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1. INTRODUCTION  
 

Technological applications of the low-cost MgB2 
superconductor are closely attached to its superconducting 
properties, such as the critical current density (Jc), the 
upper critical field (Hc2), and the irreversibility field (Hirr). 
Experimental results have demonstrated that 
superconducting properties of MgB2 may be improved by 
the incorporation of defects, such as nanoparticle doping, 
chemical substitutions, etc. [1-3].  

And one of the most effective methods to improve the 
performance of MgB2 is by applying SiC as a dopant [2] or 
as a buffer layer [4, 5]. The effect of SiC buffer layer on the 
flux pinning and Jc in MgB2 films have been previously 
reported; with all showing improvement of Jc at elevated 
field [4-6]. The effective pinning improvement of all the 
samples reported is mainly originated from their columnar 
grain boundaries. However, to be used in the power 
applications, MgB2 needs to be accordingly manufactured 
in form of wire and tape.  

Attempts to fabricate MgB2 tapes with wide variety of 
metal substrates [7-9] along with the insertion of different 
dopants [10, 11] and buffer layers [11, 12] into MgB2 tapes 
have been vigorously made in the past several years. Out of 
different processing conditions, MgB2 grown on Hastelloy 
tape seems to have a good prospect in the industry due to 
the Hastelloy’s flexibility and its low corrosiveness [8, 
13-14]. An enhancement of Jc values was observed when 
SiC buffer layers with varied growth temperatures were 
added into the MgB2 tapes; which is actually a positive 
indication of the effect of SiC buffer layer in MgB2 tape 
[12]. 

Therefore, the purpose of this work is to understand the role of 
SiC buffer layer on Hc2, Hirr, and Jc of MgB2 tapes by 
investigating their morphological structure as well as their 
relation with the superconducting properties. In this report, 
MgB2 were grown on two different thickness of SiC/Hastelloy 
tape. The relationships between microstructures, the 
superconducting transition temperatures, the upper critical field, 
the irreversibility field, and the critical current density were 
studied as functions of the level of thickness of SiC buffer layer 
in MgB2 tapes. 
 
 

2. EXPERIMENTS 
 

The samples were prepared as follows. First, the SiC 
buffer layers were deposited on Hastelloy substrates inside 
a vacuum chamber of a pulsed laser deposition (PLD) 
system. A vacuum background of ~10-6 Torr inside the 
chamber was used during the deposition. A KrF excimer 
laser (λ = 248 nm) was employed to bombard the surface of 
a SiC target and the laser energy was set at 230 mJ with a 
repetition rate of 8 Hz. The substrate was heated at 500oC 
for 10 and 16 minutes which then created thicknesses of 
SiC buffer layers of 170 and 250 nm. 

Secondly, MgB2 films were grown in a hybrid 
physical–chemical vapor deposition (HPCVD) system. The 
SiC/Hastelloy tapes were then heated up to 550 oC in 100 
Torr of ambient H2 for 20 minutes. During the deposition, 
B2H6 reactive gas and H2 carrier gas at a flow rate of 20 and 
80 sccm were introduced into the quartz reactor to start the 
growth of MgB2 films. At last, the fabricated films were 
cooled down to room temperature in a flowing H2 carrier 
gas. The final thicknesses of MgB2 were varied from 2.8 to 
3.8 μm. 
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Lastly, the microstructural changes were examined by 
using a scanning electron spectroscope (SEM) and a 
focused ion beam – transmission electron microscope 
(FIB–TEM). The superconducting transition temperature 
was determined by measuring resistance as a function of 
temperature in the physical property measuring system 
(PPMS). The values of critical current density Jc were 
deduced from the magnetization measurements obtained by 
using a magnetic property measurement system (MPMS) 
with varying the applied field up to 5 T.  

 
 

