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Desciription

The present invention is concerned with elec-
trically superconducting compositions which are
uselul at a lamperature above 77K and with meth-
ods lor the preparation of such compositions.

The ischnicai breakttwough of Bednorz and
Muller, Z Phys B, 64, 180 (1980). was the first
major improvemant in the superconducting ransi-
tion tempersture in the last decade. The matariat
was of nominai composition Laa- M, Cu0, where
M=Ca, Ba or Sr, x was typically >0 and <0.3 and
y was variasble depending on preparation condi-
tions. Superconductivity was found only over this
narrow range of doping of M. The highest super-
conducting transition {Tc) was obtained for 8¢ dop-
ing and x equal o approximately 0.15 - 0.20 with
Tc in the mid lorty degree Kalvin range, Cava et al,
Phys Rev Letiers, 58, 408 (1087). Subsaquently, it
was reporied in March 1087, Wu ot al, Phys Rev
Letters, 58, 908 (1987) that Y, ;B84 ,Cu0, displayed
the onset ol superconduclivity in the mid ninely
degres Kealvin range. in conirast 1o the easlier work
on Lag-.M,CuQ,, this higher lemperature super-
conductor has bsen only prepared as a mixture of
several unknown phases and only a3 minor [raction
of the material aclually goes superconducting. Ex-
perimentation has vevealed that superconductivity
is not a general phenomenon in this class of ma-
terials. Even minor composilion variations or
isoslectronic  atom substitutions wil not  show
superconductivity. For example, Sr or Ca substitu-
tion for Ba in ¥, ;Ba,4Cu0, did not produce super-
conduciors.

R nhas now been discovered that compositions
having the formula A,..M3,.Cuy0,. wherein A is the
metal ¥, or a combination of Y, La. Lu. Scor Yb, M
is the melal Ba. or a combination of Ba, Sr or Ca, x
18 typically a vaiue in the range from 0 10 0.5 and y
15 suflicient to salisty the valence demands are
single phase bulk elecincal superconducters at a
lemperatur@ above that of liqudd rilrogen, namaely
77K. The compositions have a perovsiule-hke Cry-
stalling structure., and retan an enhanced Dxygen
conlent as a 1esult of employing a siow coohng
stage of at least fow hours in the prasence of
oxygen foliowming a healing step durng manulac-
ture. whereby the single phase bulk electncal
superconductor is lormed. They are made by in-
tmately muxing i the lorm of powders the metal
onides or precursors ol metal oxides such as car-
bonates or hydroxides. The heating of the mixiure
s conducted at a temperatwe belween aboul
800°C and about 1100°*C n the presence ol oxy-
gen. The prelerred temperatwe is aboul 900 to
1000 ° C. The heating is carried out for a period of
ume from aboul 10 to aboul 40 hours. in general,
the lower the temperature, the longer the time

k]

40

45

50

55

e

required for healing. H is also a cntcal lealwe of
the present invention that toliowing the heating, the
composition is $owly cocled 10 room temperalure
in the presence ol oxygen over a period of at least
fow howrs. Preferred compositions have lormulas
vory close 1o AMzCu0y whevein A is Y, or 8
combination of Y, La, Lu, 8¢ or Yo and M is Ba, or
& combination of Ba, Br or Ca and y is suflicient o
satislty the valence demands. The mosi prelesred
compositions are those in which A is Y and M is
Ba. This most prelerred composition exhibits single
phase builk slectrical supsrconduclivity al a tem-
poratwre woll above 77K. it has a perovsiute-like
crysiatine struciure and consists essentally of 8
meial compound having one atom ol yitnum, two
atoms of barium and tivee aloms of copper and a
non-metal component of oxygen.

