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 ABSTRACT:  Noise in MRI systems, in general, is created by conductive losses in the coil and the body. There are 
two regimes of such conductive losses that control signal to noise ratio (SNR): the first one is body loss dominated 
and the second one is primarily coil loss dependent. It has long been recognized that when the coil loss is the 
governing source of noise, its reduction can be achieved by probe cooling and can result in significant increase of 
the overall SNR of measurements. The discovery and development of high-critical temperature superconducting 
(HTS) materials (which at 77 K exhibit an extremely low surface resistance Rs of an order of 150 μΩ at 10 MHz) 
has resulted in several attempts to build practical probes with improved SNR. Indeed, several studies have shown 
that for selected applications, where the MRI system noise is in the coil loss regime, such as low-field MRI, high-
field microscopy, and small-volume MRI, HTS MRI receiver coils perform significantly better than comparable 
copper coils. For example, for microscopy resolution as high as 10 μm and for small animals two-fold and higher 
SNR gains over room temperature copper coils can be obtained. Implementation of cryogenic coils is challenging 
and difficulties arise mainly from necessity of using high Qs low loss matching/tuning and mutual inductance 
decoupling circuits. In most MRI array designs, optimal coil overlapping is used to minimize coupling between the 
nearest neighbors, while for the non-nearest neighbors low input impedance preamplifiers are implemented. 
However, for some imaging applications, such as partial parallel acquisition (PPA), coil overlap should be avoided 
in order to make complex sensitivity maps sufficiently distinguished. For cryogenic high-Q arrays, geometrical 
overlap is not practical because it increases the size of each element, thus increasing the ratio of body/coil losses 
without increasing the field of view (FOV). In the talk, cooled copper and superconducting coils and array designs 
for both small animals (4.7 T and 7 T) and clinical applications (3 T) will be presented. Modeling and low loss 
capacitive decoupling networks will be shown and in addition, specific requirements for MRI receiver coils 
cryogenic systems will be addressed.
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