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MULTI LAYERkD 96/346¢SI TES AND PROCESS OF MANUFACTURE FI ELD OF pdvadosNEdg| ON
This invention relates to nultilayered 5 superconductive conposites,
particularly to conposites based on thalliumcontaining superconducting

oxi des, and their process of manufacture. BACKGROUND OF THE | NVENTI ON
~Multilayered superconductive conposites are known 10 in the art to be
useful as conductive devices in a w de var of forms and applications.
Such multilayered conposites are typicall g%%rised of conbi nati ons of
vapor phase deposi t MILFILAYEREDS COMPOSITESs 20D PROCESSn OFc MANIFARTUREa| s
wi th either conductive 15 materi akgg IbPEﬁ!ﬂﬁ%rimﬂﬁmﬁﬁh§ conductive
materials and insulators. Conmon nultiTayered superconductive conposites
are utilized as JosepRBds Laventdes, relatess tonaultilayeredevi ces descri bed
in C. T. Rogers, sfpekBafiublive Héﬂﬁgsiggs, gQ&EHéulKrlP twﬂco QsIte
Venkat esan, Appl hys. Lett i 32- 2034 and I n
K. Char, M s. CBREfBugh, t#alihiu@esam:e Tning RubRrcppERSting,pxifass and
Lett. 62 Januatielt, pt88ésspogemantfatlbrel.n typlcal Josephson devi ces
t he nultllayers consi st 25 essegd hald ¥ -0 S puductive | ayers
bridged by a nornal conductive ), with the
opt i onal presence of Mmnltdidayetred Bupeambm@actﬂseenbmpbsdteshardekmoar The
j unct] on 51000 "B Bhel B8r2EBILUNGLE LA ASURBHARRAYGL! MEVARLET 104CKLAR N
are only 30 separate h duct rve nat rve
conposites are aV§§is§Hn9ﬁlf°HwBIﬁzédaa§l$FstdenﬁeesS“ﬁhcnnéﬁﬁéBYFIGd

essentially of t&Qm@BE?EEQ“Q!Ett ihﬁiﬁ&sc%ﬁB%&ﬁEﬁdo?yc%mﬁ&h&t&ﬁhg of
i nsul ator layer, thin enou ow super,conducting 35_. electrons to

a
tunnel from one gﬁBEFcBhﬁﬁgt9ﬁ§°Pé§§F ggntiguous thin tiins of

superconductive materials with either conductive
15 materials, insulators or both conductive materials and
insulators.

Common multilayered superconductive composites are
utilized as Josephson junctions, such as the triiayer
devices described in C. T. Rogers, A. Inam, M. S. Hedge,

20 B. Dutta, X. D. Wy, and T. Vénkatesan, Appl. Phys.
Lett., 55, November 6, 1989, pages 2032-2034 and in K.
Char, M. S. Colclough, T. H. Geballe, and K. E. Myers,
Appl. Phys. Lett., 62, January 11, 1993, pages 196-198.
In typical Josephson devices the multilayers consist

25 essentially of two superconductive layers bridged by a
normal conductive layer (called an SNS device), with the
optional presence of an insulator to confine the extent
of the device. The junction is formed at the area where
the superconductive layers overlap and are only

30° separated by the normal conductive material.

Superconductive composites are also commonly
utilized as SIS devices which consist essentially of two
‘superconducting layers separated by a very thin
insulator layer, thin enough to allow superconducting

35 electrons tb tunnel from one superconducting layer to
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ot her W0 eatpRosai d i nsul at or (typ| cally 1 to 10 nm, w t RCTASS 46D nal
presence of a thick insulator to confine the extent of the device. The
junction is forned at the area where the superconductive |ayers 5 overlap
and are only separated by the very thin ignsul ator layer. There are other
structures which nay be utilized in the fabrication of Josephson devices,
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di sadvantﬁge%ﬁlm&rde@z\u idh 1 dddaetied DY W veldy ldfiin Of control over
the critical ,device pararreter ITerr]Rlerr] which is tthe product of the

critical cur AP%R18EATHhd3¥®Fetion Ic and 20 the normal state resistance of
‘the junction RN, @hérd areratifedsurifdtntes odiids . may) BeiGicfized in

repr oducabi | i f It due Q .the fact a devi ces
reloy on the f ng%g j%%f %f?osg%‘g c‘ﬁ?ﬁe &ﬁrﬁfﬁ@% ™l so
comonl y use@ 35 4|,|45|4BI5|2rigadEi/|th§3- SyAB4L 1 t iTrurthefdeldeviaes or mer s,
i.e., anfgnn 0 rq] G al

Schul t z, ‘?EEE%]&Btmlg %%p C.éclo'?{éiu%?rive':g. al%![ﬁgrr ifm%’é“z &%eg%}f ?‘%44) or,
more gener al Eprmed éltr@UISﬂ:gPWIﬁ oz @ty @ mmmmmmmgnm to 30 .

Cross wit houbouinlda?y.e! Grlaltin® Moun Azl devitdd Rave P niie | N CONj Unctio
W th a Superco q.CtI ng tum I nterference Devices (SQU D) caonprise a
superconductl 3‘ G%ﬁgwi,“‘“acd’é‘ﬁaéé‘ ing; supexGendysctors as in R.

H. Koch, W. J.- Gallagher, B. Bumble, and W. Y. Lee,

15 Appl. Phys. Lett., 54, March 6, 1989, pages 951-953.
However, these devices have several disadvantages as
compared with multilayer devices: .i)-lack of control
over the critical device parameter, IcRy which is the

'~ product of the critical current of the junction Ic and
20 the normal state resistance of the junction Ry, and, for
~ grain boundary junctions, 2) lack of reproducability and
manufacturability due to the fact that these devices
rely on the formation of defects. . _
" Superconductive composites are also commonly used
25 in making dévices~suéh as multiturn flux transformers;
i.e., antennas (B. Roas, G. Friedl, F. BSmmel, G.
Daalmans, and L. Schultz, IEEE Trans. on Appl.Super., 3,
No. 1, 1992, pages 2442-2444) 6:; more generally in.
-circuits which require two superconductive lines to

30 - cross without makihg~electrica17cén:act. A flux
transformer in conjunction ﬁith a Superconducting
Quantum Interference Devices (SQUID) comprise a
superconducting magnetometer, a device.useful in the
detection of extremgly small magnetic fields.
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Rossible to utilize certain of tlk —ded| rable thallium
cont ai ni ng superconducting naterials, which can pernmt 5 operation at
tenperatures higher than 90[err]K, in the preferred nultilayer devices due
to difficulty in fabrication of superconducting |layers in the conposite

- which h th t oi chi t : - id d ive.

Thal i um oxi de | h rERhERvRFSOE, WWabEsPRA8Y 1R85 CarRy SRR SEREEEED H6F v

evaporate from thenylezpplicatiohs diti hgspnotebeengrassiblereacetilize,

~ form undesired Cf’é’PPé‘I'rgsbfV‘&ﬁ% ﬁﬁfﬁﬁbﬂlﬁﬁiﬁrhﬁéfréﬂf@ al flah-and [err]
y use S i hsul at

: € as su rates or ors In evi ce
" configurations. a®ntaining supereqBdurtipghBatestialigpohpichgCanPernit

| E’,ﬁ”t ali Ei tn? ssggz ﬂ%‘%ﬂjﬂf&figé’ﬁpégétﬁge'z;ladgﬁgii _?_Edni somﬁrﬁpetn?l-, Appl .
ys. Lett., , , _pages - . e cess. i s,al so

described in det ?f?ﬁrﬁgH%B#FglﬁggFgaﬁﬁiﬁﬁﬁeaﬂ?nb°aﬁ€£$t%¥f5¥ Wria

nunﬁeg ?0 88/15ﬁapiﬁﬁapﬂ®?/thE??gﬂtoﬁdﬁaﬂ;ﬁg61a§bfs bnOERGSg@mpd$FEd a

met hod for depositin i ngl & um cont ai ning, supercaonduct i ilms on a

substrate. A gud%%%gguﬁa tﬁ%% $B?P§5p§§?%shb°ﬂgEF%8€% $ﬁ§§$ﬁt$%bélayer on

- top of a thalliubayensasupegcenguctiveuct Thgllitm ozidesisidecrelatvely¥ace

. et al., Advapces,i r Ch ¥ : i n L Qo : S.,

~ (New York: Sgri ﬁ"%?a%??a‘éﬁf gt%%?é*’&é%mi9,3;[‘195%‘&%?25%%%95%5? Eoti ehé

' probl ens arose m&@paﬁ%@pf%lweﬂerhaeeprece,se&t!s andokposeaetstiRture

- involving deposi ¢bem @hdés $PEQNEoRPBRRASNIWEEh Ve LB B - mBPed 1815 NSHERT 85
. described by Face, et al (§¥¥¥33be deposited in the pre%Fgﬁgégbthalllum

vapor and Al203 and whi arelcommon y use strates
or insulators in device configurations.
18 A successful method for depositing thallium-

containing superconductive films per se is described in
Myers et al., Appl. Phys. Lett., 65(4), 25 July 1994,
pages 490-492. The process is also described in detail
in commonly assigned copending application Serial number
20 08/151,2336. This process provided a method for
' " depositing single thallium-containing superconducting
£ilms on a substrate. A successful method for
- depositing a single insulating layer on top of a
thallium-containing superconducting film is described in
25 Face et al., Advances in_Superconductivity Vi, T. Fujita
| and Y. Shinohara, Eds., (New York: Springer-Verlag,
October 26-29, 1993) pages 863-868, but problems arose
when attempts were made to create a composite structure
- involving deposition'of a seégnd superconductive layer.
30 - The insulator descgibed'by Face et al. cannot be
deposited in the presence of thallium vapor and
therefore must be deposited at a relatively low
temperature, since otherwise there would be thallium
evaporation from the first deposited thalliumrcoﬁtaining
35 layer. The structure of the insulator is compromised by

. This'Sheet Has Been Re;

i



t heref ore nust be dep05|ted a,t a rel atlvely f'ow t enperature, since
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thal lium containing 35 | ayer - Thé $t.ructure of the insulator is conpronised
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the | ow deposition tenperature. Miltipl é atterrpts to grow a second

thal i um cont ai ni ng superconductor on top of the insulator failed. SUWARY
OF THE | NVENHHaN Tow deposiﬁidnitemparanuxeovimhitipﬂeamt&emptsﬁxb

mul tilayer c it S : t i

super conduct |%qfaygsre%é4&l ea%ﬂé e%n%%?it%%%ﬁ%&%%é%éf s?%gt%%

i nsul ating | ®ferthe inswkator cntied| ve | ayer and a second superconductive
| ayer, wherein all of 10 saig t asfny hg! |y overlap, the

| nprovenents conprising sai d Tirst superconductlve. ayer, said nornal
conductiv® | ayer, Hh® skteRELom PEOBLIesERE 2y eiPpyayed multikayerh

| ndependent | oot e SR Atdupels Bg | #GibMate, a Aokt um contai ni ng
oxi de and, when said ati | ay. is i'n contact th both of said
first and secOiRf ts‘i?é’é*"b‘b‘ﬁd‘[?c f 'ay%tr sfe%%ﬁ @?ﬁsﬁ?%?ﬂfg‘ﬂ rl3¥PEi st s
essentially afompmlnlng lam donhelat g dkayer diea picamdl d:cﬁWnB.litttDve al so
provi des an | S g t yered 20
conposi te artl s g}yaﬁgﬁﬁg\}g@ﬁ%&gy&@%‘% i&%e‘g%y%%'posﬁ’f% #C@e% ive
| ayers b¥0pr csaidi Apyerdd ralt kRAst dartially iveeylap) dthe eilmprovements '
thal I i um contgy G datid PEOA L A SERANCE BN LEveE , | AP Abiiia X1 des,
nvoj1 atile

deposi ting sal oxl des_from sald second source onto a :
substrate- m.q@m ayer d ARl 321 secend i surexcendickive layer .