Example

Oxides or cambonates of ¥, Ba and Cu are
thoroughly mixed or atiernalely thew soluble nitrale
or chionde compounds &e Coprecipitaled as their
hydromde of carbonate salls. The mixed powders
are heated in an oven at 800-1100 degrees C in
either axygen of air for periods ranging from 10-40
howrs. (Oxygen gives betier results.) Longer heal-
ing times ensureé move homoQenecus reaction of
the stanting compounds. Longer reaction umes e
roquired al the lov.or lamperatuwres. To prepae
rigid samples, the powders from the wutial heating
procedwe e compressed inlo pelists o com-
bined in polymaric binders and heated agam under
similasr conditions. The use of an oxygen atmo-
sphacs whan heating, and slow cooling ol the oven
10 ro0m temperature are important lor reakzing the
sharpest and highest superconducting ransibons,
and moré bulk superconductivity Tygacatly. the
oven 1§ cooled from 900-1000 degrees C over
about 5 hours 10 ro0m temperature

The composiions oblained by the above pro-
cess have a perovsiute-hke structure which can
have vanabks oxygen content depending upon the
final annealing and cooling steps. Removat of Oxy-
gen, lor axample, by heatng i an ineft o feducing
atmosphere Suppresses superconductivity Higher
oxygen contenl leads 10 wnmproved and twgher
superconducting propenias. As mentioned above, it
i3 essential that following the heating step. the
compositions be cooled siowly. it 15 beleved that
ihs slow coohng 13 requied Lecause when lhe
matenal 15 cooleu slowly, it retains slightly more
oxygen than when il 18 cooled rapdly

The lcliowing materials have all demunstrated
bulk supeiconductivily at a temperature above
77°K. They are all single phase perovskita-ike
crystaline structures within the qeneral lormula
A.,.M,,_Cu,o,.
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The materiais are:
{Yoaluig2)) 0Bz 4Cus Oy
(Yoslugs)s cBa2 4C1 0,
(Yeslaosh 0B 4Cun O,
(Ve.45Ce.0)1.4885.4Cus 0,
(Lag 38Ce.s)1.4883 4Cin Oy
Y1.o(B8e5Cg ) 4C2 Oy
Y1 0809 4Clg )2 4C2 0y
Yo eB824Cu30,

Y1 18824Cu2 0,
Y1488 4Cn 0y
Y1 By Cs0,
Y1 2Ba lcutlov

All the above samples were confirmed 10 be
superconductive by the AC magnetic susceptibility
tost method and by electrical resistivity measwe-
ments also.

To date, the following materiais have nol been
found 10 be bulk single phase superconductors
above 77°K when lormulated and tested by the
procedures described above:

Lus B8z 0Cr O,
*+1 9Cay oCu2 O,
Lay IIB.!GCU'GV
Lay .Ca“Cu:O,
Scy oBaz ¢Cus0,
Y1 0Ca:4Cu 0,
Y, GB.l ocua 001
Y; cBay oCui 0,

Perhaps il is necessary that either yttrium be
most of the A component, or that the combination
ol two or more selated A componenis have an
average alomic size approximately that of yitrium.

The range of compositions are not exactty de-
tined as whole number atomic ratios of A and M
bucause it seems that the crysialling struclure can
accommaodate vacancies ol these metals and sti
retain the necessary struciure for the high tempera-
ture superconduclivity. In these cases, as in all
others, the oxygen s prasemt i an amound to
satisly the valence demands.

There are 2 wide vanety ol curem uses of
superconductivity at hgqud hehum temperatures
which wll ba cheaper and more convemsnt 10 use
at kquid nitrogen temperatures. The use of thin litm
and ceramic processing technologies will enable
these materiais 10 hnd apphcatons in microalec-
tronics, high lield magnetics, energy transmission,
and electromechancal dewces. in panticular, these
materials are uselul in logic devices in computers
{lor sxample Josephson logic devices) and for in-
terconnect metaliurgy on and between chips as a
means of improving speed and packaging density.

Claims

1. A composiion which 1s a bulk electrical super-
conductor al a temperature above 77K, said
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composition having a perovsiuto-like Crystaliine
shuctwe and having the  lormula
AvaMp CunQ, whovein A is the metal Y, or a
combination of ¥, La, Lu, 8c or Yb; M is the
meial Ba, or & combination ol Ba, Br or Ca; x
is & value in the range from 0 10 08 and y is
sufficient 10 satisfy the valence demands, said
composition relsining an enhanced awxygen
content as » resull of employing a siow cooling
stage of at least four hours in the presence of
oxygen lollowing a heating step dwing manu-
factwre, whereby a single phase bulk slecincal
SUPBICONdUCior is formed.

