
., . 

. ..... 

- 1 - 0313964 

The present invention relates to a method for 

adjusting the transition temperature, the saturation 

current density with and without a magnetic field and the 

proportions of normally conducting phases of ceramic 

5 superconductors having a structure derived from perov­

skite, by changing the content of the electronegative 

component or, where a plurality of such components is 

present, of one of the electronegative components-in the 

10 

15 

ion lattice of the superconductor. 

The article by J .G. Bednorz and IC.A. Kiiller which 

appeared in. Zeitschrift fur Physik, ~· (1986)·,· .:;ii9; 
.. :· .. .. : .. j. ~: ..... · ... 

gave a new direction to the· investigations in .the 'f:t.4;l1d. 

of:·· superconduction .by pointing out the .. possibiliti'c>f 

superconduction wlth comparatively hlgh transition 

temperatures in ceramic materials in ··the La-Ba-eu-o 

system. Activities arising from this h&ve shown that 
. . 

._terials based on a structure derived from perovskite 

·. ar.e particularly ·promising. For ~ample, P.lt. Gall.gher 

:fie al .• in Kilt. Res. Bull. 22 (1987), 995 ·et seq, desQribe 

20 the effect of . the oxygen stoichiometry, or rath.;( ·the 

effect of the· nonstoichiometry, on the·. transition /tam-

~~~== -~~ 

\...._,.· 
25 .h .. ~ti~g the perovsikit~ material to temi>t.ir~tures of .. d~ .. to 

:9.ob·0 c. Because of the reaction kinei;:l.cs, temperatures 

. ,:~·•£ow 400°C are unsuitable in the. proc~4tire describ·d~ 
. .. . 

. :··· -~·· 

. ·: ~ .. S.R. Ovshinsky et ai. in· Phys·~ i~,ev. Lett •. , SS, 

No~'· 24 (1987), 2579-2581,' ~eport on partia,l replac.mDexit 

30 of .•'the oxygen iii the superconductors having a str\icture 

derived· from. perovski te by fluorine, and On. the resulting 

ch&nge in the transition temperature. In this case too, 

a high oxygen partial pressure and high temperatures are 

required for the preparation of these materials. 

35 The disadvantages of.· the procedures desc:ribed 

are, in particular, the high preparation temperatures of 

up to 900°C and the U;!lControlled changes in the crystal 

structure and. chemical composition during the cooling 

phase after this treatment. In the subsequent cooling 
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phase, special measures are required to . retain the 

crystalline structure and chemical coinposition of these 

substances arid to establish the intended working tem-

perature ·of the superconduc·tors. Moreover, with this 

method of preparation, the superconductors thus obtained 

may show signs of aging during subsequent use. This 

imposes limits on both the transition temperature, the 

saturation current density with and without a ~gnetic 

field and the proportions of normally conducting phases 

10 and on the possible general electronic applications, for 

example in magnetic . field sensors •. 

:Ct is an obj act of the present invention to 

provide a method for adjusting the transition tem­

perature, the saturation current ·density with and without 

15 a magnetic field and the. proportions of normally conduct-

ing phases of ceramic superconductors having a structure 
. . . 

derived from perovskite, ·which method is substantially 

free .of the abovementioned disadvantages. :en particular, 

it is an Object of the present invention to provide a 

20 ·method for adjusting· the transition tempe;rature, the 

saturation current density wi.th and without a magnetic 

'field and the pr0p9r.tions of normally · ~cm.d.ucting phases 
. ,. . . 

':l.n· a low-temperatur~ ·.preparation. 

·'··-·~-~ c~:::.,.· .-.. c.·.c.:c::~c:::~~---::::,,·:~=::..-c.:::::~We==haYe:·;:fOUlld~tu-t.~i-s=.::Ob;j.eat;,,-1:s::-,,ach1-ev:ecl.:.:by:::a:_ ... · 
25 . ' method for adjusting J:he transitions :t·emperature, the 

·sa.turation current density with and without a magnetic 
. ·. .. .· .. 

·· <fi-~ld and the propo~t'ic;>ns of normally .-c0nducting phases 

•·:lin ceramic superconciuctors .having a ·'structure derived 

from perovskite by changing· the ciontent of one or more of 
. ·. . . . 

30 the electronegative :'cailponentri in the ion lattice of the 

superconductor if 

(1) a superconductor having. a structure derived from 

perovskite is applied to one side of an ion­

conducting substrate whose mobile ion type r-
35 corresponds to an electronegative component X of the 

superconductor and 

(2) an electron-conducting contact is mounted on the 

free side of the superconduc~or and a second 

