO buf fer Iayer is deposited by sputtering techni que
on {100} pl agxe’ of the 5| on subs rate whi ch IS

Sarpl s ohg i wliales o f?Jc,ré:%g? i e o
Fol'89 bl

Y- Ba- CU

respect i ve Y e Q&hsg s Gl boSnddERG St fi 129os of Y-
TBOnGL T on SR ag e . o Salises a0 f} "%E;E%ﬁ | % B SRl
PR o b e R e M VA g @nﬂman

[ern] for ocEe shetnd aHoBaIICHSO,NBCHI-BLENO spReS kedbeciolyE SidciaiNattbfion i fialt® b he
di StANCE DEitNEE Betivbdn BiblRGtsirith Gnd i falget & @Cthe Poertdd High@reURHE| while the silicon

hi gh- f r equsbgite is\idale® af 200 *Siduiingalie spulising GematibresoiRbiupstedandudting hih filhiayerspf thee
sput t er i ngresppetivatinpoursiexititsadre groretd ¢.00mAct i ng thin filmlayers of the
respective composuiilg Ganplesofaemicondocis substrate® B&ing. thel lupercersiudting thip Bmrigybeshosf
sem conducgood condilient at an istorfdva betwepnitiecsenicpiudionrsdioatrate aod thésupertindwptingatpie filmslaxewy 55
good coprdi Table? shawsdie drificabiemprraiurg Ecale tamppialireseiodinrRiaromenona fupercendectifitystart :
buf f er | ayep ohsriveriadcisa fumnreEive wees 7o) rasistencer ip ohgervad)aand thpogsttieal gurepiAResiy he
critical tdstApEinet /K olte furerpRfysinatin s pheprectvA & ifenomenon of '
,superconductl vity start to be observed), Tci (a tenperature where zero
resistance is observed) and the critical current density determned at 77 K
of the %uperconductlng thin filnms of respective sanples. 6 EP 0 325 877
Bl Table 1. Superconducting thin film Critical tenperature Critical

current denS|ty (Alferr]) Tco (K)y: - Tci (K) [err] . ... 96

9t - 3.0 x [err] [err] 98 ' 94 _

3.2 X [grr] 10 Exanple 2 The sane operation as Exanple 1 is repeated except
that the buffer layer is not used and sem conduc- tor substrate of silicon
is replaced by respective single crystal of 3C-SiC, 6HSic,.GAs, GP, |nP,
InSh, ;15 ZnSe, CdTe, HgCdTe, GaAl As, GalnAs, InAlAs and InGaAsP. For each
substrate, two sanples are prepared by depositing two superconducting thi.-n
filmlaywers of Y- Ba-Cu-O system and Ho-Ba- Cu- O system on {100} plane or
{110} plane by magnetron RF sputtering technique which is itself known.
Targets used in the sputtering are sintered powders of [err] for Y- Ba-Cu-O
systemand [err] for Ho-Ba-Cu-O systemrespectively. Special attention is
paid to the 20 di stance between the substrate and the target and to the
-power of® high-frequency, while the silicon substrate is heated at [err]
during the sputtering operation so that superconducting thin filmlayers of
the respective conpound oxides are grown to 1,000 A The resulting sanples
of sem conductor substrates having the superconducting thin filmlayer show
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good- condition at an:intierface between the semi conductor substrate and the
superconducting thin filmlayer. 25 Table 2 shows the critical tenperature - -
Tco (a tenperature where the phenonenon of superconductivity start to be

observed), Tci (a tenperature wheFRO3S BT BL| stance i's observed) and the -
critical current density determined at 77 K of the superconducting thin . . ="
films of respective sanples. 30 35 40 45,50 55.7 EP 0 325 877 Bl Table 2 -
Seni conduct or Pl ane depost. Superconducting.thin film Criticl. tenp. (K) - =

. 220 C

Crticl. cytrent—denprty—{tAterrir—stngte—crysta—Fco—T—Tet——365+C .

100, - nguoonm f@ne gypost. Supercondugting thin filrg | Critici. temp. (K) | Crtigl.cyyrept quﬁi?y](A/gpf_) Si C