3. RESULTS AND DISCUSSIONS 
 

Figs. 1(a)-(c) show the plane SEM images of MgB2 tapes. 
Pure MgB2 has the smallest grain size and the best grain 
connectivity of all samples and very similar to that of the 
MgB2 grown on 250 nm-thick SiC buffer layer. Despite the 
similarity of the plane surfaces of pure MgB2 and 250 
nm-SiC buffered-MgB2 tapes, we found two additional 
Boron peaks in the XRD pattern of the 250 nm-SiC 
buffered-MgB2 and none of those were found in the mainly 
c-axis oriented 170 nm-SiC buffered-MgB2 (not shown 
here). This suggests that as the SiC buffer layer adds up to 
more than 200 nm in thickness, the possibility of more 
impurities coming into the MgB2 crystal structure is high 
and thus degrading the quality of MgB2 tape. In both 
SiC-buffered-MgB2 tapes, the thicknesses MgB2 films were 
significantly increased (over than 3 μm). On the other hand, 
pure MgB2 has less than 3 μm in thickness, indicating there 
was some kind of reaction between the MgB2 and Hastelloy 
tape. Furthermore, with SiC buffer layer, the partial 
delamination spotted in pure MgB2-Hastelloy interface is 
distinctly reduced (not shown here). As can be seen in Fig. 
1(d), the 170 nm-SiC buffered-MgB2 shows clear columnar 
grain boundary structure with a reduced delaminated area 
which is also shown in the 250 nm-SiC buffered-MgB2. 

 

 
 
Fig. 1. Plane SEM images of (a) pure MgB2 and MgB2 
grown on SiC/Hastelloy buffer layers with thicknesses of 
(b) 170 and (c) 250 nm, and (d) a cross section SEM image 
of 170 nm-thick-SiC buffered-MgB2 

 
 

Fig. 2. Field dependence of the normalized resistance of (a) 
pure MgB2, and MgB2 grown on (b) 170 nm, (c) 250 nm 
thick SiC buffer layers for different temperatures. 
 

The field dependences of the normalized resistance of all 
the samples by transport measurements are shown in Fig. 2. 
The smooth and sharp transition at zero external fields 
shown by these samples indicates their good quality. A 
gradual broadening behavior appears in the low dissipation 
part and more broadenings are well seen when the SiC 
buffer layer adds into the MgB2 tape, as shown in Fig. 2 (b) 
and (c). This indicates that the pure MgB2 has better grain 
connectivity among all samples. At a field of 9 T for all 
samples, a finite resistance appears down to the lowest 
temperature here already showing the irreversibility 
temperature Tirr. The superconducting transition 
temperatures (Tc) which are determined by the resistive 
onset criteria at zero field show very similar values. 
Interestingly, there is a slight increase-no depression of the 
Tc after adding the SiC buffer layers into the MgB2 tapes. 
The Tc values for SiC buffered-MgB2 tapes are around 0.01 
to 0.04 K higher than that of the pure sample which has a Tc 
of ~ 38.77 K. This increase in the Tc values indicates the 
positive effect of SiC buffer layer in MgB2 tape and at the 
same time it provides more adhesion to the 
MgB2-Hastelloy interface (shown in Fig. 1 (d)), creating 
firmer surface which would be favorable to the practical 
applications.  
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Fig. 3. Hc2 and Hirr versus temperature for pure MgB2, and 
MgB2 grown on 170 nm and 250 nm-thick SiC buffer layers. 
The inset shows the FIB-TEM cross section of MgB2 
grown on 170 nm-thick SIC buffer layer. 
 

Fig. 3 shows the temperature dependence of Hc2 and Hirr 
for all the samples, where the Hc2 and Hirr obtained from the 
90% and 10% values of the corresponding resistive 
transitions (Fig. 2). A correlation between Hc2, Hirr, and the 
SiC thickness can be seen. In magnetic fields up to 9 T, 
pure MgB2 has higher Hc2 and Hirr values compared to the 
SiC-buffered-MgB2 tapes. A very subtle difference of the 
Hc2 and Hirr values between 170 and 250 
nm-SiC-buffered-MgB2 tapes were observed. In the 
C-doped and SiC-doped-MgB2, the intrinsic properties 
such as band scattering of MgB2 were modified by C 
substitution into B sites which then improved the Hc2 values 
[15, 16]. However, in our SiC-buffered-MgB2, different 
kind of schemes may have arisen. First, it is possible that 
SiC buffer layer may not have diffused into the MgB2 
lattice at all and only altered the morphological structure of 
MgB2 (shown in Fig. 1). Second, even if the C in SiC buffer 
layer could enter the MgB2 lattice, it may randomly entered 
into the MgB2 sites without substituting the B sites, 
resulting in the lower Hc2 values. A similar trend is also 
shown in the Hirr results. The highest Hirr value at 9 T was 
achieved in the pure MgB2 and further addition of the SiC 
buffer layer caused a reduction of Hirr values, clearly 
indicating reduced flux pinning by the SiC buffer layer, 
contrary to the report in another work on nanoparticle 
SiC-doped-MgB2 [2]. They stated that with SiC doping, the 
Hirr and Jc(H) of MgB2 were significantly improved 
because of the improvement of flux pinning. At 20 K, Hc2 
and Hirr values of SiC buffered-MgB2 shown here are ~ 6.5 
and 5 T, respectively; little lower than those found in 
YSZ-buffered MgB2/Hastelloy tape [8], but are 
comparable and even slightly higher than those found in the 
Ti-doped MgB2/Ta/Cu tape [17].  