electron-conducting contact is mounted on a free 
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side of the ion conductor, and 

(3) the chemical potential of the electronegative com­

ponent X is then preset at the electron-conducting 

contac·t on the ion conductor side and 

(4) finally the content of the electronegative component 

X in the ion lattice of the superconductor is 

adjusted by applying a constant voltage until the 

current flow reaches zero. 

Zn another advantageous embodiment of the novel 

method, the content of the electronegative component X in 

the ion lattice of the superconductor is also adjusted by 

means of a constant current floW' over the :two electron-.. -- .. :. 

conducting contacts;. This current flow is generaliy 

maintained until the zero-current measurable voltage 

15 between the electron-conducting contacts assumes a value 

which corresponds to the desired cont~t of the 

electronegative componentX according to the composition 

predetermined for the maximum transition temperature of 
. . 

the supercon~uctor •. · 'l'his is moni.tored by means of the 

20 currentless measurement of the·voltage witlJ. brief inter­

ruption of the current. 

According:to:tf..e novel method, thecbaJ1ge in the 
content of one· or:;~~eOof .. the el_ectronegat:lve. components 

'-~7-·;·,~=,=-=·=·::·:.•::···'"''·-···~D±~~-==~~-_:J.a.ti,t-1~e~ .. ,:0f.~.cthe=;,_eiup&r~onduoto~oi·IJ.l9ans=7;that-,,. -·. 
25 ·where only cm:e · comi?onent is····· p:ti~11ent, ·its ·content 'is 

~ c~ed and, w~ere· a pl11rality of·differeD.t_cOJn.ponents is . . :-·. . . . . . .,. - . . . . . . ~ ;· . . ·. 

presEtiit, ·:the c::ontent:' of one or ~re of t:h ... tt· compc>nents 
is ch~ged. . ·. . . . . .. . . . 

Superconductors having.the stated.lltructure are, 
. . . 

3 o in p.articular, those of the formula 

· JV3rCu.xt-•. 
Zn thi·s formula, A is one or more rare earth elements, B 

is one or.more alkaline earth metals and X is oxygen or 

oxygen . together with fluorine. Examples are 

35 La1 • 8~Sr0 • 15CU04_1 and Yl3a2CU-J07 _1 • These structures are 

derived from the ideal perovskite structure which con­

tains two metal atoms for every three oxygen atoms. 

Compared with the ideal perovskite, t.he oxidic 

·superconductors have a substantially lower oxygen 
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content, so that 

3/2 (x+y+z) > t•.6 • 

6 is a number which is less than one or about one 

and describes changes in the · oxygen content of the 

superconductor which are dependent on the oxygen partial 

pressure. The novel method is independent of the type of 

metal atoms A and B and of the specific values for x, y, 

z and t, since it relates only to the content _of the 

electronegative components at constant coefficients x, y 

10 and z. 

The preparation of these '18.teriaJ.sis known _and 

is .generally carried .out by mixin,g·_carbolµi:tes, nitrat·es 

or binaz-Y oxides of th~ metals: A, _-B ~d Cu pz;,esent, in 

the desired stoichiometric ratio, and th~ sintering the 

15 mixture under air or a controlled oxygen-rich atmosphere 

or by oxidation of mixtures or alloys ·of the metals 

present, or, when thin film technology is used, by 

reactive evaporation or sputtering. 

The resulting superconciucting mat1:arial is applied 
.. . . 

20 to the ion-conducting substrate·;;,~sequeD.tly 9r directly 

during the preparation. 

Bzamp].es· of:_ .suitabl~ ion-conducting.' sUbstrates 

are ~ed oxygen J.:on-conductiU:g oxides) ·_ s~.ch as . zr02 , 
·. . .. . :: .. : .... ·: .. : . ' . 

··.:.:7'::===~~z:::,.,,.,._:._,~·,.·-.:a~z·r---~2""-=-=&ncl/.-Or.;,,==,B-i-20s-i='-::c-i-D.~-=4ach~<.,,aa:.e·~~.$~=;~t.he-.:"":1orm.· .... ,. 
25 st&bilized with,·· iliter. alia, caci'Lor Y203 • where oxygen :i·s 

V partially replaced ·by ·fluorine in superconci~ctors of the 
fo~la (J:), other·su;l.table iozi:aonductors:are CaF2 , LaP3 

and .. BiP3 • 
. .. 

According to the novel· met;:hod, this unit compris-. : . . ,. . . 

30 ing:iori conductor and superconductor is then brought to 
. . ,• . . 

a predetermined chemical pot~tial on the ~on conductor 
side. Where oxygen is the eieestronegative ··component· in 

question, a constant residual gas atmosphere which can. be 

varied within wide pressure ranges is suitable for this 

35 purpose. Where· oxygen is the elec.tronegative· component in 

the ion lattice of the superconductor, oxygen partial 

pressures of about 1 bar are advantageous in the case of 
YBa2CU30 7 _5 • 

The chemical potential can be obtained in a 
