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TITLE- PROCESS FOR PRODUCI NG. THIN FI LM5 OF | NORGANI C

'Od DES OF CO\ITRO_LED STA CH QVETRY ' FI ELD OF THE
| NVENTI NGB o2/18200THi-S i nvention relates to methods for pr oBRGEIYRP3(QI62
filnms of HI ﬁ tenperature superconductlng oxi-des and ot her materi al s.

GOVERNVENT FUNDING : 1
PROCESS FOR PRODUCING THIN FILMS OF INORGANIC
OXIDES OF CONTROLLED STOICHIOMET_RY
FIELD OF THE INVENTION
5 This invention relates to methods for producing thin
films of high temperature superconducting oxides and
other materials. _
GOVERNMENT FUNDING
This work was preformed in part under funding from
10 Wright-Patterson Air Force Base. The United States
Federal Government may -have license rlghts to the
o~ . invention claimed herein.
BACKGROUND OF THE INVENTION
Thin-films have been prepared by a number of -
15 deposition methods including evaporation, sputtering,
_ o laser ablation, and metallo-organic'chemiCal vapor
: : ' 'deposition (MOCVD), see, for example, "Thin Film
. Processes II", (J. L. Vossen and W. Kern, eds.), Academic
. Press, New York, 1991; Handbook of Thin Film Technology"
20 (L. I. Maissel and R. Glang, eds.) McGraw Hill, New York,
1970, and R. W. Simon, Solid State Technology, p. 141,
September, 1988, ' '
The thin film deposit;on processes of the prior art
~ typically depend on the substrate temperature. When the
25  temperature of the substrate onto which the thin film of
YBasCu3O7-x is being deposited is low, the resulting film
is emorphous and insulating. A high-temperature post-
deposition anneal at 800-900°C in oxygen is required to
~ convert-the amo;pnous precursor film into a - o
30 superconducting film with the correct crystal structure.
This two-step process is referred to as a "post-anneal"
process. However, when a thin-film such as YBazCu3Oy-x is
deposited onto a substrate heated to about 550-750°C, the
resulting thin-film is crystalline and superconducting as
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;'Thks.mork was preformed in part. under funding fron110 VV|ght Patterson Air

‘Force Base. The United States Federal Government may have |icense
_rights to wge3s1g200nvention clai ned herein. PCT/USSSIOZREUND
OF THE | NVENTI ON . Thin-filnms have been prepared by a nunber of 15
deposi ti on nmet hods includi ng evaporation, spultering, | aser abl ati on,

-and netal | o-organi c. chem cal vapor deposi fion (MOCVD), see, for
exanple, "Thin Film_ -~ Processes Il', (J. L. Vossen and W Kern, eds. ),
Acadeni ¢ Press, SRBOFIeA%: M93: PrReRBOAIE SEITRFRd FH ASTEBNAdPTEETE" 20
(L. 1. Miissel and Pro&kssg, eds.) NtC?aM/FhII New Yor k, 1970, and R

W Sinon, Solid State Te Pﬂ% ses fll?’ﬁ an m_%q_ghegpgée?sl%%

The thin f|In1dep05|t|on proc art
the substrate tenpefurfiree nynghness and 9enerally superior prOPert

5 compared to films from a post anneal process. In-situ
deposition has the added advéntage of lower processing '
température requiiements which makes in-situ deposition
compatible with a wider variety of substrate materials.

o In¥situ processes require heating the substrate

10 uniformly and iepfoducibly to the required deposition’
temperature. These methods involve direct thermal and
mechanical anchoring of the substr;tes to a heated block
as ‘discussed in R. W. Simon, SPI$ Proceedings Vol. 1187,
P. 2, edited by T. Venkatesan, published by SPIE

15 Bellingham, WA (1989). The heated block is made of a
material that is compatible with an oxygen atmosphere and
has good thermal conductivity such as nickel. Good
thermal contact between the substrate and the block is
usually provided by a compound with high thermal

20 conductivity such as silver paste. ' :

' The methods of the prior art have been useful to
provide thin films of oxides of relatively involatile
oxides (as defined below). The prior art methods of
forming in-situ films by vapor deposition onto substrates

25 heated to elevated temperatures, however, tend to cause
loss of volatile oxides from the film during the
deposition. The resulting f£ilm teénds to lack sufficient
volatile oxide to produce the desired stoichiometry and

' crystal structure. Although substrates heated to lower

30 temperatures may be employed during deposition, the films
deposited on those substrates are amorphous ahd therefore
must be subjected to an additional annealing step
subsequent to depositicn.': B _

_ " A need therefore exists for a method of producing

35 ip-situ thin films of materials that comprise volatile

X aepend on
es when

.

Sheet Has Been Replaced

TR



s 25 fenperature of the substrate onto which the thin filmof

"YBa[err]Cu[err]Qerr] is being deposited is low, the resulting film S

anor phousyedsisaen| ating. A high-tenperature post- dep®A/USYS/BH62al at
800-900C in oxygen is required to convert the anorphous precursor film
into a 30 superconducting filmw th the cor ect crystal structure.

This two-step process is referred to as a "p0st- anneal" pr ocess.

However, when a thin-filmsuch as YBa2Cu[err](err] - deposited onto a

substrate heated t 8xh8e8tbEE0Mish] avelds wpe disadve%%ﬁa%g’ft GPB-PFIFF i s
crystalline and supetcoéhisdd .ng as

SUMMARY OF THE INVENTION

This invention comprises an in-situ process for .

5 preparing thin films of material containing volatile and
relatively'involatiie oxides which employs separate.
sources of the wvolatile and relatively involatile oxides
during depositon of the thin film. In particular, the
process may be employed to prepare in-situ, crystalline

10 thin films of oxide superconductors. In-situ c;ystailine'
thin films of oxides that include both relatively
involatile oxides as well volatile oxides that tend to be
lost from the thin f£ilm during its formation by éapor
deposition are produced. The process also enables

15 deposition on substrates heated to relatively low
temperatures to provide a crystalline thin film.

Thus, the present invention comprises a method of -
forming in-situ crystalline thin films from material§
that include both relatively involatile oxides and

20 wvolatile oxides that are susceptible to evaporative loss
from said thin film during vapor deposition comprising,
prbviding a-first source of said volatile
oxides, o . - ‘ |
providing a second source of said relativély
.25 involatile oxides, - " :
depositlng said involatile oxides from said
~ second source onto a substrate while concurrently -
depositing a sufficient amount of volatile oxides from

_ said first source onto said substrate to provide a

30 crystalline thin film of the specified stoichiometry.
BRIEF DESCRIPTION OF THE DRAWINGS '

FIG. 1 shows an x-ray diffraction pattern on a
linear (Fig. la) and a log (Fig. 1b) scale of a “phase
pure" T1BazCaCuz207 film made by the present invention.
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2 " deposited. This process S referred to as an "in-situ" process.
Fi I'ms produced by an in-situ process have |ess surface roughness and

. general |y swupe3s/18r00properties when 5 conpared to fil ns’fronPels9s/03HReal
process. In-situ deposition has the added advantage of | ower processing
tenperature requirenments which nakes in-situ deposition conpatible with,
a wder variety of substrate material s. In-situ processes require

heating the substrate 10mum£0£:rws %ng»lbepaeda% b&ééﬂselwﬁ reéwsrdsed
deposition temperalul Seudd BS Th1RSS céé‘uz%7V$1 e by R p80%nt
invention. .
FIG. 3 shows an x-ray diffraction pattern of a
5 superconducting thin- f£film made by the invention.

" FIG. 4 shows a plot of the inductive frequency
response vs. temperature indlcatlng the onset of
superconductivzty in a £ilm made by the present
1nventlon.

10 FIG. S shows an x-ray diffraction pattern on a log
'scale_of a Tlp, sPby, 5SrzCaCuz0y film'made by the preserit
invention. _ o .
DETAILED DESCRIPTION OF THE INVENTION
In the following detailed description, unless
15 otherwise specifled, all’ percentages are by welght and
all temperatures are in degrees Celsius.
~ Relatively volatzle and involatile oxides are-
defined as follows. A thin film in accordance with this
invention can generally be characterized by the general
20 formula

ges

where "y"'is the relative number of moles of oxide A and
“z" is the relative number of moles of oxide B, wherein
oxide B can be a single or multicomponent oxide, required
‘to form the desired stoichiometric compound relative to A
25 and B ge;~§g In some cases, addltlonal oxygen may be
required to satisfy the stoichiometry. When "A" and "B"
are involatile oxides, stoichiometric thin film growth
requires that | '

fd(d)/et] = {d(B)/dt) x (y/z)

where [d(A)/dt] and_id(B)/dt] are the‘relative deposition
30 rates of A and B in units of moles/second.
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; .mechani cal anchoring of the substrates to a heated b| ock as di scussed
i'n R W Sinon, SPIE Proceedings Vol. 1187, p. 2, edited bﬁ g 6
" Venkat esamQ 9pa80eshed by SPIE 15 Bellingham WA (1989). %H Bl ock
IS made of a material that is conpatible with an oxygen atnosphere and
has good thermal conductivity such as nickels Good t hermal contact
- between the substrate and the block is . usually provi ded by a conpound

wi th high thermal 20 nducti.vity such .a ver sie
met hods of the prior art Har&? Bge% R FR ?%v l(fect'aﬁ‘Pﬁr?Fl‘f‘% of
oxi des of reLativeb&ldenBN dti evaporates ¢egm(ahechgxﬁag¢ lod] by . gHdMing i or

art methods of fmﬁ razng dalizsh ! thd idFhally sV8PK 1 SIRRAY bleOBneNE Pim
substrates 25 hea;g eIe ated te %ure Qg%%v é qb o cause
~loss of volatile o é@ f PR Fggﬂ%$ e gé%o é%q Y°The
resul ting film%enseoichiometryuf fFer a:ttample, in the case of a TlBazCaCu20y
film, A is [T120], B is [BazCaCuz0s5), y = 1/2 and z = 1.
To compensate for this evaporation effect, the deposition
rate of the relatively volatile oxide A must be increased
' to a rate greater than [d(B)/dt] x (y/z).