A composilion as clamed in claim 1, wharein
'x* is zet0.

A composibon as clamed in clam 2. wherain
Ais Y, and M s Ba.

A process of making a single phase buik elec-
trical supercongucior at a lemperatwe above
77K having the composition A,,.Mz.Cu.0,
wherein A is the melal ¥, or & combinaton of
Y. La, Lu, 8c or Yb. M s the metal Ba, or a
combination ol Ba, S+ or Ca; x 13 between 0
and 0.5 angd y is sufficient 10 sausly the va-
lence demands, the wocess comprising the
steps of:

1) intimately mixing n the form of powders

oxides of sad metals or precursors of sad

onides,

2} heating the mixtuwe 10 2 lemparalure be-

tween aboul B00'C and about 1100°C n

the presence of osygen,

3) slowly cooling the muxiuré 1O room Lem-

perature mn the presence ol orygen uver a

period of at least 1our howrs

A process as Claimed o Llam 4 wihharesin s 1y
2670,

A process as clamed o claim $ wharain thy
powders which are ntmately mixed aro yt-
trium owide (¥:0,) or a precursor thereol, ban-
um oxide (BaQ} o & precursor thereo! and
cupiic onde {CuQ) o a precursor thereol. in
the mole raho of 05 2 3

A process as Clawned i any of clams 4. 5 or
6 wherein the tmperaslure of the hoatng S
between 900 - C ang 950 C

A process as claimen .n any of clawns 4 S o
6 wherein the tine ot 'mé heaung s between
10 howrs and 40 hours
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9. A piocess as claimed in any of claims 4, 5 or

6 wherein the cooling \akes place over a pe-
nod of from 5 10 10 hows.

Patentanspriche

1.

5.

Eine Zusammensetzung, die ein olekirischer
Supraleiter bei siner Temperatur oberhalb von
77 K ist, wobsi die Zusammensetzung eine
pevowskit-Shnliche kristaline Struktur aufweist
und die Formel A, Mz CuiO, hat, wobel A
das Metall Y oder eine Kombination aus Y, La,
Lu, Sc oder Yb. M das Metall Ba oder eine
Kombination aus Ba, Sr oder Ca, x normaler-
woise oin Wert 2wischen 0 und 0.5 ist, und y
ausieicht, um den Valenzaniorderungen zu ge-
nligen, wobei die Zusammensetzung als Er-
gebnis der Anwendung einer langsamen Ab-
wihiphase von mindesiens 4-stUndiger Dauer
im Beisein von Ssuersiolf nach einem Erhit-
zungsablaul wiihrend der Horstellung einen or-
hihten Sauerstoligehalt autweist, wobei ein
ainphasiger elekirischer Supraleiter gebildet
wird.

Ene Zusammenseizung gemiB Anspruch 1,
wobei 'x’ glaich Null ist.

Eine Zusammenselzung gemid Anspruch 2,
wobei A gleich Y und M gleich Ba ist..

En Verfahven zur Herstellung eines sinphas:-
gen eleklrnischon Supraleiters bei einer Tempe-
talur oberhalb von 77 K, wobei die Zusammen-
setzung die Formel A,..M;..Cu.0O, hat, wobei
A das Melal Y oder eine Kombination aus Y,
La. Lu, Sc oder Yb, M das Metali Ba oder ene
Kombinakon aus Ba. Sr oder Ca. x normaler-
~e158 6in Wert zwischen 0 ung 0.5 ist, und y
ausrescht, um den Valenzanlorderungen zu go-
nugen, wobe: gas Verlahren folgende Schnite
aulweist:
1) das glechmifige Mischen von Oxiden
dieser Metalle oder Zwischenstufen dieser
Matalle in Pulveriorm,
2) das Erhitzen der Mischung auf eine Tem-
peratw Iwischen ungelihy 800°C und un-
gefihe 1100°C in Anwesenhet von Sauer-
stoff,
3) cas langsame AbkUhten der Mischung
auf Raumtemperatur im Beisein von Saver-
stoll in emnem Zeraum von mindesiens vier
Stunden.

Ein Verfahren gemidfl Anspruch 4, woben x
gleich Nult 15t
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8.

