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Resistance of Mercury
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Superconducting Material Family: LETTER
O I d an d Youn g ! Conventional superconductivity at 203 kelvin at high

pressures in the sulfur hydride system

A. P. Drozdov™, M. 1. Eremets™, 1. A. Troyan', V. Ksenofontov’ & S, 1. Shylin”

Room temperature

/ Nature 525(2015 Sept.)
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Superconductor family-
Il from single element to macromolecule

_Type | _Name | Tc_
9K

\ Simple Nb
metals
4 Alloys Nb,Ge 23K /
MgB, 39K
Organic DMEDO- 4.8K =—p

SC TSeF
Molecular M,C,, 42K
SC (M = Na, K, Rb)
Oxy- SmFeAs(O,F) 55K
pnictides

Cuperate YBa,Cu;0, 90K
HgBa,Ca,Cu;O0, 135K
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(E33ENDbTi . MgB,. Bi2223. RE123%F) WIRFBRET, (B, J) . LIaR#EFHL, (T, J) MIEFRBEREBE J,

(T, H) =4E. ATRRE123EB KRR . BISEERSESNIEFERBE (L&)
|

(KRB S/ il L pk PiRiB M/ B IRE
& J& NbTi (Nb;Sn etc.) &%) MgB,/Fe-based

Bl/c axis

10°

Critical current density J. (A/cm?)

10°=1 ~
~MgB: 1GEmiBSHM /i 2GEmiB S/ HIH
2o A Bi2223/Bi2212 F i REBCO
47‘9: 0 \&2‘
", et e |
S R e m— *
Y N ====== | —
o
Crisan, Vortices and Nanostructured 44 B or A4V AR SR A S TS 50 2 &85 T [

Superconductors, Springer Series in Materials

Science 261, 2017 TIERE (FEIR) 64 (2019) 827 o
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Fundamental Challenges of Cuperate HTS Application

Jc limited by weak link @GBs Giant flux motion by thermal
> Layered structure fluctuation
> ¢, =1.3-3.5nm; ¢.=0.2-1nm > high running temperature
» Low pinning potential of single vortex(~g")
10°F o A
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J.(9) =30 * exp (-(9-4° )/2.4° ) for 9 >4°
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Charging of CuO4 quares:
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v gy =Jyexp(—¢/4.)
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< Different GBs, V/Q =10eV /e

< T-junction
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screening L~ Interatomic d

Graser, Nature Phys 6 (2010) 609
Wolf, PRL, 108 (2012) 117002
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Back flow

Charge imbalance at the GB
depresses J. at the interface
(t—J model calculations)
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Besides the irreversibility field, there is the
crossover field, both recognisable in the
(V) characteristics.

[B. Holzapfel et al., IEEE Trans. Appl. Supercond., 11, 3872-3875, 2001]

[L. Fernandez et al., PRB, 67, 525031-0525034 (2003)]
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hole doped
400 'elecl:tror'\ dolpeq P Pl '
Nd, Ce, CuO, YBa,Cu,0;
Pr, ,Ce,Cu0, Y,.CaBa,Cu,0,,
~ 300} \ .
X Sm, Ce CuQ, b il
2 LaPr,  Ce,Cu0, —\—
ot = Bi,SryfaCu,0
S 200 < 2 ac0% -
g- pseudo\ ]
3 n-type AFM gap ~\T‘* p-type
100 + v ! l
! E _
/ | T
0 ! . | i 1 ; 1 i
0.3 0.2 0.1 0 0.1 0.2

doping

0.3

Electronic State Diagram for Cuprates

http://for538.wmi.badw-muenchen.de/

Hc2

Magnetic field

L

Vortex Lattice

Meissner State

Temperature Tc

Magneto-thermal Phases for Cuprates

Leggett, Nature Phys., 2 (2006)134
Obradors, SuST, 27(2014)044003
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»Anisotropy of flux pinning decresed in TL

