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Permanent Magnet MR Imagers
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[1] Cooley et al., Design of sparse Halbach magnet arrays for portable MRI using a genetic algorithm. IEEE Trans. Magn., 2018.

[2] McDaniel et al., The MR Cap: A single -sided MRI system designed for potential point -of-care limited field-of-view brain imaging. Magn. Res. Med., 2019.

[3] Cooley et al., Implementation of low-cost, instructional tabletop MRI scanners. Int. Soc. Magn. Res. Med., 2014.

[4] Kuang et al., Equivalent-Charge-Based Optimization of Spokes-and-Hub Magnets for Hand-Held and Classroom MR Imaging. Int. Soc. Magn. Res. Med., 2019.
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Permanent Magnet MR Imagers
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Low-Cost Ultrasound-Pulse RF Signhal Chain
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Single channel block diagram 8-channel Ultrasound Pulser 100-500 USD
Push-pull topology STHV800: 30 USD
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Low-Cost Ultrasound-Pulse RF Signhal Chain

Teensy 4.0 90° 180° Magnet and Coil
_I- Spin echo
>
RF Gate
< >
""""ﬂ""""ﬂ"ﬂﬂ"ﬂ"ﬂ Bipolar Drive Broadband RF
>
35 mm x 18 mm Broadband RF
20 USD 8-channel Ultrasound Pulser 100-500 USD

STHV800: 30 USD
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Dithered-Pulse RF Generation on Teensy 4.0

One digjtal output on Teensy 4.0 takes dt = 3.33 ns
#define RFON digitalWriteFast(RF_ENV, true);
#define RFOFF digitalWriteFast(RF_ENV, false);

Teensy 4.0 output Teensy 4.0 output
amplitude modulation
RFON tt— - - RFON
RFOFF | . o o - RFOFF | . . . . -
‘ dtI 2dt I 4dt b 8dt s 1I2dt - time ‘ dtI I 4dtI 7dt : I I12Idt " time
(clock cycles) Lt Y ‘ (clock cycles)

frequency modulation
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Dithered-Pulse RF Generation on Teensy 4.0:3%

One digital output on Teensy 4.0 takes dt = 3.33 ns
#define RFON digitalWriteFast(RF_ENV, true);
#define RFOFF digitalWriteFast(RF_ENV, false);

Teensy 4.0 output

90° MZ component

REON amplitude modulation L Optimizing for 90° flip
RFOFF | . o . o il
“atedesae , ., ume =i NS .
freO'Iuency modulgtion (C|OCK CyCleS) U 2 4 G T‘mejmicmse;g"ds) N ) " N
Dithered-pulse is a combination of / For a pulse centered at 8.13 MHz (B, = 191 mT): \

both frequency and amplitude = the number of digital write cycles (dt=3.33ns) required is 36.9

modulation = optimizer is given 3 amplitude and 3 frequency modulation

choices (9 total clock cycle combinations)
Nom B0=0.191 Nom Freq=8.1328
RFON—>18 19 20 19 20 21 19 20 21

\RFOFF% 18 17 16 18 17 16 19 18 17 /
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Bloch Equation Simulation Approach

1
—— B —yvB \
y / T, YDy Y By y 0
d x 1 x
M M 0
—| My |=| —vB, —7= VvBy vy |+ Mm
VA Z
1 Ty
\ YBy —V¥By T /
Apply RF pulse in transverse plane
Mx _1 yBZ Mx O
M, —yB, -1 M, My

Precompute M
for all frequency/amplitude modulation combinations
for all By isochromats within a desired frequency bandwidth
Optimize dithered square-wave pulse to flip spins with Matlab genetic algorithm

[B] Wimperis, S., Broadband, Narrowband, and Passband Composite Pulses for Use in Advanced NMR Experiments.J. Magn. Res., 1994.
[6] Garwood et al., The Return of the Frequency Sweep: Designing Adiabatic Pulses for Contemporary NMR. J. Magn. Res., 2001.
[71 Maximov et al., Optimal control design of NMR and dynamic nuclear polarization experiments using monotonically convergentalgorithms. ). Chem. Phys., 2008.
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Spin evolution of M,, M,, M, component
for 1 isochromat (at 8.12 MHz)



20° M component

L { W
mw} I u i 90 Bloch Simulation Result

90° M component

Spin evolution of M,, M,, M, component for
3 isochromats (from 8.08-8.18 MHz)
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20° Mx component

M, and M, phase alignment
at end of pulse
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90° Mx component

.. 90° Bloch Simulation Result
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90° Mx component
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90° Mx component
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Optimized Dithered- Pulse Slmulatlon

Amplitude- and Frequency-
modulated dithered-pulse

-1 |

M 90° RF Seque

0.5
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-0.5

Time (Microseconds)

start of aligned period
ISMRM, 13 August 2020
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Optimized Dithered-Pulse Simulation

90° RF Sequence
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Teensy 4.0

35mmx 18 mm

Optimized Dithered-Pulse Simulation

90° 180°

RF Gate

Dithered-Pulse RF

ISMRM, 13 August 2020
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Accurate Reproduction of Pulse on Hardware
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Initial Phase = 0°
M, (t=0)=1

Initial Phase = 90°
My(t=0) =1

180" Refocusing MXy when Mx(t:O) =1
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Spokes-and-hub permanent magnet array

y X

[4] Kuang et al., Equivalent-Charge-Based Optimization of Spokes-and-Hub Magnets for Hand-Held and Classroom MR Imaging. Int. Soc. Magn. Res. Med., 2019.
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Zz (mm)

Field variation in permanent magnet array
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Full RF Sighal Chain
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Field variation vs. magnet geometry (simulation)
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Field variation vs. magnet geometry (measurement)

spectrum of SE centered at 8.12 MHz
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Using the same 90° and 180° pulse on 3 magnets with different center frequencies and homogeneity
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[3] Cooley et al., Implementation of low-cost, instructional tabletop MRI scanners. Int. Soc. Magn. Res. Med., 2014.
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Magnet and Permanent Gradients

ISMRM, 13 August 2020
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Thank You!
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