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Abstract. In this work, we evaluate the use of scanning Raman spectroscopy for characterizing 

long lengths of REBCO coated conductor tapes, as it can provide detailed insight into 

structure, composition, and local variations arising from defects or strain. We generate 2D 

maps of Raman wavelength and intensity features over extended 1 meter length of conductor 

and correlate them to the information collected by reel-to-reel (R2R) 2D X-Ray Diffraction 

(2D-XRD) and R2R Scanning Hall Probe Microscopy (SHPM). The three methods are 

compared in terms of depth of information, detectability of variation in features of interest and 

the potential for evaluating critical current performance over a range of fields and 

temperatures.  

1.  Introduction 

The advancements in the development and production of REBCO (rare earth, barium, copper, oxygen) 

coated conductors (CC), also known as second-generation high-temperature superconductors (2G-

HTS), have led to a significant increase in their use, particularly in applications such as high energy 

physics, power transmission lines, particle accelerators and MRI magnets [1-6]. A particularly strong 

demand for REBCO CCs has been generated by the development of compact fusion power reactor 

technology where thousands of kilometers of wire are required for magnet fabrication [7]. A recent 

milestone was achieved by Molodyk et al. [8], who delivered 300 km of REBCO wire for a fusion 

reactor, which constitutes the largest REBCO CC quantity supplied by a single manufacturer to date. 

For this project alone, nearly 10000 km of 4mm wide wire is needed, illustrating the extensive 

amounts of conductor needed for large scale projects. Thus, with the increasing interest in 2G-HTS 

applications, the demand for large quantities of REBCO tape is expected to increase. 

 

The collective effort of various research groups to understand and enhance the properties of the 

REBCO (CC) has resulted in remarkable improvement of their performance, particularly in terms of 

higher critical current under higher magnetic fields. These advancements have been made possible by 

the incorporation of artificial pinning centers (e.g., [9-13]), as well as increase in REBCO film 

thickness [14]. However, for large scale production of REBCO, it is crucial to have precise control 

over the fabrication process to ensure uniformity in properties and performance across the entire 

length. This brings up the need for high throughput, non-destructive reel-to-reel characterization 

technique for tape characterization and potentially for closed loop process control if implemented in-

line with the deposition system. This allows manufacturers to quickly assess the quality and 
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uniformity of the tapes, identify any deviations or inconsistencies, and make timely adjustments to 

optimize the fabrication process.  

 

With the importance of long length characterization in mind, we have developed several 

operational reel-to-reel systems. One of them is a R2R Two-Dimensional X-Ray Diffraction system 

(2D-XRD), integrated into an Advanced-Metal Organic Chemical Vapor Deposition (A-MOCVD) 

system [15] for real-time monitoring and potential integration into process control. The system 

provides valuable information about the texture, density of pinning centers, strain, film thickness, and 

insight into BaMO3 (M = Zr, Hf, Sn, etc.) pinning efficiency by monitoring the streak angle of BZO 

(101) reflection in the REBCO tape [15]. The system can either scan linearly along the center of the 

width or in a zigzag fashion, averaging the signal along both tape width and length directions [15] 

 

For self-field (SF) Jc characterization, we have developed a R2R Scanning Hall Probe Microscopy 

(SHPM) [16], first demonstrated in long length R2R fashion by Kiss et al [17, 18]. For in-field Jc, we 

have developed an in-field R2R SHPM system operating at 65-77 K and up to 5 T (B  tape) [19]. 

The obtained 2D spatial distribution maps of Jc provide insight into tape quality over the entire tape 

surface and pinning information, with typical speeds of up to 10 and 2 mm/s for the SF and in-field 

systems, respectively [16] [20]. Additionally, a R2R in-field transport measurement system using the 

four point I-V measurement method has been built for characterization of long lengths of CC at 65 K 

and 77 K for magnetic fields up to 5 T applied perpendicular to the tape, with a throughput of 1.2 

mm/s [20].  

 

We identify Raman spectroscopy as a promising complementary method both in terms of 

capabilities in identifying material properties and R2R system implementation. On the identification 

side, Raman has been demonstrated on REBCO to provide detailed information regarding chemical 

composition, residual strain, in- and out-of-plane texture, oxygen content, and more [21-28]. In terms 

of implementation, Raman is non-destructive and easily adaptable for both offline and inline purposes. 

Raman has been previously employed for characterizing both short REBCO samples and as a R2R 

tool, both as inline and offline setups using the linear (1D) scanning mode [29-35]. Recently, we have 

reported on the implementation of a scanning Raman system capable of generating 2D maps [36]. We 

have demonstrated the proof of concept and 2D Scanning Raman capabilities by mapping short 

defecting regions previously identified by SHPM [36]. Additionally, we have begun exploring indirect 

correlations between in-field performance and Raman features [37].  

