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COMMONWEALTH OF AUSTRALIA
PATENTS ACT 1952 Voo L

APPLICATION FOR A STANDARD PATENT “.

International Business Machines Corporation, incorporated in New York, of
Armonk, New York, New York, 10504, UNITED STATES OF AMERICA, hereby apply for
the grant of a standard patent for an tnvention entitled:

Electrically Superconducting Compositions and Processes for
thetr Preparation

which is described In the accompanying complete specification.

Detalls of basic application(s):-

Basic Applic. No: Country: Application Date:

024,653 UNITED STATES OF AMERICA 11 March 1987
The address for service 1s:- ________- :
Spruson & Ferguson . ’3<) < ACH /
Patent Attorneys V. ‘
!

Level 33 St Martins Tower | s OfFCZ
31 Market Street
Sydney New South Wales Australta

DATED this EIGHTH day of MARCH 1988

International Business Machines Corporation

N Y

Registered Patent Attorney

T0: THE COMMISSIONER OF PATENTS
OUR REF: 50293
S&F CODE: 55785

5845/2



CONVENTION OR FORMS 7 AND 8
NON-CONVENTION (COMBINED)

COMMONWEALTH OF AUSTRALIA

PATENTS ACT 1952-1969

Declaration In Support Of Convention Or
Non-Convention AEEIIcatIon For A

Patent Or Patent Of Addition

(This declaraticn shall be made by the applicant, or, if the
applicant is a body corporate, by a person authorized by the
body corporate to make the declaration on its behalf).

In support of the Application made for a patent for an
invention entitled ELECTRICALLY SUPERCONDUCTING COMPOSITIONS
AND PROCESSES FOR THEIR PREPARATION, -

care I, Alexander Kerr

of IBM Canada Ltd.
3500 Steeles Avenue East
Markham, Ontario
Canada L3R 221

do solemnly and sincerely declare as follows:

1. I am authorized by International Business Machines
Corporation, the applicant for the patent to make this
declaration on its behalf.

2, (1) Robert B, Beyers of 767 Lodgewcod Ct., San Jose,
California, U.S.A.; (2) Edward M. Engler of 467 Curie
Dr., San Jose, California, U.8.A.; (3) Paul M. Grant of
209 Del Monte Lane, Morgan Hill, California, U.S.A.;
{4) Grace S. Lim of 3696 Deedham Dr., San Jcse,
California, U.S.A.; (5) Stuart S.P. Parkin of 6264
Royal Oak Ct., San Jose, California; are the actual
inventors of the invention and the facts upeon which the
applicant is entitled to make the application are as
follows: Applicant is entitled to apply by virtue of
an Assignment dated March 10, 1987 from Edward M.
Engler and Grace S. Lim, and an Assignment dated March
11, 1987 from Robert B. Beyers, Paul M. Grant and
Stuart S.P. Parkin to International Business Machines
Corporation.

3. The basic application as defined by Section 141 of the
Act was made in the United States of Amarica on March
11, 1987 by Robert B. Beyers, Edward M. Engler, Paul M.
Grant, Grace S. Lim and Stuart S.P. Parkin,

4, The basic aprlication referred to in paragraph 3 of
this Declaration was the first application made in a
Convention country in respect of the invention the
subject of this application.

Declared at Markham, -this .{f day of February, 1988,
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(54) Title
PROCESS FOR MAKING SUPERCONDUCTOR

International Patent Classification(s)
(51)* HO1L 039/12 CO1G 003/02 C01G 057/00 C04B 035/00
€048 035/50 HO1L 039/24
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(30) Priority Data.

(31) Number (32) Date (33) Country
024653 11.03.87 US UNITED STATES OF AMERICA

(43) Publication Date : 15.09.88
(44) Publication Date of Accepted Application : 13.09.90

(71) Applicani(s)
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(57) Claim
1. A process for making a single phase bu'k electrical
superconductor at a temperature above 77°K, said process comprising the

steps of:
(1) intimately mixing in the form of powders, metal oxides or their

precursors having a composition "‘u:x"z:xc"a% wherein:

A is either Y or 1s two or more of Y, La, Lu, S¢c or Yb;

M is either Ba or is two or more of Ba, Sr or Ca; '

x 1s a value greater than or equal to 0 and less than or equal to
0.5; and

y ts sufficient to satisfy the valence demands ;

(2) heating the mixture to the temperature between about 800°C and
about 1100°C in the presence of oxygen;

(3) slowly cooling the mixture to room temperature in the presence
of oxygen over a period of at least four hours.
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Complete Specification for the invention entitled:

