THEVA

High performance coated conductor
wires for magnet applications

Markus Bauer

THEVA DUnnschichttechnik GmbH

MT25 Conference 2017, Amsterdam

g



THEVA

HTS — PRODUCTION LINE
Setting worldwide standards

Pilot line features
«  Built 2012-2014, commissioned end of 2015
«  Maximum production capacity: 150 km/yr
(@ 12 mm-width)
*  Production tape length: 300 m,
up to 600 m demonstrated!

Goals

« Cost efficient production

 Robust process allowing high yield

« Implementation of industrial standards

«  Proof of production: high quality tape

First step towards industrial HTS wire production
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THENVA

Continuous

vacuum
tape locking

Roll-on = _Hm-!_l"F'“ =
with in-line . ' - (back side)
guality control Physical vapor deposition

with electron beam evaporation
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THEVA Pro-Line™ _
WA

« High performance 2G HTS tape = ~
— —~

« Simple layer architecture \ WY ¥

« Contains 20 years of R&D - \J e

« Unigque approach —
all IP owned by THEVA

Silver contact layer
g v (surround) ~ 1.5 pm
Silver
HTS film
(GdBa,Cu;0,.,)
3—-5um

MgO cap layer
S —— 0.3-0.5um

: 5 ISD-MgO

~3 um

Substrate (Hastelloy C276)
90 — 100 um
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THEVA

ORIENTED BUFFER LAYER
Inclined substrate deposition (ISD)

ISD MgO process
= E-gun evaporation on a filted substrate
(30°)

= Simple process and fast (> 6 nm/s)

= Tilt angle of MgO<100>: Bumgo = 30° MgO vapor

* |In-plane texture: Adpgo = 10°

HTS process 0° c-axis
30°

= Tilt angle is transferred

= Texture improves

= Tilt angle of HTS c-Axis Bedsacuo = 30°
» |n-plane HTS Adprgo = 6°
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THEVA

Tunable performance
Positive effect of the filt angle

Previous results from 2016

1200 ,
Comparison of o(g’ / 0,
laboratory results é\v\ y &
1000 - with production / @,c')/ .
N
’l
800 ” O

Tilt leads to textured overgrowth of

precipitates and misoriented regions
O Cu rich stochiometry

I, in A (12 mm width)
o
o
=)

= J_is thickness independent O Cu poor stochiometry
—2 MA/cm?

- —=1,6 MA/cm?

===1,2 MA/cm?

® 60 m wires

= Very high I possible 200 -

0 1 2 3 4 5 6 7 8 9
HTS thickness in pm
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Tunable performance
First effect of the tilt angle
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THEVA

Performance on production tapes

Improved performance was successfully
transferred to production

« Homogeneous cross section

« High performance over long length

=600 A

Over 200 m: I, =700 A, |

c,min
lc[4]

200.0

600.0
=L o I“,mi” 500 A
L
12 mm tape, 77 K, self field
200.0
Tapestar measurement,
. 1 mm resolution, 1 pV/cm
© sw  to0oo0  1s0000  a0000 20000
Position [m]
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THEVA

Tunable performance
positive effect of the tilt angle

Tilt leads to textured overgrowth of
precipitates and misoriented regions

’ O Curich stochiometry
. . . ,‘ o 0 Cu poor stochiometry
= J.is thickness independent 1 ofo’ > —2 MA/cm?

200 - I’/’ - —=1,6 MA/cm?
= Very high I possible A -;—;:l:ﬂcvﬁg

200 m

I in A (12 mm width)
[=2]
(=}
o

0 1 2 3 4 5 6 7 8 9
HTS thickness in ym
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= B|| cisnot Blln
= Value of tilt is about 30°

= Tilt is always to the side
of the tape

= Tilt direction is marked
on the tape

Second tip,
pointing to the
end of the tape

First tip, indicating the
c-axis orientation

lift factor | /1 7% °T

c C

0,35

Shift of maximum by ~ 30°

L

THEVA

Shifted magnetic field performance
An effect of the tilt angle
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Magnetic Field Performance

\\ different sample M|n|mum Ic —_— 42 K
i e 30 K
. ~ B 1 tape plane 40 K
50 K
~ | — 50 K
7 \ —— 65K
S X 3 T~ ok
22\ ==
O —° & \
(4t 5\ <
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—_ T —
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0 1 2 3 4 5 6 7 8

magnetic field [T]

more data available!
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THEVA

No artificial pinning centers
Lift factor of 15 samples taken

out of production over about 1a:
LF(1.5 T, 30K) = 2.2 + 0.4 (+ 18%)

Reliable magnetic field

performance!




THENVA

Pro-Line HTS wire
Different wire types available

stabilization

solder

metallization

superconductor

TPL1100 O 00

buffer layers ;
‘ Cu laminated

P — Cu plated
substrate Hastelloy C276
e Cu stabilization
TPL2100 according to application

Used for g)ecoswing « Standard width 12 mm

More information « Smaller width samples
TUE-Mo0-0r14 and Thu-Af-PI7-01 )
availabe
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THEVA
Thermal stability of Cu laminated type

HTS Tape has to withstand thermal stress during further processing:
* VPl or potting: curing for hours at elevated temperature (100°C typical)

« Soldering: high temperatures for shorter tfime (< T,, of solder of lamination)

18%

cu e | Typical time for soldering: minutes
14% f f____
PbSnAg S . /
° A | P o
(T.,=178°C) S 1o | L
Ag % 8% —
e GdBaCuO % o /’/
4% - or : .
TPL 2100 i PA | 1.70 Cinair
f using soldering system
o 0 2 4 6 8 10 12 14

Duration [h]

No degradation within usual processing times!
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THEVA

Mechanical properties of laminated tape

| Ega"ggm@ze s Optical width measurement
‘Bandpreite ori . .

= Bandbreite gta?t.é?? ()mm) after lamination
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= ‘Banddicke orig (um) . .
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THENVA
Bending test of Cu plated tape

Critical bending radius Critical bending radius
HTS inside (compression) HTS outside (tension) ﬂ(IT
<5 mm arlsruhe Institute of Technology

[ I
| |
MM

=f==measured at radius

=@=measured after reversal

ﬂ ‘- A Rotatable current leads
s % Similar results found
TPL 2100 | \ . N for laminated tape!

-1% -0.5% 0% 0.5% 1%
Calculated bending strain
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THEVA

Copper plating
Dog boning
e Important for high density

packing of turns and
reproducible coil thickness

* Development of

homogeneous thickness

[ T |
100um

4% T ul

THEVA 5.0kV 7.7mm x100 LM(L) 11/14/201
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THEVA
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