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1571 ABSTRACT 
The surface of high temperature superconductors such 
as YBazCu30.1-~ are passivated by reacting the native 
Y, Ba and Cu metal ions with an anion such as sulfate or 
oxalate to form a surface film that is impervious to 
water and has a solubility in water of no more than 
10-3 M. The passivating treatment is preferably con- 
ducted by immersing the surface in dilute aqueous acid 
solution since more soluble species dissolve into the 
solution. The treatment does not degrade the supercon- 
ducting properties of the bulk material. 

11 Claims, 1 Drawing Sheet 
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months in air (9). Nonsuperconducting surfaces thus 
appears to be a problem common to many, if not all, PASSIVATION OF HIGH TEMPERATURE 

SUPERCONDUCTORS high temperature superconductors. 
3. Description of the Prior Art 
Several approaches to passivation have previously 

been studied. Incorporation Of Ag in the film during 
growth imprOVeS passivation properties and maintains 
low contact resistance (10,11). However, slow degrada- 
tion of the electrical properties is observed and the 

10 surfaces of such films have yet to be studied. Vacuum 
deposition of CaF2 or the oxides of Bi, Al, or Si onto 
superconductor surfaces has also been studied (12,13). 

1. Technical Field However, these experiments involved primarily studies 
This invention relates to passivation of high tempera- of the superconductor/dielectric interface rather than 

ture superconductors and, more particularly, this inven- l5 the passivation properties. Another approach involves 
tion relates to a method of passivating the surface of post-growth chemical treatment of the superconductor 
high temperature superconductors by reacting the na- with reactants such as H F  solutions in absolute ethanol 
tive metal ions of the superconductor with anions to (4,1616) or F2 gas (17). These treatments form nonre- 
form a water insoluble fdm of the metal ions and the active species, especially Y and Ba fluorides, on the film 
anions while not affecting the superconducting proper- *O surfaces. 
ties of the superconducting material. However, tests on the HFfitOH treated surfaces 

2. Background of the Invention (16,lS) showed that the rate of. reaction of the YlBa2- 
The recent discovery of high critical temperature c U 3 0 7 - - x  cuprate superconductor with air could only 

superconducting OITSC) materials has created interest be slowed rather than eliminated. Other chemical treat- 
in the use of these materials in electronic devices. The 25 ments of the cuprate superconductor surface with non- 
HTSC material’ are mixed metal “prates in layered aqueous halogen reagents (1,14) have proven ineffec- 
crystal1ine form* One Of the metals is a rare tive. Bromide and chloride films were also found to 
earth metal such as Yttrium and the Other metal can be react with air. Thus, there is no effective technique 
an alkaline earth metal such as barium* YBa2Cu307-x is 3o available for passivation of the surface of HTSC cuprate 

materials. a representative HTSC material. 

ORIGIN OF THE INVENTION 
The invention described herein was made in the per- 

formace of work under a NASA contract, and is sub- 
ject to the provisions of Public Law 96-517 (35 UsC 
202) in which the Contractor has elected not to retain 
title. 

DESCRIPTION 

5 

However, a maior obstacle to develoDinn devices 0 

from the HTSC cuprate materials is their sbbiity in the 
environment. Formation of even small levels of nonsu- 
perconducting materials may increase contact resis- 
tance or lead to significant increases in microwave sur- 35 
face losses. This will seriously degrade performance of 
superconducting contacts, microwave skiplines, tunnel 
junctions and other devices formed from the supercon- 
ducting material. The nonsuperconducting species can 
result from surface degradation during growth of the 
cuprate material and also from an exposure to moisture 
and C02. 

The non-superconducting species present on the sur- 
face of polycrystalline films (1.2) and single crystals (3) 
of YBa2Cu307-,cuprate HTSC materials can be chem- 
ically removed without damaging the underlying super- 
conductor. However, surface degradation reoccurs on 
exposure to air (4). 

Recently, YBa2Cu307-, fdms grown by laser abla- 
tion, with no observable grain boundaries, have been 
reported ( 5 )  to be unreactive to water, in the sense that 
Tc is unaffected. The reported sensitivity of the bulk 
superconducting properties of YBazCu307-, to mois- 
ture (6-8) may thus be a consequence of the grain struc- 
ture of the polycrystalline samples, rather than an in- 
trinsic property of the material. Although the surface 
properties of films grown by laser ablation and subse- 
quently exposed to air have not been reported, it is 
likely that nonsuperconducting species will form and 
that passivation of this material will also prove neces- 
sary for devices in which surface properties are critical. 

