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Why pnictide thin films?

Research:

Geometry: allows measurements on large areas
(spectroscopy) or thin filaments (transport critical currents)

Dimensionality: allows investigation of 2D-3D crossover

d~2E ...

Kinetics: allows to grow metastable compounds,
heterostructures and phases not available as single crystals

Applications (low Gi, g, high T, H;,):

Electronics: Projects on SQUIDs, bolometers, ...

Wires and tapes: Coated conductors possible (prototypes

already demonstrated)
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Fe-based sc thin film efforts around the world

Brookhaven: Tokyo loT: Tokyo, Kyushu,
Madison: 11 onoxides, L Genova: |__ | 15, and CRIEPI:
122 on oxide St RABITS and ] 11.0“ l oxides, IBAD, 11 on oxides
buffers, GBs @aeg IBAD A oxides Rl Gps

il

Beijing:

MOCVD, 2
Darmstadt: s Wl 11 on GaAs g
112 on \ —

oxides
Sunkyunkwan

Tokyo:
(Korea): oKYo

Sr122 K:Ba122 P :'z:B?TZSZ on
Mexico: IFW Dresden:

cSD. 1111 : 11,122,1111.

i » Fe buffer, GBS, Nagova: ISTEC-SRL:
Bogota: IBAD P-Bi1yzi and PLD, P:Ba-
Sputtering, ) 122 MBE, Ca-

122 on oxides ~ 1111 122

M
Tokyo A&T:
K:Ba-122, FeSe,

1111,
u u New methods flouride substrates
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Pulsed Laser Deposition (PLD)

Focussing or imaging of pulsed laser beam on target — stoichiometric plasma
of target material > deposition on substrate

Substrate
UHV or HV Ts ~ 200-800 °C RHEED screen
Electron gun ¢
T__F .
e=1-5J/cm?
f=1-300 Hz
KrF excimer laser
(A=248 nm) Sintered,

Nd:YAG (266 nm) siggleel-ecr;yesrf?;i

targets

Advantages: Disadvantages:

* Quick method « Hardly scalable
» Stoichiometric transfer « Sometimes

» Layer-by-layer possible droplets



Molecular Beam Epitaxy (MBE)

Individual sources (e.g. Knudsen cells) - atomar or ,,molecular* beams —»
reaction on substrate

substrate
e-beam 650°C

rF

UHV 10° Torr

RHEED screen

150 nm / 5-10 min

resistive heating

Advantages: - _ Disadvantages:

» Slow deposition rates possible « Rather expensive

» Clean films « UHV needed (low rates!)
« Good epitaxy



Strain dependence of T_ - Oxides

Log intensity (arb. units)
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Strain dependence of T_— Flourides and Piezo
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Ba-122: Resistive Measurements

R(T) static fields <9 T (PPMS)
R(B) pulsed fields <45 T

* T., H., defined at 90% R(25K)
Bal22 shows anisotropic H,
HCZHC < chlc
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J. anisotropy
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J_ scaling

— : ——————] it
42K « anisotropic Ginzburg-Landau
10K theory holds

10* | « only random and isotropic

pinning centers
« angle 6 well defined:
« Large magnetic fields
(x>>B,/B)
« c-axis textured growth

125K

I5K

Then:
J.(0) can be scaled with:
175K ~
102k J(H,0) = J.(H),
: where H = ¢(©)H
34 5 6 ééi >3 4 5 67 gél'b £(0) = \/cos(0)2 + 7~ 2sin(0)2
uoHe(O) (T)

SJ Blatter et al., RMP 66, 1125 (1994) K.lida et al., PRB 81, 100507(R) (2010)



Electronic Anisotropy
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« Low T: J, scaling, medium T: H_,'¢/H_,lIc, high T: full GL fitting of H_,(0)
* H,, anisotropy temperature dependent

— evidence for multiband superconductivity (in 3D limit)
« J. scaling probes anisotropy of upper critical field
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Fe(Se,Te): XRD, TEM
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Fe(Se,Te): J_and N Scaling

(4]
107 354 ¢ (c)
] Y
. 3.0
e lﬂs _E :;-; ’ n - J n u -u i :
E ] § 25 g Bridge 1 ’ E%E
< i = A Bridge 2
~ ] E 2.0q w Bridge3 ’ E
10 3 = T Bendele et al.
; 154 O Ty Tarantinief al.
l 4K -
3 @ ] L
10 = T T T T T 1.0 T T T T T
2 4 6 8 10 ) 0.2 0.4 0.6 0.8 1.0
!.;LUH eff (T) T T-::
Heff = H8(®)
€(O) = \/EDSZ(@} +I'2sin?(0)
Scaling parameter I"follows 7;
(in contrast to Ba-122, RE-1111)
’ ...................................................................................................



Scaling with  or A?

In general, H,, is extrinsic. But in absence of |y o 24
strong, extended defects, H;, is governed by |o:#Hodata(ry) |
properties of the flux line lattice (intrinsic) o :Jscaling (Yn) §f 1
rather than the defect structure (extrinsic). i 1 =

12.2
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Scaling with extended defects
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Fe(Se,Te): Upper critical field
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J. (x10° A/em’)

Temperature Dependence
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Field Dependence
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MBE Sm-1111: Microstructure
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Sm-1111: resistive transition and H_,
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Sm-1111: J (B)
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Sm-1111: J_(6)

a c Above 40 K:
2 r=30K > r-40K « No dipin N observed
Ng ’ 25T
S JJ\ — Extrinsic Pinning dominant
T 4T
N ._61__,/":‘?? Below 30 K:
b ——r————  Typical dip in N near ab
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Conclusion

« Active and growing community for Fe-based sc thin films

« Basic investigations and evaluation of possible applications
« T.strongly strain dependent

« J.in clean films can be scaled with anisotropy of & (3D) or A

(2D)
« Intrinsic pinning clearly identified in Fe(Se,Te) and Sm-1111
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