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1. INTRODUCTION  
 

2G HTS wires are a promising material for electrical 
products because they possess high current transport 
properties without any loss. In order for 2G HTS wires to 
be extensively applied in electrical products, these should 
be able to achieve a competitive price relative to 
conventional copper wires. In addition, a fast rate of 
production is also an important factor for commercial 2G 
HTS wires. Several companies are currently manufacturing 
2G HTS wires through a variety of methods that have 
different costs and production time [1]. While it is 
important to enable highly efficient production of such 
wires, it is also necessary to develop tools to evaluate the 
transport characteristics of the wires. The transport 
properties can be represented by the critical current density 
(Jc), and 2G wires have a long-length scale, thus, the critical 
current density of 2G wires is a global value. However, the 
local transport properties should be well understood to 
improve the performance of the 2G wires.  If specific tools 
can be identified to verify the local transport properties, 
these could then be implemented in production lines to 
monitor the 2G wires during or after the fabrication process. 
A useful monitoring tool for a commercial production line 
would provide reliable, non-destructive operation at room 
temperature. Light-based stimulation that can induce a 
response from the materials is a potentially good choice for 
such a purpose. If a correlation between the optical 
response and the superconducting critical characteristics 

can be identified, then the corresponding measurements 
could be implemented into an actual production line. Based 
on this investigation, a monitoring tool could be connected 
in a fabrication process without any damage to the wires.  

The current transport properties of 2G wires can be 
found via low temperature bolometric microscopy (LTBM), 
which measures the local current variations resulting from 
variation in the bias current. Two-dimensional (2D) 
visualized LTBM images can be obtained by scanning the 
surface with a focused laser beam as a heating source. The 
voltage response signals at each of the local spots can be 
obtained as a function of the position, and we can map the 
local current flow via LTBM, and also can observe 
structural disorder. Furthermore, we can visualize the 
current distribution patterns that depend on bias current by 
adjusting the bias current values [2, 3]. 

However, LTBM operates at a low temperature, which 
requires the use of a cryo-cooling environment and it is also 
time consuming. Therefore, it is necessary to develop a 
reliable method to evaluate the properties of 2G wires, and 
such can be achieved by using room temperature imaging 
via thermal heating (RIT) can be a solution. This method 
operates according to the thermoelectric effect between 
different phases [4, 5], and RIT has been widely studied 
ever due to its usefulness [6-10]. It allows for the structural 
characteristics to be observed including the crystallinity, 
orientation of the films, [11] and grain boundaries and 
tilted angles [12, 13]. The RIT measurements can be used 
to construct the local spatial distributions, including the 
structural faults, to qualify the wires that have been 
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Abstract  
 

In order to develop 2nd generation (2G) high-temperature superconducting (HTS) wires as commercial products, it is necessary 
to perform a high speed investigation of their superconducting performance. Room-temperature and non-contact optical scanning 
tools are necessary to verify the microstructure of the superconducting materials, the current flow below the critical temperature, 
and the critical current density. In this paper, we report our results of an inspection of the electrical transport properties of coated 
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co-evaporation, and SmBa2Cu3O7-y (SmBCO) was the superconducting materials used in our studies. A film grown on IBAD-MgO 
templates shows larger than 400 A/cm at 77 K and a self-field. The local transport properties of the films were investigated by 
room-temperature imaging by thermal heating. The room-temperature images show structural inhomogeneities on the surface of the 
films. Bolometric response imaging via low-temperature bolometric microscopy was used to construct the local current mapping at 
the surface. These results indicate that the non-uniform regions on the surface disturb the current flow, and laser scanning images at 
room-temperature and at a low-temperature suggest a correlation between the structural properties and transport properties. Thus 
this method can be effective to evaluate the quality of the coated conductors.  
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fabricated. Examination of the structural information of the 
wires is indispensable because it is related to transport 
properties.  