L T T
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5t | m LY é/:
C. Cai et al., Phys. Rev. B. 70, 064504(2004): - *%.:]L Strongest 4
Phys. Rev. B. 70, 212501(2004) o s S alloing .
0 90 180 270 360
»Strongest tailoring of flux pinning occurs (deg)

at H/lc, while the highest J_ at HLc highest J,
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Epitaxial film
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10° tBi-axially textured film ¥,
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- (vortex)
N - v (®o=h/2e=2.068x10""5 Wh)
textured bu : ——
?, - Flux piinning gap 2. 300 amid
< Polycrystal/ =
4 |
:010  Clean SC
= Grain-boundary gap 10¢) Hitay) | Meastred inMIT, USA
. Ng World
— em mm le= == sk Em == == < N Record
[ —° -\.\
77K : Copper wire et P/ g L
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102 | V | ’%T#/L/%\'E) ‘g% di '/ E 10°
100 H%gz ) 104 ° S%:ble-st;fe fieldz(c')l' ) 25
e

High Jc-H of Melt-textured RE123 Bulk developed in 1990s



Architectures for HTS Coated Conductors

Key issues (1): Key issues (2):
biaxial texture and High-density
epitaxial growth flux pinning

(= /| centers

kL

a b

X: 500 nm/div
Z: 30.0 nm/div

HTS Layer:

{r9/Z Ag/Cu B E REBCO REBaCuO

Buffer:
‘ Y203, La2Zr207

Substrate:

& Textured Ni-W

& Untextured
Ni-based Tape
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e
~ Thermal GZ0O/MgO Target MgO Target
Rolling Anneal (e-beam; sputtering) (PLD; sputtering)

CeO, LaMnO, or CeO, CeO,
YSZ Homo-epi MgO Homo-epi MgO
IBAD-MgO

Texture NiW Untextured Metal Untextured Metal

€ Cai et al, Progress in Physics (Chinese) ,4(2007)467 - Cai et al, Advance in China Materials, 30(2010)1
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SuNAM'’s 2G Wire Architecture

Superconducting layer (1.2 ~ 1.8 um) RCE-DR

Buffer layer ~20 nm sputter Barrier, Seed, IBAD& Buffer (D&M, 2009
Homoepi-MgO layer ~ 20 nm ) —— ' &5 :
IBAD-MgO layer ~ 10 nm IBAD
e (sputter & IBAD-MgO
Seed layer (Y,0,) E-beam) g
~7nm
Diffusion barrier (Al,O5)
~ 40 nm ~
Hastelloy C276 (Ni-alloy tape) Electro : H°|\f/|n°(')epi
grUS ape -polishing EaMnQ, g
.............. B/ Process soee
_ Each Step R&D system (’08) Pilot system(’09)
"= Typical |~ 600 A/12 mm at 77 K self-field (J_~ > 4 MA/cm?) | | IIFCHN s 210 mihr ol
(Not to scale) yp c ¢ Y,0, 500 m/hr (1 system)
SUNAN IBAD-MgO 600 m/hr 360 m/hr
Homo-epi MgO ~ 70 m/hr i syste.m?
Buffer layer limits the
LMO buffer ~50 m/hr speed.

SUNAN

* 4 mm width equivalent.
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HTS Coated Conductors
@Shanghai Jiaotong University & Spinning-off Company, SSTC

€ Textured Oxide Buffers on Textured metallic tape via IBAD

€ Epitaxial HTS Films on Textured Oxide Buffer via PLD |
‘ LBBSHERHARA

Shanghai Superconductor Technology Co.,Ltd.

CeO,: 200nm T :
ra— | LaMnO,: 30-50 nm PLD-HTS Layer :
— . :
@ — (@ IBAD-MgO: 5nm
Y203: 20 nm — LASER BEAM
: CAROUSEL PORT WITH
Al,LO,: 80 nm h QUARTZ
Ono ways for Oxide Buffer on .\
Textured Hastelloy SETEh&€ ~30/50 um A H
F / LASER F';LUME ’,/'/
! // SAMF:LESTAGE
- VACUUM CHAMBER
N II CTySTtalnzton

Protection and stabilization 'Q iy’ @



High performance GdBCO films with " robust “ structure

Defective region

800
700
600 ponv e e R e
500}
<,
400 -
’\40
300 |
200
| Average [ ; 604A
100 + Standard Deviation: 13A
0 L 1 L 1 " 1 L 1 L | L 1 " 1 N
0 100 200 300 400 500 600 700 800
Position (m)
Annual production for a 300W PLD: High quality GdBCO film grown

>150 km*500 A under “overgrowth” mechanism



I Mixed-landscape pinning centers in “fast grown” EuBCO films

700
600 WMWMWWWN
500 [ i R )
< 400
N— X
~"1300 LAverage I_: 601A  Average I: 508A 0oL -
- Standard Deviation:12A  Standard Deviation:14A symmetric peak
200 broadening
100 F — 30 pm
| =30 i
0.|.|.|.|.|.|.|.|.|.
0 100 200 300 400 500 600 700 800 9001000 : !
Position (m) 200
KM-Long EuBCO tapes with high /_ Inclined nano-rods and high density of stacking

achieved on 30 and 50 um substrates faults co-exist throughout the film

Jiang G, Zhao Y, Zhu J, et al. Superconductor Science and Technology, 2020, 33(7): 074005.