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particularly advantageous manner by applying solid P 

phases,_ in a state of equilibrium, with N=P components to 

the ion-conducting substrate, one of the components 

corresponding to the component which is mobile in the 

5 ion-conducting substrate. If this component is oxygen, 

as, for example, in the case of zirconium dioxide, this 

chemical potential can be achieved by means of the 

equilibrium of a solid binary oxide with the ~orres­

ponding pure metal as the second phase, or with a second 

10 oxide of different valency. The same applies to fluorine 

as the. ~lectroneg~~ive cmiPonent. :ror example, suitable 

two-pha;se.-l!Jystems +~elude tl;le ·following: :re/PeO, Ni/NiO, 

Cu/CUzO, Cu,.O/CUO, Ca/Ca1'2 and Bi/Bil'3 • 

15 

A contact consisting of an electron conductor is 

then mounted on this generally wafer-like arrangement of 

ion-conducting substrate and superconductor present 

thereon, or of .the abovementioned two-phase system 

compr-ising ion-con~ucting substrate and superconductor 

present. thereon, on both sides of the_ said arrangement, 

20 ie. both .on- the substrate side' or the twc>-phase system 

side and- C?D. the s~perconductor side. This c~nt.act usually 

consists of .Pla_tµium, .gold •or silver.. The ·contact 

material 'used fof.'·-~e secand conductor, which is' p~~s~t 
_._._,-_,;=-"';':'°~'-:::-·: __ -cc_~,,~·'"""···==-~net_--;:;0~=--~~~--:;supe~~uet-or.~u-t---::On.-.,-~th&:~'"ai~f~.~,~h.;,_,o~~ --

25 ponent :x -trhich i~-, ::at con.stail~ chemicai -pot~tial, can 

0 also be ~~ther oxide havi.ng_ a:.perovskite structure, eg. 
·· ... 

LaNiO~~a. - --

: :In :the arr~gem.ent d,escribed, the voltage now to 

be applied to both, contacts -results in an adjustment of 

30 the -~cmt$tit of the·: electronegative component in the ion 

lattice of. the supflrconductor and hence in an adjustment 

of· the· transition temperature. The said· voltage can be 

obtained using Nernst's equation. Accordingly, the 

voltage or electromotive force (EMF) E, obtained by 

35 currentless measurem.ent is 

B 
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= B0 + R'l' ln Px2 (Superc.) 

2nl' 

This clearly relates B to the chemical potential 
µx and the partial pressure Px2 in the superconductor. n 
is the valency of the ions ~- which are mobile in the ion 
conductor. This also fixes the content of electron~gative 
component X in the superconductor. 

If, for example, the process where X is oxygen is 
:10 considered using tJJ.e novel method and a voltage Ji:' which 

diffez:s £:rom the BID' is appl:i.~.d~ an oxygen ion current 
flows through the Zr02 • If B' :: is greater than ·the BNP', 

oxygen "ions are transported from the r•f erence electrode 
through the Zr02 to the superconducting material, with 

15 the result that the oxygen: content is increased. 
Conversely, the oxygen content in the superconducting 
material is reduced if B' is ;kept smaller than the ··BMP. 
By chang:i.ng the oxygen content, the chemical potential 

. µ (02 ) and .the partial pres&UJ:"e P (02 ) · also chaD.ge. In 
20 general, the voltage is applied'until current. no longer 

flows, and.hence the newBMP" B c::!O:l:'.responds to the applied 
·. ·' voltage B' with the new partial presslire P(02). 

·c:=.:.o=-c=:::::,-=-'·"-::-:.7. ·;:~~.:.· .. ;,,,:_,:,,,:;:;.: __ .:_.,....;~.:r=~•,,noveJ.._,,;,.mathod-=,p.r.DYt4es"'-"a-::.::Sllrp~i:~1~,,simp1.&:· .. ·. -=· 

'means of adjusting: the content of ·the "electronegative 
~ 25 component in the ion lattice· of. a superconductor having 

a perovskite structure and, hence' of' . adjusting the 
·transition temperature. This method .Proceeds in a simple 
and particularly ·.readily reproducible manner at tem­
peratures which are low compared with the prior art, ie. 

30 at below 400°C. If a special ion conductor and suitable 
cont•cts are used, even lower working temperatures of, 
for example, 200°C are possible. Another advantage of 
this method is that it permits the regeneration of 
superconductors whose transition temperature, saturation 

35 current density with or without a magnetic field and 
proportions of normally conducting phases no longer 
conform to the predetermine4 values, owing to aging 
processes. :It is generally _true of the novel method that, 
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in the case of ·the superconductors having a structure 

derived from perovskite, the transition temperature, the 
saturation current density with and without a magnetic 