The Bi- and TI-based superconductors have been 
reported to be less reactive to air, based on the fact that 
Tc and other bulk properties do not degrade with time. 
However, results obtained in this lab indicate that 
Bi4Sr3Ca3C~016+~ does form carbonates and other 
nonsuperconducting species on the surface, even 
though b e  electrical properties are unaffected after 3 
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STATEMENT OF THE INVENTION 
An effective passivation of the surfaces of high tem- 

perature superconductors is provided by the present 
invention. Superconducting surfaces treated in accor- 
dance with the invention are found to be stable in air, 
water and/or carbon dioxide. The surface treatment 
does not affect the superconducting properties of the 
surface layer nor of the bulk material. Passivation is 
effected by reacting the native metal ions of the super- 
conductor with reagents that form a layer of a salt that 
has a solubility in water of no more than 10-3 moles of 
metal ion per liter and which does not degrade the 
superconducting properties of the surface or the bulk of 
the superconducting material. 

The passivating surface layer can be formed by wet 
chemical techniques, by gas-phase reaction or by depo- 
sition. Since there are at least 3 native metals in the bulk 
of the high temperature superconductor, salts of vary- 
ing solubility in water are formed after application of a 
single reactive anion to the surface whether by liquid or 
gas phase deposition. In case of non-aqueous solvent, 
the water-soluble species may remain on the surface. In 
case of gas phase reaction, non-volatile water-soluble 
salts again remain on the surface. The more water solu- 
ble species will slowly react with water and carbon 
dioxide when exposed to the ambient and will degrade 
the surface. It is, therefore, preferred to form the passiv- 
ation layer by reaction with a liquid reagent and, most 
preferably, an aqueous liquid reagent which permits the 
more soluble species which form to dissolve in the aqye- 
ous reagent. The resulting passivation layer is thus 
formed of more water-in-soluble species. The reagent 
provides a source of reactive anion, X. The preferred 
anion source is an acid such as a hydrohalic acid, sulfu- 
ric acid or oxalic acid or H2S or a Group I or ammo- 
nium salt thereof. 
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The post-growth chemical treatment of the invention 
results in formation of surface layers of salts of the 
native superconductor metal ions such as CUI, BaS04, 

ity in and reaction with water. CUI has the additional 5 
advantage of being a semiconductor permitting forming 
contacts or junctions directly on the surface of the su- 
perconductor rather than directly to the bulk supercon- 

Other available HTSC materials are lanthanum based 
materials of the formula: 

CuS and/or Cu2S. All these salts have very low solubil- WI -xMx2Fu04-y 

where M2=Ba, Sr or Ca and x< -0.2 and y<  -0.1. 

such as: 
Bismuth-based HTSC cuprates have a composition 

ductor. 
The method of the invention provides surface layers 10 si2CP1+xSrZ-xCu20*+~ 

which have been passivated to environmental degrada- and thallium-,,& cuprates have a such as: tion. XPS analvsis confirms that the native metal com- 
nB.cu305.5+x pounds that a& formed are virtually insoluble in water. 

X-ray diffraction has been conducted to monitor the 
effects of the treatment on the bulk of the superconduc- 15 or 
tor films. The method of the invention induces no de- 

sivating layers of the invention are both insoluble in 
Water and impermeable to water. They do not permit 
water or water vapor to reach the underlying bulk 20 such as: 
superconductor. The surface layer encapsulates and 

long service life of superconducting devices in the am- 
bient. 

tages of the invention will become apparent as the in- 
vention becomes better understood by reference to the 
following detailed description when considered in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE 
The FIGURE is a schematic view of a superconduc- 

tectable damage of the superconducting films. The pas- f l 2 ~ 2 B . z C u 3 0  l 04x 

Lead-based cuprates can be selected from compounds 

protects the underlyinq bulk superconductor permitting &?ssZy1 - f i x C ~ 3 0 8  

Bulk forms of HTSC materials are difficult to grow 
These and many other features and attendant advan- 25 and to process into devices. Most devices are formed in 

situ by growing the cuprate film directly on a substrate. 
The substrate should provide a clean epitaxial surface 
for growing HTSC materials. Typically the substrate is 
a material selected from strontium titanate, lanthanum 