In this paper, we describe the system configuration and 
operation of the RIT and LTBM optical imaging methods 
to monitor the properties of coated conductors. The 
feasibility of RIT and LTBM as monitoring tools is 
evaluated with a high-quality coated conductor. 

 
 

2. MEASUREMENT SYSTEM 
 

We installed a laser scanning system in order to measure 
the characteristics of the surface of a coated conductor as a 
quality monitoring tool. The RIT image was 
simultaneously measured in the laser scanning system. The 
system uses a modulated laser beam to heat the surface of 
the film and it simultaneously records the response as a 
function of the position. The measurement system has four 
major sections: 1) a cryogenic stage for low-temperature 
measurements, 2) an optical part that includes a laser, 
chopper, etc., 3) an electric instrument, and 4) a computer 
interface with a general purpose interface bus (GPIB) and 
Data Acquisition (DAQ) board. 

Two heaters are used to maintain the temperature of the 
film holder with a range of ± 50 mK during the 
measurement. All of the electric devices are controlled 
through the GPIB and DAQ board by using the Lab VIEW 
program. The cryostat and the optical parts are set up on the 
optical table with air-pressure for maintaining the 
alignment from external percussion. 

The diameter of the chamber is relatively small at 177.8 
mm and it takes just a few hours to reach the temperature 
and vacuum necessary for the measurements. The inside of 
the cryogenic chamber and the holder used to mount the 
sample are made of copper in order to maintain a 
homogeneous temperature. The usable temperature range 
is of 3.5 K for liquid Helium to 325 K at room temperature, 
and can also reach up to 400 K for a short high-temperature 
check-up. The typical temperature gradient during cooling 
is of 2–3 K/min, and the temperature inside can be 
monitored with two thermistors of semiconductor sensors 
which are located on the side of the sample holder and the 
liquid nitrogen tube, respectively. In addition, two heating 
resistors are placed inside of the chamber in order to 
maintain the temperature during measurements. We 
employed a proportion-integration-differentiation (PID) 
method for the temperature controller to adjust the heating 
resistors. The values of the PID for the usual measurement 
were of 300, 150 and 2. Inside of the chamber, liquid 
nitrogen (or liquid helium) flows in the copper casting with 
a diameter of a 1.5 cm. The vacuum for the RIT and LTBM 
was maintained at about 10-3 and 10-7 Torr, respectively. 
The xy micro-stage is located on the bottom of the chamber 
with a 100 mm × 100 mm of range. The stage is controlled 
using the Lab VIEW program with a pulsed signal, and in 
this system, we cannot find any significant backlash to 
measure, so we can control the motor speed to enable fast 
scanning.  

 
 
Fig. 1. Schematic of the laser scanning system for 
room-temperature imaging via thermal heating (RIT) and 
low-temperature laser scanning microscopy (LTBM). 
 

A He-Ne gas laser with 632.8 nm wavelength and 25 
mW of power was used as the irradiation source in this 
system. The laser has a 5 mm diameter, and a shutter is 
attached in front of it to intercept the light passing to the 
next unit. The laser power can be controlled through the use 
of a continuously variable ND filter with a gradient of 
5–90%. The laser power for RIT and LTBM are of 0.5 and 
0.8 mW, respectively. The laser spot has a size of 2–3 µm 
and the spatial resolution is of less than 2 µm. The next unit 
has a mechanical light chopper that converts a square signal 
from the continuous laser beam as a form of modulation. 
The modulation frequency of the laser beam is of 2.75 kHz, 
and the time constant is of 200 ms and 10 ms for the RIT 
and LTBM, respectively. The xyz collimator aligner is 
located in front of the chopper to focus the light and put it 
into a fiber. This xyz collimator aligner has 
three-dimensional micro-screws that can optimize the angle 
to maximize the laser intensity after passing through the 
collimator lens.  A single-mode fiber delivers the light into 
a chamber with a diameter of 2.4 µm. The collimator lens 
has a working distance of 4.34 mm and a numerical 
aperture of 0.57. The entire system is shown in Fig. 1. 

