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Sticky Note
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Outline of the talk
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EXceIIent crystalline quality and clean interface
of Ba-122/Fe bilayer
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--
Sticky Note
The implementation of a Fe-buffer layer has several beneficial effects for the growing of epitaxial Ba-122 films. A good crystalline quality and a sharp interface between Fe and Ba-122 can be realized thanks to the Fe-buffer layer. Compared to the film on bare oxide substrates, out-of-plane and in-plane textures are significantly improved for our deposition conditions.
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Highly coherent interface between
Fe and Ba-122

Bonding takes place at the
square-planar Fe sublayer

No evidence for a reaction layer
or loss of crystallographic ordering


--
Sticky Note
A direct bonding between FeAs tetrahedra and bcc Fe was observed by using two different imaging techniques.
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Transport properties of Ba-122/Fe bilayers

No J,peaks atB || ¢
. -> Absence of correlated defects
(Also confirmed by TEM)
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--
Sticky Note
Excellent Tc and transport properties (Jc) for Ba-122/Fe bilayers were obtained. No Jc peaks at Q=180° (B||c) were observed, which is in agreement with TEM microstructural observations.
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Generic buffer layers for Fe-based superconductors

Ba(Fe,Co,),As, Fe(Teo_5Se.0_5) v’ Tetrahedrally coordinated FePn
1227 family 117 family (Pn: pnicogen or chalcogen) layer
‘ | ‘ | ; v" This architecture should work for “11”
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Sticky Note
Fe-based superconductors have common structures of the FeAs or FeSe tetrahedra. The Fe/Ba-122 architecture should also work for Fe/Fe(SeTe). This is a motivation behind this study. 
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FeTe, Se,/Fe Films have been prepared by PLD
under UHV condition

350°C~550°C: FeTe,_Te,

RT Fe RHEED screen
MgO (100)

Electron gun % .
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|

< UHV
10-19 mbar _or
KrF excimer laser :
_ Fe Single crystal

(A=248 nm) FeSe, .Te, -

(T.=13.6 K)
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--
Sticky Note
Films were prepared by PLD under UHV condition. The surface quality during the deposition was monitored by RHEED. MgO (100) single crystalline substrates have been used. Fe(Se,Te) single crystals with bulk Tc of 13.6 K (measured by SQUID) have been used as a PLD target. The deposition temperature of Fe(Se,Te) was varied from 350°C to 550°C.
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FeTe, Se, on Fe-buffered MgO

v’ Epitaxial Fe even @ RT

v Fe surface is smoothing on heating

v' Epitaxial “11” with flat surface
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--
Sticky Note
Fe/Fe(Se,Te) bilayers were prepared on MgO substrates. First, Fe was deposited at room temperature. Even at room temperature, Fe grows epitaxially. However, the surface is rough (according to RHEED). Upon heating to 750°C, the surface of Fe is smoothening. Afterwards, the Fe-buffered MgO was cooled to the deposition temperature of Fe(Se,Te), i.e. in this case to 450°C. From the RHEED, only streak patterns were observed, indicating a smooth surface of the Fe(Se,Te). This was further confirmed by AFM. The epitaxial relation of the stacked layers is schematically illustrated.
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Structural characterization of FeTe,_ Se /Fe bilayers
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--
Sticky Note
Summary of the structural characterization of Fe(Se,Te) films prepared at different deposition temperatures. A sharp texture was obtained by increasing the deposition temperature. The lattice parameter c was observed to decrease with increasing the deposition temperature.
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Optimum deposition temp. (T, ) is around 450°C

v' T, strongly depends on both T and f
v Optimum T is 450°C

f=7 Hz, T.=350°C~550°C v High T_ over 19 K is possible
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Sticky Note
The optimum deposition temperature is about 450°C, which is in good agreement with the results from E. Bellingeri et al. (in Sust 22). 
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Optimum deposition temp. (T, ) is around 450°C

v' T, strongly depends on both T and f
v Optimum T is 450°C
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--
Sticky Note
Decreasing the laser frequency from 7 Hz to 3 Hz leads to a higher Tc of over 19 K.
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Relatively clean micorstructure of
FeTe, Se /Fe bilayers