30 aluminate, magnesium oxide or yttrium stabilized of 
zirconia (YSZ). The HTSC can be formed by a variety 
of processes such as sputtering, laser ablation or metal- 
loorganic chemical vapor deposition (MOCVD). All tor treated in accordance with the invention. 
of the techniques for preparing the substrate and depos- 

35 iting the HTSC film are well known in the art and do 
not form a bart of this invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

'' sure in oxygen at a temperature from 400' C. tosob. C. 
where MI is a Group IIIA metal, Group IIIB metal, 

metal and x. v. z and n are integers. Usuallv the ratio of 

can be conducted. Group VB Or a rare earth M2 is a 'IA MI, M2md copper, the na;ive materials ofthe HTSC 
y:x is about i:'l and the ratio 2 z:x is at l&t 3 usually 
from 3:l to 6:l. The oxygen is present in an amount to 
satisfy valency of the metals and n is usually no more 
than 20, typically about 5-15. 
MI can be a Group IIIA metal such as Yttrium (Y) or 

Lanthanum (La), a Group IIIB metal such as Thallium 
(Tl), Group VB metal such as Bismuth (Bi) or a rare 
earth metal such as Erbium (Er), Cerium (a), Praxo- 
dymium (Pr), Samarium (Sm), Europium (Eu), Gado- 
linium (Gd), Terbium (Tb), Dysprosium (Dy), Hol- 
mium (Ho), Ytterbium m), Lutetium (Lu) or combina- 
tions of these metals. M2 is a Group IIA metal such as 
strontium, barium, calcium or mixtures thereof. 

The most common high temperature cuprates are the 
rare earth-alkaline earth metal cuprates where MI is 
Yttrium of the formula 

y B . 2 c w o 7 - x  

where x is .c -0.45. 

form a variety of compounds when reacted with reac- 
tive anions. The solubilities of various native metal 

50 compounds are provided in Table 1. 
TABLE 1 

~ 

Aqueous solubilitica, in mola  of  m d  ion per liter, of Y. 
Ba, md Cu compounds of relevance to thia work, calculated 
from the ubuhtcd solubilities or solubility products from << 

Com-d Solubilitv 
3.3 x 10-6 
3.5 x 10-4 
1.7 x 10-4 

1 x 10-5 

9 x 10-23 

0.24 

0.90 
not mcirurcd 
decomposes 

2.7 x 
very soluble 
4.35 
2.25 X 
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mula TlBaCaCuO. The invention will now be illus- 
trated by specific examples. 

EXAMPLE 1 

TABLE 1-continued 

Ba, and Cu compounds of relevance to this work, calculated 
Aqueous solubilities, in moles of metal ion per liter, of Y, 

from the tabulated solubilities or solubility products from 
Ref. 19. 5 YBa2C~307-~ Film 

Compound Solubility 1-pm-thick YBa;?C~307-~ (123) films are grown on 
YF3 insoluble yttriastabilized cubic zirconia substrates by RF magne- 
BaF2 0.012 tron sputtering from a composite target of Y203, BaF2, 

and CuO. Films are annealed for three hours at 865" C. 
in flowing 0 2  and H20, then slow cooled in flowing 0 2  

Table 1 can be utilized as a guide to select native at 3" c./&, and typically have zero resistance at 84 to 
compounds having low solubility in water. A low soh- WK. The film are polycrystalline and randomly ori- 
bility in water does not guarantee passivation. The COm- ented, with a grain size of0.2 to 2 pm. The XPS spectra 
pound must not react with the bulk superconductor in a are accumulated on a Surface Science Instruments SSX- 
manner affecting electrical Or electronic Performance 501 spectrometer with monochromatized AIK, x-rays 
O r  allow reactive Species to diffuse to the bulk supercon- (1486.6 eV), with the electron energy analyzer set to 
ductor. For example, BaCO3 forms naturally on YBa2- give a resolution of 0.85 eV. When necessary, sample 
c~o7--x (123) surfaces in air and has a low aqueous charging is neutralized with a low energy electron flood 
solubility. However, the superconducting properties of 2o gun in conjunction with a 90% transmitting fine mesh 
the bulk 123 material degrade. proximity screen, and the spectra are referenced to the 

c 1s line at 284.6 eV. 
all have low sohbilities and would appear to form sta- The 123 fiIms were treated 'with reactive reagents 
ble, passivating surface films without affecting the prop- (etchants) to form passivating film. 

