Superconducting MR Surface Coils for Human Imaging
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INTRODUCTION

It was previously believed that a substantialgain in
signal-to-noise ratio (SNR) of MRI images could be
obtainedby high temperaturesuperconducting HTS) RF
receiver coils only at low frequency atalv field (<20 MHz
and <0.3 T) or for small samples (less than 1 crsize) >,
However, recent advances in HR¥ devicetechnologyand
cryostat design provide gains at higher frequendielsls and
larger samplesizes. We demonstratesubstantialgains in i Al 3 5
SNR for human studies at low fie{d.2 T) andintermediate Fig.1. Wrist images (256x128, 1 NEX) acquired with (a) copper
fields (0.5 T, 1.5 T). The HTS surface coils of 1ingh in and (b) HTS coil at 0.2.T
diameterwere made of TBCCO and YBCO 2-inch films,
with a quality factor 2 ordersof magnitudehigherthan that
of a conventionalCu coil. Humanfinger and wrist images
with an 8 cm field-of-view (FOV) were obtained wittSdNR
gainof 3.5at0.2Tand 0.5 T,andof2at 1.5 T.

(a ]

DESIGN AND FABRICATION

Custom designedcryostatswere built for housing the
HTS coils. Liquid helium or nitrogen was used as a
cryogen to maintairthe temperatureof the coil assemblyat ) ] i ]
30 K or 77 K, respectively. Fig.2. Thumb images (_256x128, 2 NEX) acquired with (a)

The HTS coils were made frofBCCO or YBCO thin copper and (b) HTS coil at 0.5 T
films on two-inch LaAlO; substratesTwo coil structures
were designedinterdigital and spiral. The interdigital coil
designconsistsof a single turn inductor with interdigital
capacitorsbetweenthe inner and outer portions of the turn.
The spiral coil containsmulti turns. The designsarealso
aimedat reducingthe dielectric loss and providing single
layer device processing. The coils were fabricated using
chemical etching or ion implantation patterning technique.

To comparewith HTS coils, coppersurfacecoils were
made from copper wires with a similar dimension o0bf.2-
inch in diameterand high Q-value capacitors.The typical Fig.3. Wrist images (256x128, 2 NEX) acquired with (a)
unloaded Q-valuef an HTS coil is 20,000at 77 K, while copper and (b) HTS coil at 0.5 T.
that of a copper coil is about 200.

HUMAN IMAGING

We have performed human images on clinical O(&E-
Profile), 0.5 T (GE-SignaSP) and1.5 T (GE-Signa)MRI
systems.Theinitial datashowedan improvementof SNR
by a factor of 3.5 ofumanfinger andwrist imaging using
HTS coilsat 0.2 T and0.5 T (Table 1). The comparison
images of wrist at 0.2T with a copper surfacé (a) andan
HTS coil (b) areshownin Fig. 1. Figs. 2 and3 showthe
comparisonimagesof finger and wrist at 0.5 T with a
coppersurfacecoil (@) andan HTS coil (b). It is obvious

that theimagesobtainedwith HTS coils havemuch higher Fig.4. Wrist image (256x192,2 NEX) acquiredwith an HTS
contrastthanthosewith coppercoils. In addition, we have coilat 1.5T.
performed imaging of wrisat 1.5 T (Fig. 4). A factor of 2
in SNR gain was obtained.Theseresults demonstratedfor In summary, we have designed, fabricatead testedHTS
the first time,that the superconductingoils canbe usedin coils and cryostatfor humanMRI applicationsat 0.2 T, 0.5
intermediate and high-field clinical MRI scanneFhis SNR T, and 1.5 T. The imagesof humantissue have shown a
gain clearly shows oneould obtain a similar image quality substantial improvement in SNR.
using HTS coils at low field asthat using coppercoils at
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