v Almost no c-axis defects

v" Clean interface

» 114100 : ,
= v" Pyramidal growth nature of Fe is observed

v’ Stacking faults are formed at the interface

Camera Length

Magnification|Camera Length | Acquisition Date
490000 x - 11-11-08, 18:49

K. lida | ASC2012 in Portland | 10/10/2012 12

Camera Ler;gth[
- [

——10 nm——

12 of 23


--
Sticky Note
Cross-sectional TEM image of the film deposited at Ts=450°C with f=3 Hz. No appreciable defects are observed. Clean interface between Fe and Fe(Se,Te).
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--
Sticky Note
The following results were obtained for films deposited with f=7 Hz at various Ts. Jc-B and the corresponding N-B curves for B parallel to the c-direction. The current-voltage (I-V) curves show a power-law relation with an exponent N, if the current is limited by depinning of flux lines. Since the N value is proportional to the pinning potential, Up, field-angular dependent critical current density curves should be similar to N(B,Q).
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--
Sticky Note
Jc-B and the corresponding N-B curves for B parallel to the 
ab-direction. As expected, N(B) behaves almost identically to Jc(B) except for the film with Ts=550°C. It shows a small hump at around 2T in the N-B curve, although its Jc is decreased monotonously with B. For B parallel to ab, Jc(B) curves for both films with Ts=350°C and 450°C are almost the same as the N(B). On the other hand, a field independent Jc up to 2T was observed for the film with Ts=550°C, which indicates the presence of planar defects. Interestingly, the corresponding N is increased with B. Over 2T, both Jc and N are monotonously decreasing with B.  



IEEE/CSC & ESAS European Superconductivity News Forum (ESNF) No. 22 October/November 2012

10 1 ,
101 L T 1 T T
5 6 7 8
Exponent-N

v Broad ab peaks (due to large Aw)
v  No J,peaksatB|| c

v' N(©) behaves similarly to J (0©)

v’ J_is scaled with N

Exponent-N

60 90 120 150 180
................................................................................ . S
K. lida | ASC2012 in Portland | 10/10/2012 a

15 of 23


--
Sticky Note
Angular dependence of Jc and the corresponding N for the film deposited at Ts=350°C.
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--
Sticky Note
Angular dependence of Jc and the corresponding N for the film deposited at Ts=450°C.
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Sticky Note
Angular dependence of Jc and the corresponding N for the film deposited at Ts=550°C.
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Presence of intrinsic pinning-1 (T ;=450°C)
v" Inverse correlation between J, and N
@ 4 and 6 K

(Similar observations in YBCO) due to the
double kink excitation of vortices

(Civale et at. IEEE15, 2808 (2005))
v" Increasing in N upon further cooling

(Usual depinning owing to the reduction of
double-kink excitation)

(Awaiji et al, APEX4, 013101 (2011))
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Diagram of vortex double kinks
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Sticky Note
Presence of the intrinsic pinning: An inverse correlation between Jc and N was observed at lower temperatures. Here a constant magnetic field of 9T was applied. The peaks in Jc(Θ) at Θ=90◦ are getting sharper with decreasing T. In contrast to Jc(Θ), the corresponding N(Θ) starts collapsing below 8K. At 4K, a small dip of N(Θ) is observed and it is further developed upon further cooling. A tiny peak at Θ=90◦ appeared at 3 K and developed further at 2K.
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Pi'esence of intrinsic pinning-2 (T .=450°C)
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(Similar observation in YBCO (Awaiji et al, APEX 4, 013101 (2011))
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--
Sticky Note
Field independence of Jc for B||ab was observed at low temperatures and high fields. The interlayer distance is almost identical to the coherence length.
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--
Sticky Note
Although Jc(Θ) curves for the film with 
Ts = 550◦ C show almost the same trend as those with Ts = 450◦C, an inverse correlation between Jc(Θ) and N(Θ) has not been observed.
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Sticky Note
An indication for the presence of intrinsic pinning is also observed in Sm-1111 (field independent of Jc for B||ab). The corresponding N values are also plotted. For B > 32 T, the N-value was observed to increase. The reasons for this observation are under investigation.
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Angular dependent of J. measurements

» Large ab-peaks

» J.—0O are scaled with Hcos® above 30 T (Intrinsic pinning)
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» No c-axis peaks in J_-© -> absence of c-axis correlated defects
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Sticky Note
Angular dependence of Jc at 4.2K up to 40 T. Above 30 T, Jc can be scaled with B cos(Q).
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v' Epitaxial FeTe,_Se, is grown on Fe-buffered MgO

without compromising structural and sc properties
v" Inverse correlation between J. and N is recognised
-> |ntrinsic pinning is dominating
v Dip of N-values at Bj||ab is hardly observed, when
extrinsic pinning > intrinsic pinning

v Observation of intrinsic pinning in SmFeAs(O,F)
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Sticky Note
Conclusion.