thal | :jum conteadh} lrsgadaﬁégﬁﬁexgﬁ éa;héiié%é Sésm:g@l DptéE St QL éddetorg e to
provide a crystaly{ e donthinddy Wxfd€BRE WhSS SaLd AL Yag
15 1layer is in contact with both of said first and second

superconductive layers, said insulating layer consists

essentially of a thallium-containing oxide.
The present invention also provides an improved
vapor phase process for preparing the multilayered
20 composite articles of the invention by vapor phase
depositing successive 1ayers by providing a first source
of relatively volatile thallium-containing oxides,
providing a second source of involatile oxides,
depositing said involatile oxides from said second
25 source onto a substrate while concurrently depositing a
sufficient amount of thalliumrcontaining oxides from
said first source onto said substrate to provide a
crystalline thin film of predetermined stoichiometry,
. wherein, when the deposited film is a superconducting
30 film, the improvement comprises heating the
superconducting film to a temperature greater than 700°C
but less than the decomposition temperature of the film,
preferably 700°C to 850°C, more preferably 775°c to
800°C, in the presence of oz or Nzo at a pressure of from
35 about 1.33 X 10*4 Pa to about 10.1 X 10*5 Pa. When the



wherein, when the deposited filmis a superconducting 30 film the

| mprovenegl, % §7 Ses heating the superconducting filmto aPCRUSeS/EMEN e
reater than C but less than the deconposition tenperature of the film

preferably 700[err]C to 850C; .nore preferably 775C.to 800C, in the presence

of 02 or N20 at a pressure of from35 about51.33 X 10[err] Pa to about
10.1 X 10+5 Pa. Wen the WD 96/ 12307
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vapor pressure s Iclent to avoid _evaporation lTumfromsaid film
nust be present: VﬁEﬂrtR§e§§Hﬁ?esP§fi§hﬁaFeB°aﬁﬂ°§§p6¥%H°FBt%ﬂ% Pl atively
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nul tilayer conpo%?t€ ap ?ﬁ8°?8 ntF8f 3% TRceF ﬁeagv 54 ?ﬁyﬂe?rllayer
configuratiof. lpartial ﬁ%éksﬁresnecessasyseotdepakitlsubséqaenullaYayeu
conposite article in the forgg 2

conflguratlon FIG 3is a crosé seC |ona V|em/o éyer conposite
article in the form oFI&.j &ndsi encdesswecniana%vism fonAt wuitiflayer

confi guration. FESh?éﬁiéeaaféﬁéiesgﬁttﬂQako¥he&f°£ Jufibt LbhevieaBASA! ©

article in the for uncti on device I n another ternate tril ayer
confi gurati on. FFEi#azaraﬁGngﬁgﬁFét§°ﬂop and a cross sectional 20 view of

ahwlt'turnw ck-up cerl,wai gk aoe&asasslac&ubh]ghawewefpasmmtanhyelze of
Eeﬁp;pzszﬁgoporF%%%Pngsﬁrégtgﬁﬁﬁoégﬁgggr%éggegéﬁgdg ﬁt§8égaﬂéﬁé§uaftﬁnthe
Exanpl es herein. edge configbkré&tidni.s a plot of normalized frequency shift
and FIG. 3 is a cross sectional view of a multilayer
composite article in the form of a junction device in an

15 alternate trilayer configuration.

FIG. 4 is a cross sectional view of a multilayer
composite article in the form of a junction device in
another alternate trilayer configuration. -

FIGS. 5a and Sb-are a top and a cross sectional

20 view of a multiturn pick-up coil which contains a
multilayér composite article of the invention.

FIG. 6 is a plot of normalized frequency shift
versus temperature for multilayered composite articles
made in accordance with the Examples herein.

25 FIG. 7 is a plot of normalized frequency shift and
resistivity versus temperature for multilayered
~composite articles made in accordance with the Examples
‘herein. '

DETAILED DESCRIPTION OF THE INVENTION
30 Figure 1 is a cross sectional view of a multilayer
composite article in the form of a junction device in a
trilayer configuration, wherein substrate 1 supports the
first superconducting layer 2 and a portion of the
normal conducting layer 3. The second superconductive
35 layer 4 is deposited on normal conductive layer 3.
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resistivity versus tenperature for nultilayered conposite articles nmade in
accor dgigcgg/1esd7n t he Exanpl es herein. DETAI LED DESCRI PTI QperaBs9EHB4d2NVENTI ON
30 . Figure 1 is a cross sectional view of a nultilayer conposite
article in the formof a junction device in a trilayer configuration,
Wherein substrate 1 supports the first sigperconducting layer 2 and a
portion of the normal conducting | ayer ‘3. The second superconductive 35

| ayer 4 is d I _ 96/ 12307
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super conduct |s\1a@e|m@qtd.\@ | Ay s ns t:mrﬁﬂdcqw cﬁon caonnsstiricmn dfo & ectric

current. The sehired Iof° d il 00 Alafed. ! e WMt G Shindllidd QAL
mal ~ conduct

where the first su erconductlve ayer, nor ayer and

second super EnFRdS AeViGR eXhakS tl*ﬁg@r’@? where Ghesfigrak j onal view of

a nultil ayer Wﬁdﬁwﬂwlﬁye&; o a1 R el iyetedrme in an edge

conflguratlon e|n subst S orts the 10 first superconducti ng

| ayer 22 and 338 qﬂé?qﬁiﬁﬁﬂ qgg%hﬁﬁ? R-ayer 23. The second

super conducti ve | agde;um 2 si.sjeapcmdisasi srrr:tntﬁxfwl wigul et Ia/andnyﬂaﬁer

El ect r odes 25: nggrttq%l@ q__ﬂé rfsot?lgrﬁck Sa'?rﬁ‘nd Su er dUCtsil Ve Iayers
ecC

to allow for nec lon to source

configurati o#%@%%ﬁtmratﬂwm mhﬂtme B cshlpmtsn(ﬁh&:onm st
essentiajdy @fi Al RldeitbnRtied ?l}ﬁi

superconductlje | ayer 22 and théﬂkor conduct 1§9§¥Jf§§to confine the

junction ar e®orgadycondnatdne dayare %eréﬂl%éqqqlﬂ shpegcondmetiivee | ayery,
22, normal coagest i24e 192 ¥RpoB LAY oTF GYThAIY RIS ayedy ., 24 over | aff

Electrodes 25 are deposited on the first and second
superconductive layers to allow for connection to a
15 source of electric current. This configuration also has
an insulating material 26, which need not consist
essentially of a thallium-codtaining oxide, between the
first superconductive layer 22 and the normal conductive
- layer 23 to confine the junction area to the angular
20 edge where the firSt'supercbnductive'layer 22, normal
conductive layer 23 and second superconductive 1ayer 24
overlap.
Figure 3 is a cross sectional view of a multilayer
composite article in the form of a junction device in an.
25 alternate trilayer configuration, wherein substrate 31
supports the first'supercohducting layer 32 which in
turn supports intermediate layer 33, which can be a
normal conductive material or an insulating material.
- The second SuperCOnductive layer 34 is deposited on
30 - intermediate layer 33. Electrodes 35 are deposited on
the first and second superconductive layers to allow for
- connection to a source of electric current. The
effective'junction-area on this device exists at the
area where the first superconductive layer, intermediate
35 layer and second superconductive layer ovetlap.



Figure 3 is a cross sectional view of a nultil-ayer conposite article in the
- form of awigifhs@n device in an 25 alternate trilayer confiporasesmsde2
wherein substrate 31 supports the first superconducting |layer 32 which in
~turn supports internediate |ayer 33, which can be a normal conductive:
material or an insulating material. The secend superconductive |ayer 34 is
- deposited on 30 internedi ate, |l ayer 33. El ectrodes .35 are deposited on the
first and second superconduchVe_I%%grs to allow_for connection tQ a source
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~supported by thgsgi aﬁybai-eédaag eret AashilhebrSHRAr B9NeHe! eirkayer. The
second superconductive | I S ed on .nor nmal conducglve | ayer 44.

l.ayer depgsi t
L0 B ect rodes 4GUBPECABABERPE | 1aKeEne. FRES SeGRAd SEBRICORPBFE LKA LEPEE
| ayers to al |l ovgboiscdepestited ba aoxmdlceontiuetever Layewr 4gnt. The

B N e T e
super conduct i vestpeecopductipeaddyers tnl aldopafarcdobpechionotaona
conductive |ayegq,,FLgupesedacel c5Qu§E§PE.tQER@“Qf?eEEQ%@ ﬁﬁﬁ&k?&ﬁ'a¥£§w
-respectively of a multiturn pick-up coil which contarns a tilayer
conposite articPa thighdevice exists at the area where the first =~
superconductive layer, normal conductive layer and
15 second superconductive layer overlap and are only
separated by the normal conductive layer.

Figures 5a and 5b are a top and a cross sectional
view respectively of a multiturn pick-up coil which
contains a multilayer composite article of the

20 invention. 1In this device, a substrate 51 supports the
first superconducting layer 52 which is patterned, in
" this case into a spiral. An insulator 53 is deposited
over the first superconducting layer, except in those
areas where electrical contact is desired for the.
25 functioning of the device, in this case, 54. The second
superconductive layer 55 is deposited on the insulator
53, and on the first'superconductive layer 52 in the
éreas 54. The insulator 53 does not allow electrical
‘current to pass between the two superconductive layers
30 ° except at the areas 54.