Electrically Superconducting Compositions and Processes for
their Preparation

Tre following statement is a full description of this invention, including the
best method of performing it known to me/us
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In accordance with the present invention there 1s disclosed a process
for making a single phase bulk electrical superconductor at a temperature

above 77°K, sald process comprising tne steps of:
(1) 1intimately mixing in the form of powders, metal oxides or their

precursors having a composition A]tx"Zixcuaoy wherelin:

A §s efther Y or is two or more of Y, La, Lu, Sc or Yb;

M 1s etther Ba or 1s two or more of Ba, Sr or Ca;

x is a value greater than or equal to O and less than or equal to
0.5; and

y is sufficient to satisfy the valence demands;

(2) heating the mixture to the temperature between about 800°C and
about 1100°C 1n the presence of oxygen;

(3) slowly cooling the mixture to room temperature in the presence
of oxygen over a period of at least four hours.

IAD/10060
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ELECTRICALLY SUPERCONDUCTING COMPOSITIONS AND
PROCESSES FOR THEIR PREPARATION
Description

Technical Field

The present invention is concerned with electrically superconducting
compositions which are useful at a temperature above 77°K and with
methods for the preparation of such compositions.

Background Art

The technical breakthrough of Bednorz and Muller, Z. Phys. B, 64, 189
(1986), was the first major improvement in the superconducting transition
temperature in the tast decade. The material was of nominal composition
Cu0, where M=Ca, Ba or Sr, x was typically >0 and <0.3 and

Z-xNx y
y was variable depending on preparation conditions. Superconductivity was

La

found only over this narrow range of doping of M. The highest super-
conducting transition (Tc) was obtained for Sr doping and x equal to
approximately 0.15-0.20 with T¢ in the mid forty degree Kelvin range, Cava
et al, Phys. Rev. Letters, 58, 408 (1987). Subsequently, it was reported
in March 1987, Chu et al, Phys. Rev. Letters, 58, 405 (1987) that
Y].ZBa0.8Cu0y displayed the onset of superconductivity in the mid

ninety degree Kelvin range. In contrast to the earlier work on

La Hx6u0 , this higher temperature superconductor has been only

2-X

prepared a: a mixture of several unknown phases and only a minor fraction
of the material actually goes superconducting. Experimentation by
ourselves and other research groups have revealed that superconductivity is
not a general phenomena in this class of materials. Even minor composition
variations or isoelectronic atom substitutions will not show
superconductivity. For example, Sr or Ca substitution for Ba iIn
Yl.zB‘o.aC“Oy did not produce superconductors.

Disclosure of the Invention
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It has now been discovered that compositions having the formula

lngngcuaoy wheretn x is typically between 0 and 0.5 and y is

sufficient to satisfy the valence demands, are single phase bulk electrical

A

superconductors at a temperature above that of liquid nitrogen, namely
77°K. The compositions have a perovskite-like crystalline structure.

They are made by intimately mixing in the form of powders the metal oxides
or precursors of metal oxides such as carbonates or hydroxides. The
heating of the mixture is conduc..d at a temperature between about 800°C
and about 1100°C in the presence of oxygen. The preferred temperature is
about 900 to 1000°C. The heating is carried out for a period-of time

from about 10 to about 40 hours. In general, the lower the temperature,
the longer the time required for heating. It is also a critical feature of
the present invention that following the heating, the composition is slowly
cooled to room temperature in the presence of oxygen over a period of at
least four hours. Preferred compositions have formulas very close to
AIHZCuaoy wherein A 1s Y, or a combination of Y, La, Lu, Sc or Yb

and M 1s Ba, or a combination of Ba, Sr or Ca, and y is sufficlient to
satisfy the valence demands. The most preferred compositions are those in
which A is Y and M is Ba. The most preferred composition exhibits single
phase buik electrical superconductivity at a temperature well above 77°K.
It has a perovskite-1ike crystalline structure and consists essentially of
a metal component having one atom of yttrium, two atoms of barium and three
atoms of copper and a non-metal component of oxygen.

As an example of the most preferred method of preparing the most
preferred composition, the following procedure is provided:

Ox1des or carbonates of Y, Ba and Cu are thoroughly mixed, or
alternately their soluble nitrate or chloride compounds are coprecipitated
as their hydroxide or carbonate salts. The mixed powders are heated in an
oven at 800-1100 degreas C in etther oxygen or air for periods ranging from

10-40 hours. Oxygen gives better results. Longer heating times ensure
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more homogeneous reaction of the starting compounds. Longer reaction times
are required at the lower temperatures. To prepare rigid samples, the
powders from the initial heating procedure are compressed into pellets or
combined in polymeric binders and heated again under similar conditions.
The use of an oxygen atmosphere when heating, and stow cooling of the oven
to room temperature, are important for realizing the sharpest and highest
superconducting transitions, and more bulk superconductivity. Typically,
the oven is cooled from 900-1000 degrees C over about 5 hours to room
temperature.