In the inset of Fig. 3, an FIB-TEM cross sectional image 
depicts several crevices at the interface of 170 
nm-SiC-buffered-MgB2 tape, which are also visible in the 
pure MgB2, but with relatively smaller size compared to the  

 
 
Fig. 4. Jc curves measured at 5 and 20 K for pure MgB2 and 
MgB2 film grown on 170 and 250 nm-thick-SiC buffer 
layers. 
 
ones found in the SiC-buffered-MgB2 tapes. These crevices 
are also found in other report on MgB2 grown on Hastelloy 
tape with different growth temperature [18]. In their report, 
even with increasing the growth temperature, the crevices 
at the interface of MgB2-Hastelloy are still clearly seen. By 
controlling the growth condition, the crevices detected at 
the interface may diminish creating a stronger pinning and 
thus the Hirr values would possibly enhance. 

In Fig. 4, the magnetic field dependences of the critical 
current density (Jc) for the MgB2 tapes at 5 and 20 K are 
shown. The Jc values were estimated from the magnetic 
hysteresis (M–H) loops by using Bean's critical state model 
[19].  

The values of Jc at each field in pure MgB2 are higher 
than those of both the SiC-buffered-MgB2 tapes, maybe 
because the grain size of pure MgB2 is smaller than that of 
the SiC-buffered-MgB2, as described in Fig. 1. Since grain 
boundaries act as effective pinning centers in MgB2, a high 
grain boundary density owing to a small grain size may help 
flux pinning being stronger and bring higher Jc in high 
fields [20]. The fact that the thickness of MgB2 in pure 
sample is lower than those of SiC-buffered-MgB2 tapes 
even with the exact growth condition applied, could also 
contribute to this higher Jc. However, a steeper decrease of 
Jc measured at 20 K is improved in the SiC-buffered-MgB2 
revealing a positive effect of SiC buffer layer on the field 
dependence of Jc. 

It is evident that the result of magnetic Jc measurement 
for pure MgB2 is in agreement with those from transport 
measurement of Hc2 and Hirr. However, a clear difference is 
displayed in the case of SiC-buffered-MgB2. The Hc2 and 
Hirr values of 170 nm-SiC-buffered-MgB2 are slightly 
lower, but the Jc values are higher than those of 250 
nm-SiC-buffered-MgB2. The degraded quality of the 250 
nm-SiC-buffered-MgB2, as mentioned earlier, may explain 
its lower values in the field dependence Jc. Such difference 
in both magnetic and transport measurements is possible 
since in magnetic measurement, the M–H curves contain 
the contributions from both inter-grain loops and 
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intra-grain loops; while in transport measurement, 
superconducting current can pass through the strong links 
between two electrodes, and thus the different trends which 
are shown in Hc2, Hirr and Jc values of SiC-buffered-MgB2 
tapes are likely to occur. In addition, a thicker film of MgB2 
and less grain connectivity (shown in Fig. 1) of 
SiC-buffered-MgB2 tapes may considerably influence the 
total current flows, leading to lower Jc values.  

 
 

CONCLUSION 
 

With SiC buffer layers, MgB2 tapes display a slight 
increment and show no depression of the Tc values at zero 
fields. All samples show smooth and sharp transition lines 
at zero external fields, suggesting their good grain 
connectivity. The partial delamination which appears at the 
interface of pure MgB2 and Hastelloy tape was reduced as 
SiC buffer layers were added into the MgB2 tape and 
therefore, increasing the possibility of 
SiC-buffered-MgB2-tape being applied in the practical 
applications. Insertion of the SiC buffer layer in MgB2 tape 
may have induced a different effect from C or SiC doping 
on band scattering, leading to a reduction in Hc2. The 
small-grain and high-density surface of the pure MgB2 may 
contribute to the stronger flux pinning in MgB2 tape, 
creating higher Hirr values. A similar yet a different trend 
shown in the Hc2, Hirr and Jc values of the MgB2 tapes is 
understandable as the result of using both transport and 
magnetic measurements. These investigations provide 
insights into the superconducting properties of MgB2 tapes 
by SiC buffer layers and are important for the development 
of power applications of MgB2 tapes. 
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