It is essential that all the layers of the
multilayered composite of this invention be thallium-
contéining, with the exception of the insulator layer
useful in some geometries, e.g., see Figure 2, element



20 invention. In

this device, a substrate 51 supports the first
super cevlogiaseg | ayer 52 which is patterned,
insulator 53 is deposited over the first superconducting |ayer,

except
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those areas where electrical contact is desired for the- 25 functioning of

t he devi ce,
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whére it 1s not essentral sup con ucting film

iﬂ%ﬁmﬁﬁmﬂ- daslade ng

the 5 nultilayered conposite of this invention include naterials of the

f or nul as: )
Eu, d, Ce Tl ;
Y, La, Pr,
n- 2, 4: 0 <-
M er r] 310 EE
Er,
Dy Ho, Er,
[,
II.
15
20 III.
25
30
Iv.
35

. A G el DL R bs S rerbag e

as the superconductive |layers in

Nd Sm

Nd, SmCaEu Y,Gma,cer;Tlud,Ptsm.D)au,Hc’sd',Ert:,e,Tml,mpb\:bpr ﬁoy <- 0. 4;

(TI[err]) (Sr[err])[err] wher ei n

0 <=y <= 0.4; n = i, 2, 3, 4; 0 <= 2z <= 0.5; and

T1z (Bay-xMlx) 2 (Cay-yM2y) n-lc.unozn-l-ll-_ﬁz: wherein Ml =

sr, Ca, ¥, La, Pr, Nd, Sm, Eu, Gd, Ce, Tl, Pb, Dy,
Ho, Er, Tm, or Yb; 0 <= x <= 0.2; M2 = Y, La, Pr,
Nd, Sm, Eu, Gd, Ce, T1, Pb, Dy, Ho, Er, Tm, or Y¥b;

( Tll-.,wa) (Sr 1-xM1x) 2 (Cal-ysz) n-lcun°2n+3-z' wherein
0.2 <= w <= 0,8; Ml = Ba, Ca, ¥, La, Pr, Nd, Sm,
Eu, 'Gd, Ce, T1, Pb, Dy, Ho, Er, Tm, or Yb; 0 <= x
<= 0.3; M = Y, La, Pr, Nd, Sm, Eu, Gd, Ce, TI,
Pb, Dy, Ho, Er, Tm, or ¥Yb; 0 <=y <= 0.6; n = 2, 3;
0 <= z <= 0.5;

‘Thallium-containing oxides particularly useful as

the normal conductive or insulating layers in the

multilayered composite of this invention include

materials of the formulas:

Tl (Baj-xMlx) 2CuOs-, wherein M! = Sr, Ca, ¥, La, Pr,

Nd, Sm, Eu, Gd, Ce, Tl1, Pb, Dy, Ho, Er, Tm, or Yb;

0 <= X <= 0.2; 0 <= z <= 0.5;

(T11-wPby) (Sr1-xMlx) 2Cu0s-; wherein 0.2 <= w <= 0.8;
Ml = Ba' Ca, Y, La' Pr' Nd' Sm, Eu' Gd’ Ce, Tl, Pb,

o, § L e S L
Tm or Yb 0 Sm,XEu, @da O Tl'YPhJaDYPr Hohd ExsmTnizu onGdrp.o@ T
TM OkeyDicad 0<% & D-24; 3) 4;10 &= 23,<.Aog <=z <- 0.5; and 2&

Pb,

[



0.2 <- w<= 0.8, Merr] - Ba, Ca, Y, La, Pr, Nd, Sm Eu,
Dy, Ho, BWYSMINGr Yb; 0 <= x <= 0.3; Merr] Y, la, Pr, Wm%”‘fé&

¢Ce, T, Pb, Dy,

<= 0.5; Thalliumcontaining oxides particularl y usef uI as the nor mal

conducti ve or

insulating layers in the multi¥ ayered conposite of this

i nvention include 30 materials of the fornulas: V. Tl (Ba[err])[err]

. wherein Merr]
- Tm or Yb; 0 <

- wherein 0.2 <= w <= (P
Pb, WO 96/ 12307 -

- Sr, Q?a Bo, Bx, Prm, Nor 957 Gus=Gd, <£e0.7} ,0 Ros Dys=Ho,
X <- 82 <- z <- 0.5, 35 V. (Tl[err]) (Sr[err])[err]
Ba, Ca, Y, La, Pr, Nd, Sm Eu, &, Ce, TI,

Gd
<=z

Er ,
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(D{Q;[HO’])E{’ T]m mg‘I-Yb‘m-ﬁfbﬁNst@-m%omﬂ-suzﬂ@z% yherein[ 81 2] K=
rferr er er el
NdSm B o Ce T 2°<‘B,5M ’9 8% Pr.% %o\ézu' ﬁsfdpr

Y, La, Pr, Nd,

[err] wherein 0 <= z <= 2, and err

1; 0 <=z <= 0.5; 10 @a.nplps qsperu&usegthll @@pcb@,tl(y@, np;[erp@J spypcl
z <- 0.2 Exanpl es of %ﬁhe?rus%'f‘ul %

Sm, El:ﬁr @1: &b, Tler F‘.}P' [ﬁrl I-Wn' (2224 m %I’<=be o0 <2y

wh = =
bt £ A7 0, e 5l 1857

<-
ude
0 <=

T[err] wherein 0.25<= 2z <= 0.5 and TI[err] V\/nereln 0. 6<- y< 1. Exanples of
i nsul ators {pat Exumplde o adther nusdiful ayondRét Die Fhateri®ls ivecude is

not essential that a ,I,falslebu EQQE%Q.'ZHQIM%T CYP ULt PO czangq‘c& ive

(Tl1-wFbw) Sra2CuOs-z wherein 0 <=w<=0.5; 0 <= 2z <=

15

20

25

30 .

35

0.2

Examples of other useful insulating materials include
Tlg.5Pbg.55r2Cu0s-, wherein 0.25<= z <= 0.5 and
Tlg.sPbg.55r2 (Caj-yYy) Cu207 wherein 0.6<= y<= 1.

Examples of insulators that could be useful in the layer

26 of Figure 2, where it is not essential that a
thallium-containing superconductor or conductive .
material be formed directly on top of this layer
‘include LaAlO3, NdGaO3, and CeOz. |

Substrates suitable for use in the multilayer
composite articles of the present invention include
inorganic materials capable of withstanding the
deposition temperatures and processing which are
epitaxially matched to the adjacent first
superconducting layer. Preferred substrates are single
crystals. Examples of substrates include LaAlO3,
NdGaO3, sapphire with a CeOz buffer layer, MgO and |
yttrium-stabilized zirconia.

Depending on the exact stoichiometry of
formulas 1V, V and VI, the material can be a normal
conductor, i.e., have a finite resistivity less than
100 Qcm at 300°K, or an insulator, i.e., have a
resistivity greater than 100 Qcm at 300°K. These



20 mat eri al be forngg
NdGaCBwassh2685C2. Subst r at in the mul PCTARYYI36hposite
articles of the present i inorganic materials capabl e of
wi t hstandi ng t he dep03|t|on terrperatures and -processi ng which are
epitaxially matched to the adjacent fi rsiosuperconductl ng layer. Preferred
"substrates are single crystals. Exanples of-substrates include LaAl 33, 30

NdGaC8, sapphidtesidls are GielLfKrswn ajrerthedrvnd géé rfmeﬁa@iézed

- zirconi a. De nthee Longtr f las 1V, V and VI,
the materi al ;Haglga "’?ﬁ!r %h’ducﬁ%%tf rrg #QWEEQQ fnite resistivi ty
| ess than 35 pailgms [4343-]434ﬁ.atar3£)0|<$ whahimmsuefatal , i PBysibavé, a214,
resistivity Q_rge%t :L ggrlcmat 300K - These W06/ 12307 10
nown |n t

materials are e art. . -See for exanple: .S. Nakajinma, et al.
Physica @ 170, 197@015 peRjeanion AGrthen cOMPRisesman cimprovedhyaper C,

214, 1993, pausel YepbHition proceds Sféﬁvaiﬁlﬁbﬁﬁé@fénmnées an
I mproved vapor de :§S| tion jrorocess { e prepar at i on, of the
nul tilayered “EHTFE&%X%; cqRpesitRs RE Fhisr ven H? | RERCE3H0r
ph?se deIOOSI tﬁmﬁma&p& ::ﬂ;&sé depay Divirely rgé@éssﬁe SIaEEs By g :
rel atively vaql.at t |umconta| I No OXxJ rovi gdi ng a secon
source of saiff g3 eg%ﬁ%ess urﬁf’éﬁ)o %gats’a‘f%f?n ﬁ% oxi des from
sai d secddd m.'ldé.lm'rtqma:a;iubbtg aeides ) @mﬁodﬂmgeralsecmmwsourge of
sufficient angu a| t source -
onto said 15 Slrﬁ)sﬁva&tiﬂiolé;;’aoﬁ/ &Eﬁ%%fﬁs{ﬁ?ﬁ Jf"‘:épredeterm ne‘
st oi chi onet r pxiges m@@éﬁqumhsﬁu@e onto a substrate while -

concurrently depositing a sufficient amount of thallium-

containing oxides from said first source onto said

15 substrate to provide a crystalline thin film of
predetermined stoichiometry When the deposited £film is

of- this layer include LaAl G3,

a superconducting film, the superconducting £ilm must be
heated to a temperature greater than 7oo°c but less than
the decomposition temperature of the film, preferably
20 700°C to 850°C, more preferably 775°C to 800°C, in the
presence of 02 or Nzo at a pressure of from about 1.33 X
10+4 Pa to about 10.1 X 10*5 Pa. When the uppermost
layer is a superconducting film,_avthallium-vapor
_ pressure_sufficient to avoid evaporation of thallium -
25 from said filmﬂmust be present when the sample is
reheated and exposed to the relatively low oxygen.
partial pressure necessary to deposit subsequent layers.
In accordance with the process disclosure in
.. commonly assigned copendinglapplication Serial number
30 . 08/151,2336, which is herein incorporated by reference,
the thin f£ilm to be made is characterized by the general
formula

AyBg
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- disclosure in commpn

a superconducting film the-supefconducting filmnmust be heated to a
terrperatu&‘e g&ﬁ% £r than 700[err] C but |ess than the deconpegirfusessss2

tenperature

e film preferably 20 700[err]C to 850C, nore preferably

775C to 800C, in the presence Cf 02 or N20 at a priessure of from about 1.33

X 10+4 Pa to about 10.1 X 10+5 Pa. When the,uppernost | ayer

s a

- superconducting film a thallium vapor pres% re sufficient to avoid
~evaporation of thallium25 fromsaid filmnust be present when the sanple
i s reheat ed and whxeosely? ois hthe crelavive numberygfmplesiof oxideuheand

necessary to demé"tzlﬁua%@qf@fiti@é'eﬁ%mbéﬂ éfcﬂéﬁé‘é‘céf%ibdéhﬂ p&ﬁ’éf&n

y assi

I catlon Seri al

nu

08/ 151, 236, now Vi 4RtBgaR, 9a6§>§n9\h¢cﬂr|I§Uh’é%'éﬁ>lnp?%%\‘=pa¥h%d by
reference the thidqhitédteobeorMdene SdEH2raat SEbZENibyet PEc JetEHpEhndOr NUl &

Alerr]Bl[err 307

PCT/ p]59[5/. 13482 1’\1/\%?1 CHEE 0 P aPRB RER RS nTLRPIRICARRRs BFOLEIAIRA ang
;%;giz é?enLF{?I¢ﬂp%ﬁgn?syx?§ reqeired ﬁﬂldetfbfyhenelﬁtokéﬂboﬁbtny be ? _

- S ric
conmpound 5 relgﬁggﬁ % p%?g %ﬁvo#ﬁt%gég$§g§%g §%§Q?$%§%§9%£€Sen
nmay be required thﬁnafikmygrhutbtDeqhineattbatV%en "A" and "B" are

i nvol atil e oxides, stoichionetric thin filn18{omﬂh requires that [d(A)/dt]

[d(B)/dt] x (y/z) where [d(A)/{ARE] ot Bjd

deposition rates of A and B in units of noles/cnR/second.