000%~% | Single crysta .89 8k 2.5 x [err] GaAb

100 , 89 8p Tco Tci 2.8 x [err] 10

GaP ac-sicI10| 1o YBaCuO (1) 9% |91 80 30 x10° 2 X

[err] InH gygic 1 . go | s | 84 2.5%1'05 o

2.3 x [erjr] gdadSb 100 100 89 | 85 2®P1s 84

3.3 x "Perjr] gapnSe 110 00 8 | 80 28105 85

2.9 x [erlr]in&dTe 100 00 84 | st 2.8 105 84

3.2 x [err]n$lgCdTe] 100 00 86 84 : 354105 81

2.9 x [erjr]zdSaAl As 100 00 87 85 2.8/ 10° 84

2.2 X '%err]cml nAs} 100 00 87 84 3.B8610° 84

2.5 x [ er{r]HdOdF¢ As{ 100 00 84 81 2.8710° 85

2.1 x [er|r]|GaMfsaAsp 100 00 87 84 |- 23910 80

2.6 x [erlr]G¥®s3C [Si (100 100 '%B{?Céb 2) 26x1g - pg

3.21x [erfr]™esiq 100 oo 87. | 8 29910° gq,

3.1 X erfr ] "edsg 100 4o 82 | 8 2661°  gg

3.0 x {erjr]scme 100 1110 HoBaCuO (2) 98 | 94 3.8P10° 87

3.2 x [erfr]eH2SsC | nddO1 100 92 90 ' 3.1 x10° 91

88 GaA2. 9 x| [ etO0] I nSb 100 s8 86 | 3.0 x 10° 84

82 | GaP 3.0 Kk [HOr] ZnSe 10p 89 87 32x10°

89 =58¢q WP W04 x l[err] CdTe ] 9t 1169 29 x 16°

86 84 InSb W04 x llerr] HgCdTe | 8 1082 3.0 x 10°

83 g4 ZnSe Wog y lerr] 30 Gap & | &6 100 34x10°

84 g2Cde | W05 y llerr] Gal nAs 8 10 S4x10°

‘89 gq HaCdTe O3 x{[err] 1nAlAs 8 1o 28x10 ,
30 GaAlAs 0 84 2 2.6 x 105

88 - -7 84 GainAs 9 x|err] InGAsP ag 1O 28 x 105,

84 83 |naAs 7 x|[err] Note: (1)L[§gr] ) {[err] £g)x arrpl-,e-B The

sane operat,;‘}%ﬁs Exi{ml e 1 is repeated exfepi {hgs g supergppsgscting fhin

filmof Bi——S—a—Cu
: Note:

% (1) Y1BazCus 0y
(2) Ho1Ba2Cua O7-x
P
40 éxam;_:le 3

The same operation as Example 1 is repeated except that a superconducting thin film of Bi-Sr-Ca-Cu-O
systom is deposited on the silicon substrate in place of Y-Ba-Cu-O sysiem in Example 1 by using a target
of Bi;.4Sr1Cas Cu, 50, The resulting semiconductor substrate having the supsrconducting thin film layer of a
45 compound oxide of Bi-Sr-Ca-Cu-O system on the MgO buffer layer deposited on the silicon substrate
shows good condition at the interface between the MgO layer and the superconducting thin film layer. Table
3 shows the critical temperature Tco and Tci of the superconducting thin film.

_ Table 3
50 :
Superconducting thin film |  Critical temperature Critical current density (A/cm?)
Tco (K) Tci (K)
o Bi2Sr2Ca2Cus O, 113 102 3.0 x 10¢
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system i s deposited on the silicon substrate in pl ace—et—¥—Ba—€u——e—sys—t—em oL

in Exanple 1 by using a target of [err]. The resultln
substrate having the superconducting thin filmlayer @ atm MI
oXi de of Bi-Sr-Ca-Cu-O system on tFe9M8®8RBler | ayer

si-l'i con substrate shows good condltlon at the interface between the MyO .

| ayer and giigjssuper conducting thin filmlayer. Table 3 shows the critical

tenmperature Tco and Tci of the superconducting thin film Table 3 50

Super conduygt Ar&ntchhdacttwsh;semoﬂuw E&HhpobifEYA) 8 subdtrafol @R madeH' 6" Siie aalgfy
(A, Cnﬂ) Tco ¢&dtpound sbfmicorfdddtor[aRd & Jthin film (1) of o&ﬁﬂ)erconductorh )asﬁed on siﬁbiubgfate (%)
[er F‘-]’ 5b 8  chaksktefized Ibthét albuldr 1dyer beirlg mdde of MiyD iSSinterpbsdd! LidtwaBn daid fbstrate (3) and
seni conduct osdids tPefilBO(TH ot biide LpsrxMEicior sSlOAT fran rRYgreugs tdasisting tof cérigoundTBRs Of
si-ngl-e cryst epregdnted binthe ganbrat ormutze i YUY : and a thin film (1) of oxide
super conduct or deposited on said substrate (3), 5 ‘characterized. in
that a buffefla-eypefuBei nf) made of MgO is interposed between said substrate
(3) and®said thin film (1) of oxide superconductor selected froma group
consi sting ol WeishpsHrs f4829eS" r epresent ed by the general fornulae (1),