25 EXAMPLE 2 
erties of the bulk. 

The passivating films are formed by applying a reac- 
tive anion such as S, so4, halide or oxalate to the sur- 
face and reacting the anion with MI, M2 and/or Cu to 
form a layer insoluble and impervious to water. 

phase or liquid phase. The highest quality layers are 
formed by use of an aqueous solution of the reagent 
since this permits removal of water soluble compounds 
from the layer. Gas phase reactants have the disadvan- 
tage of forming nonvolatile compounds which are reac- 35 
tive with water. 

The treating solutions act as etchants. They are usu- 
ally very dilute aqueous solutions of acids or Group I 
metal or ammonium salts. Generally the treating solu- 
tions have a concentration below about 0.01 to 0.5M. 40 ders, 
Representative reactive reagents useful in the method of 
the invention are acids such as HF, HI, H2C204 and 
H2S04 and salts as Na2S Or (NH4)2S' Gas phase 
reactants can be F2 or XeF2 which form native fluorides 
or H2S which forms native metal sulfides. 

0.46 CuF2 

CUI, Bas06 CuS, CaF2, PbC204, PbS, TlI and 

Passivation with Etchant Solutions 
The liquid etchants are 1% (by volume) commercial 

HI (57 wt. %, stabilized) in EtOH, l%H2S04/H20, 

H2C204/H20. The chemical treatments are done either 
by dipping the film in the etchant for 15 to 60 seconds, 
or by using a microliter pipette to drop the etchant onto 
the sample while spinning at 3600 rpm. The samples are 
then spun dry and immediately loaded into the XPS 
spectrometer. After recording XPS spectra, the samples 
are immersed in deionized water for 1 minute, spun dry, 
and XPS data are again measured. XPS spectra of refer- 
ence compounds are accumulated on high purity pow- 

obtained packed in argon, pressed Onto 
In metal. All chemical treatments of the superconductor 
films and the reference compound sample preparation 
are done in the ultrahigh purity N2 atmosphere of a 
glove box Which encloses the sample introduction area 

The anion can be to the surface in the gas 30 1%HF/H20, 0.1 M or 0.01 M Na2S/H20, or 0.1 M 

45 of the XPS spectrometer. The solution can be applied to the surface by h"Ilers- me core level binding energies and A~~~~ kinetic ing the HTSC surface in the Or by a energies measured and from the literature for y com- layer of solution to the surface of the HTSC material. 
The treatment is generally conducted for 1 second to 5 
minutes, usually from 15 to 60 seconds at a temperature 50 
from O" c' to 500 15" co to 25' co The 
treatment forms a surface layer from 10 to 500 Ang- 
stroms in thickness, usually from 50 to 200 Angstroms in 
thickness. 

10 is composed of a substrate 12, Containing a thin film 
of HTSC material 16. The surface 20 of the HTSC film 
16 is treated to form a passivating, encapsulating layer 
18. HTSC film 16 may be laid down in a pattern to form 
a device by use of a mask formed by conventional pho- 60 
tolithographic techniques or by use of shutters or 
shields. 

pounds, Ba cu compounds and for the 
chemically treated 123 surfaces are summarized in Ta- 
bles 11, I11 and IV respectively. Where appropriate data 
from the literature has been restated so that the binding 
energy reference is 284.6 for C 1s or 84.0 eV for Au4f712. 

TABLE I1 
~ummary of the mcarured core level binding energies and Auger 
kinetic energies in eV for Y compounds and chemically-treated 

YB~~CU~@--X Surfaces. NumberJ in Pmath- me the measured 
full widths at half-maximum. 

Referring now to the FIGURE, the layered structure 55 

Y3d5/2 0 1s Other Source 

Ref. 14 YBa2Cu307-x 

Yz(CZO~)~.~HZO 158.1 531.4 288.3 Ref. 20 

directed to the YBaCuO materials of the general for- Y B a 2 C ~ 0 7 - ~  + 158.1 531.6 288.4 Ref. 29 
(C Is) 

158.7 532.0 168.9 Ref. 20 mula Y ~ B ~ ~ C L I ~ O ~ - ~  but the invention is equally appli- 65 H2C204 

cable to other HTSC materials of the cuprate family (1.95) (2.1) (1.9. S 2p3/2) 
such as the Bismuth cuprate of the general formula y ~ 2 ~ u 3 ~ , - x +  158.5 530.9 168.1 Ref. 29 
BiSrCaCuO or the thallium cuprate of the general for- 

