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Target Audience: RF engineers or anyone interested in high field MRI technology 
Introduction: Electric dipole antennas are seeing increasing use for ultra high field MRI1-5. At 7 Tesla a self resonant half-lambda dipole loaded by the body is 
typically 35 – 40 cm long, which is inconvenient for many applications. B1

+ in deep tissue may be increased by shortening the dipole6,7. Several approaches have been 
explored for shortening dipoles for MRI applications while maintaining resonance, including incorporating inductors near the feed points, meander structures near the 
ends of the antenna [5,8] and lumped element inductors or meanders at various points along the length of the antenna6. Each design creates trade-offs between B1

+ and 
local SAR hotspots. We explore here a new approach in which the inductance is distributed along the entire length of the antenna by winding a wire around a cylindrical 
former. This forms a normal-mode helical antenna, simply a reduced-length radiator, not to be confused with an axial mode helical antenna where the helix dimensions 
are at or above the wavelength of operation9,10. We compare the performance of this design to an inductor-shortened dipole in simulations and experiment. 
Methods: Simulations were performed with the FDTD method in Microwave Studio (CST Framingham MA). Two 25 cm 
long dipole antennas were simulated, one straight dipole with 70 μH inductors each side of the feed point, and one spiral 
structure with 42 turns around a 5mm diameter cylinder. Both structures were placed with their nearest conductors 16.5 
mm from a phantom 38 × 25 × 50 cm with εr = 59 and σ = 0.77 S/m and were resonant at 297.2 MHz (Fig. 1). Four 20 cm 
long prototype coils were constructed. Spiral dipoles were wound on wooden dowels, one with 25.5 evenly spaced turns 
on an 8mm dowel, one with 10.5 evenly spaced turns on a 16mm dowel and one with 28 uneven turns on an 8 mm dowel 
(Fig. 2). For comparison a 20 cm straight dipole was constructed with inductors at the feed point. All coils were tuned and 
matched 3 cm from a tissue equivalent torso phantom (εr = 40.5 and σ = 0.58 S/m) and data obtained on a 7 Tesla scanner 
(Siemens Healthcare, Erlangen Germany) using an in-house made T/R interface. B1

+ maps were generated by fitting a sine 
curve to pixel intensities in a series of GRE images with TR = 2000 ms and a series of different RF pulse voltages.  

Results: Simulated B1
+ normalized by the square root of accepted power is shown in figure 3. The inductor shortened 

dipole produces approximately 5% higher B1
+ in deeper regions compared to the distributed inductance dipole, and has 

much higher fields close to the feed point. However, if we look at the SAR maps in figure 4 we can see that the inductor 
shortened dipole also has much higher peak SAR by the feed point (1.193 compared to 0.9097). If B1

+ is normalized by the 
square root of peak 10g SAR (not shown) the distributed inductance dipole shows a 10% advantage in deep regions 
compared to the inductor shortened dipole.  
The distributed inductance dipoles were fairly easy to construct. They have a relatively high Q compared to a straight self 
resonant dipole. The resonant frequency is easily picked up with a double probe and the windings can be manipulated and 
the wire cut until the correct configuration is arrived at. Unloaded and loaded Q values were all approximately 24 for all 
constructed dipoles. The lack of change in Q with loading is typical for dipoles, which are not energy storage devices as 
surface coil loops are. The impedance at the coil terminals was measured for the loaded coils with a calibrated cable and 
was found to be approximately 22 Ω for the distributed inductance dipoles and 17 Ω for the inductor shortened dipole. 
With appropriate lattice baluns and cable traps S11 of -17dB or better was achieved for all coils.  
B1

+ maps for the various designs are shown in figure 5. These follow the predictions of simulation, with the inductor 
shortened dipole providing about 10% higher B1

+ in deep regions and much higher values near the feed point, but the 
distributed inductance dipole provides a broader excitation along z. It was not possible to determine SAR in these scanner 
measurements, but the high electric fields near the feed point of the inductor shortened dipole were evident when it 
repeatedly arced at the highest RF pulse voltages. The 16mm distributed inductance dipole did not perform significantly 
differently from the 8mm design, apart from having generally lower B1+ values. It was hoped that using uneven windings 
would create high current on the central portion of the coil, increasing penetration, but this was not evident in this data.  

Discussion: The practice of incorporating spiral windings into antennas is common practice in communications 
technology, where it is used to shorten dipole or monopole antennas. A common form is a “base loaded antenna” where 
the spiral winding is at the base of a monopole antenna. The inductor shortened antenna can be seen as two of these back 
to back. When the spiral is extended the whole length of the monopole it is sometimes called a “rubber ducky antenna”. 
Bringing this principle into the design of dipoles for MRI opens up a number of design options. In the near field we are 
particularly concerned about local SAR, and this can be manipulated through 
the pitch and diameter of the windings. These variables need not vary linearly, 
presenting a rich parameter space for future exploration.   
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Figure 1. Simulated coils 

Figure 2. Constructed Coils 

Figure 3. Simulated B1+ maps in 
Sagittal plane for two coil designs 

Figure 4. Simulated SAR for the 
two coil designs 

Figure 5. Measured B1
+ for the 

four constructed coil designs 
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