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Flux pinning by InAs nanorods in Nb thin films
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Motivation Critical current density: J
 Linear defects are excellent flux pinning centers j Angular dependence of J; of Nb-InAs
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+ Formation of Nb strip using metal shadow mask 1.0- o ]
* Nb thicknesses t: 400 nm T ' « Between 0.05 T and 1.4 T, J_.5(0°) is higher than J_I(90°),
* Two samples: Nb-InAs (on nanorod grown substrate) 0 indicating that flux pinning by nanorods is more effective
Nb (on bare substrate) o) than the surface pinning in the range of B, < B < ~25B,,.
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Z : , : . nanorod density.
Resisti L. : k current
esistive transitions for field L substrate - | —25b(1 b)*+ b*(1-b) o !
. .
1/ ---- (1 b) OIS _ .
0.0 +—F— —— Details of J.(0°) peak
Lol NbInAs "B L substrate 0.0 O 2 O 4 06 08 1.0
' {( Reduced field, b = B/B; ~9x10*
1 5 321 0 kG g :
0.8 - < 1 A
: » Point pin :';8)(104_' AATAA-“ TAA
_ 0.6 Flux line spacing > size of pin @ ] o a
x . « Volume pin S | L -8 .
X 4. Flux line spacing < size of pin @ 7x10"1 A
. 3 | a B=10T *
0.2 * The size to be compared is the diameter d when a ks A T=40K =
' magnetic field is applied parallel to the nanorod axis. 2 6x10" =
- }J H . Crogssover field B IOIOO 38pT © 40 20 0 20 40
0.0 —— 0 Position (deg)
8 9

Temperature (K)

» Pinned length inside nanorod ~ 1/cosé (dashed line). When
e the magnetic field is aligned in the diagonal direction of the
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* J. peak positions are shown by the arrows.
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_ _ _ _ * Nb results fit well to b(1-b): Ak volume pinning, but it is &, 3 6. = tan—! ﬂ = 11°
 Higher T. in Nb-InAs than in Nb for field L substrate unnatural. p 400
* But broader transitions in Nb-InAs nanorods « Instead we consider b(l-b)2 + bz(l'b) — b(l'b), equal 3
contribution of normal and Ak point pinning. . o _ o
« Sketch of pinning of inclined flux lines inside nanorod
Nb-InAs scaling  The angle for maximum pinning for 80 nm thick nanowire is 11° for
: : L 400 nm thick film.
" - - - - - * F, of Nb-InAs at 7.5 K fits well to mixed point pin (B < B, = : : o :
p o
Upper critical field B_,(T) in perpendicular direction 0'38 T): 2.5b(1-b)? + b2(L.b): more of normal point pinning Aspect ratio can be an important factor for pinning effectiveness.
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5 . S N .  Feasibility study of semiconducting nanorods for flux pinning centers by measuring transport properties of Nb films on
S 051 o e ] vertically grown InAs nanorods.
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2 3 4 5 6 7 8 9 « Enhanced T, B,, J., and F, for field applied parallel to the nanorod direction are evidences for effective flux pinning by
Temperature (K) InAs nanorods even if the nanowire diameter is a few times larger than the coherence length.
« B,(0)~ 45T « Angular dependence of J, provides another evidence of flux pinning by InAs nanorods and it also suggests that flux
- Coherence length pinning by nanorods is more effective than the surface pinning in the range of B, < B < ~30B,,.
€(0) 8.4 nm, (4 K) = 12 nm
£(6.5 K) =~ 17 nm, §(7.5 K) = 24 nm « Broad J, plateau with a dip structure at around perpendicular field can be understood in terms of accommodation of

« Nanowire diameter (80 nm) > 2& inclined flux lines inside the nanorods.