)/l % 48 ative 10

The deposition

rate, as used heggéfe [BONF/4EF aA8C[A(B)YPUED abe eNedpelatdeeosited on the
substrate mnthout congtg%rln re-eya oratlgn fromthe gubstrate see for

n. rates o and in units

exanple pgs 10g- 19ep@s

moles/cm?/second. The deposition rate, as used herein,
means the rate at which the oxide is deposited on the

substrate without considering re—-evaporation from the

substrate, see for example pgs. 8-14 to 8-26 in
15 "Handbook of Thin Film Technology®”, (L. I. Maissel and

R. Glang, eds.) McGraw Hill, New York, 1970.

When oxide A is relatively volatile compared to

oxide B, it evaporates from the surface of the growing”

" £ilm and causes the actual stoichiometry -of the f£ilm
20 (Ay'Bz) to deviate significantly from the ideal AyB:

stoichiometry. For example, in the case of a

T1BapCaCuz07 £ilm, A is [T120], B is [BazCaCuz0sl,

y = 1/2 and z = 1. To compensate for this evaporation

effect, the deposition rate of the relatively volatile
25 oxide A must be increased to a rate greater than

[d(B)/dt] x (y/z).

In the improved process of this invention oxide A

commonly contains thallium and is relatively volatile -
_ compared to oxide B. The deposition rate of oxide A is
30 at least 1.1 times as great, preferably twice as great,
and more preferably more than a factor of two greater
than [d(B)/dt] x (v/z), i.e., the deposition rate of )
oxide B times the stoichiometric ratio of oxide A to



15 "Handbook of Thin Film Technol ogy", (L. I. Missel and R dang, eds.)
MG awwd) dgr123d¥ew York, 1970. When oxide A is relatively peormasodmasponpared
to oxide B, it evaporates fromthe surface of the growing filmand causes
t he actual stoichionetry of the film 20 (Ay'Bz) to deviate significantly
fromthe ideal AyBz stoichionetry. For eignple, in the case of a [err]
film Ais [TI[err]Q, Bis [err], v =172 and z - 1. To conpensate for
this evaporatiaon effect t he dep05|t|on rate of the relatively volatile 25

oxi de A nust OFddend &2 QPtaim the degixad stalahionayids |£54q9%). In the

i nproved proeempo¥itiiirs AyBienhider Wedaeéieemebbsqeabw @endiglibngm and
The deposition rate of oxide A

IS relatlvely volatl e cog&gred oxi de B.

is 30 at |eddrerr1 a5 e‘d’(()b thaks LamRe Rah URe 1o Pafkarounsh #afor e
preferably npmesbham,adhﬂﬂuutaﬁ depogitdiairerrdden [d(B)/dt] x (y/z), i.e.

t he deposd ti on ratg of | L es_ t hee st.o0i chi onet.r c ratio, of oxide Ato
WO 96/ 12307 e 1ldled 5*5@“,4 6t tils inve SRTUERS 12 oxi de
B to obtain ﬁﬁétde%ieune@y@zoﬁéhaoﬁﬁpeir@onnm:évecuhpégliumnonyainanqer t he
desi red deposiifyion é¥§5 ' lﬁ%# Le tenperature,
backgr ound g?sj']]t&)n(r)esi,:g.l(uyrqeqg t{du‘fciél%om |gtlr?\é$t2tb%) e d he i nproved
process of tkePPeFasMTe gRaafay dham t00ie Puty B2 siss thatugdeconduct i ve

thal I'ium conaeldaxmsfildiran t‘d’é.@n wwtﬂw fiixﬁn Bisd £ QR ER BEO4O 2

tenperature r than 700C SS he degonp03|t|on tenperature
of the i % b|§P°f60[P eé Ytﬁ%ngo erably

775[err] C top&e@puue] Of 02 bheNzD mw@msﬁﬁeroﬁxl&caﬁ gt B W.f fro
SBOU 1,37, XabeipRactosBBat 010, 4, Yol ga P poEESLELEY tnd BcBESERY'  ©
of Oz or N20 is a minimum of 2. 67 ‘X 104 Pa, most
preferably a minimum of 6.67 X 104 Pa. Also, when
15 further layers are toebe applied to the superconductive
layer, this heating must be done prior to the deposition
of further layers. - | |
Separate sources of the volatile oxides and the
- relatively involatile oxides of the film material are
20 employed during vapor deposition of the material onto a
substrate. The sources of volatile and/or involatile
oxides need not contain oxygen per se, so long as the
species produced therefrom can be converted to an oxide,
such as by reacting with oxygen in the deposition
25 atmosphere, or can. be converted to'an oxide at the
surface of the growing f£ilm, such as by reacting with
oxygen at the surface of the film. Control of the
amount of volatile oxide in the film is achieved by
‘varying the substrate tempe:ature,.the composition of
30 - the atmosphere employed during vapor deposition, and
rate of depositian of the volatile oxides onto the
substrate. :
Control of substrate temperature, choice of
- atmosphere, as well as the rate of deposition ofuthe
35 volatile oxides depends on the composition desired in



5referab|y a mnimmof 6.67 X 104 Pa. Also, when 15 further |ayers are
to be app&g@gﬁl %H.; he superconductive |ayer, this heating nmuglcrasosesg2 pri or

t.o the de of further layers. Separate sources of the volatile
oxides and the relatively involatile oxides of the filmmaterial are 20
enpl oyed during vapor deposition of the materjal onto a substrate. The
sources of volatile-and/or involatile oxi dessheed not contai n oxygen per

se, so long as the species produced therefromcan be converted to an oxi de,
such as by reactthg €iti. oxggaarhnlyhetdepwsuatdneZEndaunvsmheiég oxiden. be

converted 1o an QxpgnghebNBeSURLARE 1A oLBCILAUInk! Uh SUEBSPRDY of

reacting with oxyge the sur ace 0 contro e anount of
vol atil e oxide ia mhxterenecfsaachnersdgpy aadypngadditiopadr gageous

tenperature, thecﬁﬂﬁBﬁéh&'QBrOEeﬁgsiE&%nabﬂQ%phﬁéesﬁEEEQHE@ durrhgg vapor
deposition, and rate of deposition of the-volatile oxides,onto

t he
‘'substrate. CohtrBFMBEPREES: ﬁstlsopsﬁpspef—aﬂé °8h6P@e°8f“P3Pﬁ‘ﬁ§BHePQ“9§§ 3 |

as the rate of denesresaitahtt Fe1ay Veypliicedl9yi dherdcpnedfiom tbebe
conposition desired

WD 96/,1.230 : _ .
ST Uso5] 13465 150EMER: A8, FRcERAARF| Fhe, AGISAIPRL. TAREORA, SPAPPPEDS e
conponent s of thanf okyrgene cphtadaingt gasp preferably okygen orundtebuan

inert gas and angggalt|0ﬁ§khg@ %?e gg%gggggggr ?838§EE'§QFOQ59 Lhe

- substrate. The on he co I On sought in
t he resmtwnﬁofladﬂit}pnaélByseWMercomnonﬁmtnﬂBw N@rvbrneéuﬁ§i§A90%|de t he

. addi tional gaseouﬁxﬁgﬁpa%e&he&% sO$HBA1 B! Preis@atdtd eB'éSfl%r ably oxygen

or nitrous oxide hough centa es of inert gas and the 10
addi ti onal gaseoQ§P9§#§éﬁénan§ evgm}deg o the sybstrate. The partial

pressure of the additional gaseous component is
sufficient to reduce evaporation of the volatile oxide

15 from the f£ilm. Accordingly, where oxide films of
T1-B-Ca-Cu or T1-Pb-Sr-Ca-Y-Cu are to be formed, such as
oxide f£ilms of T1lBazCaCu207, TlBazCazCu3zOg, leBazCaCuan,
T1z2BazCazCu3010, TlBaz(Caj-x¥x)Cu207 wherein x is 0 to
0.6, or Tlg.sPbg.5Sr2Cap-iCunO2n+3, where n = 1, 2 or 3,

20 the additional gaseous component in the atmcsphére is
oxygen or nitrous oxide. The partial pressure of oxygen
or nitrous oxide in that atmosphere may vary from about
3 to about 133 Pa (0.5 mtorr to 1 torr), preferably from
about 13 Pa to about 27 Pa (100 mtorr to 200 mtorr) in

25 order to reduce evaporation of T120 from the £ilm being
deposited.' waever, this invention requires that for
superconductive layers, an additional heating be
conducted at a pressure of 02 or N20 from about 1.33 X
10+4 Pa to about 10.1 X 10%5 Pa.

30 The substrate temperature employed during
deposition of the film also depends on the composition
‘of the film to be deposited. Generally, the temperature
is sufficient to cause growth of the desired composition
but less than that which might cause the film to be

35 deficient in the volatile oxide species. Accordingly,



amount of inert gas should be present to enabl.e deposition of the oxides on °
the subglkrsfy The partial pressure of the additional gawIvgsesassponent is
sufficient to reduce evaporation of the volatile oxide 15 fromthe film
Accordingly, where oxide films of TI-B-Ca-Cu or Tl-Pb-Sr-Ca-Y-Cu are to be
formed, such as oxide films of [err], [adr], [err], [err], [err] wherein x
is 0to 0.6, or [err], wheren =1, 2 or 3, 20 the additional gaseous

T |
oreseure of U5 LD BIERC b pOHBROL el b OUooXbdzcaThE BREBYR
3 to about 1%%°¥GP§OT§B%2Qﬁ2CQZPTktW%QQPcaEFBﬁQQab y28326AC 13 Pa to

about 27 Pa 4 ﬂ.#g)a dui 20@135 (Ch1L¥.ATu o;deheke kedyco gwapor ation of
T120 fromthe |{E§iﬂ 05|tg Fbmeveﬁ this invention requires that

f or supercon@u@t?%ealﬁ§§?§' ErCaadrCroREEdReaBFRg@Be conducted at a
pressurest PPy GPLY29SEpOay aTUHO2h+33 whdbednPa 1p 2bent310sdbstddterr] Pa.