Ein Vorlalwven gomdl Anspruch §, woben o3
sich bei den gloichmiiBig gemischien Pulvern
um Ytriumouxid (Y203) oder einer Zwischensty-
fo davon, Barumoxid {BaQ) oder einer Zwn-
schensile davon und Kupleroxid (CuQ) oder
einor  Zwischensiule davon im Molverhliiting
von 0.5 : 2 : 3 handelt.

Ein Verahwen gemiifl den Ansprlchen 4, §
oder 8, wobei die Erhitzungsteomperslyr Zw-
schen 900° C und 850 * C liegl.

Ein Verlaiven gomill den Anspriichen 4, %
oder 8. wobei die Erhitzungsdauer 2wischen 10
Siunden und 40 Stunden belrigl.

Ein Verahren gemiB den Anspiiichen 4. §
oder 8, wobei sich die Abkuhlung Uber emen
Zeitraum von § bis 10 Stunden erstreckt.

Revendications

1.

Composiion constituée d'un Supraconduclew
élecirique on masse A une LeMPSIAWE Supé-
neure 3 77K, ladile COMpPONUON ayam une
struciure cristalline du gene perovekits ot pré-
sentant la lormule Ay, M;,,Cu:0, ou A st le
méial Y. ou une combnaison de Y, La, Lu, Sc
ou Yb ; M ost le métal Ba. ou une combinason
de Ba, Sr ou Ca ; x o5t une valew dans une
plage de 0 4 0.5 et y est suthsant pow sabista-
ro jes axigences de valence, ladite Compos:
1ion relenant ot augmentant ls contenu &n Oxy-
ghnae suile A Femplor d'une élape ae relrouds-
sament lent d'8u MOINS Qualre hewes en f1é-
sence d'oxygéne fasant sule 3 une é1ape 0s
chautfage pendamt la fatncaton de soie
qu'un supraconducieur élecliijuo un Masse
phase unique 651 forme

Composition selon 1a reverde aiun 1 Jans la-
quelie “x" eslt égal a ¢éro

Cornposition salon la revendicahion 2 dJdang ta-
queile A gst égal 3 ¥, et M est Ba

Procécé de fabricalon d'un supracunduCléu
élocinque 3 phase umQue tn Masse 3 ung
lempérature supédrieure 3 77K ayant ta cOmpd-
siion A, Mz, ,Cus0, dan: laguulie A esl <
métal Y, ou une combmaiton de ¥ La, Lu SC
ou Yb : M ast e métal Ba. vu une combinaison
de Ba. Sr ou Ca ;. « 851 une valeur gans uné
plage de 0 3 0.5 o1 y 651 sutisant Lour sabisia-
16 193 60Qences Je valence & [rocéaé com-
prenant les d1apes consistant a

t) mélanger intimement <ans ta furme cé

poudres d'oxydes descits mélaus nu LrE-
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curseurs desdits oxydes,

2) chauffer la mixtwre 3 une températwe
enire environ 800°C ot environ 1100°C on
présence d'oxyghne,

J) reiroidiv lentoment ia mixiwe jusqu'd
tempédrature ambiante en prdsente d’oxygh-
ne pendant une période d'au mMoing quatre
hewes.

Procddé selon la revendication 4, dans lequel
x ost égal & zéro.

Procdad selon la revendication 3, dans lequel
los poudies qui sont intimement mélangdes
sont l'oxyde d'yitrium (Y201} ou un précurseur
de celui-ci, I'oxyde de baryum (BaO) ou un
précurseur Jde celui-ci ot l'oxyde cuprique
(CuO) ou un précursewr de celui-ci, dans lo
tapport molaire de 0.5 : 2 : ).

Procédd selon I'une queilconque des revendi-
catons 4. 5 ou 8, dans lequel la lompératwre
da chautlage est comprise entre 900°C et
950°C.

Procédé selon l'une queiconque des revendi-
cations 4, 5 ou 6. dans lequel la durde du
chaufiage ast entre 10 heuwres ot 40 heures.

Procdcé selon 'une quelconque des revendi-

cations 4, 5 ou 8, dans lequel lo relroidisse-
ment a lieu pendant une durde comprise entre
5 3 10 heures.
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