 

In this manuscript, we aim to evaluate the feasibility of using 2D Raman to scan long lengths of 

tape in a reel-to-reel (R2R) fashion. One challenge is the speed of the process; while detailed maps 

like those shown in [36] can be generated for localized defects, scanning hundreds of meters of tape at 

this resolution is not practical. To address this issue, our study focuses on characterizing 1 meter of 

tape in a 2D fashion at an intermediate resolution to achieve results comparable to previously reported 

findings but at an increased throughput. We are currently in the process of building a scanning R2R 

Raman system, and in this work the aim is to gather information on 1m of tape and evaluate the 

scanning parameters and level of detail achievable. Furthermore, we compare the Raman results with 

the information obtained using our R2R SHPM and 2D-XRD scanning tools.  

 

2.  Experimental 

For this study, a 3.6 m segment of REBCO tape that was deposited on Hastelloy/Al2O3/IBAD-

MgO/Homo-Epi-MgO/LaMnO3 substrates using the A-MOCVD system was selected [38]. The 

nominal composition of the tape was Gd0.65Y0.65Ba2Cu3O7- + 0.05 Zr. This tape segment was chosen 

due to its significant variation in Jc along the length, making it suitable for comparing the used 

characterization techniques. The tape was initially measured by SHPM, scanning across 12 mm width 
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per mm length resulting in tape speed of ~0.5 mm/s. The tape was then measured by R2R 2D-XRD at 

the same linear speed of 0.5 mm/s with longitudinal resolution of 25 mm. Unlike SHPM and Raman 

scans that sampled the tape at multiple locations along the width, the 2D-XRD scan was 

performed in a linear fashion only along the center of the tape width.The source and detector angles 

were 12.5 and 23.5
o
 relative to the tape plane, respectively, and the scan was performed in stationary 

mode, i.e., without movement of detector or source. The last 1m of the tape was then subjected to 2D 

Raman scanning.  

 

Raman scanning was conducted on an Xplora Horiba Jobin Yvon confocal micro-Raman 

spectrometer using a laser 638 nm with power of 0.5mW, and microscope lens (50x/0.75) for a laser 

spot < 2   . The spectrometer is equipped with an air-cooled CCD detector and 1200 cm
-1

 grating. 

For Raman measurements the 1m tape was sectioned into segments of 30 cm, and precisely aligned on 

a custom made stage. The maps from each segment were then combined into a continuous 1m map. 

We chose 1.5 and 1 mm steps along x and y (tape length and width, respectively) with acquisition time 

of 2s per point, with effective scanning speed along the length of tape of ~0.05 mm/s. It should be 

noted that if the same x resolution as that of 2D-XRD was selected (25 mm), the scan speed would 

increase to 1.25 mm/s, while still obtaining maps at 11 different y locations. For linear maps similar to 

those obtained by 2D-XRD, another order of magnitude in speed increase is possible. The presented 

data are interpolated on a subgrid of 1 x 0.2 mm along x and y. Raman raw spectra were processed 

using a custom made code that includes cosmic rays and outliers removal [32], background subtraction 

and Voigt peak fitting. The characteristic wavenumbers and integrated intensities of selected peaks 

were obtained from these fits. 

 

3.  Results and Discussion  

3.1.  2D-XRD and SHPM Jc 1D Maps 

Shown in Figure 1 is a single representative 2D-XRD frame obtained during the inline R2R scan over 

3.6 m of tape length. Typically, the selected peaks of interest are REBCO (005), (103), (104), RE2O3 

(004) and BZO (011), and the hastelloy C-276 (111) ring is used for detector calibration. For the 

present composition, the BZO (011) peak is relatively low. The REBCO peak ratios can be used to 

detect changes in the structure factor. In this study, we find a strong correlation between SHPM Ic data 

and the intensities of REBCO peaks, which is well manifested by the strongest REBCO (005) obtained 

for this scan. 
 

 
Figure 1. Single 2D-XRD frame obtained from R2R scan of 3.6 m long tape. The characteristic peaks 

tracked as separate regions of interest are indicated with the labels. 