HTS Coated Conductors
@Suzhou Advanced Materials Institute

€ Textured Oxide Buffers on Textured metallic tape via IBAD
€ Epitaxial HTS Films on Textured Oxide Buffer via MOCVD

= LaMnQO;: 100-120 nm
\ SME-MgO: 30-50 nm
= ® 2
IBAD-MgO: 10nm
Y,05: 8-10nm
Oxide Buffer on _
Textured Hastelloy Al,Q,: 80 nm

O

F%

IHr#& % ~60 um

=
e = &

R.P.

R.P.

Protection and stabilization


http://www.samri.org.cn/index.aspx

\O Samri 75351 FrIBAD-MgOZR 14

@ IBAD-MgOKTATFEREXEI220
MgO) <5.5°RIRZEAXTFI0%.

€ AmmIEFRE600NE, (5K/F,
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HTS Coated Conductors 34
@Shanghai University & Spinning-off Company, SCSC

€ Textured Oxide Buffers on Textured or Untextured Tape via RABITS or IBAD
€ Epitaxial HTS Films on Textured Oxide Buffer via MOD

Oz gepl e $a 4wz

Shanghai Creative Supercond. Technol. Co. Ltd

Substrate

MOD-HTS Layer

GZ0/MgO Target

(e-beam; sputtering)

Oxide Buffer on P N
Textured or Untextured Coating &

Pyrolysis

Protection

Slitting & Package




Reel-to-Reel System Development in Past Ten Years

L

Research Level R2R Sputtering System Industry-level Sputtering Production Line

NSFC. MOST-863/973 Project »STCSM-Key Project » Shanghai Municipal Key Project

Research Level R2R Solution Coating System Industry-level Solution Coating System



On-line Check for Texture of Kilometer’s Oxide
Buffer on Untextured Metallic Tapes




Evaluation Method Developed for Texture of Oxide Buffer

» Direct comparison of time dependence
of In-situ RHEED pattern and ex-situ x-

ray Phi scanning

0.8

= . B T o
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w— 06} ]
O - a
R == >
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3 04f
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1 1 2 NN NS 1 ¥ 1 1 1

80 100 120 140 160 180 200 220

Deposition time (s)

(‘Bap) uess 1yd*Y089 10 INHMA

., (024)

» Characteristic
Method
Developed For in-
situ Check of
Texture



Industrial Process for MOD-RBaCuO Coated Conductors

Oxygenation High-temperature Crystallization



Dramatic Reduction For Pyrolysis Time of MOD

700 ————r
s00] 600mMin
5004
400-

300 +

I R (min)

200 1
T

100min

1nu: i
] 30min

G5,
MOD

Imin
DEA-
MOD

%4
MOD

(2
MOD

€ Pyrolysis time reduced to be as short as one
minute using extremely low F-content solutions

€ Smooth and dense films obtained at a
pyrolysis rate as high as 25 K/min

Li et al., Physica C, 537(2017), 29-33.
Lu et al., IEEE Trans. Supercond. 29(2019)6602805

AG <0,
AG = 0,
AG >0,

Possible reaction
Balanced reaction

Impossible reaction

(KJ)

A G

= =50 4

i 0 _ 2,
AG?. = ZVAGf,T

(products) — Y, VAGQ (reactants)

r, T

tempurature ('C)

150 44]

100

50 -

-100 -
-150

-200 <

| e=a=—1/3Y,0 +CuF =Cu0+2/3YF,

100 200 300 400 500 600 700 800 900

—8—BaCO,+2/3YF =BaF +1/3Y,0,+CO,

== Be1003+CuF2=BaF2+CuO+CO2
Nucleation
Process

e

¥ L} b v b L ; ] > L i ) - L
600 700 800 900 1000 1100 1200
tempurature (K)

) . L)
400 500




Phase Formation, nucleation and growth of MOD-derived YBCO

4 N

Gas flowing direction

l i ? Diffusion
: | Boundary
H,O0 HF I Layer
Precursor
REBCO Growths
Interface [||:| B AR T ]
Substrate

R(Head) > R(Mldd/E) > R(End) \ /
|Au|(Head) <|Au|(Middle) <|Au|(End)

Li et al., Physica C,
537(2017), 29-33.
Lu et al., IEEE Trans.