(rey, (reny: g{g L‘ (I)| 10 in which a stands for-Ba or Sr, [err] (Il) 15
in which Ln 8 q"dr ét’ | east one | ant hani de el enent seI ected froma

group cgnsi st Q |

[err] g a n h &Vﬁh@% fcbgi :ﬁéﬂng%ngn;ﬁgi]el%dnt se fro %ﬁ! |nE§ LaJ %Pr]

20 in whrch e stands or or S an : e |s Bi and
stands for Bg‘{q/n s 6_,!” nmgnd n are nunbers each satlsfyl ng ranges of 6
[er(l/m[err] 10 an Terr] n"S 8 respectively, (6+ m+n), gis.a
NuUNDET 28hi Chinswich %f staeaas fr BRI TR 2Qkandls r & whed & .aaidana siafidsAorBAIOR e TICH and n
sati sfies ‘a #emngsbedd eack sdtiefyifid rafiges @f 6 k m-<20 add 4 Tmes 8 respectively, p = (6+m+n), g is a
sem conduct onvmbepeéichcattitestaangs ohpos ixticargigtis 4 murtblr whichchtisfien alrangaie2 @irs sai d
conpound seni con- 25 ductor is nade of a material- selected fromthe
group con# sthergmispnddGorBpBreofiicisl @mpasitaset faPin daiP 1. WheSiin safth@epound Pemicon-
HngTe 25 Ga Al dustor isgnadaof ammﬂgelw frqq@ggpup gonslﬂcng of 3C-SiC, 6H-SIC, GaAs, GaP, InP,
seni conduct oPPt #p%. S8Fr HaGHP. GeAWpSsinde InMAs andfo@pAPn claim 1 or 2, wherein
saldthlnfllmhas acr t al structure of 1perovsklte or en. defi ci ent
perovskit& 59 ?%gﬂ s Comppi 3p1 o8 BRI 1 o IR gt iy i s
"Schi cht korpe? ‘?ﬁ' 2 MIGi PaPYLE8) ef'°t?8§‘té°t’t aus einer hal bl eiten- den
Ei nkrl s aIFI g}ﬁ et zung und aus einemdOnnen Film (1) eines '
supr al ei ten en der auf 3s dem Substrat (3) abgeschi-eden ist,

dadur ch gakegm %leﬁt&n@&lsup%ﬁbn@ér%hlwdfrﬂ ﬁﬁ@nﬁh%uﬁ“ﬁt Mﬂ@e&%ﬁfa@ rémdrermmelten-
Substrat ( 3)adan=st.kﬂamzﬁuhnaestzﬂ uRd Gus) eirfdHhSdURRER FkCtt | S8 SUBraRitsRkioR VBHAS daN AUk
I st, wakche @bssiie(s) eﬁ&ﬂﬁdéﬂlﬁ QAMréN dekdnhideichibl, afibife PHOGREMNOANLIE MIDZWethen
Oxi'den best eddm Sobskt (5 g\ dunBérerila (1 DRBRiiReilesdemEbxid argbdrdnel ikt| Wdiche aus einer
dargestel |t @mpmb dBgewshit (st aieXadsazapanithonfsbetzterf IOXideYD beskehty wolctie Biarchodie ralidsmeine
stefit; Lnt Bedp@ela®@/Hdargéstellidwid5 wobei Ln fUr weni gstens ein _

Lant hani denel enent steht, das ausgewahit ist aus der G uppe, wel che

40 (Laj—x ax)a Cu Os (l) .
wobei « flir Ba oder Sr steht,

LnyBazCus 07—; (")

45 .
wobei Ln flr wenigstens ein Lanthanidenelement steht, das ausgewahit ist aus ‘der Gruppe, welche
umfagt La, Nd, Sm, Eu, Gd, Dy, Ho, Y, Er, Yb, Tm und Lu und & eine Zahl im Bereich 0 £ 5 < 1 ist und
e‘-(§1—q| caq)m0u"0p+r ("l)

50 .

wobei O filr Bi oder Tl steht, & flir Sr steht, wenn 6 Bi ist und fiir Ba steht, wenn © Tt ist, m und n
Zahlen sind, weiche die Bereiche 6 S m £ 10 und 4 S n < 8 erfilllen, p = (6+m+n) ist, g eine Zahl ist,
welche den Bereich 0 < q < 1 erfiilit und r eine Zahl ist, welche den Bereich -2 S r S +2 erflilit.

s6 2. Der halbleitende/supraleitende Schichtkdrper nach Anspruch 1, bei dem die Halbleiterzusammenset-
zung aus einem Material besteht ,das ausgew#hit ist aus der Gruppe-bestehend aus 3C-SiC, 6H-SiC,
GaAs, GaP, InP, InSb, ZnSe, CdTe, HgCdTe, GaAlAs, GalnAs, InAlAs und InGaAsP.
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