 

Shown in Figure 2 are linear plots of SHPM Ic and REBCO (005) peak intensity obtained from the 

2D-XRD scan. A very good correlation between the two datasets can be observed. The peaks in 

valleys in SHPM Ic data are matched by the trend manifested by REBCO (005) peak intensity for the 
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most part of the 3.6 m scan, as indicated with blue vertical lines for the peaks. The last local minimum 

in Ic data at ~3200 mm position is offset from the last minimum for REBCO (005) for unknown 

reasons, but the curve still follows the Ic trend. A dropout in SHPM Ic was also detected by a drop in 

intensity of REBCO (005) in a related study, where most of the tape exhibited relatively constant 

current [15]. We also note that the XRD scan did not reveal any significant presence of a-grains along 

the center of the tape (where the scan was taken), but it did show variation in the ratios of (005), (103) 

and (104) peak intensities, suggesting changes in structure factor along the length of the tape. While 

the 2D-XRD dataset can be analyzed in much more detail, for the scope of this study, it can be 

concluded that the (005) peak intensity clearly captures the trend in Ic. 

 
Figure 2. SHPM Ic data and 2D-XRD REBCO (005) peak intensity as a function of tape position. The 

peaks and valleys in SHPM and XRD data match well for the majority of tape length. 

3.2.  Raman 2D Intensity Maps 

Shown in Figure 3 are the intensity maps of the 1 m long and 12 mm wide tape, respectively. In these 

maps, the characteristic Raman peaks for REBCO conductors are presented. The wavenumber maps 

were also obtained; however, for the scope of this manuscript we limit our analysis to intensity maps 

only. 

 

For intensity maps, particular attention should be given to the O2/O3- peak, which is indicative  of 

well-textured c-axis oriented REBCO [33]. This peak is characteristic of both orthorhombic and 

tetragonal c-axis oriented REBCO [27]. On the other hand, the intensity of O2/O3+ serves as an 

indication of the amount of tetragonal REBCO domains, especially if Cu2 peak is of higher intensity 

than Ba peak, as the intensity of Ba peak should be stronger than Cu2 for pure orthorhombic structure 

[39]. The relative amount of misoriented grains can be examined via O4 peak, as even minor presence 

of the peak indicates the existence of tilted grains or a-axis oriented grains.  

 

From the 2D intensity maps, one can identify that the maps reveal increased O4 intensity near the 

edges, while O2/O3- peak intensity is decreased in the same regions. This suggests an increased 

fraction of a-grains along the edges. Such distribution cannot be accurately determined from 1D 

integrated plots or linear R2R measurements. The intensity of O2/O3+ peak is low throughout the 

tape, indicating a well oxygenated film.  
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Figure 3. Raman Intensity map of characteristic peaks found for REBCO orthorhombic structure. 

Each map represents a particular peak and the colorbar bar indicates where its intensity is more 

pronounced along the 1m scanned section. 

The intensities of Ba, Cu2 and O2/O3- peaks are varying across the tape, and their trends are 

compared with SHPM by using integrated intensities across tape width. Shown in Figure 4 is the 

comparison between SHPM Ic data and selected Raman intensity features – namely the Ba/Cu2 and 

O4/(O2/O3-) peak intensity ratios. The first metric can be used as an indication of potential 

degradation due to oxygen loss [39, 40], while the second metric indicates the relative amount of 

misoriented grains. The two peak ratios are scaled by arbitrary constants to magnify their variability in 

the plot to the same scale as the SHPM data. One can observe that the drop in Ic from SHPM data at 

~3200 mm is well matched with both drop in Ba/Cu2 and increase in O4/(O2/O3-) peak intensity 

ratios. In addition, the peak in Ic at ~2550 mm coincides with a strong increase in the Ba/Cu2 peak 

ratio. We note  the potential of adding a third metric (in-plane texture) by adding polarized Raman 

measurements. 

 
Figure 4. Comparison between SHPM Ic and Raman Ba/Cu2 and O4/(O2/O3-) intensity ratios. 
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4.  Conclusions 

In this study, the feasibility of using 2D scanning Raman spectroscopy over long lengths of REBCO 

coated conductor was investigated. A tape segment of 3.6 m length was characterized by SHPM and 

2D-XRD to obtain 1D maps of Ic distribution and XRD features. The last 1m segment was 

investigated by scanning Raman spectroscopy to obtain 2D maps of Raman features. The REBCO 

(005) peak intensity distribution obtained from 2D-XRD correlates well with the Ic trend measured by 

SHPM. The Raman 2D intensity maps readily revealed presence of increased fraction of a-axis 

misoriented grains near both tape edges via O2/O3- and O4 peaks. The Raman intensity profiles 

integrated over tape width direction were compared with SHPM Ic distribution as a function of 

longitudinal tape position. The Ba/Cu2 and O4/(O2/O3-) intensity ratios were found to correlate with a 

drop in Ic. The Ba/Cu2 profile was also found to increase at the location of an Ic peak from SHPM 

data. The results demonstrate the feasibility of using scanning Raman spectroscopy for both 1D and 

2D characterization of long lengths of REBCO tape.  
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