30 The substrate te ratur ' ur| biion of the film
al so dependstSRPERRE Eﬁﬁﬁog?p%5ﬁmbﬁgfﬁgpﬁﬁﬁ%gt °b€gg@g §%® é General |y, the
t enper at ur e psesetédblyeabotut 5805 gooabbutf SBDEC desyrbe empbogedion but

| ess than that mh&ﬁg ghggiggggg épﬁeglkngggg§Y§§6§ggf ghegg in the

vol ati |l e oxi de spécres
PCT/ US95/ 134peotiidesicin severalnwedlbknowpowayed i Eox gxamplea- whedxi de

?F?EbaZIBerr%p%hgoﬁrceseéf]iani&tileebﬁkd@QeﬁfeXihéreath oRiGks?

ox1 de such [err], where n - 2 0r 3, substrate _
t enper at ur estagier 5#%%?1’4EBPEFFfénHo°£b6§Fe¥ OB€1a§F€PeP§bﬂ?eabout ‘ :

550[err]C toiﬁbﬁyan§806kﬂa¥ 6&ncpBl ¥ed to provide the involatile
oxide. Preferably, radio frequency sputtering is
employed. If the sources of nonvolatile oxides are

15 organometallic compounds, the compounds are_volatilized
"and the organic component thereof is burned off as the
compound is deposited onto the substrate. |

Deposition of oxides of TlBaCaCu to provide thin
films of, for_example,-TlBazCaCuzO7,_TlBa2Ca2Cu309,

20 T1BazCaCuz0s, TlzBazCazCu30yg, and T1Baz(Caj-xY¥x)Cuz07
hherein x =0 to 0. 6 is accompliShed'by sputter
deposition of Ba, Ca and Cu from oxide targets in the
presence of T120 vapor. The amounts of Ba, Ca and Cu in
the target depends on the composition sought in the

25 Tl-Ba-Ca-Cu thin films Accordingly,_targets of
BazCaCuz20¢ are used in forming TlBa2CaCuzO7 and
TlBazCaCuzog films. Targets of Ba2CazCu3ox are used in
forming TlBazCa2Cu309 and leBazCaZCu301o. and targets of
-Baz(Ca1.xYx)Cuzov are used to produce TlBaz(Cal.xYx)Cuzo7,

30 - wherein x = 0 to 0.6 films. Targets of
szsrz(Ca1.xYx)CuzO7 are ‘used to produce
(T1, Pb)Srz(Ca1.xYx)CuzO7, wherein x = 0 to 0.6 films
Because Pb0O is more volatile than the oxides of Sr, Ca,
Y and Cu, the target material must have an excess of

35 lead. Lead oxide is, however,_mnch less volatile than



The involatile oxides to be deposited : swided in several well known

ways. Forﬁm when 10 the (prp]serHNat_l | e oxi degcmgslmsz;anl c
Qxi des fequency sputterijin E[abl atitjpn of the inorganic oxide
can be used to provide the invollatilg Sreferably, radio frequency
sputtering is enployed. |If the sources of mgnvolatlle oxi des are 15
organonetal | i ¢ conpounds, the corrpounds are volatilized and the organl C

- conponent thereof urned Ihe c und.i s osited o

~ substrate. Deposifta ]olnp ?5e$r%ﬁ?fgp?'h?’htf?$n%% f or

- exanple, [err], nitelrtri}qomMpm rq:;lqears]a,namde[émrqmlmafﬁﬂ X 0to 0.6 is
accompl | shed by sputtie(, depped{ | opy of o BecCRaade Qs bp oBRO™) ifedei g B %"

t he presence of T120 vapor e anounts- o
depends on the culakratetesdgtoated Heitds the - Bta)-m:a:-s:uncomtrﬁtiw%o a

Accordingly, tarélﬁ;&fﬁté %i&cl@rlﬁ‘eé@@f’ ' r‘rﬁé”é‘&zf@#ﬁé-lhé’i%{- Cdsdembly M5

Tar get s of [err] are used formng [err] and targets of Terr]
are used to proditPIased i‘?ﬁ? W‘éﬁ?ﬁ&iﬂg(ﬁPWB $hatgcontaing khey

[err] are used t&aﬁwca:xﬁ@sﬁﬂermleldepxoswm@ 0. 'fhéld:IEBicBeSﬁuse PbO i s
nore volatile tha t he oxi des of Sr and ?tPﬁchEa“? ter| al nust

have an excess ot r3te pay L‘é%{ﬁyo‘i?%ﬁﬁl’sngh%e o'l"%tlf’?e

t han WO 96/ 1Héﬂo§.ﬁtédl,alﬂ>rm«baddmmdthe svahsstﬂetecbwdcﬁhhmnbaﬁeo& t he
mul ti corrpon

with the |n ntl% se%%sét}s}frate %%I{)g @)c{)g eﬁf@%%&éeﬁf%ﬁ:%h%ﬁoﬁg ggngﬁto
a T1-Ba-Ca-Cu are deposited, suitable substrates include
LaAlO3, NdGaO3, SrTiO3, preferably LaAlO3 and NdGaO3.
Together with the substrate heater assembly,
separate sources of the involatile and the volatile
15 oxides that provide the film are placed into a
'sputtering deposition chamber. Typically, the sources
of involatile oxides are targets that contain those
oxides. The targets are vaporized by conventional
methods such as radio frequency sputtering or laser
20 ablation to provide the relatively involatile oxides to
the substrate. Such relatively involatile oxides
comprise oxides of Sr, Ca and Cu, for example, SrO, CaOl
and CuO. . _ '
'The separate source of the volatile oxides, for
25 example, T1l20, to be -deposited onto the substrate can be
heated, for example, in the deposition chamber to
volatilize those oxides for depositioh.onto the film.
EXAMPLE 1 _
. A trilayer structure of (Tl,Pb)Sr2Cag,g¥p.2Cu207 on
30 - (Tl,Pb)Sr2Cu20s on (T1,Pb)SrzCag.g Yo.2Cu207
' (1212/1201/1212) was prepared on a [001] oriented NdGaOs
(NGO) substrate in the manner described below.
First a bilayer structure of (T1l,Pb)SrzCu20s on
(T1,Pb)Sra2Cagp.g Y0.2Cuz207 (1201/1212) was prepared by
35 off-axis rf (radio frequency) sputtering in the presence
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5 substrate block heater. The substrate-heater assenbly is placed into a
sputtqﬁbP gisganber that contains the desired atnmosphere degygdeasgbti on. The
.choi c substrate may vary depending on the filmthat is to be deposited,
provided that the substrate and filmhave a .10 close lattice nmatch. \Were
oxi de materials such as Tl-Ba-Ca-Cu are jgeposi ted, suitable substrates

I ncl ude LaAlO[err], Nd&Jerr], SrTidJerr], preferably LaAl 3 and NdGGC3.

Together with_t bstra heat er _ass sep rate squrces of the
B e T e AP e K LI
into a sputte&nggedepnstaioNdGHQGbaubsEypteawag clhenedubgesoekihgvolatiIe

oxi des are {29643: LATR1EOAEA! o' BORSENO7S 3o TR ALAr BSit AR v aPgElered by

conventi onal s such as ra sput

ablation to %ﬁbﬁtaét?h!aﬁethgnvgﬁysedvuﬁahlﬁeionided weteheasdbbﬂbahe Such
rel atively |a%£latlle oxi des conprise oxides of Sr, Ca .and Cu, for exanple,
SrO, CaO and O. ~The separate source of the volatlle oxi des, for 25
exanpl e, T120, -t cTRE SHRSEERtE|waS: AttAchedhser at segdstivinyaheatetor

gxarrpl e, in ﬁhekdfpﬁ?ateﬁnbmbﬁ/lgﬁgﬁ.thos!@véi" baiﬁ{;t faﬂf.gtgufﬁe[i é@}b 20
epOSItIOI’lOtOt e t structur 0 err on

[err] on [e giﬁz#ig%ifygéiy mééAE gﬁﬁ?éﬂiﬁnLﬁk?§0§iV9rrented NdGaCB
(NGO subst rneéding; heAn860@8-1448) i beBheekbabstFatet heabekapiockt wast ure of

(TL P0) e 1] (J1aEONl 2501 42PALIALEY<YOR R EREEBEDhod%18LL 24T 1

(radi o frequency) esence
PCT/ US95/ 134eonnec °¥ﬁa¥¢¥§nﬂé§l¢db0vu}59rre#d-&_ﬁi_m eleé@entis[. 00A] oriented ‘

thermocouple temperature probe !type K with inconel, a
commercial nickel-based alloy, sheath) was inserted into
the nickel heater block to provide a temperature signal
15 for a standard feedback type programmable temperature
controller (Eurotherm Corp., Sunset. Hills Rd., Reston,
VA 22090-5286, model 818P4). The sputtering chamber is
equipped with two standard 7.6 cm diameter rf magnetron
sputter gunse(Kurt J. Lesker Co., 1515 Worthington Ave.,
20 Clairton, PA 15025, model TRS-5M) which are situated in
| oppositidn, about 13 cm apart. One gun held a.terget of
composition Pbjy, gSr2Cu0Ox (1201) while the other held a
. target of compositidn PbaSraCaCuz,10x (1212). A
mechanical shutter was positioned in front of each gun
25 to avoid deposition on or etching of one target while
‘the other was being used. : : S
The substrate block was located medially between
the guns, 3.5 cm above the center of the targets. The
source of thallium, located about 6 cm directly below
30 -the substrate block, is a resistively heated nickel
' block. The block has a cavity in the center which is
filled with T1203 powder;et'the beginning of each
. deposition. A quartz crystal rate monitor (Leybold
Inficon, 6500 Fly Rd., East Syracuse; NY 13057, model



single crystal NdGaCB substrate was cl eaned by soaking in heated Al conox (a
det er gent )"{)(fﬂé ﬁg overni ght. The substrate was then rinsegcnusys/tseéoni zed
wat er and dry The substrate was attached to a resistivity heated
nickel heater block with silver paint (Leitsilber 200 fromTed Pella, Inc.,
4595 Mountain Lakes Blvd., Redding, CA 9600391448) . “The substrate heater

bl ock was 10 then pl aced I nsi de the deposrtlon chanber and el ectri cal

connections were to t he re i sti nts t her erature
~ probe (type K wik ot "és% rr ?ta?r {m?'ela’b SEHPE %%%e@[e
inserted inta tr&eﬁbsi@.omeﬁé'@é bl ock to provide a tenperature signal 15
for a standard feedb k t erature tg ol ( therm
Corp., Sunset Hills %g?g%ggﬁ%aﬂﬁegzggs ﬁ%ﬁ%‘l’agggPé‘? l%s 1'?1&'5:? Q
sputtering chanberl@® e:qurzpp@d Snix ri(rﬁo?ababdaadstaﬂdam’ddt:anrbbepump
magnetron spgtte 15 hi e t e.
C airton, PA3150W&d% ﬁgrpédé'l tlpgn#éf;l nﬁ%p%%bsﬁl onrllogg'bout
13 cm apart. Oﬂ?‘buﬁﬁ%éﬁ%ﬁh a g 3Q)$ eleperoniordriye) rhagked by ®01)

whil e the other A”@A&h@:aaw&h&élcwppéstmeeniﬂéh (Fuird) (AYedBED AP SRim
shutter was posrtloned i n front g?éachg to avoi d dgﬁosmlon on or

etching of one tBFQRRCHH |40 (BRA R RprinH At pl ock

. was | ocated . nedl@ddqrapaﬁmn 2drwowns, &&mahﬁaﬁtfRﬁeﬂbﬁrﬁléf@
. targets. Eg source o | ocat ed ab ut 6_C bel wa’ngté he
c

substrate bifck vess aired; €| 48 sl 8ha Rftkods (TREML PElGY PRt
cavity in the ceﬁherch&mhéms filled wth T1203 powder at the begi nning of

B e o sn, b Zpfb¥eLaLer bR R bRy (fepaLeckil 625 r2ERMa"T Y
PCT/ USO5/ 13462 to 580°C at a rate of 20°C/m. When the temperature of
the substrate block reached 100°C, an Ar flow rate of

15 15 scem (standard cubic centimeters per minute) and a
N20 flow rate of 30 sccm was established. The
electronic drive unit for the turbo pump was placed in
the pressure feedback mode to control the sputtering
pressure at 200 mtorr (26.7 Pa).