10 - In accordance with this invention, for oxide A to be
a relatively volatile oxide compared to oxide B, the
deposition rate of oxide A must be at least twice as
great, and preferably more than a factor of two greater
than [d(B)/dt] x (y/z), i.e., the deposition rate of

15 oxide B times the stoichiometric ratic of oxide A to
oxide B to obtain the desired stoichiometric film of
composition AyB; under the desired deposition conditions
(i.e., for a given substrate temperature, background gas
pressure, and total deposition rate) .

20 ° In accordance with the present 1nvention, separate
sources of the volatile oxides and the relatively
involatile. oxides of the film material are employed
during vapor'depesition of the material onto a substrate,
The sources of volatile and/or involative oxides need ﬁot

25 contaih oxygen per se, so long as the speeies produced
therefrom can be converted to an oxide, such as by
reacting with oxygen in the deposition atmosphere, or can
be converted to an.oiide at the surface of the growing
film, such as by reacting with oxygen at the surface of

30 the film. Control of the amount of volatile oxide in the
film is achieved by varying the substrate temperature,
the composition of the atmosphere e@pioyed during vapor -
deposition, and rate of deposigion'of the volatile oxides
onto the substrate. ' |
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volatile oxide to produce the desired stoichiometry and. crystal'

~ Structure. Although substrates heated to | ower 30 tenperatures

- enpl oyed owoi93gisaeposition, the films deposi ted on thosé’@ﬁg§¥4’%'é§ are
anor phous and therefore must. be subjected to an additional  annealing
Step - subsequent to deposition. A geed therefore exists for a
met hod of producing 35 in-situ thin filns of materials that conprise

volatile Control of substrate temperature, choice of

atmosphere,-as well as the rate of deposition of the
volatile oxides depends on the composition desired in the
film. Generally, the volatile and involatile oxide

S | components of the film are placed into an atmosphere of a
mixture of an inert gas and an additional gaseous
component for deposition onto the substrate. The
atmosphere selected depends on the composition sought in
the resultant film. Typically, where the film to be

10 : formed is an oxide, the additional gaseous componert is
an oxygen containing gas such as oxygen. Although the
pexcentages of inert gas and the additional gaseous
component may vary, a sufficient amount of inert_gas
should be present to enable deposition of the oxides on

15 the substrate. The partial pressure of the additonal
gaseous. component is sufficient to reduce evaporation of
‘the volatile oxide from the film. Accordingly, where
oxide films of T1-B-Ca-Cu. are' to be formed, such as oxide
films of TlBazCaCu207, TlBazCazCu3z0g, TlzBazCaCu20g,

20 leBazCazCU3010, and TlBaz(Caj-xY¥x)Cu207 wherein x is 0 to
0.6, the additlonal_gaseous component in the atmopshere
is oxygen. The partial pressure of oxygen in that
atmosphere may vary from about 3 to about 133 Pa
(0.5 mtorr to 1 torr), preferably about 13 Pa (100 mtorr)

25 in order to reduce evaporation of T120 from the film
being deposited. '

" The substrate temperature employed during deposition
of the film also.depends on the composition of the film
to ‘be deposited. Generally, the temperature ia '

30 sufficient to cause growth of the desired compos;ton but
less than that which might cause the film to be deflclent-
in the volatile oxide species. Accordingly, where the
film to be deposited is a Tl-Ba-Ca-Cii oxide such as .
'i‘l'BazCazéuzO-/, TlBaz?észu;;_Og’ T1l2BazCalu20g, . '

35 . leBa2Ca2Cﬁ301o. and tlBaz(Cal-xYx)Cuzov where x is 0 to
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3. OX|des but which avoids the dlsadvantages of the prior Cart

met hods. . SUMVARY OF THE | NVENTI ON Thi s

_inventionyw@wRfigss an in-situ process for 5 preparing thinpgvusere2i62
material containing volatil-e and relatively involatile oxides which
enpl oys separate sources of the volatile @nd relatively involatile
oxi des during depositon of the thin film ‘In particular, the

process may be enployed to prepare in-situ, crystalline 10 thin filnms of
oxi de super conduct o3 6,| gubstrate erﬁheres of, Hfinenf pbpyt 040G gesabput

i ncl ude both rel ati vloyc, préﬁﬁm? hgogglsigycaa.ayebé g@j,myéda oxi des t hat
tend to be ost fromstimglamy, tlhlemrg 2' {,‘9 éeposi%rig%té bé/ voq. ile
oxide species depends on the material to be deposited.

5 Generally, the rate of depoéiton of the volatile oxide
species is at least twice as great as the rate of
deposition of the relatively involatile oxide or oxides
times the stoichiometric ratio of volatile to relatively
involatile oxide or oxides during deposition. Where the

10 film material to be deposited is a T1-Ba-Ca-Cu oxide such
' as TlBazCaCuz07, TlBazCazCu3Og, T1zBazCaCuz0g,
lesagCazcu3o1o, and TlBas{(Caj-x¥x)Cu207 where x = 0 to
0.6, a minimum deposition rate of the volatile Tl oxide
: is about 10 nm/houf, preferably about 360 nm/hour.
‘15 The involatile oxides to be depoéited'éan be
. provided in several well known ways. For example, when
. the sources of involatile oxides are inorganic oxides,
" radio frequency ‘sputtering or' laser ablation of the
inorganic -oxide can be used to provide the involatile
20 oxide.. Preferably, radio freéuency sputtering is
employedh If the sources of nonvolatile oxides are
organometallic compounds, the compounds are volatilized
and the organic componeht-thereof is burned off as the
compound is deposited onto the substrate.
25 A variety of materials that comprise both volatlle
~ and involatile oxides may be deposited in accordance with
the invention. Accordingly, oxides of Tl-Ba-Ca-Cu,. '
preferably TlBazCan~.iCunO2n+3, where n = 1, 2, 3 or 4;
'leBazcan-1Cun02n+4, where n =1, 2, 3 or'4; and
30 Tlg.sPbg,5Sr2Can-1CunO2n+3, where n = 1, 2 or 3; and .
.Tlg,sPbp, sSr2CaCu207; most preferably TlBazCaCu207,
T1BazCazCu3Og, -T1BapCaCuz0g, TlzBazCazCu3Oip, and
T1Ba3 (Caj—xYx) Cu207 wherein x = 0 to 0.6 are employed.
Deposition of oxides of TlBaCaCu to provide thin
35 films of, for example, T1BazCaCuz07, TlBazCazCu3zOg,
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. dep05|t|on are produced The process al so enabl es 15 deposition on

substrates- heated to relatively |ow: tenperatures to provide a

‘crystal |i newdbsyigidom Thus, the present invention cBEp/USIZH2E62
nmet hod - of formng in-situ crystalline thin filnms frommterials

that include both relatively involatile oxides @and 20 volatile oxides that
are susceptible to evaporative loss - fromsalrd thin filmduring vapor

deposition conpri sing ' roviding a fir squrce of .sa{ d
volatile - oxides, YiBazCaCuz0s, Tﬁ%ﬁﬁgﬁﬁ?¢ﬂ?9&gsé?gtaﬁé@ﬁ?§§41ﬁ¥*ggY€§7

re! atively 25 _ i nvol avhéxeigxixdes0 to 0.6 is accompilbgived thngpssteri nvol atil e
oxi des from said a 1%%“'6?e89nt@a aan%%%t E%{{? dhide t%%‘é%rfﬁtéﬂe

_depositing a sufficient. anount vol afi | rom . gsai é;c ,
source onto said subs?¥%ﬁ????)ﬁ5r3&?gév o “3he amount’s o Ba, Ca "aidlcu 1n
. the target depends on the compositzon sought in the

Tl-Ba~-Ca-Cu thin films. Accordingly, targets of
BazCaCusz are used in forming T1BazCaCuz207 and
TlBazCaCuz0g £ilms. Targets of BazCazCu3Ox are used in
_formihg TlBasCasCu30Og and TlzBazCasCusOjp, and targets of
10 Baz(Caj-x¥x)Cuz07 are used to produce TlBaz(Cai.xYx)Cu207,
wherein X =0 to 0.6 films.
‘ Generally,-and in accordance with the invention, a
substrate to be coated with the film is mounted onto a
substrate block heater. The substrate-heater assembly is
15 placed into a spuﬁtering chamber that contains the
desired atmosphere for_deppsition, The choice of
substrate'may vary depending on the £ilm that is to be
deppsited} prbvided that the substrate and film have a
~ close lattice match. Where oxide materials such as
20 Tl-Ba-éa-Ch_are debosited, suitable substrates include
. LaalO0s, NdGaO3, SrTiO3, preferably LaAlO; and NdGaO3.
~ Together with the substrate heater assembly,
separate sources of the invola;ile_and.the.voiatile
oxides that provide the-film are placed into'a sputtering
25 deposition chamber. Typically, the sources of involatile -
oxides are targets ahat_contain those oxides. The
targets are vaporized by conventional methods such as
radio frequency sputtering or laser ablation to provide
the relatively involatile oxides to the substrate. Such
30 . relatively involaﬁile.oxides comprise oxides of Ba, Ca
and Cu, for example, BaO, CaO and Cuo.

