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ABSTRACT

This paper proposes a new inductance
minimization scheme for a gradient system of
arbitrarily selected shape. Although it is important to
minimize the gradient coil inductance to reduce the
current switching time, such minimization has been
possible only for cylindrical or parallel biplanar
coils. By using small current loops on arbitrarily
selected surface as optimization elements, the
inductance of the whole circuit can be minimized
using the loop’ s self- and mutual-inductances. Wire
positions can be easily derived from the loop current
distribution. Preliminary studies for the design of x-
directional surface gradient coil show the utility of
the proposed gradient coil design scheme.

INTRODUCTION

The conventional cylindrical gradient systems are
useful for most MR imaging applications and their
design methods have been developed very well [1-
4]. However, for specialized imaging applications
such as gradient-recalled-echo, echo-planar imaging,
or localized high-resolution imaging, surface [5] or
insertable coils [6] are preferred to generate stronger
gradient field with faster switching time.

Although the minimum inductance design
combined with target field approach provides good
performance for cylindrical or biplanar insertable
coils, the method can not be used for other shapes.

In this paper, we are proposing a new minimum-
inductance gradient coil design scheme applicable to
any selected shape. Semi-spherical or even helmet-
shaped gradient coil can be designed by using the
method. The proposed method uses small square-
shaped current loops as optimization elements and
the total inductance can be minimized by
considering their individual and mutual inductance.
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Fig. 1. Current loop elements on a semi-cylindrical
surface. L is the distance between the imaging
center and the coil surface.

METHOD

A semi-cylindrical-shape gradient coil shown in
Fig.1 is designed as follows. If a total of N = ¥, - N,
loop elements are assumed, then a current vector i is
defined as i =[i, i, -~-iN]T, where i, is the current of
the k-th loop. The total energy stored in the coil, can
then be written as

e=%[iTW i,



Fig. 2. A small loop current of an area S with current
I producing the magnetic field B at (p,6,4).
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where W:Vm L, - J, L, is the self inductance

of the i-th loop element, and 7, is the mutual
inductance between the i-th and j-th elements. Then
the loop current distribution can be optimized by
minimizing e while producing the field distribution
we want to generate (optimization constraint).

The constraint is calculated as follows. Let us
assume that the field intensity at (p,0,¢) from a small
loop current at the origin is to be calculated in the
spherical coordinates as in Fig.2.

Here, assuming that p* >> a?, the magnetic field
B =B,a,+ Beag at (p,0,0) (see Fig. 2) is calculated

s B, = 2#°]3Sc056 and B, = to

47p 4
this equation, we can find the z-directional field
B,(x,y, z) from a loop current at any selected
position. The x'y”z" gradient component at (0, 0,

0) can then be expressed as

5 sin 4. From
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PP [Bz(x,y’ﬂ]}

x=y=2=0

The constraint for the optimization is formulated
by specifying the fields from loop current elements
and their derivatives 1n a matrix formas G-i=1, or

(4]
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Fig. 3. Gy, (@), and G, ,(b), for 0 <x, z < 20cm.

where G is the matrix form of G for the
corresponding current-loop elements, i, and Ny, is
the number of gradient components we want control.
The first row of G corresponds to the gradient
component we want, such as (1,0,0) for x-gradient.
The other rows cormespond to the gradient
components we want to remove, such as (1, 1, 0) or
(3, 0, 0) component for xy or x° gradients,
respectively.

Using the above constraint, the i with the
minimum energy is calculated by using Lagrange
multipliers as i=W“GT[GW“GT]_’I and the wire
distribution derived from ishows the minimum
inductance design for a given gradient pattern.
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RESULTS AND DISCUSSION
The above scheme has been used to design an x-
directional SGC with loop-current elements

distributed on a plane predefined as -20 < x < 20cm,
and -20 < z < 20cm, and y = -10cm. The stored
energy is minimized to produce a given x component
while removing xy component (vertical change of x-
gradient intensity).
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Figures 3a and 3b shows G,,, and G, for 0 <

x, z £ 20cm. Using the distribution, G can be
generated. L; ’s are generated by experimental
measurements and simulation. An x- gradient coil
has been designed and other-directional gradient
coils are being designed. Preliminary results show
good agreement to the theoretically predicted
behavior. Eventually a surface RF coil will be
inserted between the subject and the gradient coil
set for NMR signal reception.
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