155.8 528.3 - 
(1.0) (d .0 - 

The examples of practice of the invention will be (1.85) (2.2) (2.0, C Is) 

y2(so4)3 

H2S04 (s 2~312) 
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TABLE 11-continued TABLE II-continued 
Summary of the measured core level binding energies and Auger 
kinetic energies in eV for Y compounds and chemically-treated 

YB.~Cu3o. l -~  surfaces. Numbers in parentheses are the measured 

Summary of the musurd core level binding energies and Auger 
kinetic energies in eV for Y compounds and chemically-treated 

YBa~Cujo . l -~  surfaca. Numbers in parentheses are the measured 
full widths at half-maximum. 5 full widths at half-maximum. 

Y3dy2 0 1s Other Source Y3d5/2 0 1s Other Source 

y2s3, Bs 157.1 - 160.7 Ref. 20 158.1 - 619.0 Ref. 20 
received (1.6) (1.3, s 2P3/2) (1 3ds/2) 
Y2S3, sputtered 157.4 - 161.3 Ref. 20 YBa~Cu3o.l-~ + HI 158.1 - 619.1 Ref. 29 

(1.8) (1.6, s 2Pwz) (1 3d5/2) 
YBa2CU307-x + 157.6 - 161.3 Ref. 29 lo YF3 158.9 - 684.7 Ref. 14 
NazS (s  2P3/2) (2.1) (2.4. F 1s) 
yI3 158.0 - 618.9 Ref. 29 158.8 - - 684.8 Ref. 21 

517.3 Ref. 29 YBa2CUjo.l-x + 158.5 - 684.4 Ref. 29 
(IwN43N45) 

(2.0) (2.3, I3d5/z) (F 1s) 

HF/H20 (F 1s) 
15 

TABLE I11 
Summary of the measured core level binding energies and Auger 

kinetic energies in Ev for Ba compounds and chemically-treat- 
ed YBa2Cu307_, surfaces. Numbers in parentheses are the measur- 

ed full widths at halfmaximum. 
Ba3dw 0 Is B W A < N A T  Other Source 

777.7 
(1.6) 
780.1 

779.8 
(2.3) 
779.7 

780.7 

780.7 
779.4 

779.1 
(2.0) 
779.6 

- 
779.1 

780.4 
(1.5) 

780.4 

779.8 

779.8 
(2.4) 

528.3 
(1.8) 
531.6 

531.5 
(2.3) 

532.2 

- 
530.9 

600.0 

596.7 

597.1 

- 
596.3 

599.4 

- 
599.2 

591.5 

597.1 

596.0 

- 

Ref. 14 

Ref. 29 

Ref. 29 

Ref. 22 

Ref. 23 

Ref. 24 
Ref. 29 

Ref. 29 

Ref. 22 

Ref. 25 

Ref. 29 

Ref. 14 

Ref. 14 

Ref. 29 

Ref. 14 

Ref. 29 

TABLE IV 
Summary of the measured core level binding energies and Auger 
kinetic energies in eV for Cu compounds and chemically-treated' 

YBa2Cu3o.l-, surfaces. Numbers in paratheses are the measured 
full widths at half-maximum. 

CuZp3/2 C U L J M ~ S M ~ S  0 Is Other Source 

Y BazCu307 - x  933.25 918.9 528.3 - Ref. 14 

YBazCu307-, + None Observed 531.6 - Ref. 29 
H2C204 
cuso4 935.5 916.2 532.0 168.8 Ref. 29 

- - 169.4 Ref. 26 

C u m 4  (aq) 935.3 916.1 - - Ref. 24 
YBazCu307-, + None Observed 530.9 - Ref. 29 

(3.2) (1.8) 

(2.1) 1.7, S 2P3/2) (4.1) 
935.0 

(S 2P) 

HfS04 
cu2s  932.3 917.5 - 161.7 Ref. 29 

(1.25) - (1.0. s 2P3/2) 
932.3 917.6 - - Ref. 24 - - - 163.9 Ref. 25 

(S 2P) 
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TABLE IV-continued 
Summary of the measured core level binding energies and Auger 
kinetic energies in eV for Cu compounds and chemically-treated 

YBa2Cu307-, surfaces. Numbers in parentheses are the measured 
full widths at half-maximum. 