Supercond.
A7, ) 29(2019)6602805
1N SRR s ;“ -)\...p
HERIEFRIR BIFEKIESERIE R -

atHEN R a iHENEZ alfEN kLS (B ERBIE



Critical Current for Typical MOD-HTS Tapes at SCSC

le[4]
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Ro0o R R e e ww"rv‘vufv K

IcC~520A/1Z2Zmm-w

20031930 200m-level
1000 @77K, SElf-fleld
S ——— Dy Tapestar

lc [A]

WWWW‘WW”WWMMWWWVﬂMW pme \M"\M"F"'i”" M\ﬁ'\m‘M‘"““‘ WWWW N\qnw‘lm.'\f
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20 T iath, Ic crteria. Taviem Latest 4mm-wide products tested by
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Texture Properties for MOD HTS Layers

In-plane
. texture
100.0k . ~30 L
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Latest developed Reel-to-Reel XRD: Defect and performance analysis tool

Ic (4]
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Typical performances for 12mm/4mm-wide products
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AMSC 36.5 MW, 120 rpm ship propulsion motor

O +84MOD4F &
2G 48 F A 41 47 3%,

O A i AMSCHe iE 5
Rl £ 44k

MECHANICAL PROPERTIES

Second generation HTS wire
for power dense coill
applications

Type 8501 (4.8 mm)

Type 8501 and 8502

Type 8502 (12 mm)

Average thickness:

017 mm-0.21 mm

018 mm - 0.22 mm

Minimum width: 4.70 mm 11.9 mm
Maximum width: 495 mm 12.3 mm
Minimum double bend diameter (RT): 30 mm' 30 mmy'
g‘ﬂjllri\clgr(\ju\r,vn"c;?é?l)ie bend diameter for 100 mm' 100 mmi
Maximum rated tensile stress (RT): 150 MPa’ 150 MPa’
Maximum rated wire tension (RT): 12 kg’ 30 kg’

Maximum rated tensile strain (77K): 0.25%' 0.3%'

Maximum rated C-Axis stress: 20 MPa' 20 MPa’

ELECTRICAL PROPERTIES

Type 8501 (4.4 mm)

Type 8502 (12 mm)

Minimum amperage (I)"

Average Engineering
current density - Je (A/lcm?)™

80 A —

90 A —
100 A =
250 A = 10,300 Aycm?
275 A — 11,330 Aycm?
300 A — 12,3605cm2

Spliced wire available in long lengths-

Insulation options: Contact factory
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HTSEBIRFRESRIA LTI,

10°

Current limiter

10°

Cable Generators, Motors

Fusion magnets

>

ERETERAIRXERSH/,

MH;,

aEdiREEEt LIRS/,

Rl magnets T

Transtaermers

NMR-Spectrometer

Typical YBCO
fayer on technical

substrates at 77 K
T T N R I 0 O A R I

I I

X. Ubradogs [ Puig, bUbI_Iﬁ/ 0242003 (aqllg)

H [T]

20

EH—ZIRS /., IBINHREE

=, BISIAATSEETF ARG
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I 53

— ERBIEESS5HEEMRE
(AIKER)

EINERIRESHBIRFER
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EREIXEI10%cm2, IIm5RE

M EiIX106Acm2
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g Jy, ~108A/cm?
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SRR TC A M B IS RN RTE R P
Ihw~0.1epaly H, <K< B<K Ha

1st order melting line Am

H_<Hc2 HTSs
H_~Hc2 Low-Tc Sc

BG: vanishing of the linear
resistivity p=0

BG-VG: emergence of a
hysteretic magnetization

Hcl

With finite disorder, the Abrikosov lattice
gives way to

55f7EESEF I~ & BG - vortex glass at high fields

TR BN AIENNZE VG . Bragg glass at low fields

disorder
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Voltage(V)

=

1

o1
1

=

I

(@)
L

GEN123

e

i

1l ]

