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FY 2000 U.S. Department of Energy
Funding Breakdown

O Superconductvity
Partnership Initiative

32%

42%
W Second Generation
Wire Initiative
26%
O Strategic Research
Total Funding: $32 Million* (primarily CRADAS)

*All funding includes the work performed at U.S. national
laboratories and universities/’companies funded by DOE ml



Primary U.S. Routesto Coated Conductors

RABITS (Rolling-Assisted
Biaxially Textured Substrates)

Roll-Textured & Anneded
U Pure Nickel or Ni-Alloy
Substrate

U

ﬂ Epitaxy of Ceria
Buffer Layer

Epitaxy of YSZ & CeO,
Cap Layers. “RABITS™”

Y

Epitaxy of
Superconductor

|BAD-lon Beam Assisted Deposition

¥ 4

IBAD of YSZ or MgO
on Randomly Oriented
Ni Alloy Substrate
(SIN buffer layer for
MgO)

IBAD Layer is Capped
with epitaxial CeO,

Epitaxy of
Superconductor
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Ex-situ Formation of YBCO by BaF, Precur sor

Offers Many Advantages
_ meeTs TP, Pico
]
e-beam(s)
I

e Advantages of ex-situ process:
— Deposition and formation steps are separated

— Wider processing window - combination of temp, O, and H,O
partial pressures

— “Adjustment” of precursor stoichiometry possible
— Batch process. May also be deposited via solution. I




The"Ex-Situ” (BaF,) Method of Forming YBCO on IBAD
and RABITS Templates Has Proven Very Robust

(Standard RABITS architectur e produces consistently high-J, results.)

CeO, 0.03 Mm

YS7 1® 0.25mm YIIBCO: 0.3 rrm/ 2 o

typical 1.0 -1.7 MA/cm
CeOy 0.03 mm best 2.3 MA/cm?2
125 ® 50 mm

-thus far, CeO, is only compatible contact layer

must be of high crystallinity, and smooth and dense to enable
reproducible YBCO quality
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J. of YBCO/RABITS Processed by the BaF,
Precursor Method iIsas Good as YBCO by PLD

10

BaF,/STO
125-mm Ni

50-mm Ni
All PLD/
RABITS

77 K, Hllc

0 2 4 6
Magnetic field (T)







Grain Boundary Map of Ex-situ YBCO Film on
RABITS (FWHM @10.8°; J.=1.6 MA/cm?)

Local grain connectivity deviates from statistical distribution
Bias towards lower GB angles ® “J. threshold” @2-3°
Pervasive current transport is possible for J < J.

uundar\f I ouindary lewels: 20° = olndary lewels
G000 pm = 50 steps 325 Grains G000 pm = 50 steps 280 Grains G000 pm = 50 steps 204 Grains

60 Nm




See Feenstra, et. al. poster WTP-20 on Tues 19 Oct Ol'l\l



YBCO Conductor Deposited by All-Moving
Vapor Deposition and BaF, Conversion is
Black, Shiny, and Uniform

1.00

251 I (end-to-end) =15.3 A
Je (end-to-end) = 0.54 MA/cm?2

- 0.75
201 YBCO =0.315 mm

current tap

o

ol

(@]
(zWo/vIN) °r

.25

0 , ; . .00

0 1 2 3 4
Position (cm)

End-to-End J_ >500,000 A/cm? has been Obtained
for All-Moving Vapor Deposited RABITS Tape
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Continuously Processed Conductor

| Y-123 1-3um
Y,05-30nm
| 1IBAD YSZ 0.5um

Substrate
| nconel 625)

| Y-123 1-3um
CeO, -30nm
| IBADYSZ 0.5um

| Substrate
1 (Inconel 625)

Geometries at Los Alamos

°*Y-123/IBAD YSZ
J. ~0.6 MA/cm?
s~ 100 A

°*Y-123/Y,0,/IBAD YZ
J.~1 MA/cm?
s~ 120 A

*Y-123/CeO,/IBAD YZ
J. ~1 MA/cm?