CU2p312 CuL3M45M4s 0 Is Other Source 
932.2 916.9 - 162.2 Ref. 26 

- 
- 

917.7 

918.3 

- 
'918.1 

- 

918.2 
917.9 

916.0 

916.6 

916.9 

- 
- 

915.7 
(4.0) 

None observed 

932.2 

931.9 

932.2 

932.0 
(1.3) 

(1.2) - 
931.8 

931.6-932.0 

932.1 
932.2 

932.5 
(1.2) 

932.0 

933.9 
(3.3) 
934.2 
934.2 

936.3 

(S 2P) 

(S 2P) 
161.6 Ref. 27 

161.7 Ref. 27 

(S 2P) 

(S 2P) 
161.6 Ref. 27 

161.7 Ref. 27 
(S 2P) 

(0.95, S 2P3/2) 
161.5 Ref. 29 

161.2, Ref. 29 
162.0 (0.9, S 2p3/2) 
162.3 Ref. 25 

162.5 Ref. 26 

161.5, Ref. 27 
162.2-162.5 

(S 2P) 

(S 2P) 

(S 2P) - Ref. 28 
161.3 Ref. 29 
(s 2P3/2) 
619.7 Ref. 29 

( Im45N45)  
619.1 Ref. 29 
(1 3d5/2) - Ref. 14 

- Ref. 28 - Ref. 29 

684.6 Ref. 14 
(2.4, F Is) 
684.4 Ref. 29 
(F 1s) 

EXAMPLE 5 
A 123 film from Example 1 was dipped for 30 seconds water. One might therefore expect that a cuprate super- 

in 0.1 M H 2 C 2 0 4 / H 2 0 .  This treatment induces no de- conductor surface treated with a sulfate-forming chemi- 
tectable change in the film thickness, as determined 40 cal would form a surface layer which is primarily 
with a profilometer, and subsequent x-ray diffraction BaS04. XPS spectra from the film of Example 3 which 
measurements show that the superconducting bulk of has been dipped in 1:lOO H 2 S 0 4 / H 2 0  show that a sul- 
the film is unaffected. The ratio of Y:Ba in the-resulting 
surface oxalate film is 1:1, while no Cu is detected. The 
Y 3d spectrum and the 0 1s and C 1s spectra are all 
consistent with spectra measured from the reference 
compound Y2(C204).9HzO. The Ba is presumably also 
present as the oxalate, BaC204. The oxalate film is of 
sufficient thickness that the underlying superconduc- 
ting phase is not detectable in the XPS spectra, and is 
sufficiently insulating that sample charging is observed. 
No significant changes are observed in the XPS spectra 
when this sample is subsequently dipped in deionized 
water for 1 minute. This is consistent with the expecta- 
tion that the reactivity of the oxalates to water, as de- 
duced from their solubilities, is low. This treatment thus 
appears to be useful as a passivation technique. Immer- 
sion of the superconducting film n the oxalic acid solu- 
tion for as long as 20 minutes did not visibly affect the 
film and induced no changes in the XPS spectra, indi- 
cating that the formation of the oxalate film may be 
self-limiting, or that the etch rate is very slow 

EXAMPLE 4 
A 123 film from Example 1 was dipped in 1% 

H 2 S 0 4 / H 2 0  for 30 seconds. Barium sulfate, Bas04 has 
a very low solubility in water, while the corresponding 
Y and Cu sulfates, Y2(S04)3 and CuS0.4, are soluble in 

fate film is' formed by this treatment. The Y3d/S 2p 
spectrum shows the characteristic S 2p sulfate peak near 

45 168-169 eV. The position of the Y 3d peak is consistent 
with that measured from the reference compound Y2(- 
SO&. Intensity analysis of the XPS spectra shows that 
the film is -95% BaS04and -5% Y2(S04)3.  Profilom- 
eter measurements show no detectable change in film 

50 thickness resulting from this treatment, and the x-ray 
diffraction peaks corresponding to the superconducting 
phase remain dominant. The sulfate film is found to be 
insulating and of sufficient thickness that sample charg- 
ing in the XPS spectrometer is observed. Subsequent 

?5 immersion of the film in water induces no observable 
changes in the XPS spectra, indicating that the sulfate 
film appears to be inert to water. This treatment thus 
also appears to be promising as a potential passivation 
technique. This treatment also appears to have slow 

60 etch rate or to be self-limiting, since etching for as long 
as 10 minutes did not remove the YBa~Cu307-~ film. 