1E-5

9T<-1.5T by 0.5T|.1T<-0T]
» Bean Model
0 J. J
A 0 0<|a|<J,
2 r()-£={ 3
prc(J D >J,
FF
region
v/ Flux flow Model
X q—tan&
0 J. J

oryex | i/I

tex] glags

1E-4 1E-3 0.01 0.1

Current(A) J

Vortex Glass

Model:

sc (T _Tg)V(Z_l)

C.Cai et al., PRB 69(2004)104531
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PRB 69, 214504 (2004)
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a) ODBE#HLS 15 R F R =R ERPE;
b) 1DERPE (BIEME. BARMKE. BRERK
REE) ;
¢) 2DPERE (AFEFER. BREEAAER
REMF) ;

. B C-axis BBEETH
d) 3DBARTRIBEN Sk (BEELIENY
FURL. ZRHBFRA . BRPEEIFEFFL(SUST 31 _ -
(2018) 034004) -15° 0° 15° 30° 45° 60° 75° 90° 105°

Angle 0

Normalized crit. current density J /J (90°)
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AREEZBETTHAD vs. EERSRRIERE

Defects v.s Votex Lines

s Emerged defects as: Much desired !!!
» High density: (H/2)x10%cm= (in T)
» Low Dimension: 1D, 2D

» Anisotropic: c-axis correlated

B

130

120

J.(MA cm™2)

o
in

-
=k
=

100

Critical current (Alem-width)

0 45 '
1] Eﬂl 40 EA:II au 100 120
Angle (7] Angles (degrees)




AREEEGEETFILRL vs. EERSRRIERE]

" j o vBcOMSZ | Tachiki-Tikahashi
| pue 18€0 FAESTH AR -
;- Isotroplc contribution [3]
3 g \ J.(©)=1J,(0)|cos®[°*
= - o ZIRIER IR AL S R R
Ny B (chhSREA) XIRLEFIFLRYISGEER.
— . IH//alla .H//C . IH//at? . ]
80 160'1é0'1t|10'1éol180 200 0 4|5 QIO 1é5 1é0 22|5 27|0 31|5 360 106_5
o(deg) e(deg) 1
: 1 EF L. Peng, C. Cali, et al, G ans
R REE J. Apll. Phys. 104, (2008) 033920: £ 107
J. Phys. D:Apll. Phys. 41, (2008) 155403 "i : .
JO(H,0) =35 (Hy) e D0ty e
J.(H,0) HOREITH (EHEAYRER) =
He — Hg @ 103_5 0.95|
n = He(O) SHRMRTIER), (H, 0 | o
2(0) = (cos2 @ + »2 sin 2 @) aJ{iEEd —a s KA EITIGFR o e
O =(os Orr SOV mmmmmmasEGs—RE, 0 o0 0
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3 107
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1 10°]
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10°
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Temperature(K)

10?
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L. Peng, C. Cai, et al, J. Apll. Phys. 104, (2008) 033920
L. Peng, C. Cai, et al, J. Phys. D:Apll. Phys. 41, (2008) 155403
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Y123/Y,05 quasi-multilayer ~ 280 nm
70 x (m Y123/ n Y,0,)

m=40p.s = 3.4 uU.C
n=2,5 10,20 p.s = 0.075-0.75u.c incomplete layer!!
(400)Y203

*:YBCO(00) /4 |4

NN
~

STO(100)

Intensity (a.u)
N w
~ ~
%%*

>/ L
([ ([
u

C’

F'

QLL STO(200)
5|8

uuuuuuuuuuuuuuuuuuuu

- 20 um;é 20 um- . ‘
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*Enhanced flux pinning: at high fields
»Crossover behavior. temperature dependent

osessssesess SOK
R AAAZQQQZZZAA Aay,
& 70K
2 104‘: ] Og_ “m
=0 1 Multilayer 70x(40/2) "o,
3 ] m - A - o0 DD[] .l
1073 pure films of Y123 o
] o a o o 17K
10" —

0.0
H(Oe)

3.0x10* 6.0x10* 9.0x10"

7 O 0 000 06 50K
S S 4
| S Aaa - iA%%I;
n | III.QD%A
10" T,
1 Multilayer 70x(40/2)
: E - A _ o
| Pure films of Y123
10" 10° 10° 10" 10°
H(Oe)

Crossover field: 2000 Oe at 50K /
6200 Oe at 77K
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‘*Magneto-resistance further evidences
enhanced flux pinnning at high fields

*IRL line shifted upwards, the lower T, the larger gap =
temperature dependence of crossover behavior