' ~The separate source of the volatile oxides, for
example, PbO. and Tl20, to. be deposited onto the substrate
can be heated, for example, in the deposition chamber to

35 volatilze those oxides for deposition onto the film.

5 " This Sheet Has Been Replaced
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30 crystalllne thin filmof the speC|f|ed'st0|ch|onetry

BRI EF DESCRI TPTI ON OF THE DRAW NGS FIG 1 shows an x- ray
diffraction pattern on 4 linear (Fig. la) and a log (Fi

a "phase WO 93418200 Tl Ba2CaCu[err](Jerr] filtm nmade by the prgg‘jfi)s?%@rﬁil
4 FIG 2 shows a plot of the resistivity versus

10

15

20

25 -

30°

35

9

EXAMPLE 1
A thin film of TlBazCaCuz07 on a LaAlO3 substrate was

prepared. A 12 mm square [100] oriented single crystal

LaAlO3 substrate 0.5 mm thick was ultrasonically cleaned
in VLSI (very large scale integfatipn) grade 1,1,1-tri-
chloroethane for 5 minutes. Without drying, the
substrate was immersed in VLSI grade acetone with
ultrasonic agitation for 5 minutes. Without drying, the
substrate then was immersed in VLSI grade isopropanol
with ultrasonic agitation. Finally, the substrate was
spray rinsed with VLSI grade isopropano; and blown dry
with clean filtered nitrogen. - : '
After cleaning, the substrate was mounted onto the

solid nickel (resiétively heated) substrate heater block
with silver paint. The substrate heater/holder assembly
was placed into the vacuum sputter deposition chamber. and
electrical connections to the resistive heating element
were made. A thermocouple temperature probe (standard
type K inconel sheathed the:mocbpplel was inserted into .
the heater block to provide a temperature signal for a
standard feedback type programmable temperature
controller (model 818P4 from Eurctherm Corp., 11485
Sunset Hills Rd., Reston, VA 22090-5286). The sputtering -
chamber was equipped wit@ two standard rf magnetron
sputter-gune (model TRS~5M from Kurt J. Lesker Co., 1515
Worthington Ave., 01airton, PA 15025) with a 3" (7.6 cm)
diameter BazCaCuzox target in ‘each gun. The targets were
made by standard hot pressing of a stoichiometric powder
mixture of the individual oxides (BaO, Ca0, and CuO).
The guns were oriented in an "off-axis" configuration to
reduce negative ion bombardment effects on the
substrates. " - .

~ A separate vapor source of T1l20 from either T1203 or
T120 powder ﬁas included in the sputtering chamber. The
vapor'source was a hollow cruc;ble of nickel that was

T Iin



—*—“féﬁﬁETEFG?E'for a TIBazcaCUZCIerr] f|In1nade by t he present ~invention.

+FIG 3 shows an x-ray diffraction pattern of a 5 superconducting thin film

‘made -by the invention. FIG 4 shows a plot of th
f requencW0 93/18288 ponse vs. tenperature indicating the onsgié'gggg’bﬁ%z

-superconductivity in a filmnmade by the present - invention. 10
FIG 5 shows an x-ray diffraction pattern ogga | og scale of a
TI[err]Pb[err] Sr2CaCu20[ err] f|In1nade by the present i nventi on.

DETAI LED DESCRI PTlH\hg:o;LEervvl i ecFP?e%lr a1|2° gomgrf Olfh%"‘%@gkgft@éé ed

description, unless 1 er ceént ages are wer ght
and al | tenperkeahess bar etandmmscémlwting element@{ at‘lib\PeIV?Por

volatile and invol gdddcR PakUBSadé® into the sputtering chamber directly
below the substrate heater. A thermocouple temperature
5 probe (standard type K ihconel'sheathed thermocouple) was
' inserted into the nickel crucible to provide a
temperature signal for a standard feedback type
programmable temperature controller. '

_ The sputtering.chamber was evacuated to less than
10 1075 torr (1.33 x 103 pa) by a standard turbo pump (model
TPU 330 with a TCP 305 electronic drive from Balzers,

8 Sagamore Park Rd., Hudson, NB 03051)'backed by a.
. standard chemical series mechanical pump (model 2020CP
from Alcatel vacuum Products, 40 Pond Rd., South Shore
15 Park, Hingham, MA 02043). An Ar gas flow of 25 sccm
(standard cubic centimeters per minute) and an 02 gas
flow of 25 scem into the sputﬁering-chember were
.establlshed by standard mass flow controllers The
electronic drive unit for the turbo pump was placed in
20 the pressure feedback mode to control the sputtering
pressure at 200 mtorr (26.7 Pa) .

The substrate heater temperature and the vapor
source temperature were raised to 550°C at a rate of
15°C/min. After reaching 550°C, the -temperature of the

25 vapor source was adjusted to give a deposition rate of
0.6 A/sec (0.06 nm/sec.) on a quartz crystal rate monitor
(model IC6000 from Leybold Inficon, 6500 Fly Rd., East
Syracuse, NY 13057) located near theé substrate heater.
The rf magnetron éputter'guns.then were activated with

30 100 watts of rf power to each gun to generate a
deposition rate of about 450 A/hr (45 nm/hr) at the
substrate. After one hour, the rf power was turned off,
the gas flows turned off, and the system was backfilled
with Oz to a pressure of 500 torr (6.65 x 104 Pa). at

I
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~definied as follows. A thin filmin accordance with this. i nvention can
general |y be chardcterized by the general 20 fornula

[err] WwWO9B#18200y" i s the relative nunber of noles of oxi BEV/NSIyg262 .0 )
"is the relative nunber of noles of oxide B, wherein oxi de B can be a
single or nulticonponent oxide, required 150 formthe desired
stoichionetric conpound relative to A 25 and B per se. In sone cases,
addi ti onal oxygen required to 52 i sfv the stoi hlonetry

a0 and g "%, e, Fhme, £LRSO AR SRR AL R, SRR A he) PRRRE A
requires that began cooling bagki(td) /mbojm tefp¢Byuked at @ponk 15°C/min-

The x-ray diffraction pattern of the film produced
by the in-situ method of this example is shown in Fig. 1.
5 The black triangles A represent LaAlO3 (h00) and the
white triangles B reptesent the 1212 (001) phase'of
- TlBazCaCu207. The diffraction pattern showed well defined
peaks of the Tl1BazCaCu207 phase with no other phases
~“detected. ' These péaks also showed that the film is
10° highly oriented with the c-axis perpendicular to the
substrate surface. The resistivity versus temperature
| . for a similar film which was grown at 565°C instead of
- : , 550°C is shown in Fig. 2. The film showed an onset of
superconductivity at about 80°K, but did not reach zero
15 resistance until about B8°K.
EXAMPLE 2
The procedure of example 1 was followed except that
Ba2{Cag,6¥p.4)Cu20x sputtefing targets were uséd (in place
of BazCaCuz0y), Ar/N20 was used'in“place of Ar/0O2 as the
20 sputtering gas mixturé, the thallium oxide evaporation
rate was increased to 1.0 A/sec'(o.l nm/sec), and
deposition was followed by raising the substrate heater
temperature to 725°C in 500 torr (6.65 x 104 pa) of 02
and holding at that temperature for '240 minutes before
25 cooling to room temperature.
The x-ray diffraction pattern of the
T1lBaz (Cag.6Y0.4) Cu207 film produced by'this example is
shown in Fig; 3. The diffraction pattern showed well
~defined peaks of the T1Baz(Cap.gYo.4)Cuz07 phase with no
30 other phases detected. These peaks also showed that the
film is highly oriented with the c-axis perbendicular to
the substrate surface. This x-ray diffraction pattern
was nearly identical to that shown for the Example 1
except that the crystalline lattice constant was reduced
35 due to the partial substitution of Y for Ca in the
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where [d(A)/dt] and [d(B)/dt] are the relative depositipn 30 rates of A
and B in units of noles/second. : 5
- Wien oxi de woig3/1820t i vel y vol atile compared to oxi de B, RGI/U$EYBRE2 s
frdn1the surface of the gromnng '

10.

15

20

25

30

12

lattice and the increased ongen content due to the

240 minute soak in 02 after deposition. An inductive
eddy current measurement (taken using the model 7500 from
Lake Shore Cryotronics, 64 East Walnut St, Westerville,

OH 43081-2399) of the film produced by Example 2 is shown

in Fig. 4. Fig. 4 showed the onset of_super-conductiﬁity
in this sample at about 55°K.
EXBMPLE 3

The procedure of Example 1 was followed except that
Pbg, sSra2CasCui0x sputtering targetS-were used (in place of
BazCaCu20x), Ar/N20 was used in place of Ar/0O2 as the
sputtering gas mixture, and the thallium oxide
evaporation rate was increased to 1.0 A/sec (0.1 nm/sec).
| The x-ray diffraction pattern of the
Tlp. spbo 5SrzcaCu207 film produced by this example is
shown in Fig. 5. The diffraction pattern showed well
defined peaks of the_Tlogsto,$SrzCaCu207 phase. The
excess Ca and Cu from the targets relative to the desired

'Tlo,sto.ssrzcaCuzov phase likely formed a CaCuOxide phase

intermixed with the desired Tlg, sPbg, s5Sr2CaCuz07 phase.
The X-ray diffraction peaks also showed that the. £film is
highly oriented with the c-axis perpendicular to the

substrate surface.