20 While the substrate block was being ramped up to
temperature,.thé power to the resistive heating elements
of the thallium source was ramped from 0 to 74% in a '
period of 3 min. by the Leybold Inficon IC6000. The
power to the thallium source was kept at 74% for 22 min.

25 after which it was ramped down to 60% power. After a
second short dwell at 60% power, the rate monitor was
switched to the T120x deposition rate feedback mode.

The temperature of the thallium source is usually about
" 450°C at this point. With the rate monitor located next

30 to the substrate block, the rate was set at 0.22 A/s
(0.022 nm/s) .

The shutter over the 1201 target was set in the
closed position while that over the 1212 target was set
open. Once the substrate block reached 580°C and the

35 T120¢ rate was steady, the rf power to the gﬁn with the



17 1C6000) was used to determne, and control, the [err] deposition rate.
The dew%td'zgg chanber was evacuated to |ess than 5 x 10pgriy84dn134¢2 5 X 10-3
Pa) by a standard turbo punp 5 (Bal zers, 8 Saganore Park Rd., Hudson, NH
03051, nodel TPU 330 with a TCP 305 el ectronic drive) backed by a standard
chem cal series nechanical punp (Al catel,&acuum Products, 40 Pond Rd.,
Sout h Shore Park, H ngham MA 02043, nodel 2020CP). Standard nmss fl ow
controllers 10 were used to set argon and nitrous oxide flowrates into
the chanmber. 1AE S@Fgetatm@hdredur Kq &R Mt urthevenny HaseFub BB0C at a

rate of 20[ enrgoChmpodean fdie Z40MmdA! Wil Hhd SHIPIEAL € A QHa eached

100[err] C, an Ar .fl rate of. 15 15 sccm (standard cubic centineters per
mnute) and & of FGF T3 TP WaRSh IKAPREG ARd Shey PumRR tITREd oni ¢
drive unit faffi.he The hamber wes fidded ito theorwsase of sotbadernode to
control tde Utyd Qig+ag e fe 1.Qr a. . il e the
substrat eg'bl Z(%k xtwg'g‘. be'lpﬁgsl ?gyp‘eggépggg g}érgrpé}:éggfétgt %éoégvx}é?a%sdt% - _
resistive hedt inafec|lafrd°S/oin.naa RAQ*Cubogoiilc mimtesanped from 0 to 74%

in a period of 3 e 0 I fe%‘?:'?a;!? 0 o the
thal | i um source mgsﬁlfe%%tﬂgeam%f?réi%z%rﬁn; (Eqa%eer Wﬁaé\ms ranped
down to 60% §OR3ed aki ferate Qi Cimn. dewn ta T Chowdhe shattere
monitor was 9¢ iFreat bE the 12172 wdaret Wad 1Ysed WPaHe B tekhe

t t t the thalli i Iy “abouf 450 C at_‘thi
ot ht. VB (e SHRRE RInCAG) YN, CATaR et Srpad e Hesertide SRS, the

rate was set thallidmh Aource G623 mamped Backs up to approximated@l target \Mii

ance the subdePore (B ERAoK Hafe (fhndl the Bad aRi\@' PRL PP8sBEEe 00"
steady, the A8 pded) .t o Whiem dhe Wanpleovas at 595°C, the pumped were
turned back on and the chamber evacuated. Before the
15 pressure went too low, the gas flows were set to 25 sccm
~Ar and 25 sccm N20 and the electronic driver of the
turbo pump was set to give a pressure of 200 mtorr
(26.7 Pa). At that point, the T1l20x rate was adjusted
to 2 X 10711 m/s. Then the rf power to the 1201 gun was
20 turned up to 100 W and run for 120 min. At the end of
the 1201 deposition, the gas flows were stopped and the
pumps turned off. The chamber was filled to a pressure
of 500 torr (6.67 X 104 Pa) with N2O and the substrate
block cooled at a rate of 20°C/min. down to.room.
25 teméerature.

After the samples cooled to room temperature, the
chamber was vented to air and the substrate heating
block removed. The sample was removed from the heating
"block and the remaining silver .paint was scraped off the

30 ' underside of the suhstrate with a razor blade. At this
point one could pattern the bilayer, if desired. The
sample was remounted with two edges covered by pieces of
Haynes alloy so.as to avoid deposition and therefore
allow for later making electrical contact to the lower

35 1212 layer. '

‘



WD 96/ 12307 T .. PCT/ US95/ 13462 18 1212
target wa 4Up t0o 100 W THEGoerapeSmittaait 00 W po m n
and t hen s b%ﬂﬁd At that point ,TlﬂlISeSlﬁs}'FﬂAS)BEE.. e stopp\é\? /‘??ﬁg&%unps
turned of f. The chamber was filled t gsdureof ‘500 torr 5 (5 X 10+4
Pa) with N20 and the substrate bl ock heated gt - arate of 20[err]C/mn. to
800C for 60 mnutes. After the 800[err]C hed? treat ment, the sanple was
cooled. at a rate of 5[err]Cmn. dowmn to 595C. The shutter in front of the
1212 target was cl osedl simigléecld3htfilmloasi thénodeépositéd dR20dheéar get was

gpened. | Mhanunh e e LAGLLLNNS RS pUBeRa L L REEILUP U RPNRKIR B

400[err] C (the [err]” rate cannot e pressure 1s h
the sanpl e was &thaDALtencthenPRO°Gireat (kFRALMRRY dvheirsRRIe WRSher

evacuat ed. Bef orgpdied lax é’rﬂééé”éf"\'s%/thﬁ@ | @¥un 146 §66°C | VF e Setato
25 sccm Ar apd 25 sccm 2582@8{% e electronic driver of the turbo punp was

set to give e XN Aemperatyirenat point, the [err]
rate was adj usted to ﬁ;ex 20$€1t ingl eomibemtéhetfﬁcﬂmrcéﬁsibeeawﬁ gun was

d
depost 11 on, "t he Sl BhEhigk, G BT IAcko gote ebBa07 pRusk Fp EqR cof @
chamber was fil I2Kt102 pr dadeiok (1,500 SIEQ’UZOS bay&r10n4tep) ofii ah1NEO and
(he subeirte blgh gpdablcn S ACARh oK LT 100 48 EOES

terrperature Af ter the sanpl es enpe
vented to atP antP@hke. %{P@‘!‘F%ﬁe“m?i ‘b’éﬁ@? @ansh stherefn theniRPeks

removed from t he(TEAMbYSriCsls ﬂﬂdzcﬁ'ﬁbvf ARjel BH1y pPadtiBailf coversciared
off the 30 underside of the substrate with a razo§|r k’bl ade. QtAt this point

~one coul d patteriP¥e® Jfﬁlf%ﬁ/%r if desired. The sanple was renounted with
two edges covered by y+eagsdDfftBypeonabtaiies 65 tPibapesd ﬂﬁmslﬁh@ﬁ and

- therefore

successful formation of both the 1201 and 1212
15 materials. All three layers are c-axis oriented, that
is, the <001> axes of the 1201 and 1212 materials are
normal to the substrate surface. Moreover, there is
strong in-plane alignment of the <100> axes of the 1201
and 1212 with the pseudocubic <001> axes of the
20 substrate, LaAlO3. Though the films are not single
crystals, they are “epitaxial” in the sense that on a
microsccpic scale, there is an epitaxial relationship
preserved at each interface.
Eddy current measurements shown in Figure 6, where
25 the normalized frequency shift F is plotted as a |
function of temperature, demonstrate that the two 1212
layers are superconducting and have slightly different
critical temperatures. The two measurements were taken
" with the sample in two different positions: the solid .
30 1line is data taken wiﬁh the films closest to the coil,
and therefore the upper 1212 layer closest to the coil
while the dashed line is data taken with the film
"upside-down" so that the substrate is closest to the
coil. 1In the "upside-down" position, the lower 1212
35 layer is closer to the coil.
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he l'ower 35 1212 | ayer.

WO 96/ $#738kf1230® A single 1 posi ted onpCheses/isager

foll owi ng the procedure de crlbeUEBlabQ Xceptl that after the 800[err]C
heat treatnent, the sanpl e-was—toolred at a a rate of 50 min. down to 400C and .
then at a 5 rate of 20[err]/nmin. to roon2Penperature. The resulting
conposite structure consisted of a 1 X 10[err] mthick [err] layer on top
of a 7 X 10[err] mthick [err] layer gxaMpr &f a 1 X 10[err] mthick [err]

| ayer on top of a 10 (001 substrat e and. wherein the upper
[err] layer only ®r§§§?#%0§ggc?%eI%EOET}%%}?'Z%Q By 10i 249202 (9
studi es of tr{1lay) Stlowoshow S(u'acebs"smhcé@rmd @Cugb7both the 1201 and

<001> axes. o VAR IR AATES I Eifishdi € ol R0 P fond fipaien ™

surface. $br eambatrateeras ifoklowsg i n- pI ane alignment of the <100> axes of -

the 1201 and 1212 gy %;ﬁ tglesm&@%ﬂ fﬂQJ@ €x$§pg%#gg %)uep. %r at e,

LaAl G3. © Though 't he ns are” not siIng e cry xial" in
the sense th&heoPreaaduRs Qfpikxarple, 1 tm@grs me?ndandfeﬂhe dfEmstonshi p

- preserved at miﬁt@{faq& tﬁ@yﬂ,{@ntt@ﬁ% TS 2 pedure 6,

where 25 the nornalized frequency:shi 't fun t on of
t enper at ur e, 3FRG PR FrRed 9% 172he Im%r‘@%uﬁfé%(ﬁ&tﬁ ng and
have slidt | préidsfurecmf GO0 itoatr twiglerGy e .the aubst ratas BIoekIt s wer e

Laen e LRSS, 4 S B0 B0S 40 Woond o U aciedd e TS
The samples were thereafter cooled at a rate of 5°/min. ‘
down to 4oo°c and then at 20°/min. to room temperature.

