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Motivation for Copper-Based RABITS

® Excellent texture has been achieved
[<5° FWHM in pure copper]

®* Weakly diamagnetic

= no ferromagnetic contribution to hysteretic ac
losses

® Inexpensive

[factor of 4 - 6 less than nickel (ref: London Metal
Exchange, www.Ime.co.uk)|
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Motivation for Copper-Based RABITS

® Excellent texture has been achieved
[<5° FWHM in pure copper]

®* Weakly diamagnetic
= no contribution to hysteretic ac losses

® Inexpensive
[factor of 4 - 6 less than nickel (ref: London Metal
Exchange, www.Ime.co.uk) |

® Highly conductive

[with conductive buffers, no need for additional
stabilizer]



Conducting Buffers and Stability
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Challenges/issues for Copper-Based RABITS

wm=) ¢ Rapid copper diffusion through oxide buffer layers
[chemical contamination of HTS coating]

wm=) e Rapid formation of Cu-O [related to high Cu
diffusivity through native oxides]

®* Low mechanical strength of pure copper
[strong alloys and dispersions possible?]

® Large thermal expansion
[compressive stresses on HTS coatings]



Oxygen Diffusion Barrier Needed for
YBCO Deposition

compatible with YBCO

LaMnO,; 0.3 um
MgO 8_2 um 7 Excellent oxygen diffusion barrier

D~10-2° cm?/s @ 800°C

STO Epitaxial template
5 nm

Simulate?i """"
YBCO

copper diffusion through buffer stack!
anneal

Cu,0O



Copper Diffusion Barrier Needed for
YBCO Deposition

LMO 0.3 pm LMO 0.3 um

MgO 0.2 um MgO 0.1 um
TiN 0.15 um

STO or MgO STO or MgO
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Results (PLD YBCQO):. J_=3.5 MA/cm2 on Cu
film on MgO

YBCO 0.18 um
LMO 0.3 pm
_\yeco on cu film « J.=2 MA/cm?on Cu
10 TiN 0.2 um
< l cu (001 bulk crystal
30 > (magnetization result)
B I YBCO on STO
10*
« J.=1MA/cm? on
107 L textured Cu
0 1 2 3, 4 5 6 7 (magnetization result)

® A number of analyses (TEM, XRD, RBS, SEM) performed
to probe buffer layer quality and YBCO properties



Challenges/issues for Copper-Based RABITS

v' ® Rapid diffusion through oxide buffer layers
[chemical contamination of HTS coating]

v" ® Rapid formation of Cu-0O [related to high Cu
diffusivity through native oxides]

®* Low mechanical strength of pure copper
[strong alloys and dispersions possible?]

— e Large thermal expansion
[compressive stresses on HTS coatings]



All interfaces are clean and well defined
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Alternative approach: nickel buffer layer

Critical issue:
nickel/copper interdiffusion

® Existing techniques for simple, sputtered buffer
on nickel surface [e.g., LaMnO, as single buffer]

® Process limited by rate of copper-nickel
interdiffusion for an excessively thin Ni layer,

® and/or the magnetic hysteretic losses for an
excessively thick Ni layer



Intensity (a.u.)

Epitaxial architecture achieved

PLD YBCO coating 0.2 um thick
Ni layer 1.6 um
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Good Superconducting Properties
but, magnetic losses due to nickel

3.0
259H=0T
_ 2.01
>
1.5
S I, = 6.75 Alcm
6 _ ) -

— 10 :ﬂ. 054 - - ____________ } —

NE : \. 0.0/ Substrate magnetic hysteresis
o \. 0 1 2 3I X 5 6 7 — AC losses ~ Ni5%W alloy tape
E \. ( mp) 0.015 . . . .

S— — 6 2 \ P e L R

; J. =1.1x10° A/lcm oorok
-
= o.008 ET b
5 E i
10 : ; 0.000 'ﬂ
] T=77K . I & 1
H /| c-axis YBCO/LMO/Ni/Cu = o3| Ln e ]
A . o coarse grid |
T v T T T 1 T 1 T a.e1n e S —o—fife g
0.0 0.1 0.2 0.3 0.4 N [ i NS ST S SR S S -
-800 -600 -400 -200 0 200 400 &00 BOO
H (Tesla) H(Oe)
Aytug et al., JMR Rapid Commun. (in press)
Thompson et al., Physica C 370 (2002)



Summary and Future Directions

®* Optimize buffer architectures for both oxygen and

copper diffusion resistance
» MgO/TiN provides oxygen/copper diffusion barrier for insulating
buffer structure
» Conductive buffers may require:
nitride barriers that form less stable oxides: WN,, VN, TaN, ...
or, transient metal protection layer

®* Develop combination of texture, strength, and
conductivity in copper alloy tapes



END



Challenges for totally conducting buffer

layer architectures
Stability of TiN in Oxygen
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Comparison of strain in YBCO

° acu - 18 X 10_6 K_l ,
Gygeo = 12 x 1076 K1
aNi - 16 X 10_6 K_l

-+ Expected YBCO strain ~ 0.45%

» Measured YBCO strain = 0.2%

(on 1.5 mm thick bulk Cu)

High-resolution XRD
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Also viable buffer layer structure on Cu tape
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material

MgO
CaTiO3
SrTiO;
CeO,
Ho,O;
YSZ

Unit cell

421 A
3.82 A (orth)
391 A
3.82 A
3.75 A
3.63 A

D, (800 °C)
Oxygen Diffusion Coefficient
1x10720 cm?2/s
1x10°15 cm?/s
2x10712 cm?/s
1x10°5 cm?/s
1x10-3 cm?/s
1x107 cm?/s




S Superstructures on (001) Cu

e S forms only a p(2x2) superstructure on Cu
e Epitaxy of STO and CeO, requires S superstructure
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Electrical Coupling Between Sputtered SrRuO,/Cu/Ni
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