Other embodiments of the invention will be apparent
to those skilled in the art from consideration of the
specificatlon, or from practice of the invention

- disclosed herein. It is intended that the speciflcatlon

and examples be considered as exemplary only, with the
scope and spirit of the invention being indicated by the
follcwing claims.
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*filmand causes the actual stoichionmetry of the film (Ay'Bz) to deviate
significantly fromthe ideal AyBz 5 stoichionetry. For exanple, in the
case of awlBaB2aLu2C err|] film Ais [T120], Bis [Ba?@[%!ﬁa’ ], vy

"= 1/2 and z = 1. To conpensate for this evaporation effect, the

oot o areater chan [acey ot x (1%, 10 ™ Ot MBI

i nvention, for oxide A to be a_relatively volatile oxide cénparetl td
oxi de B, the dePBRT 1D FHRREDOES bxi de A nust be at least twice as
great, and preferably nore. t Famexhbdcodr fafming iprFeatercrystadilldne[ dhby/ dt ]

x (yl2)., Qe therdgposildphotheafl dae 16d6al BAIPEAL5LEL Ci oML T i C

ratio of oxide Ato aln the desired.stol Chio ric film
of conposi ti on ip¥Rlatide oxddegcand stplasidsi exidecddatirons © (i.e.,
- for a given subsirases¢epqitiiat tbceviporediivendogaStrom said thin film

' | during vapor deposition comprising, '

R providing a first source of said volatile
oxides,' : ) , : ' |
providing a second source of said relatively

10 . involatile oxides, ' | .
L _ depositing said involatile oxides from said
second source onto a substratée while concurrently -
depositing a sufficient amount of volatile oxides from
said first source onto said substrate to provide a

15 crystalline thin film of the specified stoichiometry. .

o ‘2. The method of Claim 1 wherein said volatile

- oxides are deposited at a rate at least twice as great
as the rate of deposition of the relatively involatile
oxides times the stoichiometric ratio of volatile to

20 relatively involatile oxides in the érystalline thin
films. o - ' '

3. The method of Claim 2 wherein said materials
- are selected from the group consisting of T1Ba,CaCuy04,
- T1BazCa2Cu30g, TlzBazCaCu0g, TlzBazCazCu301p, and
25 TlBaz(Caj-xY¥x)Cuz07 wherein x is 0 to 0.6, said source of
' volatile oxide is T120, and said source of relatively
involatile oxides comprising an oxide of Ba, Ca and Cu.
4.. The method of Claim 3 wherein said substrate
is heated to 400-700°C. -

30 5. The method of Claim 4 wherein said vapor
deposition occurs in_én atmosphere of a mixture of
inert gas together with either oxygen or Nzo.-
| 6. The method of Claim 5 wherein the partial
pressure of said oxygen or N20 in said atmosphere is

This Sheet Has Been-RTlaced . .

(AR




. pressure, and total l!“ﬂ““ﬂ!m”mp In accordance with the
present invention, sepim of the volatile oxi des a

-relatively WOON/18200 at i 1% G6xi HesMofStHe film material are endl 93’0%62

durii ng vapor deposition of the material onto a substrate. The sour ces
of wvolatile and/or involative oxides need not 33 contain oxygen per se, SO
long as the species produced therefrom can be converted to an oxi de,

such as by react i Q%fe é{l@{xﬁxiégepeé&e *Lf%ag‘éggﬁ% %sast @S?Eeéfidé) r

be converted to an oxi e sur | ' m su% as by
reacting with oxygen 2aid Hdlsudpaéeg clepspitipe. f| | m Cont rol of the anount
of volatile oxide in the 7, fiflh® metR6di & Tlain gaﬁyéfai;i tsalautvsi(p alse

deposi i on. ' and réthi i '%@%5&' BRofhe vt oil FperElmpet AohtS Vheo"
substr at e. . The method of Claim 6 wherein said partial
' ' ' pressure is 3 to 133 Pa.
' 9. The method of Claim 2 wherein said materials
are selected from the group consisting of .
Tlg,.sPbg.55r2Can-1Cun02n+3 wherein n is 1, 2 or 3, said
10 source of volatile oxides is T120 and PbO and said
" source of relatively involatile oxides comprises an
oxide of 'Sr, Ca and Cu.
10_._ The method of Claim 2 wherein said materials
are selected from the group consisting of
15 T1Baz(Caj-x¥x)Cu207 wherein x is 0 to 0.6, said source of
volatile oxides is T120 and said source of relatively
involatile oxides eomprises an oxide of Ba, Ca, Y and
Cu. '
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6. Control of substrate tenperature, choice,of at nosphere, as.
well ‘as the rate of deposition of the vol ati | e ‘'oxi des depends on the

- conposi ti owQalessis28d i n t he film Generally, the vol atil| epaviisos/o2i62t i | e
"oxide 5 conponents of the filmare placed into an atnmosphere of a '

1/6
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'mixture of an inert gas and an’additional gaseous
deposition onto the substrate. The

BSWBS#B#FJ§%r
at nosphere sel ect ed depends on the

_conpgﬁbggﬂgumought in the resultant film Typically, where the filmto
be 10" ~formed is an oxide, the additional gaseous conponent is an
oxygen contai ni ng gas such as oxygen. Although the per cent ages of inert
.gas and the additional gaseous conponent may vary, a sufficient anount
of inert gas .shoul d be present to e deposition of the oxides on 15
the substrate. The partial pressure ol the additonal gaseous conponent
is sufficient to reduce evaporation of the volatile oxide fromthe
film Accordingly, where oxide films of TI-B-Ca-Cu are to. bpe forned,
such as oxide
T1l2Ba2CaCu2( err],

films of TIBa2CaCU207, Tl Ba2Ca2Cu30ferr
20 Tl 2Ba2Ca2CU3d errl]
wherein x is 0 to

. _O )
Ter E] %) cu2o7
_ﬂT674{he aadi t 1 onal n_t
at nopshere ‘ ' . :
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is, oxygen The parti al pressure of oxygen in that , atnosphere may vary

from about 3 to about 133 Pa (0.5 ntorr to 1 torr), preferably about 13
Pa (100 nt qy®p3AB200i N order to reduce evaporation of T120 fr epritensiedic2

~ bei ng deposited. _ The substrate tenperature enpl oyed during
deposition of the film al so depends on the conposition of the film

~to be deposited. Generally, the terrperature Is 30 sufficient to cause

growth of the desired conpositon but 3{t$an that which m ght cause

the filmto be deficient in the vol at| | € de species. Accordingly,

where the filmto be deposited is a Tl-Ba-Ca-Cu oxide such as

Tl Ba2Ca2Cu20[ err]., TlIBa2Ca2Cu3(err], TlI2Ba2CaCu2derr], 35

Ti[err] Ba2Ca2Cu3(err],. and TIBa2 (Ca[err] Yx)Cu2(Q err] where x is 0 to

oy - lll!llllJllJll-'llllllelll]lll °
. <
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7. - 0.6, substrate terrperatures of from about 400C t o about 700C,
preferably about 550C may be enpl oyed. ' Simlarly, the rate of
deposi ti onng éte hBoyo!l atile oxi de speci es depends on the pgE/gkhiro2ied be
‘deposi ted nerally, the rate of depositon of the volatile oxide
species is at least twice as great as the rate of -  deposition of the
relatively involatile oxide or oxides

4/6

FIG.3

75000
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"times the stoichionetric ratlo of volatile to relativyely invol atile
oxi de or oxides during deposition. \Were the 10 filmmterial to be

deposi ted a- Ca- Cu oxi de such as Tl Ba2CaCu2( er / 3/02162
T BaZCaZO.}'g@gg”}#ooBTl 2Ba2CaCu2q err] T12Ba2Ca2CU3Q er r ]r]cr He
Tl Ba2(Ca[err] Y[efr])Cu207 where x = Oto 0.6, a mninmumdeposition rate
of. the volatile Tl oxide is about 10 nni hou'r, preferably about 360 )
-nm hour. 15 The involatile oxides to b ;Ig)osi ted can be
~provided in several well known ways. For exanple, when t he sour&es of
invol atile oxides pre—Rorgafie—exiaess Fado—eguency—sputter g or
| aser abl ation of he i norgani ¢ oxi dé can be used to provijde- he
involatile 20 oxifle. Preferably, radi.o frequency sputteringlis
enpl oyed. |If the spurces of nonvol atil e oxides are or ganonet a | ec
conpounds, the conpounds are vol ati- I i zed “and the organic donppnent
t herreof is burned pff as the- ' '
o
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»corrp0und is deposited onto the substrate. 25 A variety of materials-
t hat conprise both volatile and invol atil e oxides may be deposited in
accordanc the invention. Accordingly, oxides of Tl

-pr-ef erabl y ﬁqgézm([err]@nQerr], where n = 1, 2, 3 or 4; PCIIUSI/tie2

Tl 2Ba2Caj[err]CunJ err], where n - 1, 2, 3 or 4 and 30
TI[err]Pb[err]Sr[err]Ca[err]Cu[err](err], Wnere n=1 2 or 3; and
T1[err] Pb[err] Sr2CaCu20[err]; nost preferabl& gBaZCaCUZCI err],

Tl Ba2Ca2Cu3( err], Tl Ba2CaCu2g err], T12Ba2 l 3Jerr], and Tl Ba2
(Caferr]Y[err]) Cu2gerr] wherein x = 0 to 0.6 are enpl oyed. :
Deposi-tion of oxides of TIBaCaCu to provide thin 35 films of, for exanple,
Tl Ba2CaCu207, Tl Ba2Ca2Cu3(err], _

~I T 1 l'hnll T 1 I'l'h—.r;.; T r,_,,I i 8
- (200) 1
—%01vo7 |3
- — R
] | (900) i
': ' . :.g .
- (S00) 5 -
1 B Q
2 - 2
[ ] - 8 o
S - ($00) -3 3
L e _ -
TFo1voT | P
. (200) .
[4V]
N o
i Lt 1 41114.1 (I | ll"" [} qul [ | lnnn s 11 [ o :
' n « L] Y

LOG -
INTENSITY
(arb. units)

____4____.___—————————-—_

heet Has Been Replaced 'E

TR i



Tl Ba2CaCu2d err], TI'[err]BaZCaZQJ[err]qerr] and Tl BaZggmay

(71) App lwant E.I. DU PONT DE NEMOURS AND COM-
PANY [US/US]; 1007 Market Street, Wilmington, DE
? 19898 (US).

| (72) Inventor: FACE, Dean, Willett ; 710 Ashford Road, Wil-
mington, DE 19803 (US).

