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Abstract. 
 It is well recognized that cryogenically cooled normal metal or high critical-temperature superconducting (HTS) surface probes can be used to 

significantly improve SNR when coil noise dominates in MRI system [1]. However, it is not clear what is the maximum size of the probe at any 
given frequency where either cooled cooper or HTS still can be used. Because of recent developments in parallel imaging techniques and increasing 
importance of SNR of coil arrays in parallel imaging, we have calculated potential SNR gain vs. number of elements in the array, which can be 
achieved, for the same field of view, by replacing normal metal array with either cooled to 77K copper or HTS material. We consider 3 dB gain 
(equal body and coil resistances), as the lowest limit of the gain worth considering for using a superconductor. For such gain we have found that 
maximum size of the HTS array elements are:  ~2", 1.7", 1.2" and 1" at 64, 128, 200 and 300 MHz, respectively.  
Introduction  
In recent years, the design of phased arrays for parallel acquisition in MRI application has become the subject of a great deal of research.  The drive 

for faster and faster acquisition rates calls for arrays with a larger number of receiving elements. In this work, we discuss the advantages of using 
HTS materials for SNR improvement of large number of elements arrays required by parallel imaging techniques [2]. HTS thin films are very 
attractive for use as surface receiver coils because at 77 K they exhibit an extremely low surface resistance, several orders of magnitude lower than 
that of copper [3].  The number of elements and optimal size of each element at four MRI frequencies will be discussed. 
Methods and results 
A cylindrical phantom model was used to analyze the relation between SNR and the number of coils in the array. SNR was calculated for a voxel 
placed inside a cylindrical loss body at a distance Zv from the body surface (Fig. 1). The rectangular coil/array was placed at Zp distance from the 
body.  In the calculations presented here we have assumed that the body is 5 mm away from the array of coils. It corresponds to the average 
coil/array-body distance in a cryostat, which has to be used for cooling. At frequencies 64 MHz and 128 MHz, the size of the array, and body size 
were assumed to be 8" by 2" and 10” by 6”, respectively. For two other frequencies the size of the array and body were equal to 2" by 1" and 6.5” by 
2.5”.  Conductivity was assumed to be σ= 0.8S/m. An example of calculations at 200 MHz relative SNR distribution for normal metal and HTS 
arrays is shown in Fig.2.  Results of calculated SNR gain, which can be achieved by replacing copper either with 77 K cooper or HTS material, vs. 
number of array elements are presented in Fig. 3. We see that with increasing coil numbers and decreasing individual coil size, not much gain can be 
obtained by cooling copper. However, for the same configuration, there is considerable gain from using HTS array. 
Conclusions 
Fig. 3 shows very clearly that with increasing the number of elements in the array and decreasing individual coil size, HTS arrays are superior to 
cooled cooper arrays.  It can be explained by the fact that for small coils most of the system loss is due to coil resistance, which is reduced almost 
entirely by HTS material. Also from this Figure we can see that to achieve 3dB SNR gain by using HTS material, the maximum coil size in the array 
should not exceed 2” at 64MHz, 1.75” at 128 MHZ, 1.25” at 200 MHZ and 1” at 300 MHz. The potential SNR gain using large arrays increases with 
the number of elements. 
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Fig.1 The SNR was calculated for a voxel placed inside a cylindrical loss body 
at a distance Zv from the body surface. Zp indicates the distance from the 
rectangular coil to the body. 
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Fig. 2. Relative SNR calculated at 200 MHz for four 1” by 0.5” normal 
metal (a) and HTS (b) coils (see SNR gain equal to 8 dB in Fig. 3c).   

 
Fig 3. Calculated SNR gain of replacing in array normal metal by cooled normal 
metal and/or by HTS material vs. number of elements in the array. 64 MHz (a), 
128 MHz (b), 200 MHz (c), and 300 MHz (d). Field of view was 8” by 2” at 64 
MHz and 128 MHz and 2” by 1” at 200 MHz and 300 MHz.  
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