***YSZ thicknessis 0.5 pm

|S~200 A
Los Alamos —
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The Most Uniform Tape Produced in the Past Year Had
cm-by-cm Critical Current Variations of £20%

K : 96 A over 87cm-- J: 1 MA/cm? \
120

1.2
100
10 =
< e
— 80 S
= 08 2 &
2 5 5
o 06 5 <
I 5 =
(&) —_
= 4y}
= 40 04 ©
O .E
20 0.2 ©
i

o

0.0

60 70 80
Position on tape (cm) J
Los Alames
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/Substrate
(Lcmx 5cm): Hastelloy C276
Y BCO thickness: 1.5mm
Critical current
density: 1.2 MA/cm?
Critical current: 176 A
Total sample
thickness: 42 mm
Engineering
current density: 41,900 A/cm?
o

~

)

Los Alames




Los Alamos IBAD MgO Template Films:
YBCO Texture/Performance Summary

(Short Samples)

Substrate YBCOF FWHM Jc(75 K .SF)
YSZ 2.1° 3.1 MA/cm?
Hastelloy C-276 3.6° 3.9 MA/cm?
Hastelloy C-276 4.0° 0.86 MA/cm?
Hastelloy C-276 6.1° 0.73 MA/cm?

Thickness

0.46 mm

0.22 mm

1.0 mm

1.3 mm

Los Alamos —
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L os Alamos Has M ade Consistent Progress
In Coated Conductor Development

~

~

Critical current (Amps)

75K

FY 1999

FY 1998

20

40 60
Tape length (cm)

8'0 100 J
Los Alames



3M Company Cooper ative Program

RABITS™ Development => ORNL and 3M

IBAD Development => LANL, DARPA VIP,
and 3M

E-Beam Development => 3M and VIP

In-Situ Oxidation => Stanford University and
3M

Ex-Situ (BaF,) Method => ORNL and 3M
Cable applications => Southwire and 3M
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3M isproducing RABITS

e 3M-NI, Spool lengths (~300 m) compatible with
RABITS technology

e Reactive Sputter Deposition of Buffer Layers (high
rate)

— Dep. (001) CeO, onto 3M-Ni, 10-m long.

— Stack completed at ORNL w/ (001) texture => J_~600
KA/cm?, short samples
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3M E-Beam System

 Evaporate 3 materials:
Y, Baor BaF,, Cu

 30KW, differentially
pumped E-gun

e Tapetransport system
capacity = 3.8cm x 100-m

3M BaF, Precursor Films

LANL IBAD YSZ, 25-cm long
Converted and tested at ORNL, 4-each 10-cm. segments
J. varied, expectedly, with XRD texture
«J. varied between 160 - 520 KA/cm?



ARl of ety [aesarsl Gorpe-sllos

IG Technology Development

Progress in IBAD-MOCVD-based
YBCO Conductor Development

1 S R T
.I : :., () )

S 08[ I.(77 K) > 2.3 MA/cm* r L1 E %
= S
o 061 >80 A, I >23 kAfem’ L S <
@ :
o " &
= 040 July 1999 E ® 2
2 | : a0 F§

02— i h 5 &

0 | R~ ! 0

Badh o KA MBS D i®

0 10 20 30 40 50 60 70 BO Yﬂ'
Current (A)

Obtained high critical current on IBAD substrates
(including those provided by LANL)



Non-M agnetic, Strengthened Substrate Development at ORNL

L og scale Ni-13% Cr
(111) polefigure

10

—e— Nickel

(area=58920eemu/cc) T =77 K

77K

N
o
o

& —=— Alternative substrate 1 N| 13% CI’/C/Y/C

g (area = 595 Oe emu/cc)

g ] ey Ji (OT) 1 4 MA/cm2
5 S opf T
; t < 4 7

I | > N I

=4 Ni-13% Cr — 1 o

s Ni-7% Cr = 0.01;

Substrate  YS(0.2%) UTS
30 20 -10 O 10 20 30 Ni 34 MPa 221 MPa

Magnetic field (Oe) Ni-13%Cr 164 MPa 525MPa 001 R e e mn ey s s p ey
Ni-13%Cr 228MPa 657MPa 0 1 c 3 4 5 6
A% Al Magnetic Field [T]

Grain orientationsin
N| 13%Cr Substrate

Summary
- J.sover 1 MA/cm? on Ni-13%Cr.
- Other binary alloys- Ni-Cr, Ni-V,
Ni-W, Ni-Cu, Ni-Mo and their
ternary alloyswith Al, Mg, etc. have

also been investigated.

b il iy el 137 f—' 128
FEILD = 70 shaps B170 G




High-J. was Obtained for YBCO (PLD) on
SrRuO, (PLD) /LaNiO4 (Sputtering)/Ni

107

J.(H=0)= 620 kA/cm? at 77K
=1.4 MA/cm? at 64K

YBCO/RABITS
CEO/YSZ/CEO/NI]

YBCO/RABITS
[SRO/LNO/NI]

YBCO/STO

Critical Current Density (A/cm?)