? (74) Agents: MAYER, Nancy, S. et al.; E.I. du Pont de Ne-
mours and Company, Legal/Patent Records Center,
1007 Market Street, Wilmington, DE 19898 (US).

'_'('Ca[err]Y[err])OJ[err] gerr] whereirn x = 0to 0.6 is “:,' It ahed by
spytter tion of wBap iGaLandaCErRdrEDmonEANImTioar get s i I\ b
presence of vapor. The anount $"BfBL "3 and Cu in 5 the target
de JG“dﬁqfﬁkﬁiﬁommLtcmoumwusnnb UNDER THT PA RN 1000 GHER ATION TRERTY (PCT)
Ackordi Aghy to.. . Baz2Cafu?2 —are—used—n—fornng- 93/18200
Tl idQMEX"é‘r ]“‘69?6" “"’"'?‘I Ba2CaCli[ er k(]”(ﬁ"‘é‘i"}“]”“f‘ Rublication Nprpher:s of WO 93/1
BagCa2@gpeid/gImvad are used in [ Alf %ﬁm..&%«%kﬁ%@@ﬁ&}ﬂaﬁ! r ] fd sBfilokbe6h (16.00.93)
T1¥Ba?2 err] 3Jerr]. and targets Q '
? (21) International Application Number: PCT/US93/02162 | (81) Designated States: CA, JP, KR, European patent (AT, BE,
3 CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL,
| (22) International Filing Date: 10 March 1993 (10.03.93) PT, SE).
| (30) Priority data: , Published
4 07/850,621 13 March 1992 (13.03.92) USs With international search report
: 07/984,134 9 December 1992 (09.12.92) US Before the expiration of the time limit for amending the
‘ ' claims and to be republished in the event of the receipt of
5) amendments. )

(54) Title: PROCESS FOR PRODUCING THIN FILMS OF INORGANIC OXIDES OF CONTROLLED STOICHIOME-
TRY . '

vy

: & NdGaDy(h0O)
(57) Abstract a 1212(001)

i A
: An in-situ process for preparing thin films '
1 which contain volatile and relatively involatile

.| oxides is disclosed, in particular, crystalline thin  yyrENSITY
4 films of oxides of superconductors or precur- {o.u.)

i} sors,wherein separate sources of the volatile and

i relatively involatile oxides during deposxtion of

1 the thin film are employed.

."). 1.0. Il.'>. 2'0 2'5. 3I0. 35. 40. 45. 50. S5.
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~% ' dogsi\-& o
10 Ba2(Caferr]Y[err])Cu[err](Jerr] are used to produce

<Tl Ba2(Ca[err]Y[err])Cu[err]J.err], " wherein x - 0to 0.6 filns.
Generally, and in accordance with the invention, a substrate to be
coated with the filmis nounted onto a substrate bl ock heater. The
substrate-heater assenbly is. 15 placed into a sputtering chanber that
contains the desired atnosphere for de%osition. The choi ce of
substrate may vary depending on the filmthat is to be deposi ted,

provi ded that the substrate and fil mhavédd&E c|lose lattice match. Were

oxide materials such asréEsE FBR- FROSUCAIE THRINROFTLRSY, OB UINGREANISUbLST r at es

i ncl ude LaAlJerr], NdG q‘&é@%@’e‘ﬁg{ﬁ;ﬁ %&éﬁéﬁ?@a?nd NdGag err]. |

Toget her with the substrate” Separat e Sources of the
involatile and the volatile e filmare placed

!ntoia sfuttqving 25 HeNPSinveAB 16RFORItes LR hethyds tfer $Hodueingf thin
Involatile films of high temperature superconducting oxides and
other materials. ' b

This work was preformed in part under funding from
10 Wright-Patterson Air Force Base. The United States
Federal Government may have license rights to the
invention claimed herein.
BACKGROUND OF THE INVENTION
‘Thin-films have been prepared by a number of
15 deposition methods including evaporation, sputtering,
- laser ablation, and metallo-organic chemical vapor
; 'deppsition (MOCVD), see, for example, "Thin Film
'Processes II%, (J. L. Vossen and W. Kern, eds.), Academic
i Press, New York, 1991:'Handbodk'of Thin Film Technology",
20 (L. I. Maissel and R..Glang, eds.) McGraw Hill, New York,
1970, and R. W. Simon, Solid State Technology. P. 141,
September, 1989. o o
The thin film deposition processes of the prior art
typically depend on the substrate temperature. When the
25 tgmpeiature of the substrate onto which the thin film of
¥Ba2Cu307-x is.being deposi;ed is low, the resulting film
is amorphous and insulating. A high-temperature post-
deposition anneal at 800-900°C in oxygen is required to
convert the amorphous precursor film into a
30 superconducting film with the correct crystal structure.
This'two-step process is referred to as a "post-anneal"”
process. However, when a thin-film such as YBasCuszO7-x is
deposited onto a substrate heated to about 550-750°C, the
- resulting thin-film is crystalline and superconducting as

| | RePLACEMENT sheer
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oxides are targets that contain those oxides. The targets are

vaporized by conventional nethods such as - ‘radio frequency sputtering or
| aser abl ation to provide the relatively.involatile oxides to the
substrate. Such 30 relatively involatile oxides conprise oxides of Ba, Ca
and Cu, for exanple, BaO CaO and CuQ The separate source of the
vol ati |l e oxi des, for exanpl e, PbO and® T120, to be deposited onto the
substrate can be heated, for exanple, - in the deposition chanber to 35
vol atil ze those d¢pPgdtedor mgm%ﬁsohsoremrred o as an "in-situ®
process.

Films proddced by an in-<situ process have less
surface roughness and generally superior properties when
5 compared to films from a post anneal process. In-situ
deposition has the added advantage of lower processing
temperature requirements which makes in-situ deposition’
compatible with a wider variety of substrate materials.

In-situ processes require heating the substrate

10 uniformly and reproducibly to the required deposition’
temperature. These methods involve direct thermal and
mechanical anchoring of the substrates to a heated block
as discussed in R. W. Simon, SPIE Proceedings Vol. 1187,
P. 2, edited by T. Venkatesan, published by SPIE

15 Bellingham, WA (1989). The heated block is made of a
material that is compatible with an oxygen atmosphere and
has good thermal conductivity such as nickel. Good
‘thermal contact between the substrate and the block is
usually provided by a compound with'high thermal

20 conductivity such as silver paste.

The methods of the prior art have been useful to
provide thin films of oxides of relatively involatile
oxides (as defined below). The prior art methods of
forming in-situ films by vapor deposition onto substrates

25 heated to elevated temperatures, however, tend to cause

' loss of volatile oxides from the £film during the
deposition. The resulting film teénds to lack sufficient-
volatile oxide to produce the desired stoichiometry and
crystal structure. Although substrates heated to lower

30 temperatures may be employed during deposition, the films
deposited on those substrates are amorphous and therefore
must be subjected to an additional annealing step
subsequent to deposition. '

A need therefore exists for a method of producing

35 din-situ thin films of materials that comprise volatile

- REPLAGEMENT SH%ET
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9 EXAVPLE 1 Athin film of

: TI Ba2CaCu[err]Jerr] on a LaAl O3 substrate was - prepared. A 12 nm square
(100) oriented single crystal LaAl 3 substrate 0.5 mmthick was
ultrasonically cleaned 5 in VLSl (very |large scale integration) grade
1,1, 1-tri- chl oroethane for 5 mnutes. Wthout drying, the
substrate was imersed in VLSI grade acet@ne with ultrasonic agitation
for 5 mnutes. Wthout drying, the substrate then was i mersed in VLS

grade isopropangkijdds pit Rindlch’ 898046 @l (AldadVantEhe8l dey tHehprivbstrate
was art methods.
SUMMARY OF THE INVENTION
This invention comprises an in-situ process for
5 preparing thin films of material containing volatile and
. relatively involatile oxides which employs separate
sources of the wvolatile and relatively involatile oxides
during depositon of the thin film. 1In particular, the
pfocess may be employed to prepare in-situ, crystalline
10 thin films of oxide superconductors. In-situ crystalline
thin films of oxides that include both relatively
involatile oxides as well volatile oxides that tend to be
lost from the thin f£ilm during its formation by vapor
deposition are produced. The process also enables
15 deposition on substrates heated to relatively low
temperatures to provide a crystalline thin film.
Thus, the present invention comprises a method qf
forming in-situ crystalline thin films from materials
that include both relatively involatile oxides and
20 volatile oxides that are susceptible to evaporative .loss
from said thin film during vapor deposition comprising,
prdviding a'first source of said volatile
oxides, . :
' providing a second source of said relatively
25 involatile oxides, ' : '
depositing said involatile oxides from said
second source onto a substrate while concurrently
depositing a sufficient amount of volatile oxides from
said first source onto said substrate to provide a
'30 crystalline thin film of the specified stoichiometry.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows an x-ray diffraction pattern on a
linear (Fig. la) and a log (Fig. 1b) scale of a "phase
pure" TlBazCaCuz07 film made by the present invention. -

| g
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spray rinsed wth VLSI grade isopropanol and bl own dry wi th clean
filtered nitrogen. After cleaning, the substrate was nounted onto
t he solid nickel (resistively heated) substrate heater block 15 wth
silver paint. The substrate heater/hol der assenbly was placed into the
vacuum sputter deposition chanber and dl ectrical connections to the
resi stive heating el enent were made. A thernocoupl e tenperature probe