The next morning, the chamber was vented to air and
15 the substrate heating block removed. The sample was
removed from the heating block and the remaining silver
paint was scraped off the underside of the substrate
with a razor blade. At this point one could presumably
pattern the single 1212 layer. Instead, we simply'
20 remounted the sample with two edges covered by pieces of
LaAlO3 single crystal so as to avoid deposition and

allow for later making el eﬂ

therefore allow one to later make electrical contact to
the lower 1212 layer. '
A 1201/1212 bilayer was then deposited on the 1212
25 film according to the procedure of Example 1 except that
the order of the depositions and anneal was changed as
follows.
'I‘he deposition chamber was evacuated to less than 5
.x 1075 torr (7.5 x 10-3 Pa). The substrate heater block
30 . temperature was raised to 595'°c :a't a rate of .20°C/m.
When the temperature of the substrate block reached
100°C, an Ar flow rate of 25 sccm and a N20 flow rate of
25 scem was established. The electronic drive unit for
the turbo pump was placed in the pressure feedback mode
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dnd therefore the upper 1212 |ayer g¢losest” to-the.coil while the dashed

line is dq{,@ Lk W th the film "upsi de- down¥ so-t-hat’ the Sgaatgostisueks
closest to the Coil. In the "upsidé=down" position, the |ower 1212 35

|'ayer is .closer to the coil. WO 96/ 12307 20 EXANPLE 2 A tril ayer

structure of [err] on [err] on [err] (1212/1201/1212) was prepared on a

[ 100] oriented LaAl 8 5 substrate as follows. First a single 1212 fil mwas

deposited foll owing th rocedure of Exanple 1 through e end of the first
deposi tion. At tHR&t cﬁgi%ﬁ?’,l %8 Sgéﬁftle(f\bg%rr S&P55pé 5&@ f'ﬁé’rp"urrps t ur ned
“of f. The chanber (2&s 7f Plalled to a 10 pressure of 500 torr with 02 and the

substrate bl ock heat eduat nat f ' : '
m nut es. The sanpl es \%I?Lele?ﬁé‘%e%@esr&%g eﬂ(}'gac'{ia g'aréa?)equg %Jedrp%% (r?ﬁ{pn%dom
to 400[ err] C andtempgratuzrg,ecithe/ powen &o &b resistiver heatiiag elements

morni ng, the ghaggerneaenudlieh lsoudide 4% Yampeld XS0 #ice 7a8alinn@ bl ock
renoved. The sanpl e was regv d fromthe_heating _bl gck and tqlk%t re&al ni ng
“&He *h

silver paint wasP&fiQfe®fo BYa&he devbeld, dnfdicon GO heyzor
bl ade. At this ppowerone the dhaldiummidonrel wash kepe thF4a D2 22aydmn.

| nst ead, we sinply, 20 unted _the sa wi th t edges covered b
pi eces of LaAl CBaéitﬁd'l é’i‘gg&sggl ves zf?“\pgaa & (’fé’p@%t ipg’ﬁ'eé:nd [ & \ér e
al | ow one to | at eeconide sbloatt dwedll atnttddt powerhe theweate? hidnitpsr wak

1201/1212 bijqyegwiftnedet ol ehes 1168 aniagﬂiéiéﬁ ﬁét EbbAbackOndyag to the
procedure of Exag‘ﬁl e 1 except that t e order of the ﬁepomtlons and anneal
was changed as f ththe rate monitor located next to the substrate

block, the rate was set at 2 X 10-11 m/s (0.02 nm/s).

" The shutter over the 1212 target was set in the
closed position while that over the 1201 target was set
15 open. Once the substrate block reached 595°C and the

T120x rate was steady, the rf power to the gun with the

1201 target was turned up to 100 W. The gun was run at

100 W power for 120 min. and then shut off. The shutter

in front of the 1201 target was closed and the shutter
20 in front of the 1212 target was opened. The temperature

" was ramped to 580°C at a rate of 20°/min, The T120x
rate was adjusted up to 2.4 X 10-11 m/s. The gas flows
were adjusted to 15 sccm Ar and 30 sccm N20 while the
pressure was held constant at 200 mtorr (26.7 Pa). Once
25 these adjustments were made, the rf power to the 1212
gun was turned up to 100 W. This gun was run at 100 W
for 240 min. . o
_ After deposition, the gas flows were stopped and
- the pumps turned off. The chamber was filled to a
30- pressure of 500 torr (6.67 X 10*4 Pa) with Oz and the
substrate block heated to 800°C for 60 min. The samples
were thereafter cooled at a rate of 5°/min. down to
400°C and then at 20°/min. to room temperature.
The resulting composite structure consisted of a 1
35 X 10°7 m thick (T1,Pb)Sr2Cap.s ¥o.2Cu207 layer on top of a



s than 5 x 10[err] torr (7.5 Xx

‘ t enper at ur e peFUsHII3fE t o 595C
at a rate of 200 m Wenl\the tREPetAlure=wt the substrate bl ock reached
100C, an Ar flow rate of m and a N20 flow rate of 25 sccm was '
established. The electronic drive unit fpogy the turbo punp was placed in the
pressure feedback node ‘WD 96/ 12307 -

PCT/ US95/ 13462 21 tg control the sgutte.ri_n _pressure at 200 ntorr (26.7
Pa). Wile tReXsdOstrBt ERBFECK Tha® Béi"-'ﬁﬁ“?&rﬂéﬂ% D epRE A Uk X the

D aped £ om Gorg ok e s FEACRe S YA 2B 080t T e ot 000
ranpe rom 0, N.a peri 0 m._n. by the_ Leyhol nficon 0.
The power toqphg)t ﬁéﬁﬁf‘&ﬁ"gMWE b T g?ﬂ%“h&,’-%gf FP8. UBPEE which it
was ranped dd®d,Pd)Ee¥CpoverYo . ACe07aandc¢Dll, BhpStCugdd layex¥ogriyer, the -
rate nonigd or W 0 1 Wion gate fegedback node.
Wth theé’rat 8%%%g&f}ygé’%:}ggﬂﬁeﬁ%(§[ f([?gg&g%%szg%g.ﬁl o%l?,éugﬁé rate was set
at 2 X 10[ erdpyekrs (0.02 nnm’s). The shutter: over the 1212 target was set in’

the closed positi ¢ydthid Sgg%%cd‘._tj{zﬁ,e ergﬁagigptug@s t%etme;%ulcéoen. Once

the substrate bl ock reache rate was ste the rf

power to thetgﬁnt\ﬁapﬁiﬁiﬁ-@nlmmlaéétr%§ t Fheedwep 12321d8YRFSThe Aun was
run at 100 Wspewa' infl @ighe M,Nwheié Eha) nditaidiled FragulaniceshiEtf ront of
the 1201 target vvag_closed_ and t he hut_tq%;- 20. in front ‘of the 1212 target
was operdl. Frhs Pipbtest Brsea\/vfté“ﬂcﬁﬁé’d temperatures s theoPPOTerr]/nin,
Tge [er(rj ] rateyezs hadj asttadngition tempefatllrdlicE UMK Jhealviyowdldd e r'
adjusted to c [ AL SQ‘?E;G i.le the S . onst a
at 200 rrtorrﬁ'?%% Ba)l.e %%c?e (\t{nﬁe&éeg \é%l)uegﬁ n%ﬁstg%e%rf‘raradygﬁ Bﬁégrv& power
to the 1212 dashed 1line). _ .
In addition, measurements were made of the -
15 resistivity of the upper and lower layers. Eight gold
pads were deposited on the sample: four on the upper
1212 layer at the corners of area it extended and four
on the lower 1212 layer at the corners of its extent
(which had been covered 'during'_t'he second ‘deposition and
20 therefore the lower 1212 layer is exposed). The
resistivity (p), measured by the van der Pauw technique,

of the upper (lighter solid line) and lower (lighter
dashed line) 1212 layers as a function of temperature
are also shown in Figure 7. The resistivity measurement
25 1is more sensitive to the onset of superconductivity and
- therefore the superconductive transition is seen at
slightly higher temperatures.  Still, the two 1212
layers do have different transition temperatures proving
"that the two layers are each, indepehdentlYﬂ
30 ° superconducting. ' ' :
~ Other embodiments of the invention will be apparent
to those skilled in the art from consideration of the
specification, or from practice of the invention
disclosed herein. It is intended that the specification
35 and examples be considered as exemplary only, with the
I —
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gun was turned up. to 100 W This gun was run,at 100 Wfor 240 min. After
deposi ti 0y n? @gas flows, were st opped’and the punps t ur nepcrbes/ibis2
chanber was Ti ?ed to a 30 pressure of 500 torr- (.6.67 X 10[err] Pa) with
02 and the substrate block heated to 800[err]C for 60 nmin. The sanples were
thereafter cooled at a rate of 5[err]/mn. wn to 400[err]C and then at
~20[err]/mn. to roomtenperature. The resulting conposite structure

- consisted of a 1 35 X 10[err] mthick &err | ayer,on top of a

96112307 22 7 xs¢operapdnsphrdk Pér Fhe Layentdant bfgi@s éngixateﬁlebw] theA

. thick [err] | ayep128whfag ehadmgQ01) oriented LaAlO[err] substrate and

. wherein the upper [err] and [err] layers only 5 partially cover the Iouer

: [err] layer. Eddy current detection was again used to neasure the

‘ transition tenperatures of the two 1212 | ayers. As shown in Figure 7, mhere
the normalized frequency shift 10 F is plotted as a function of
tenperature, the upper layer has a transition tenperature of 92[err]K
(heavy solid Iine) while the |ower 1212 |ayer has a Tc of 900K (heavy
dashed line). In addition, neasurenents were made of the 15 resistivity of
t he upper and | ower |layers. Eight gold pads were deposited on the sanple:
four -on the upper 1212 |ayer at the corners of area it extended -and four on
~the lower 1212 layer at the corners of its extent (which had been covered

. during the second deposition and 20 therefore the [ower 1212 |ayer is

. exposed). The resistivity (p), neasured by the van der Pauw techni que, of

. the upper (lighter solid line) and |ower (lighter



dashed line) 1212 | ayers_—as=a—feH ; —Of\ ‘tenperature are al so shown in

25| i s nore sensitipcanusosiadae2 onset of
superconductivity and it her ef Hﬂﬁ?_ peficonductive transition i s seen at 2
slightly higher tenper'& TTT, the two 1212 | ayers do have different

transition tenperatures pfoving t hat t he 2iqno0 | ayer afss mlandgpendent |y
30 " superconducting. O her enbodi nents of the mveWWﬂ"@«ﬁ umI arent to
t hose skill e’cw_l' At onsi deration of the specification,or from
practice of theée nggﬁ¢#%ﬁ&%€2%$63ed herein. It i's intended that the
specification 35 ahd eAanpmpgovedc guditddaye racompesiltar artdiale with the

WD 96/ 12307 isi | 23 scope
and spirit ofc?$£f%%vg%t}%nabgPﬁatf% ?&a%%dab§ifﬁ% ?gﬁgékﬁagéé?§?§s. 24