8.0x10" H ~ (:|__'|'/'|'C)l3
~ __ 6.0x10"]
2 8 sonio
= 4 : < 4.0x10 -
< SFE P o LT 2.0x10"] -
001]{ {FE> & @ = 0.0] 4 n=10p=1.439 X
: ?SD{A/A// ?O’A/'A/A// T ,é/ T 'll/ (,Z)' ' T T T T T T T T l‘
/8 80 82 84 86 88 90 92 94 0.85 0.90 0.95 1.00

T(K) T/T

C
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10
8_
H. criterion:
64 1uVvicm
= H ~a(1-T/T)"
N—r r (1( : C)
= 4_
T ® NEG123, Hilc, p=1.34
NEG123, H//(a,b), p=1.53
5| » Gd123,Hic,  p=1.28
Gd123, Hil(a,b), p=1.45
® Eul23 Hilc, p=157
0 Nd123, Hifc,  p=1.43

Oi8
TIT (K)

C. Cai et al., APL. 84(2004)377

1.0

1-_I s ll\—_‘ﬁ
| I ™ Hia
| 90% criterion H_ -
|
]
S i
= s~H :
T Hilc \
I_)U
Gd123, q~0.68-0.78
® GEN123,g~0.45-0.55

H(G)

1o
--------------------- 8T_model
S
= 0.14] & -GEN123in05T
= e -GEN123in10T | °
< _Gd123in0.5T | Ol Mmode
-Gd123in 1.0T ‘a
Stress field pinning model
0.01 - '
0.0 0.4 0.8
TI/T
©

C. Cai et al.,
PRB. 69,
(2004) 104531

J.(T)13,(0) = f(t)/[(1+ ks STt/ g ()]

H(T)

100 A

10 7

P A VR AT

0.01 — Strong glass

0.2 0.4 0.6

T/T,

0.8 1.0
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65 (SuST 31 (2018) 034004)
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Nanocomposite Coated Conductors
A reality and yet continuously improving and breakout

3000

[

e
42K B t ~a
g 2000 B perp. tape ~

Fujikura A
14

c 600 [° -

500 TP
__-q-% 400 b SUNAM H“-!;H o~
< ap0f N

200 v D. Abraimov,
D. Larbalestier et al
NHMFL, Presented

13& L ait ASC, Aug 2014

[ UH data from NHMFL - Feb. 2015

UH - 20% Zr
.. U. Houston

Eurotar

\ll |l l:

o

- @~ SUNAM N1

—o— SUNAM N2

(;S objective
.=1250 Alcm-w @15 T

STI3AIcm-w@ 3T

e

Nanocomposites

]

Magnetic Field (T)

Courtesy of V. Selvamanickam -adapted
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Advanced Material
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Various composition for enhanced pinning properties

_ [ @4.2K,10T>800A /4mm
st o
< [ A
= 4
A S -
N l.l
< 3 - - = 3l
@ - - ] L n |
S
2 2t
Q - :
Composition A Composition B Composition C S Production
&= 1F @ R&D
— @ Target Bllc
0 1 1 A 1 ! 1 1 | A
. 0 50 100 150 200 250
Tunable defect landscapes under high growth rates: L@77K, s.£. (A/mm)

from strongly correlated pins to random ones

At30K 1T, LFincreases from 3.0to 3.5
At 4.2 K, 10T, LF increased from 3.1 to 4.5
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. I Pinning behaviors of APCs EuBCO films (mass product)
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40

2000 2400 L - r—lUni I-ll:lu-!'.lun 'IS%.Zr: 0.8 ulm REBC.G ' ' ' ' ' .
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v' High consistency of lift factor among v" High pinning force at 4.2 K, high magnetic fields.
different batches v" Radom Pinning machinimas is dominated.

Some data are from D. Abraimov et.al, “Comparison of in-field transport Ic, Jc, and Fp
for R&D and production ReBCO tapes”, EUCAS 2017, Geneva, 2017
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Ref: APPLIED PHYSICS LETTERS 101, 232601 (2012)
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* density can be controlled via the irradiation dose

- morphology of the defect (points, cascades and their size, linear
tracks) can be controlled by the choice of the incoming particle.

Kwok et al., Rep. Prog. Phys. 79 (2016) 116501 (39pp)
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Four to 15-fold improvement in wire price-performance needed !

Nature, 570 (2019) 496
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