- §ﬁt aﬂda[d " txl:pte K kﬁépgflsrﬁtwtahﬁdtoih&m@wsﬁ)st%&tyné@{wﬂ into 20
e heater ock, to_provide e at ur i g or.a st andar

f eedback type pr&ﬁ?‘g%‘ﬁ%'b‘?’ée t%’rfp&ngﬁéﬁéeaguz%aoﬁ?#%lﬁqe BB BISPH Y rom

Eur ot herm Cor p., ibvd86ion. Sunset Hills Rd., Reston, VA 22090-5286). The

sputtering chanbe S | W t adand ron 25 .
sputter guns (nodel Til%wg1 %ﬁ&?‘t W\L]-.nge's ejPSE Co, ?’E‘lg%tmr@fw)a?t hi ngt on
Ave., Clairton, PBHP¢5goRjuching thin f£ilp mage by the invention. :

FIG. 4 shows a plot of the inductive frequency
response vs. temperature indicating the onset “of
superconductivity'in a film made by the present
invention. _

10 FIG. 5 shows an x-ray diffraction pattern on a log
scale of a Tlg.sPbg,sSr2CaCuz07 f£ilm made by the present
invention. _ |

RETAILED DESCRIPTION OF THE INVENTION -

In the following detailed description, unless

15 otherwise specified, all percentages are by weight and
all temperatures are in degrees Celsius.

Relatively volatile and involatile oxides are
defined as follows. ‘A thin f£ilm in accordance with this
invention can generally be bharacterized by the general

20 formula

| AyB:

where “y" is the relative number of moles of oxide A and -
"z* is the relative number of moles of oxide B, wherein
oxide B can be a single or multicomponent oxide, required
to form the desired stoichiometric compound relative to A -

25 and B per se. In some cases, additional oxygen may be
required to Satisfy the stoichiometry. When "A" and "B"
are involatile oxides, stoichiometric thin film growth
requires that

{d(n)/et) = [d(B)/dt] x (y/2)

where [d(A)/dt] and id(B)ldt] are the relative deposition
30 ‘rates of A and B in units of moles/second.

TN
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di ameter Ba2CaCu2(Jerr] target in each gun. The targets were - made by
standard hot pressing of a stoichionetric powder m xture of the

i ndi vi dual oxides (BaO, CaO and CuO. 30 The guns were oriented in an

"of f-axis" configuration to reduce negative ion bonbardnment effects on
~the substrates.’ ‘A separ at g vapor source of T120 from either
Ti2 err] or T120 powder was included in the sputtering chanber. The

35 vapor source vias g oLL 0fb F 44 YeTalivil§KRi1ddille Wipared to
oxide B, it evaporates from the snrfgce of the growing
£ilm and causes the actual stoichiometry of the film

- (Ay'Bz) to deviate significantly from the ideal AyB.

5 stoichiometry. For example, in the case of a TlBazCaCu207
film, A is [T120}), B is [BazCaCuz0s), y = 1/2 and z = 1.
To compensate for this evaporation effect, the deposition
rate of the relatively volatile oxide A must be increased
to a rate greater than [d(B)/dt] x (y/z). ' .

10 In accordance with this invention, for oxide A to be
a relatively volatile oxide compared to oxide B, the
deposition rate of oxide A must be at least twice as
great, and preferably more than a factor of two greater
than [d(B)/dt) x (y/z), i.e., the deposition rate of

15 oxide B times the stoichiometric ratic of oxide A to
oxide B to obtain the desired stoichiometric film of
composition AyB; under the desired deposition conditions
‘"{i.e., for a given substrate temperature, background gas
pressure, and total deposition rate). '

20 In accordance with the'preéenﬁ invention, separate
sources of the volatile oxides and the relatively
involatile oxides of the film material are employed
during vapor deposition of the material onto a substrate.
The sources of volatile and/or involative oxides need not

25 coqtaih oxygen per se, so long as the species produced
therefrom can be convérted to an oxide, such as by
reacting with oxygen in the deposition atmosphere, or can
be converted to an.oiide at the surface of the growing
film, such as by reacting with oxygen at the surface of

30 the £ilm. Control of the amount of volatile oxide in the
film is achieved by varying the substrate temperature,
the composition of the atmosphere employed during vapor
deposition, and rate of deposition of the volatile oxides
onto the substrate.
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10 filled wth either T1203 or T1[err] O powder. The nickel was

heat ed by standard resistive heating el enents. The vapor source was

pl aced into the sputtering chanber directly bel ow t he substrate heatér.
A thernocoupl e tenperature 5 probe (standard type K inconel sheat hed

t her nocoupl e) was inserted into the nickel crucible to provide a
tenperature signal for a standard feedback type pr ogr ammabl e
tenperature controller hanber. was evacuated to

| ess than 10 10[err] ?Qﬂﬁxo 19533§D§§f§§%fé3§§?%8§“5°St ?jcﬁﬁrbo punp

( model . TPU F80nagriers . Tep Bebl cisdiheomatedof vdeposihipal o&r the
volatile oxides depends on the composition desired in the
film. Generally, the volatile and involatile oxide

5 components of the film are placed into an atmosphere of a

mixture of an inert gas and an additional gaseous
compenent for deposition onto the substrate. "The
atmosphere selected depends on the composition sought in
the resultant f£ilm. Typically, where the film to be

10 formed is an oxide, the additional gaseous component is
an oxygen_containing gas such as oxygen. Although the
percentaées of inert gas and the additional gaseous
component may vary, a sufficient amount of inert gas
should be present to enable deposition of the oxides on

15 the substrate. The partial pressure of the additonal
gaseous component is sufficient to reduce evaporation of
‘thie volatile oxide from the film. Accordingly, where
oxide films of Tl-B-Ca-Cu are' to be formed, such as oxide
f£ilms of T1BayCaCuz07, TlBazCazCu3Og, TlzBazCaCuzOg,

20 T1zBazCazCu303p, and TiBaz(Ga;.ng)CuzOq wherein x is 0 to
0.6, the additional gaseous component in the atmopshere
is oxygen. . The partial pressure of oxygen in that
atmosphere may vafy.from about: 3 to about 133 Pa
(0.5 mtorr to 1 torr), preferably asbout 13 Pa (100 mtorr)

25 in order to reduce evaporation of T120 from the film
being deposited. ' _

The substrate temperature employed during deposition
of the film also depends on the composition of the film
to be deposited. Generally, the temperature is

30 sufficient to cause growth of the desired compositon but
less than that which might cause the film to be deficient
in the volatile oxide species. Accordingly, where the
film to be deposited is a Tl1l-Ba-Ca-Cu oxide such as
TlBa2CazCu207, T1BazCa2Cu30y, Tl2BazCaCuz0g,

35 TlzBazCazCu3010, and T1lBaz(Caj-x¥x)Cu207 where x is 0 to




8 Saganore Park Rd, Hudson, NH 03051) backed by a - standard chemni cal

seri es nmechani cal punp (nodel 2020CP from Al catel vacuum Products, 40
Pond Rd., South Shore 15 Park, H ngham MA 02043). An Ar gas flow of 25
seem . (standard cubic centinmeters per mnute) and an (Jerr] gas

flow of 25 sccminto the sputtering chanber were est abl i shed by standard
mass flow controllers. The el ectronic drive unit for the turbo punp was
placed in 20 the pressure feedback node to control the sputtering

pressure at 200 Grbor sSubsbrateemperatures ofhEremAkouk é‘ﬁ’é’ﬁté@ aRPfer at ur e
and the vapor  70080I§fe SR @At WEE0°C ahfie be @niplQyedr.] C at a rate of

adi Usted o give o ASABLIRRDY (S Bce of ugbBafiied of tne' Piagity! 08 Te
quartz crystal raxidenspecdes dependsm@n theswvateriainticeygodeprpaitedn, 6500
Fly Rd., East Generally, the rate of depositon of the volatile oxide
species is at least twice as great as the rate of
deposition of the relatively involatile oxide or oxides
times the stoichiometric ratio of volatile to relatively
involatile oxide or oxides during deposition. Where the

10 f£film matgriallto be deposited is a Tl-Ba-Ca-Cu oxide such
as TlBazCaCu207, TlBazCazCu309, Tl2BazCaCuz0g,
Tl2BazCazCu3z010, and TlBaz(Caj-xYx)Cu207 where x = 0 to
0.6, a minimum deposition rate of the volatile Tl oxide
is about 10 nm/hour, preferably about 360 nm/hour.

15 The involatile oxides to be deposited can be

' provided in several well known ways. For example, when

~ the sources of involatile oxides are inorganic oxides,
radio frequency sputtering or' laser ablation of the
inorganic ‘oxide can be used to ptovidg the involatile

20 oxide. Pféferably; radio frequency sputtering is
employed. If the sources of nonvolatile oxides are
organometallic ¢ompounds; the compounds are volatilized
and the organic component thereof is burned off as the
compound is deposited onto the substrate..

