
Fig. 1: Matrix gradient coil which comprises of inner 
(white) and outer (brown) coil elements. 4 inner 

elements are suppressed to display the outer 
elements. Red tubes represent water cooling tubes. 

Fig. 2: 3D-printed inner (left) and outer (right) 
prototype coil elements. Cutouts allow sliding 
different elements into each other (top). Coil 

windings are realized with litz wire which is guided 
through grooves (bottom). 

Fig. 3: Measured field maps of inner (left) and outer 
(right) prototype coil elements in Hz/A, 50mm from 

the current carrying surfaces. 
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TARGET AUDIENCE: Scientists interested in nonlinear gradient encoding and system engineers interested in novel MR system 
designs. 

  

PURPOSE: A wide variety of imaging strategies relying on nonlinear gradient 
fields have been presented recently. Some examples are parallel image 
acquisition [1,2], reduced field of view acquisition [3,4], curved slice image 
acquisition [5] and novel dynamic shimming techniques [6-8]. All these 
techniques require a certain type of nonlinear gradient field. Greater 
flexibility of the achievable gradient field shapes may be beneficial for all of 
the above mentioned methods. In this abstract, we present a design of a 
shielded matrix gradient coil and show field maps of prototype elements. 

  

MATERIALS AND METHODS: The size of the matrix gradient coil assembly is 
scaled down from the dimensions of a whole body gradient system to 
dimensions of a head gradient insert. The inner and outer diameters are 
382mm and 500mm, respectively. A eddy-current surface with a diameter of 
546mm was simulated to account for eddy currents if this design would be 
scaled up to the dimensions of a whole-body system. Optimization of the coil 
layout was performed in MATLAB (The Math Works, Natick, USA) and 
COMSOL Multiphysics (Stockholm, Sweden). Coil carrier elements were 
designed using Autodesk Inventor (San Rafael, CA, USA). Rapid prototyping 
with a powder bed and inkjet head 3D printer (3D Systems ZPrinters, Rock 
Hill, SC, USA) was used to make prototype coil carrier elements. 3mm litz 
wire was used to wind the coil elements. Field maps were measured using a 
GRE-sequence on a 3T scanner (Siemens Healthcare, Erlangen, Germany). 

  

RESULTS & DISCUSSION: Coil element carriers were designed such that the 
entire matrix coil could be realized based on two element types, and closed 
surfaces are achieved on the inside and on the outside of the resulting 
cylindrical structure. Two different current carrying surfaces are realized by 
these two element types (Fig. 1) to allow stacking of coil elements. Each coil 
element forms a 3D structure (Fig. 2) and was optimized for gradient 
efficiency, shielding and electrical decoupling. Inner and outer elements are 
assembled to rings, each formed by 12 elements. The whole assembly is 
made of 3 rings of outer and 4 rings of inner coil elements, leading to a total 
of 84 individual coil elements. Electrical decoupling was achieved by rotating 
neighboring rings by ½ an element which leads to an overlapping area of ¼ to 
the next element. 
We intend to build the coil setup presented here in the near future. MOSFET-
switches as presented in [9] will allow reducing the number of amplifiers 
below the number of coil elements. All elements were designed to withstand 
a current of 150A. Water cooling is incorporated by using 6mm copper tubes 
(see Fig. 1). Measured field maps (Fig. 3) of individual prototype elements in 
a volume of 256 x 256 x 204 mm are consistent with simulations. 
 

CONCLUSION: We designed a matrix gradient coil setup and successfully 
realized prototype elements. We expect that building such a system will 
open up new possibilities for nonlinear gradient encoding. 
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