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Figures 1 (left, Litz coil) and 2 (right, Birdcage).  Color-scale display of A•A in the x=18 mm plane for a
shielded linear litz coil (left) and a shielded CP birdcage (right), both of 100 mm diameter.  The two scales
have been normalized to the same value at the center, and highest values are white.  (There is a small
gridding artifact near the edge of the sample region in the birdcage simulation.)  Note the much higher A•A
field near the end ring and rung for the birdcage.
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 We explored a large number of novel patterns which improved ηFQL (i.e., S/N) and σB by a substantial amount 
compared to prior coils, including ideal linear birdcages.  A photo of an early linear litz coil is shown in Figure 3.  In 
this "center-fed half-turn" litz coil (CFL2), the resonating capacitors are located across the equi-potential buses 
around the center, to which the feed leads are connected.   Cross-overs at the ends connect a pair of inner  paths 
(those closer to the B1 axis, hence, lower inductance) in one quadrant in series with  a pair of outer paths (higher 
inductance) in the next quadrant. Additional crossovers 
within each pair serve to nearly equalize the inductance 
of the two parallel paths within each pair [1].  As a result, 
the currents in the four parallel routes are nearly equal, 
irrespective of frequency, loading, and tuning, for fd<14 
MHz-m.   
 The frequency limit may be increased (nearly 
doubled) by using "quarter-turn" coils (four segmenting 
capacitor gaps around the axis).  Insulated crossovers 
are used to establish parallel paths within each quadrant 
independently with nearly equal currents that achieve 
the desired objectives of high homogeneity and low 
sample losses independent of frequency.  

Results:  The resulting final quarter-turn coil 
patterns, laid out flat, are shown in Figures 4a (top) and 
4b (middle) for the primary surface and cross-overs 
respectively.  

Their superposition is shown at the bottom in 
Figure 4c.  The pattern wraps around a cylinder aligned 
with B0 (vertical in this view) and generates a uniform 
transverse B1.  We denote it the Symmetric Quarter 
Turn coil, SQT2 (version 2), as the current paths are 
capacitively segmented in four places around the B1 
axis.   Figure 4   
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The B1 field is illustrated in Figures 5a and 5b, below, for one quadrant in the x=0 and y=0 planes.  
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A coil of 15.8 cm diameter and overall 
length of 22 cm (16 cm homogeneous 
length) inside a shield of 19.4 cm 
diameter and 23 cm length was 
constructed from the patterns in 
Figure 4.  The calculations predicted 
a 900 pulse length of 230 µs for a 
square 500 W pulse on a "large" 
human leg.     
 
 
Figure 6, shows an axial SE image, 
512x512, of an adult human knee at 3 
T.  
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Figure 7.  Sagittal SE image of an 
adult human knee at 3 T, 512x512, 
from SQT2 linear litz coil. 
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Discussion and Conclusions:  The SQT2 linear litz coil easily tuned and matched to the full range of 
sizes of legs (even when changing from a large leg directly to a small leg), and consistently obtained S/N 1 
dB better and B1 homogeneity noticeably better than that of home-made linear birdcages, which had FOV 
length ~30% shorter.  This suggests that the litz coil would have had 2 dB better S/N than a linear birdcage of the 
same length.  The simulations, on the other hand, had led us to expect only a 1 dB S/N advantage for the litz coil 
under these conditions.  

The primary reason for the improved S/N of this loaded linear litz coil appears to be that maximum axial rf 
magnetic field in the sample near the end edges is only one third as large as in linear birdcages.  Hence, inductive 
loss in the sample (dA/dt) in this region is reduced.  (Figures 1 and 2 illustrated this in a color scale display of A•A 
(approximately E2/ω2) for one quadrant of the x=18 mm plane in coils of 50 mm radius.) 

The B1 homogeneity of the SQT2 coil, while better than obtained in the various homemade birdcages, is not 
perfect and differs in small ways from the simulations.  The simulations did not include either the effects of the 
phase shift of the eddy currents within the sample or the currents in the leads and matching network.  We suspect 
the latter are the more significant here and are looking at ways to better include their effects in our simulations.   

We have also begun working on a circular polarization litz coil (denoted the "litzcage"), which appears to have 
tuning, homogeneity, and S/N advantages compared to our linear litz coils and CP birdcages for cases where 
sample losses strongly dominate – e.g., for knee coils above 1 T.  More on these developments are reported in 
another poster on the Litzcage.  
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