EXAMPLE 5 

Two samples of 123 film from Example 1 were 
65 dipped in 0.1 M and 0.01 M N a 2 S N 2 0 ,  each for 30 

seconds. Cuprous sulfide, CU~S,  is, virtually insoluble in 
water, and cupric sulfide, CuS also has a very low solu- 
bility, while the solubility of the corresponding Y sul- 
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fide, the semiconductor Y2S3, has not been measured, the failure to achieve complete passivation in the earlier 
and barium sulfide Bas decomposes in water. A film publication (4). The bulk electrical properties have been 
consisting primarily of Cu2S and/or CuS with small reported (16) to be passivated by HF treatment, but the 
amount of Bas and Y2S3 on YBatC~307-~is  formed by surface properties were not studied. In the present Ex- 
treatment with a 0.1 M aqueous solution of Na2S. A 5 ample it is found that the Y and Ba fluoride peaks de- 
small Y 3d peak consistent with the reference com- crease in intensity with increasing time of immersion in 
pound Y2s3 is also observed, as are peaks corresponding water (noticeable within 5 minutes), with correspond- 
to Bas. Immersion of this film in de-ionized water in- ing increases in the intensities of peaks associated with 
duces no change in the c u  2P9 y 3 4  or s 2P spectra. the superconducting phase. This is consistent with the 
HOwever. the Ba 3d and 0 1s Peaks show signs of 10 slow dissolution of the fluoride film. Although YF3 is 
charging and shift with varYh3 flood gun settings, insoluble in water (see Table 1), the dissolution of BaF2, 
though no other peaks are observed to shift. This is which is the primary constituent of the fluoride film, 
consistent with the decomposition of the Bas at the apparently leaves insufficient material to film 
surface, resulting in the formation of an insulting spe- integrity. Since Y F ~  and other rare earth fluorides are 
cies. No changes n the xps spectra O r  in the Visual 15 insoluble in water, these compounds Seem particularly 
appearance of the film are observed when the etching promising for potential passivation layers. 
time is increased to as long as 15 min. After treatment has been demonstrated that 123 films can be passiv- 
for 30 s, no detectable change in film thickness is de- ated by forming a surface layer of native metal com- 
tected with a profilometer. However, x-ray diffraction pounds. Conducting the passivation reaction in water 
measurements show no peaks to the 2o results in removing the more soluble reactants so that 
superconducting phase' Even immersion Of a supercon- 
ducting for 30 in a much weaker Oaol aqueous 

the surface film is formed of the least insoluble native 
metal compound. Use of a native metal lessens the ten- solution of Na2S significantly reduces the intensities of 

the diffraction peaks corresponding to the superconduc- 
ting phase* The effects Of this treatment are thus not 25 

treatment for passivation of thin films. However, it is 
possible that bulk superconductors may be passivated 
with this treatment. 

dency to degrade the superconducting properties of the 
bulk msc superconductor. 

The oxalate, sulfide and sulfate films are found to 

change in film thicknesses after aqueous treatment. The 
oxalate and sulfate etchants do not affect the supercon- 

3o ducting phase. Na2S is found to degrade the polycrys- 
EXAMPLE 6 talline superconductivity phase of YBazC~307-~. 

However, it may not affect the superconducting prop- 
erties of monocrystalline 123 or Thallium or Bismuth or 
Lead based superconductors. 

~ C Z O ~ ,  BiF3, Bih, BW3, SrCtO4, SrS, PbC204, PbS, 

tion of t ~ -  compounds may be advantageous for the 
purpose Of passivation* 
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where M 3  is selected from H, ammonium and 
Group I metal ions, and X is an anion selected from 
halide, sulfide, sulfate and oxalate; and 

forming a passivating layer on the surface of said 
material, said layer consisting essentially of a salt of 
the anion of the reagent and at least one of said 
native metal ions, said layer having a solubility in 
water of no more than 10-3M. 

2. A method according to claim 1 in which the super- 
conductor material is selected from compounds of the 
formula 

10 

MX'MY*C~P~ 

I claim: 
1. A method of passivating the surface of a metal 

reacting the native metals on the surface of the super- 
conductor material with an aqueous solution of a 

to the method of claim 1. * * * * *  
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