Magnetic Field (Tesla)



High-J. YBCO HasBeen Made on Y SZ/Ni

— Fully epitaxial
YBCO/Y SZ/Ni structure
has been realized.

—J. (77 K)>0.5MA/cm?for
YBCO/YSZ/NI structure
« Some 45° rotated YBCO
grainsyield depressed J..
» CeO, cap layer yieldsonein-
plane variant.

w (deg.) f (deg.)



U.S. Air Force Research Laboratory
Coated Conductor Research

« 1.2-MA/cm? on Ni/CeO,/YSZ/CeO,/YBCO
o All layersdeposited by PLD at AFRL
* Ni provided by EURUS Technologies, Inc.



Private Companiesto Scale Up YBCO
Coated Conductorsin U.S.

Company YBCO Deposition Approach Substrate

3M Reactive co-evapor ation IBAD, RABITS
(in-situ and ex-situ processes)

Oxford Superconducting PLD (research) RABITS

MicroCoating Tech. CCVD (open atmosphere CVD), RABITS
also sol-gel*

EURUS Technologies sol-gel*, others RABITS

American Superconductor sol-gel TFA* RABITS

| nter magnetics Gener al PLD, MOCVD IBAD

*ex-situ YBCO formation using post-anneal

National laboratories will conduct continuous processing resear ch at

<10-m lengthsin 2000



OST Pure NI Substrate

Electron image Grains: 3° boundaries Grains: 5° boundaries  Grains: 7° boundaries
(nearly full connectivity)

<«—» 300 microns

High J.in BNL Coating on OST Substrate

*OST pure textured nickel (ORNL CRADA) <] (77K, sf) = 0.86 MA/cm?
*Oxford Instruments PLD buffer layers | (77K, f) =52 A
*BNL BaF, YBCO layer, 2-mm thick J(7T7K, 1T ) = 0.17 MA/cm?2

OXFR



STiO; (111)
Near—SlngIe _ 5_ SITiO, (111)
Oriented CCVD | b
STiO, 3 3
Buffer on | P s
Textured-Ni [i \ g
Substrate S -
® JEM 273/DS-55b ;
O JEM 274/DS-57a |
High J,YBCOFilmo € ™% ¢, '
CCVD-STO Buffered < ° :
LAO Single Crystal S et i
Substrates Using PLD

ORNL/MCT H (T)



Reel-to-Reel Continuous Dip-Coating Unit for Producing
L ong Lengths of Sol-Gel Buffered Ni Substrates at
L aboratory Scale

| Olut-cl)f-FfIanle |

10
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o Eu,0, (004) |-
0

0 20 40 60 80 100 120 140
Position (mm)

Tape speed 3 m/h b In-Plane
Ar/H, 4% flow A S
Double side coated I u%nnununﬂ; o oeogo
Almost 100% vyield e TR

= °

. = 4: O Ni -
YBCO/CeO,/Y SZ/Eu,0O4(sol-gel)/Ni:  E 2 - Eu,0, (22)|-
J.(0T, 77K) = 1.1 MA/cm>=. %0 20 40 60 80 100 120

Position (mm)

Completely nonvacuum process; 3-m lengths RABITS l






Reel-to-reel continuous x-ray texture
measurement isa prototype for on-line
monitoring of deposited layers

N

o

o

o
T

3

Cainth

Y SZ(002)
Intensity
measured at
5 cm/sec

20001

counts/ second

3

0 5 10 15
distance (m)
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Projected Timelinefor
Coated Conductor Scale-up in USA

Pre-commercial Scale-up Year Estimated Budget ($M) per year
for each Phase
Phase - US Industry
99 90 G1 02 03 0405 D6 ©7 48 Commercial Federal Total
I Continuous Processing - 8.0 8.0 16.0
Feasibility & 1-m lengths
I 10-m piece lengths
with lab-scale demonstration - 12.0 12.0 24.0
Il 100-m piece lengths -
and field tests using TBD TBD TBD
YBCO conductor in SPI
IV Pre-commercial production - TBD 0 TBD

US Government and industry research is expected to cost $16 million in 2000.
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Conclusion

Consistent progressin increasing critical current of 1-m
coated conductorsin U.S. New materials and methods
are being researched at the national laboratories.

Industrially scalable ex-situ deposition of YBCO (by e-
beam or wet chemical methods) on IBAD or RABITS
yields high J.

Five processesfor deposition of buffer layersand YBCO
on nickel tapes are being developed.

6 U.S. companies ar e resear ching scale-up of coated
conductorsto 10’'s of meters by 2001 and 100’'s of meters
by 2002.
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