Helical microcoil system for high resolution magnetic resonance imaging
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Abstract: We present a magnetic resonance (MR) system for acquiring images of samples in the micrometer range, like cell clusters or single cells.
The previously reported [1] wound helical microcoils are spatially closely integrated with a custom-built passive Transmit-Receive (TR) switch and a
custom-built low noise amplifier (LNA). The setup has been characterized for MRI application, enabling an in-plane resolution of 10x10 pum? with
a dlice thickness of 80 pm of a ionized water (1 g/l CuSO,) phantom at 9.4 T. The measured signal-to-noise ratio (SNR) of 32 was obtained in a
short acquisition time of 11:42min.

Introduction: It is well known that microcoils offer an increased SNR, for micrometer-sized samples and therefore allow high-resolution imaging.
However, the signal strength extracted from a sample is proportional to its volume. The acquired signal from the limited samples is degraded during
transmitting, by the cables and connectors attenuation in the signal path to the spectrometer, leading to a reduced SNR. To compensate for this loss,
one can either perform multiple signal acquisitions or connect a low noise amplifier (LNA) closely to the microcoil, before the signal is transported
through the signal path. Since imaging in the micrometer range is prone to mechanical vibration and thermal drift, the averaging may produce
blurred images, due to the geometrical sample shift. Additionally, when considering high throughput MR acquisition, averaging increases the scan
time, leading to increased costs.
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Conclusion: The presented results demonstrate the current capability of the custom-built TR MRI system. Compared to our previous MRI
publications where no LNA was used, the acquisition time is significantly reduced, allowing high resolution imaging in a short period of time.
crucial for high-throughput MR applications.
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