The compositions obtained by the above process have a perovskite-
tike structure which can have variable oxygen content depending upon the
final annealing and cooling steps. Removal of oxygen, for exampie by
heating in an inert or reducing atmosphere, suppresses superconductivity.
Higher oxygen content leads to improved and higher superconducting
properties. As mentioned above, 1t is essential that following the heating
step, the compositions be cdoled slowly. It is believed that this slow
cooling 1s required because when the material is cooled slowly, it retains
slightly more oxygen than when it is cooled rapidly.

The following materials have all demonstrated bulk superconductivity
at a temperature above 77°K. They are all single phase perovskite-1ike
crystalline structures within the general formula
Al:xHthcu3Qy
The materials are:

0

(Yo.8MY0.271.0822.0C¥30y

(Yo.5LY%.571,0832,0C¥30y

(Y0.5%30.571.0822.0%30y

(Y0.55%.571.0522.0%¥30,

{Lag 55¢.571.0832.0%U30y

¥1.0¢830, 539 572 oCu30y

e,
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Yo.8822 030y

¥1.283 %50y

Y .052; gCluy0y

¥1.082).5%430y

¥y.283; gCu50y

All the above samples were confirmed to be superconductive by the AC
magnetic susceptibility test method and by electrical resistivity

measurements also.

To date, the following materials have not been found to be bulk
single phase superconductors above 77°K when formulated and tested by the

procedures described above:

Lul.oBaz'OCu30y

Lul.OCaz.OCu30y

Lal.oBaz.OC"3°y

La].OCaz_OCuaoy
5¢).0832,0%¥30y
Yb].OBaz.OCuaoy

Yy.0%82, U350y

¥).082y,0%Y2.0%
0

¥2.0%21.0%1.0%

Perhaps i1t is necessary that elther yttrium be most of the A
component, or that the combination of two or more related A components have
an average atomic size approximately that of yttrium.

The range of compositions are not exactly defined as whole number
atomic ratios of A and M because it seems that the crystalline structure
can accommodate vacancies of these metals and still retain the necessary
structure for the high temperature superconductivity. In these cases, as
in all others, the oxygen is present in an amount to satisfy the valence
demands.

There ére a wide vartety of current uses of superconductivity at



1iquid helium temperatures which will be cheaper and more convenient to use
at liquid nitrogen temperatures. The use of thin film and ceramic
processing technologies will enable these matertals to find applications in
microelectronics, high field magnets, energx_transmission, and
electromechanical devices. In particular, these materials are useful in
logic devices in computers (for example Josephson logic devices) and for
interconnect metallurgy on and between chips as a means of improving speed

and packaging density.
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The claims defining the invention are as follows:

1.” A process for making a single phase bulk electrical
superconductor at a temperature above 77°K, said process comprising the
steps of:

(1) intimately mixing in the form of powders, metal oxides or thelr
precursors havipg a composition Alix"Zixc"3°y wherein:

A 1s elther Y or s two or more of Y, La, Lu, Sc or Yb;

M s either Ba or is two or more of Ba, 5r or Ca; _

x 1s a value greater than or equal to 0 and less than or equal to
0.5; and

y Is sufficient to satisfy the valence demands;

(2) heating the mixture to the temperature between about 800°C and
about 1100°C 1n the presence of oxygen;

(3) slowly cooling the mixture to room temperature in the presence
of oxygen over a period of at least four hours.

2. A process as claimed in claim 1 wherein the metal oxides or
their precursors are yttrium oxide (Yzos) or a precursor thereof,
barium oxide (BaO) or a precursor thereof and cupric oxide (Cu0) or a
precursor thereof, in the mole ratio of 0.5 to 2 to 3.

3. A process as claimed in claim 1 or 2 wherein the temperature of
the heating is between 900°C and 950°C.

4. A process as claimed in claim 1, 2 or 3 whereln the time of the
heating §s between 10 hours and 40 hours.

S. A process as claimed in any one of claims 1 to 4 wherein the
cooling takes place over a period of from 5 to 10 hours.

6. A process for making a single phase bulk electrical
superconductor at a temperature above 77°K substanttally as described
herein with reference to the examples.

DATED this THENTY-SECOND day of JUNE 1990
International Business Machines Corporation

Patent Attorneys for the Applicant
SPRUSON & FERGUSON