25 X A variety of materials that comprise both volatile
and involatile oxides may be deposited in accordance with
the invention. Accordingly, oxides of Tl-Ba-Ca-Cu,
preferably TlBazCan-1CunOzn+i, where n = 1, 2, 3 or 4;
TlBazCapn-1CunO2n+4, where n =1, 2, 3 or 4; and |

30 Tlp.sPbg.5SrzCap-i1CunO2n+3, Where n = 1, 2 or 3; and
Tlg, s5Pbg,sSra2CaCuz07; most preferably T1Baz2CaCu207,
TlBa2Ca2Cu3Og, ‘T1Ba2CaCuz0g, T12Ba2CazCu3010, and
T1Baz (Caj-xY¥x) Cuz07. vherein x = 0 to 0.6 are employed.

Déposition of oxides of TlBaCaCu to provide thin

35 films of, for example, TlBazCaCuz07, T1lBazCa2Cu3Og,
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Sy}acuse, NY 13057) |ocated near the substrate heater. The rf
: magnetron sputter guns then were activated with 30 100 watts of rf power

to each gun to generate a deposition rate of about. 450 A/ hr (45 nni hr)
at the substrate. After one hour, the rf power was turned off,
the gas flows turned off, and the system was gackfilled with 02 to a

pressure of 500 torr (6.65 x 10[err] Pa). At
ng';ACE'VENT SHEET ti1Bajcacuz0s, T12BazCasCu3Oyg, and TlBaz(Caj-xY¥x)Cuzdy JAN
wherein 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
5 -the target depends on the composition sought in the
Tl-Ba-Ca-Cu thin films. Accordingly, targets of
BazCaCuz0x are used in forming TlBazCaCuz07 and
TlBazCaCuz0g films. Targets of BazCazCu3Ox are used in
forming T1BazCazCu3Og and TlzBazCazCuszO1g, and targets of
100 Baz(Caj-x¥x)Cu207 are used to produce TlBaz(Caj-x¥x)Cu207,
wherein x = 0 to 0.6 films. |

Genérally( and in accordance with the invention, a
substrate to be coated with the £ilm is mounted onto a
substrate block heater. The substrate-heater assembly is.

15 placed into a spuﬁtering chamber that contains the
desired atmosphere for deposition. The choice of
substrate may vary depending on the £ilm that is to be
deposited, provided that the substrate and film have a

_ close lattice match. Where oxide materials such as

20 Tl-Ba-Ca-Cﬁ_are deposited, suitable substrates include
LaAlO3, NdGaOs, . SrTiO3, preferably LaAlO3 and NdGaO3.

' Together with the substrate heater assembly,
separate sources of the involatile and the volatile
oxides that provide the'film are placed into a sputtering

25 deposition chamber. Tyﬁically, the sources of involatile
‘oxides are targets that contain those oxides. The
targets are’ vapdrized by conventional methods such as.
radio frequency sputtering or laser ablation to provide
the relatively involatile oxides to the substrate. Such

30 relatively involatile oxides comprise oxides of Ba, Ca
and Cu, for example, BaO, Ca0 and CuO. '

The separate source of the volatile oxides, for
example, PbO.and T1l20, to be deposited onto the substrate
can be heated, for example, in the deposition chamber to

35 volatilze those oxides for deposition onto the film.
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the sane tine, the substrate heater and the vapor source began cool i ng
back to roomtenperature at about 15C/ m n. The x-ray diffraction
pattern of the film produced by the in-situ method of this exanple is
shown in Fig. 1. 5 The black triangles A represent LaAl03 (hOO and the

:white triangles B represent the 1212 (001) phase of Tl Ba2CaCu2( err] .
“ The diffraction pattern showed wel |l defineg

EXAMPLE )

A thin film of TlBazCaCu207 on a LaAlO3 substrate was
prepared. A 12 mm square {100) oriented single crystal
LaAlO3 substrate 0.5 mm thick was ultrasonically cleaned

5 3in VLSI (very large scale integration) grade 1,1,1-tri-
chlorcethane for 5 minutes. Without drying, the
‘substrate was immersed in VLSI grade acetone with
ultrasonic agitation for 5 minutes. Without drying, the
substrate then was immersed in VLSI grade isopropanol

10 with ultrasonic agitation. Finally, the substrate was’
spray rinsed with VLSI grade isopropanol and blown dry
with clean filtered nitrogen.

Afte: cleaning, the substrate was mounted onto the
solid nickel (resistivély heated) substrate heater block

15 with silver paint. The substrate heater/holder assembly
vas placed into the vaéuum sputtet deposition chamber and
electrical connections to the resistive heating element
were made. A thermocouple temperature probe (standard
type K inconel sheatlied thermocouple) was inserted into

20 the heater block to provide a temperature signal for a
standard feedback type programmable temperature
controller (model 818P4 from Eurotherﬁ Corp., 11485
Sunset Hills Rd., Reston, VA 22090q5286).-'Tbe sputtering -
chamber was equipped with two standard'rf'magnetron

25 sputter guns (model TRS-5M from Kurt J. Lesker Co., 1515
Worthington Ave., Clairton, PA 15025) with a 3" (7.6 cm)
diameter BazCaCu20x target in each gun. The targets were
made by standard hot pressing of a stoichiometric powder
mixture of the individual oxides (BaO, CaO, and Cu0).

30 The guns were oriented in an "off-axis" configuration to
reduce hegative ion bombardment effects on the
substrates.

A separate vapor source of leo from either T1203 or
T120 powder was included in the sputtering chamber. The
35 vapor source was a hollow crucible of nickel that was
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peaks of the Tl Ba2CaCu2(Jerr] phase with no other phases det ect ed.

: These peaks al so showed that the filmis 10 highly oriented with the
c-axi s perpendicular to the substrate surface. The resistivity versus
tenperature for a simlar filmwhich was grown at 565C i nstead of
550[err]Cis shown in Fig. 2. The fil mshowed an onset of
superconductivity at about 80[err]K, bygp did not reach zero 15 resistance
until about 8[err]K ' : EXAMPLE 2 The

E;ggecgtjgfr ?:([é)ri?]ré)alclﬁﬁ%f\gﬁﬂ%ph egi ﬁécf%rtoggtg gaﬁéf e ?J%eecf '1(c|kne lplwgge of
Ba2CaCu2( er fjeated, byostapdand desistivacheating /demeotshe The W@RAX eri ng
BoE ) ! o Sttt B By 4 spiSuciog ket s ecenp ] (010
Subst rate hodiedPy The) ERRRrzats Heaerosck, HheT Y, EopbekBbEr el | Thy) o
Jerr] 5 probe (standard type K inconel sheathed thermocouple) was
"~ inserted into the nickel crucible to provide a -
temperature signal for a standard feedback type
programmable temperature controller.
The sputtering chamber was evacuated to less than
10 1075 torr (1.33 x 10-3 Pa) by a standard turbo pump (model
IPU 330 with a TCP 305 electronic drive from Balzers,
8 Sagamore Park Rd., Hudson, NH 03051) backed by a
standard chemical series mechanical pump (model 2020CP
from Alcatel vacuum Products, 40 Pond Rd., South Shore
15 Park, Hingham, MA 02043). An Ar gas flow of 25 sccm
(standard cubic centimeters per minute) and an Oz gas
flow of 25 scem into the sputtering chamber were
_ established. by standard mass flow controllers. The
electronic drive unit for the turbo pum;i was placed in
20 the preés.ure feedback mode to control the sputtering
pressure at 200 mtorr (26.7 Pa). . -
' The substrate heater temperature and the vapor
source temperature were raised to 550°C at a rate of
15°C/min. After reaching 550°C, the temperature of the
25 vapor source was adjusted to give a deposition rate of
0.6 A/sec (0.06 nm/sec.) on a gquartz crystal rate monitor
(model IC6000 from Leybold inficon, 6500 Fly Rd., East
Syracuse, NY 13057) located near the substrate heater.
The rf magnetron sputter guns then were activated with
30 100 watts of rf power to each gun to generate a
deposition rate of about 450 A/hr (45 nw/hr) at the
: substrate. After one hdur,_the rf power Wwas turned off,
the gas flows turned off, and the system was backfilled
with O2 to a pressure of 500 torr (6.65 x 104 Pa). At
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and holding at that tenperature for 240 m nutes before 25 cooling to room

‘tenperature. The x-ray diffraction pattern of the Tl Ba2
(Calerr]Yferr]) Cu[err]err] filmproduced by this exanple is shown in
Fig. 3. The diffraction pattern showed wel |l . defined peaks of the