Fig. 2 shows the laser path from the fiber to the chamber 
going through two objective lenses and a beam splitter. The 
two objective lenses have a working distance of 10 mm and 
a magnification of 60. The modulator is attached with a 
collinear cylindrical lens with an objective lens and the 
CCD camera. The focused laser beam passes through the  
objective lenses to the film surface through a quartz 
window on top of the cryostat. This part can control the 
heating on the film surface through the various sizes and 
power of laser irradiation.  

Fig. 3 shows a schematic of the connection of the 
electrical part of the system. The copper wire can provide 
four different outputs of I-, I+, V+ and V-. Normally, 
low-temperature operation makes use of phosphor bronze 
or copper wires. We chose copper wires because these have 
a better thermal conductivity than bronze wires. The 
scanning techniques are very sensitive to noise and 
vibration from the environment. In order to limit the  
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Fig. 2. Optical system with the laser path from the fiber to 
the measurement chamber passing through two objective 
lenses and a beam splitter. 
 

 
 
Fig. 3. Diagram of control system in the measurement 
system. 
 
influence of the atmosphere and increase the signal from 
the film, we used a signal splitting box, a pre-amplifier and 
a lock-in amplifier.  A current source was used to measure 
the four-probe I-V characteristic, and the DC bias current 
was applied during the LTBM imaging. Inside of the 
instrument, the shunt box increases the accuracy of the 
current that is applied.  

In addition, we designed our own scanning program for 
the measurements, including the 1) temperature 
stabilization, 2) I-V curve measurements, and 3) voltage 
acquisition of the imaging. The Lab VIEW program can be 
used to simultaneously control the xy micro-stage and the 
lock-in amplifier through an RS232 and a DAQ board 
during measurements. Normally, a sample rate of 
2,000–5,000 Hz is applied for fine scanning, and the 
measurement duration and step sizes are of 100 ms and 2 
µm, respectively. The delay is dependent on measurement 
time and the step size to accurately accumulate the data. 
The output δV(x,y) is then synchronized at each position 
and is automatically recorded.  
 
 

3. EXPERIMENTS 
 

SmBCO coated conductors were studied to demonstrate 
the capabilities of RIT and LTBM as quality control 
monitoring systems. The SmBCO-coated conductors were 
deposited on IBAD-MgO (100) substrates via an 

evaporation by using a drum in dual chambers (EDDC) 
system at the Korea Electrotechnology Research Institute 
(KERI). This system is a reactive co-evaporation method 
for deposition of coated conductor [14]. Sm, Ba, and Cu 
metallic sources were used as starting materials in the 
chambers, and system was a batch-type one. This means 
that the EDDC system is promising method to develop 
long-length scale wires with a high production rate in an 
industrial system. During deposition, the substrate 
temperature (Ts) and pressure of the chamber were 
maintained at 800oC with halogen lamps and at 20 mTorr of 
pure oxygen gas, respectively. The film had a structure of 
Ag (3 µm) / SmBCO (2 µm) / LaMnO3 (20 nm) / epi-MgO 
(20 nm) / IBAD-MgO (10 nm) / Y2O3 (10 nm) / Al2O3 (40 
nm) / Hastelloy (80 µm). The superconducting film exhibits 
an Ic larger than 400 A/cm at 77 K and a self-field. The 
criterion to determine Ic is of 1 µA/cm. All of the details of 
the EDDC system and of the fabrication process have been 
reported elsewhere [15, 16].  

In order to carry out the laser scanning for the RIT and 
LTBM, SmBCO-coated conductors were patterned with a 
150 µm x 1,000 µm long micro-bridge via 
photolithography with a chemical wet-etching process.  

