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Introduction

Currently, transmit coils for MRI are designed as parallel resonant circuits, excited by a voltage source. The voltage source is generally a power
amplifier with very high power rating, designed for linear operation in pulsed mode. The output stage of the power amplifier is matched to a 50Q2
transmission line which, in turn, is matched to the coil impedance at the coil interface, thereby ensuring maximum power transfer between the power
amplifier and RF coil. This is a forced voltage excitation scheme, where the coil current distribution is determined by the local coil impedances.
When loaded with a lossy, asymmetrically placed sample at high frequencies (128 MHz and above), significant and asymmetric load-coil interaction
perturbs the ideal sinusoidal current distribution, causing B, field inhomogeneity. Another cause of inhomogeneity is the dielectric property of the
load which results in the formation of interference patterns within it. A simple way to optimize B; field homogeneity would be to adjust the
amplitudes and phases of the currents on each rung independently [1]. One way of achieving this would be to use a forced current excitation scheme
where adedicated, controllable RF current source is used to drive current through each rung.

In this work, we present a RF current source design that would enable forced current excitation of each rung. We show that the amplitude of the
output current is linearly related to the amplitude of the control voltage and that the output current bears a constant phase relationship with the control
voltage.

M ethod

Figure 1 shows the circuit diagram of the RF current source. The RF power
MOSFET used was the BLF245 (Philips Semiconductors). The BLF245 is rated 3.8 pilied gote bias
for a maximum output power of 30W at a gain of 17dB. A drain bias voltage of
28V was applied to the drain terminal of the MOSFET. This set the MOSFET in .
the saturation region of its DC characteristic, where it behaves as a current source F
[2]. The gate bias voltage was set to 3.6V, making this a class AB amplifier. The Stne tpud efiorm =g
output impedance of the MOSFET was measured to be 9Q. In order to route [
maximum RF current through the rung, the rung impedance would have to be set
to a minimum possible value. The series trimmer on the rung was adjusted such
that the rung was tuned to series resonance at 128MHz, effectively creating a very
low resistance path to ground as seen from the drain terminal of the MOSFET. =
Single-ended class AB amplifiers are inherently non-linear since the conduction ;
angle of the MOSFET is less than 360°. However, theflyvyheel effect Qf.the series power MOSFET is used as a voltage controlled current source
r&eon_ant rung cor_npleted the output waveform, thus mak_lng th_e amplifier linear. to drive current through the rung. The rung is represented by a
The input matching network was tuned to match the input impedance of the  serjes | CR network that is grounded at one end and connected
MOSFET to a 50Q cable coming from the driver amplifier. The control voltage  tothe MOSFET drain terminal at the other.

28V  Drarin OC supply

o
sus )5 padun

e

[nput  natohing nefwork

o ud) jojusseude. ju

Figure 1 Circuit diagram of the RF current source. A RF

was then ramped and the output current was measured for each setting of the
control voltage. Finally, control voltage phase was varied over the range of the 40
phase shifter and the phase of the output current was observed. 35 1
Results and discussion 2 30
Figure 2 shows the range of rung impedance values over which maximum S 251
current can be routed through the rung. Beyond series resonance, the rung T 2 @
becomes inductive, with increasing value of the trimmer and forms a parallel £ 151 ——)
resonant loop with the output capacitance of the MOSFET. So the MOSFET E 10
begins to act as a voltage source beyond series resonance. Figure 3 illustrates the N
linear relationship between rung current and control voltage amplitudes. The rung o femmmsen &
current was found to bear a constant phase relationship with the control voltage. 135 7 9 111315 17 10 21 23 25 27 29 31 33 35
Conclusions Trimmer capacitor position
We have designed a linear, class AB RF current source that can be integrated
with arung of a Figure 2 The range of rung impedances over which the
g3 transmit coil. MOSFET acts as a true RF current source is limited by the
2 3] We have shown output impedance of the MOSFET. Measured rung
g 25 ] that the current impedance (a) with MOSFET removed from circuit and
o amplitude  and m(_easured im_pedanpe _at same IocaFion \_Nith MOS_F_ET
5 29 phase can be remtroduct_ed into circuit (b). Incr_easmg trimmer position
E‘ 15 | controlled representsincr easing value of capacitance
g 1 reliably by the input control voltage. This feature is central to the design of the
g 05 transmit phased array coil with independent control of rung current phase and
s e amplitude
12 3 4 56 7 8 9 1011 12 13 14 15 16 17 18 Reference
Pk-pk RF control voltage (V) [1] K.N.Kurpad et al. ISMRM 2004 (Submitted for publication)
[2] H.L.Krausset al. “ Solid State Radio Engineering”, Wiley, 1980

Figure 3 Linear relationship between output current amplitude
and amplitude of the control voltage
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