Tl Ba2(Ca[err] Y[err])Cu2g err] phase with pg 30 other phases detected.
These peaks al so showed that the filmis highly oriented with the
c-axi s perpendi ¢yl ar e C T action
pactern T watbeoarhS viney (oI SHBRRALS it Bna RS Japdy durce

except that thebegpst applmmﬁqlq EO FOATY aﬁppwa%tww@@eebsst élé'c’&/"é-nt -he
partial substitutionTae X-f&y dkefradtien pattern of the film produced

by the in-situ method of this example is shown in Fig. 1.
5 The black triangles A represent LaRlO3 (h00) and the
white triangles B represent the 1212 (00l1) phase of
| T1BazCaCu207. The diffraction pattern showed well defined
peaks of the TlBaz_CaCuzo-; phase with no other phases
detected. These peaks also showed that the film is
10 highly oriented with the c-axis perpendicular to the
substrate surface. The resistivity versus temperature
for a similar film which was grown at 565°C instead of
550°C is shown in Fig. 2. The film showed an onset of
supei:conductivity at about 80°K, but did not reach zero
15 resistance until about 8°K.
EXAMPLE 2
The procedure of example 1 was followed except that.
‘Bag (Cag, s!o.q)Cuzox sputtering targets were used (in place
of BazCaCuz0x), Ar/Nzo was used in place of Ar/O2 as the
20 sputtering gas mixture, the thallium oxide evaporation
rate was increased to 1.0 A/sec (0.1 nm/sec), and
deposition was followed by raising the substrate heater
temperature to 725°C in 500 torr (6.65 x 104 Pa) of O;
and holding at that temperature for 240 minutes before
25 cooling to room temperature. |
_ The x-ray diffraction pattern of the
T1Baz (Cao,sYd.q)Cugo-l £film produced by this example is
"shown in Fig. 3. The diffraction pattern showed well
deflined peaks of the TlBaj(Cap,g¥g.4)Cu207 phase with no
30 other phases detected. These peaks also showed that the
film is highly oriented with the c~-axis perpendicular to
the substrate surface. This x-ray diffraction pattern
was nearly identical to that shown for the Example 1
except that the crystalline lattice constant was reduced '
35 due to the partial substitution of Y for Ca in the
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12 | attice and the increased oxygen content due to the 240 m nute
soak in Jerr] after deposition. An inductive eddy current neasurenent
(taken using the nodel 7500 from Lake Shore Cryotronics, 64 East Wl nut
St, Westerville, 5 OH 43081-2399) of the filmproduced by Exanple 2 is
shown in Fig. 4. Fig. 4 showed the onset of super-conductivity . I n
this sanple at about 55[err] K

12

lattice and the increased oxygen content due to the

240 minute soak in Oz after deposition. An inductive
eddy current measurement (taken using the model 7500 from
Lake Shore Cryotronics, 64 East Walnut St, Westerville,

5 OH 43081-2399) of the film produced’ by Example 2 is shown
in Fig. 4. Fig. 4 showed the onset of super-conductivity
in this sample at about 55°K.

EXAMPLE 3 _
The procedure of Example 1 was followed except that
10 Pbg,s5Sr2CazCu3zOx sputtering targets were used (in place of
BazCaCuz20x), Ar/N20 was used in place of Ar/Oz as the
sputtering gas mixture, and the thallium oxide
evaporation rate was increased to 1.0 A/sec (0.1 nm/sec).
The x-ray diffraction pattern of the
:15 Tlo.s5Pbp.sSr2CaCuz07 £ilm produced by this example is
.shown in Fig. 5. The diffraction pattern showed well
defined peaks ‘of the Tlg.sPbg,sSr2CaCuz07 phase. The
excess Ca and Cu from the tarqets relative to the desired
. Tle,sto,ssrzCaCuzov phase likely formed a CaCuOxide phase
20 intermixed_with the_desited Tlo,szbo,ssrzcaCuzoj.phase.
The x-ray diffraction peaks also showed that the. film is
highly oriented with the c~axis perpendicular to the
substrate surface.
Other embodiments of the invention will be apparent
25 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
and examples be considered as exemplary only, with the

scope and spirit of the invention being indicated by the
30 following claims.
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EXAMPLE 3 The procedure of Exanple 1 was foll omdiﬂlﬂﬂ;ﬂﬂ""‘ﬂtﬂlll"l“l
Pbo. 5Sr2Ca2Cu3Jerr] sputtering targets were used (in plac

Ba2CaCu2Ox), Ar/N2O was used in place of Ar/Jerr] as the’ * sputter? .
gas m xture, and the thallium oxide evaporation rate was |ncreased to

1.0 Alsec (0.1 nm sec). The x-rayzdiffraction pattern of the 15
Ti[err]Pb[err] Sr[err]CaCu2g err] filmproduced by. this exanple is shown

in Fig. 5. The rn showed wel | defi ned peaks of the
TI[err]Pb[err]éﬁ%%rr?%é%ﬁ?%&ﬁ] érr] phase. The excess Ca and Cu from
the targets relative 1o thaetdsd of formimg ckn-jsigecrystpblinechbirerr] O7
phase |ikely formds afm*@ebésamsa@&@qndlmr Ebtsﬁdréuﬁéél desired

e M
per pendi cul & tausmtiblesmewaperstﬁcﬁead@ss from said thin film
during vapor deposition comprising, '
providing a first source of said volatile
oxides,
providing a second source of said relatively
10 - involatile oxides, - - .

] depositing said involatile oxides from said
second source onto a substrate while concurrently
depositing a sufficient amount of volatile oxides from
said first source onto said substrate to provide a

15 crystalline thin film of the specified stoichiometry. .
| 2. The method of Claim 1 wherein said volatile
oxides are deposited at a rate at least twice as great
‘as the: rate of deposition of the relatively involatile
oxides times the stoichiometric ratio of volatile to

20 relatively involatile oxides in the crystalline thin
films. | _ ' :

3. The method of Claim 2 wherein said materials
are selected from the group consisting of TlBazCaCuz0-,
T1BazCa2Cu30g, leBazCaanOa, T1l2BazCazCu30i9, and

25 T1Baz(Caj-x¥x)Cuz07 wherein x is 0 to 0.6, said source of
volatile oxide is Tl120, and said source of relatively
involatile oxides comprising an oxide of Ba, Ca and Cu.

4. The method of Claim 3 wherein said substrate
is heated to 400-700°C. i

30 5. The method of Claim 4 wherein said vapor
deposition occurs in an. atmosphere of a mixture of
inert gas together with either oxygen or N20.

6. The method of Claim 5 wherein the partial
pressure of said oxygen or N20 in said atmosphere is
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Qther enbodi nents of the invention will be apparent 25 to: tmmﬁm “!Hml ‘“l
the art fromconsideration of the  specification, or fro

t he invention di scl osed herein. It is intended that the specification
and exanpl es be considered as exenplary only, with the scope and splrlt
of the invention being indicated by the 30 1#ol | ow ng cl ai ns.

sufficient to reduce evaporative loss of Tl oxide from
said film during deposition. |

7. The method of Claim 3 wherein said T120 is
deposited at the rate of 10 to 360 nm per hour.

5 8. The method of Claim 6 wherein said partial
pressure is 3 to 133 Pa. '

9. The method of Claim 2 wherein said materials
are selected from the group consisting of
Tlo,5Pbo,5Sr2Can-iCunozn+3 wherein n is 1, 2 or 3, said"

10 source of volatile oxides is T120 and PbO and said
source of relatively involatile oxides comprises an
oxide of ‘sz, Ca and Cu. '

10. The method of Claim 2 wherein said materials
are selected from ﬁhe group consisting'of

15 TlBaz(Caj-x¥x)Cu207 wherein x is 0 to 0.6, said source of
volatile oxides is T120 and said source of relatively

involatile oxides comprises an oxide of Ba, Ca, ¥ and
Cu.
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13 WHAT IS CLAIMED | S: 1. A nmethod of formng in-situ
crystalline thin films frommaterials that include both relatively
invol atile oxides and volatile oxides that are 5 susceptible to evaporative
loss fromsaid thin film during vapor deposition conprising,

providing a first source of said volatile -oxi des,

‘providing a second source of said relati&ely 10 involatile oxides,
depositing said involatile oxides fromsaid second source onto a
substrate while concurrently depositing a sufficient anount of volatile
oxi des from said first source onto said substrate to provide a

PROCESS FOR PRODUCING THIN FILMS OF INORGANIC OXIDES OF
CONTROLLED STOICHIOMETRY

Abstract

An in-situ process for preparing thin films which contain
volatile and relatively involatile oxides is disclosed, in
particular, crystalline thin films of oxides of superconductors
or - precursors, wherein separate sources of the volatile and
relatively involatile oxides during deposition of the thin film
are employed. |

Figure 1A & Figure 1B
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15 crystalline thin filmof the specified stoichionetry. 2. The
“method of daiml wherein said volatile oxi des are deposited at a rate
at |east tw ce as great as the rate of deposition of the relatively
involatile oxides times the stoichionetric ratio of volatile to 20
relatively involatile oxides in the crystalline thin films.

3. The nethod of Claim2 wherein said materials are.selected fromthe
group consisting of TlBa2CaCu2Qer]r,{ /@ Tl Ba2Ca2Cu3Jerr],
T12Ba2CaCu2( err], Tl2Ba2Ca2Cu3(err], and 25 Tl Ba2(Ca[err]Y[err]) Cu207
wherein x is 0 to 0.6, said source of vol atile oxide is T120, and said
source of relatively invol atil e oxides conprising an oxide of Ba, Ca
and Cu. 4. The nethod of Caim3 wherein said substrate S
heated to 400-700[err]C. 30 5. The nethod of C aim4 wherein said
' =
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deposition occurs in an. atnosphere of a m xture of I nert gas together
‘with either oxygen or 'N20. 6. The nmethod of daimb5 wherein the

partial pressure of said oxygen or N20 in said atnosphere is
REPLACENENT SHEET
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14 sufficient to reduce evaporative |loss of Tl oxide from said
‘fil mduring deposition. 7. The method of O aim3 wherein said
T120 is deposited at the rate of 10 to 360 nm per hour. 5 8.
The nethod of Claim6 wherein said parti al pressure is 3 to 133 Pa.

9. The nethod of Caim2 wherein said materials are selected fromthe
. group consistjng of TI[err]Pb[err]%%[err]cu[err]Qerr] wherein n is
1, 2 or 3, said 10 source of volatile ides is T120 and PbO and said

source of relatively involatile oxides conprises an oxi de of Sr, Ca and
Cu.
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'10. The nethod of Claim2 wherein said materials are selected fromthe
*group consisting of 15 TIBa2(Ca[err]Y[err])Cu[err](err] wherein x is 0 to

0.6, said source of volatile oxides is T120 and sai d source of
relatively invol atil e oxides conprises an oxide of Ba, Ca, Y and
Cu.
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