 
 

4. RESULTS AND DISCUSSION 
 

The X-ray diffraction (XRD) patterns were examined in 
order to investigate the structural alignment of the films, 
and energy dispersive spectroscopy (EDS) was used to 
verify composition of the films as atomic ratio of the films. 
XRD was performed in the θ-2θ scan mode with a 
four-circle goniometer with 1.5406 Å of Cu-Kα radiation. 
Fig. 4 shows the XRD patterns from the SmBCO-coated 
conductors. The SmBCO-coated conductors have a c-axis 
orientation, showing (00l) peaks without any second phases. 
Sm: Ba: Cu with an atomic ratio of 0.98: 1.80: 3.22 were 
observed through EDS measurements. The SmBCO films 
have a poor-Ba and a rich-Cu phase. 

The voltage response and the phase delay signal images 
from RIT with a 300 µm ×1,100 µm scanning range for the 
SmBCO-coated conductors are shown in Fig. 5. Some 

 

 
 

Fig. 4. θ-2θ x-ray diffraction pattern (XRD) of the SmBCO 
film. It shows c-axis to the normal surface of the sample 
without any second phases. 

23



 
Optical imaging methods for qualification of superconducting wires 

 
 

 
 
Fig. 5. RIT images of the SmBCO film. Each image shows 
response voltage image and phase delay. High response 
voltage signals indicate structural impurities. 
 

 
 
Fig. 6. LTBM images of the SmBCO film at 91.5K 
according to bias current values. 
 
high-voltage response signals were obtained around the 
defect positions caused by the structural faults. In the 
phase-delay image, different phase signals were observed 
at certain regions. This indicated that different phase 
signals are obtained near the defect positions, showing a 
180 degree difference between the defect and the other 
normal regions. This means that the polarities at the defect 
positions have opposite direction compared to other 
uniform regions. Therefore, the high response voltage 
signals at the structural faults as tilted grains or imperfect 
connected grains boundary produce different Seebeck 
voltage signals in the RIT images, especially for the high 
voltage signals.  The benefit of using the RIT method is that 
it can be used at room temperature, which was confirmed 
with this measurement.   Later, we will show the variations 
in the signals that correspond to the low temperature 
current distribution which is critical for quality assurance 
of superconducting wires.  

The LTBM images were obtained for each different bias 
current value Ib, as shown in Fig. 6. The LTBM 
measurements were performed at 91.55 K by cooling the 
cryostat with liquid nitrogen. The critical current was 
measured at 400 mA, and the bias current values were of 
330 mA, 360 mA, and 380 mA, as shown in Fig. 6. The 
current dissipation regions are enlarged as the bias current 
increases, and the high response voltage regions are 
consistent with the RIT images. The observation that 

current flows around the defect positions indicates that the 
superconducting phases are broken at the defect by laser 
heating. This indicates that the defect points generate a 
current loss with a high voltage response, and those regions 
are fragile, and are easily broken in a high power 
environment.  
 
 

5. CONCLUSION 
 

RIT and LTBM were investigated by using a laser 
scanning system based on the thermoelectric effect. This 
method can be applied for monitoring tools in production 
lines in order to verify the quality of the wires. 
SmBCO-coated conductors were fabricated by using an 
EDDC, and the relation between their structural properties 
and transport properties was obtained through the RIT and 
LTBM imaging. RIT images of voltage signal and the 
phase delay signals present the structural disorder of the 
conductors caused by defects, such as tilted angles. The 
map of the local current flow was observed through the 
LTBM images, and at a low temperature near the critical 
temperature, the conductors present different transport 
behaviors, even in local regions. Current dissipation was 
induced around the defect positions, and those regions have 
a wider area for high bias current. We can obtain the 
relationship between the structural properties and the 
transport properties by comparing images from two laser 
scanning methods, RIT and LTBM. This indicates that 
laser scanning microscopy is an appropriate tool that can be 
used to construct the local mapping of the area and current 
flow. The RIT image allows us to identify the transport 
properties indirectly because of the relationship between 
the RIT and LTBM images. Therefore, the laser scanning 
system can be used at room temperature to evaluate the 
quality of the conductors during production.  
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