field.and the proportions of normally conducting phases 

can be varied within wide limits within the range charac­

teristic of the material and can also be regenerated. 

The novel method is illustrated by the drawing, 
by way of Example. The drawing shows an ion-concilucting 

substrate 1, for example a Y203 -doped Zr02 , on one side of 

10 which the superconductor 2,· for example one of the 

formula na2~07_,, and the electron-conducting contact 3 
are mounted, and on the other side of· which the mixture 
4 which produces the chemical potential of the 

electronegative component, for example· a CU/~O mixture, 
15 is applied, an electron-conducting contact 3' being 

mounted in turn on the said mixture. By applying a 

cons~ant voltage U to the contacts 3 and 3' with the 
EMF E measured at zero current, the content of the 

electronegative component X in the superconductor 2 is 
20 adjusted by transport of this component. . 

····:===...:=:::"::::·:::::.:.:.::.:~·::. .. :·:;:--_::·: ::.::· ·.:::·:~'"':::::::·::=..--::.::::::::-:.:.:·:.:.:..:.: .. ·: ~:.:: · •. ·. -. --=- ;-.--";,-:·.::.:-:-::::-.-:-; .. .:. :::::-·:·.::::::-:::-.-::::.:.:_.-=_:::-.· ;:.:. :·,:·:-.:::::-.::·::-,:::::·~:::::_"t":;:-.-:-:·_:· ··-: .:-:.- .:.::::-:·:.:=:=.:.:.::-:-.:-.:...:..-= ;·: .. ~---· ._: ·: . . ·- . 
·:-·_. 
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Claims 

1. A method for adjusting the transition 

temperature, the saturation current density with and 

without a magnetic field and the proportions of normally 

conducting phases in ceramic superconductors having a 

structure derived from perovskite, by changing the 

content of one or more of the electronegative components 

in the ion lattice of the superconductor, wherein 

(1) a superconductor having a s.tructure derived from 

10 perovskite is applied to one side of an ion-conducting 

substrate whose mobile ion type r- . corresponds to an 

electronegative c·omponent X of the superconductor and · 

(2) an electron-conducting contact is mounted on the 

free side of the superconductor and a second electron~ 

15 conducting contact is mounted on a free side of the ion 

conductor, and 

(3) the chemical "potential of the electronegative 

component· X is then preset at .the electron-conducting 
.. ... .· 

contact mi the ion.c,onductor side and 

20 (4) final1y the c0ntent of the electronegative_ component 

x in the ion lat tic~•.· of.·. the superconductor is adjusted by 

applying a constant voltage until. the current flow 
.. ·----····-·-· ......... ::: .. :.::·:.-:=.-:.::·::::r.eaches:·.-:-.:Z-erO::e::· ... ,_. · .. ·. ,., ... -:::.:.:-, .. ~ ... :.-:-.=: , .. ·:·::·::. ... =~·.-::-::.:·.:.:::o·:···.~ ·:.:.-.-.: ....... ·.:.:.-:.:·· _._, .... ,,_,._. ,_, .... ,,. ·.:.- · ... ·:·:,, ., .. , ... ,~.~'"' ·.:·.=.:-::·.: .... . 

25 

2. A method for · adjusting the transition 

temperature, the saturation. current ·density· with and 

without a magnetic fle1d and the proportions of normally 

. conducting :phases in ceramic superconductors having a 

structure derived- .·from perovskite, by changing the 

content of one or more :of .the electronegative components 

30 in the.ion iattice of the superconductor, wherein 

(1) a superconductor having a structure derived from 

perovskite is applied to one side of an ion-conducting 

substrate whose mobile ion type r- corresponds to an 

electronegative component X of the superconductor and 

35 (2) an electron-conducting contact is mounted on the free 

side of the supercondu~tor and a second electron­

conduc ting contact is.mounted on a free side of the ion 

conductor, and 
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(3) the chemical potential of the electronegative 

component X is then preset at th& electron-conducting 
contact on the ion cC:>nductQ.r side and 
(4) finally, the · c~tent:·· of the electronegative 

component X in the ion lattice of the superconductor is 
adjusted by means of a constant current flow. 

3. A method as claimed in claim 1 or 2, wherein the 
chemical potential of the electronegative compon~t X is 
obtained by means of a constant residual gas atmosphere 
having the electronegative component X as a constituent. 
:.4. · · A method as claimed in ela:l.m 1 or 2, wherein~ the 

· chemical potential of the electronegative componen~: .:i is 
-obtained by means of a mixture of -p phase; ~ial · N=P 

components, one o.f which is the electronegative component 
15 x. 

- : :." /' .. . . 
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