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Abstract

We prepared four different MgB, films on Al,O; by hybrid physical chemical vapor deposition method with thicknesses
ranging from 0.65 um to 1.2 pm. X-ray diffraction patterns confirm that all the MgB, films are c-axis oriented perpendicular
to Al,O; substrates. The superconducting onset temperature of MgB, films were between 39.39K and 40.72K. The residual
resistivity ratio of the MgB, films was in the range between 3.13 and 37.3. We measured the angle dependence of critical
current density (J,) and resistivity, and determined the upper critical field (#,;) from the temperature dependence of the
resistivity curves. The anisotropy ratios defined as the ratio of the H,, parallel to the ab-plane to that perpendicular to the
ab-plane were in the range of 2.13 to 4.5 and were increased as the temperature was decreased. Some samples showed
increase of J, and decrease of resistivity when a magnetic field in applied parallel to the c-axis. We interpret this angle
dependence in terms of enhanced flux pinning due to columnar growth of MgB, along the c-axis.
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Fig. 1. XRD patterns for MgB, thin film grown on Al,O,
substrates with thickness (a) 1.2 pm and (b) 0.75 pum.
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Fig. 2. Temperature dependence of resistivity for MgB,
thin film with thickness 1.2 pm at H=0T.

IL A4

ALO;7|Z $lof HPCVD ® o2 T7 71 o
2 3%29] MgB, gtat [0.75 um (MO.75), 0.86
pm (MO0.86), 1.2 um (M1.2)]& A=Rsta 1 %
0.75 pm F72) gtufo] AR = Ar o] U3}
Z=AE 0.65umE St drfe] FA= a-step

S 53 &olstgnt vtute AAYfLR= Xray
diffraction (XRD) #¥l& A3t XAMFY L
FAAEHE FAAAEN G o2 BEHE A

_BE SHUAE PMSS clfoil 230
T oofE AT LEol4 HR-AY B4
—1,—/‘4(1 V curves)i} 2= wE A #H2 A7)
B3t AYO) o 1 ARG WHE A5
gt 1V ZAL 20 msec?] FH-E pulseE AL
stol wedo] olgh ¥ Aot stk

L. Az 9 59

Fig. 1(a)= 4709 MgB, 2ty 5 7H¢ & &
2= 78H4] (residual resistance ratio, RRR) 73} 7}
g g BuATE Hd FA 12 pm
o] X-A 34 (XRD) &4 ZA¥o|tt. XRD
o A MgB, 9 (001)7} (002) T = ALO7|H
o] mavt vegch o] 2FE MgB,dol
ALO;7|H o c-For & AEFIS & &
olth. M12 HFuhe A|9]a Lho{A] stake XRD



Transport Properties of MgB, Films Grown by Hybrid Physical....

0.24 4

0.124

Resistivity (uQ2-cm)
‘ l
.

\
.
q x
@ |

0.00+

1, 5T 3T 27 1T _0.5T 0.057
22 24 26 28 30 32 34 36 38 40 42 44
Tem perature (K)

0451 (b)H//c 7

0.36 4

0.27 4 4
0.18: 4
0.09 4 4
0.00 4 ]

lllT , STI 1T OST 005T
0 5 10 15 20 25 30 35 40 45

Resistivity (uQ2-cm)

Temperature (K)

Fig. 3. Temperature dependence of resistivity for 1.
2um-thick MgB; thin film under different magnetic fields
(a) H//ab and (b) H//c.
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Fig. 4. Temperature dependence of H,, for MgB, thin
films.
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Fig. 5. Angle dependence of the critical current density at
10 K for a MgB, thin film (M1.2) at various magnetic
fields.
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Fig. 6. Angle dependence of resistivity for MgB, thin film
(M1.2) at H=0.2 and 3T.
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Fig. 7. Arrhenius plot of the resistivity of M1.2 thin film in

various magnetic fields: (a)H//ab ;(b)H//c. The solid curves
are the theoretical fit to the flux-creep model of the form

p=po(H)exp[-U[TH)/KT].
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Table 1. The parameters obtained from fitting the Arrheni-
us plot.

Hilab (T) U, (k) T(K)
0.2 6.6x10° 40.04
0.5 2.9x10° 39.14
1.0 1. 7x10® 37.83
2.0 8.8x107 35.63
3.0 3.5x107 33.84
5.0 1.7x10’ 30.19
7.0 3.8x10° 27.05

Hlle (T) Us (k) T,
0.2 7.3x10°8 38.71
0.5 1. 1108 36.24
1.0 5.x10° 32.62
2.0 4.0x10* 26.70
3.0 7.4x10* 22.57
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