WHAT | S CLAI M2YeXy 3) at leaskppaecénkermedigte lawpsscompuisingean
conprising, iin@ileting)léyérbsirat formalachhdibe SveCL&9REUCARYC4) ayer
conprising a thall*ﬂ%&con&al |ng OX|£e, g) gt | east one Lnternedi ate | ayer,
wher ei n each THt® BEECPAJUrtive s{ayeror whersinarli onfusaidelayprs
conprising a athaléastn pant babl pgoverlisep Anthd) inps6¢enent UBSkSLDIUAGI Ve
whorei n the SRS ot suRbFaBhRUCLIRS “Taihe nntts JoEpal cepnfbetiFrom t he
group consi stlayeni and sgidriechedesupetcosdEbting, layetaeadh, Nd, Sm Eu,
G S i BpoRendhely cdibifts Raediiali%l ¢ Wfptiohs Y o P
thallium-containing oxide, and when said insulating .
layer is in contact with both said first and second - ‘
superconducting layers, said insulating layer consists
essentially of a thallium-containing oxide. :
15 2. The article of Claim 1 wherein the
intermediate layer comprises at least one insulating
layer and at least one conductive layer.
3. The article of Claim 1 wherein the
superconducting layers each indépendently are selected
20 from the group consisting of
' I. T1(Baj-xM}x)2(Ca1-yM2y)n-1CunOzp+3-z, wherein M! is
Sr, Ca, ¥, La, Pr, Nd, Sm, Eu, Gd, Ce, Tl1l, Pb, Dy,
Ho, Er, 7Tm, or Yb; |
x is 0 to 0.2;
25 M2 is y, La, Pr, Nd, Sm, Eu, Gd, Ce, Tl, Pb, Dy,
Ho, Er, Tm, or Yb; _ '
y is 0 to 0.4;
n is 2, 3, or 4; and
z is 0 to 0.5; .
30 - II. Tlz(Baj-xMy)2(Caz-yM2y)n-1CunO2n+4-z wherein
Ml is Sr, Ca, Y, La, Pr, Nd, Sm, Eu, G4, Ce, T1,
Pb, Dy, Ho, Er, Tm, or Yb;
x is 0 to 0.2; _
M2 is Y, La, Pr, Nd, Sm, Eu, Gd, Ce, Tl, Pb, Dy,
3as Ho, Er, Tm, or Y¥b;
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nis 2, 30r4 andzisOtoOS r
La, Pr, S Gd, Ce, TI, Phi 1R ghes
Merr] i SW 9@3&;r Nd Sm Eu Hd, Ces‘_

|SOt004 nis 2, 3 or 4; and s G -:_]WherernwrsOZto
0.8 M is Ba, Ca, VY, La, Pr,i Nd, Sm Eu Gd Oe “TI, Pb, Dy —Ho —Fm— or

. Yb; xisOt003'M2isY La PrNdSmEu Er,

" Tm or Yb; yis 0to 0.6; nis or 3; andsztoOﬂl!!”W”mmHBﬁl
article of Oaim2 wierd P 4R (?n‘!'errredl ate layer is se

group consisting of & is[Z®yr3, vhergj randerr] Sr, Ca, Y, La, Pr, Nd,  Sm

Eu, &d[err], Ce, T1, Pb 5{ <6_ Erﬁ Tm or Yb 0<_x<_02 0< zZ <=

0.5; b) [err] wher ei%h b v P err] = Ba, Ca, Y, La, Pr, Nd, Sm

Eu, Gd, Ce, 5. Dyn,H@,pbso (srmwrxmcm-fuzyo n<1COnO2nB—2=whezelp ¥

and c) [err mherel%lg)(ibf@va—rsOB Merr] = Ba, Ca, Y La, Pr, Nd, Sm

V\,herern Merr] i's SR, Ca, Y,
- Yb, mCT/95$5/139620. 2;
‘lHo, Er, Tm or Yb; y -

Eu, Gd, Ce, T1, Pb mMor Yb; 0 <= x <= 0.2: =Y La Pr, Nd,
Sm Eu, Gd, Ce, TI, P8 i Bado Caxr YarkaorPrb Nd), Sme l;mdﬂ- Gp Tl <= |
0.5; d) [err] wherelgi_.,olfY 35 B2 Th) ofeyh)} Wherein 0 <= w <= 0.5, 0 <=
z <= 0.2. 4. The article of claiml wherein the substrate is sel ected

fromthe group consi s’h-’hﬁ Ot {agxﬂe NdGaC3, sapphire with a CeQ2 buffer
layer, MyO and yttriu@ gy, iged i)y oodj WSk, Bu, Gd)HeCey ITY) Pf Dyaim |
wherein the élrst sup, rcrr)gguc*lﬂng Iaier is [err] the internediate |ayer is
[err] the stBond sup tt TNy ?5y *is [err], and the substrate is
NdG(Jerr]. y is 0 to 0.6;

n is 2 or 3; and
z is 0 to 0.5.
4. The article of Claim 3 wherein the
15 intermediate layer is selected from the group consisting
of ' '
IV. T1(Baj-xM!x)2Cu0s.; wherein M! = Sr, Ca, ¥, La, Pr,
Nd, Sm, Eu, Gd, Ce, Tl, Pb, Dy, Ho, Er, Tm, or ¥b;
20 ' 0 <= x <= 0.2; 0 <= z <= 0.,5; :

V. (Tli-wPby) (Sr1-xMlx)2CuOs-; wherein 0.2 <= w <= 0.8;
M! = Ba, Ca, ¥, La, Pr, Nd, Sm, Eu, Gd, Ce, Tl, Pb,
Dy, Ho, Br, Tm, or Yb; 0 <= x <= 0.2; 0 <= z <=
25 0.5; and

VI. (T11-wPby) (Sr1-xMlx)2(Caj-yM?y)Cuz07-z wherein 0.2 <=
w<= 0.,8; M = Ba, Ca, Y, La, Pr, Nd, Sm, Eu, Gd,
Ce, Tl1, Pb, Dy, Ho, Er, Tm, or Yb; 0 <= x <= 0.2;
30 - M2 = Y, La, Pr, Nd, Sm, Eu, Gd, Ce, Tl, Pb, Dy,
- Ho, Er, Tm, or Yb; 0.6 _<-y <= 1; 0 <= z <= 0.5;

Tlo,stq.s_SrzCu_os-z wherein 0 <= z <= 0.2;
(T11-wPby) Sr2CuOs-; wherein 0 <= w <= 0.5; 0 <= 2z <=

35 0.2;
Tlg. 5Pbo 5Sr2Culs-z wherein 0.25<= z <= 0.5;
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6. The article of claim1l wherei: I rst superconducting layer is
—-r—"‘—"‘_-_-—‘

[err], v&@g‘,izgﬁ-prmedl ate '-“'EEe second super popaligod/izage | ayer is
[err], and the substrat 7 - The artt+ecte—of—ctarmi—+n the

formof a Josephson junfti onPEE A acramtir phase pr g an
i mproved nultilayer conposite article cogrg)rrsrng1 EEB ”ji Bgﬂhrate
2) a first superconductive |ayer, 3) at- Ieast one |n , each
said at | east one nte di y d ndent | selec ed fromthe
group consisting o Egesﬁﬁa“c#g‘ ngw %?%é &\c%%'du\‘ﬁ'lv%' | ayer, and
4) a second superd@@ﬂalwaa&%&erﬁnﬂme@nn al | of said layers at Ieast
partially overl ap, er o) r e

i nternmedi ate | ayer, 5Wh (ﬁ{salﬂg%%éndééuper%n‘gu 'F %/}'é? g’i lat ng

i ndependent | \}adfeﬁprirssénaqualqtumi&&wmlm meo»imrmduhatdm Jayeae
process [@i ngnay j¥apel epfitese ARECtHe i TenNEEStiHy 6P Han1dy,2)

providing a {i rsé sourcg gf relatively volatile thalli um contai"ni ng oxi des,
b) provid 34eB5nt®Y80r ce of involatile oxides, c) depositing sai d

involatile oxi des fer,omTeed daﬁﬁmnd Sallia e hly g Q:weﬁémtﬂt?é Ssul¥d fate
concurrently,de t t hal | nt apni.ng oxi des
fromsaid fi rlgt gggurgggo%f’% sai ?}%é@ng_?’g} t&Pg\/l eiMStg d*t hin
filmof pr edeappmim'edm ehiCefet buffemclayerr,t Mgo|, nproyetedum-n t he
process fd)”p%'t%ﬁ 1&9@ %zgg,&ggposr ted superconducting filmto a.

tenperature grea er t | ess than the deconposition terrperature
of the filmin the%re%ﬂ:@-lﬁfni@@ ®@f 1Claim 1 whexedn €he fimst about 1. 33 ‘

10+4 Pa to abﬁp&r&@n&u&tlﬁ&lﬁ?e:ﬁis (TIDQbWBQQ@&P ?jrom agouf 705{3;‘] tChteo

super conducti,ng fil ated to e rature_o
about 850[ er HPE! Tia%?hg‘ab'%'cé%igh gﬁﬁﬁ? ugfisr Fhe 1 $8SQRMer conduct i ng
filmis heat sdpbccandscpd.ngt dageaf ibr dT12BDYSr3TAN RYH 260004, 88Rderr] C. 11,

The proc:l%gs Qgs%ﬁg%ga%eﬁs' &Fgggéppressure of 02 or N20 i1s about 6.67 X

104 Pa cess O 8 wherein the pressure of 02 or N20 is
greater than 2.67 8.10fHeaarticle &F TA¥ih 1 wherein the first

PCT/U595/134§3p32conducting layer is (Tl,Pb)SrzCao 8Y0.2Cu207, the
' intermediate layer is (T1, Pb)SrzCuzos, the second
superconducting layer is (T1, Pb)SrzCao 8Yo. 2Cuzo7, and
20 the substrate is LaAlOs3.
9. The article of c1aim 1 in the form of a
Josephson' s junction.
' 10. The article of Claim 1 in the form of a multi-
turn pick—up coil. _
25 11. an improved vapor phase procsss for prepsring
the article of Claim 1 by vapor phase deposition of
successive layers by

- providing-a first source of relatively
‘wvolatile thallium~containing oxides,
30 - - providing a second source of involatile
oxides, - : | _
depositing said involatile oxides from said
second source onto a substrate while cohcurrently
depositing a sufficient amount of thallium-containing
35 oxides from said first source onto said substrate to
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f)rowde a crystalllne thin fllmof pr'__,-'g ' : o4 "ometry, wher ein

~ Wwhen the aﬁf& L4 : sk iy N | npreoEUsest13462
gconpri ses 5 the superconduc et AV ER tenpgrature greater than

700[ err] C but Iess gmm mu 'ju mLtlon tenperature~of the filmin the
presence of 02 or xof fromppbout 1.33 X 10[err] Pa to
about 10.1 X 10[err] Pa. 11 The p_rocess of Claim 10 wherein the 10
superconducting fil s heat ed to e e of.fro bo t 700C to about
850[err]C. 12. "gfrﬁé’ssc’dfs"tﬂ‘a&ﬁ? o"—r%fbaée‘rlﬁﬁ“ t‘?fjeps‘lﬁfg ng filmis
heated to a tenstcichiomdtfy,om about 775C to about 800[err]C 15 13.
The process of Caim10 h e r r & mni mum of
Tﬁﬁ&k@iﬁ fnBhoeRY EﬁﬁﬁﬁPﬁﬁ beQt%e 9

about 6.67 X 104 Pa. 14. € process erern essure of 02
or N20 is a ni nisuprutonduating 6filn,l khealnprgvengnte CoRpF igem hRat ing

5 the superconducting film to a temperature greater than
700°C but less than the decomposition temperature of the
film in the presence of Oz or N20 at a pressure of from
about 1.33 X 10*4 Pa to about 10.1 X 10*5 Pa.

11. The prbcess of Claim 10 wherein the

10 superconducting film is heated to a temperature of from
about 700°C to about 850°C.

'12. The process of Claim 10 wherein the
superconducting film is heated to a temperature of from
about 775°C to about 800°C.

15 13. The process of Claim 10 wherein the pressure
of O2 or N20 is a minimum of about 6.67 X 104 Pa.

14. The process of Claim 10 wherein the pressure
of O2 or N20 is a minimum of about 2.67 X 104 Pa.
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