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Thesis Summary

Medical ultrasound imaging diagnosis is a widely used modality due to its safety, real-time
capability, and low cost. However, it also involves issues that depend on the examiner's skills,
which can affect image quality and examination throughput. This study examines the technologies
required for small-area and low-power dissipation in application-specific integrated circuits
(ASICs) for two-dimensional array matrix probes capable of volumetry imaging without skills.
Additionally, it explores the technologies required to achieve both high spatial resolution and
signal-to-noise ratio (SNR) in the deep regions of the human body.

Chapter 1 summarizes the background and issues related to ASIC-embedded matrix probes.

Chapter 2 examined ASIC specifications based on system requirements.

Chapter 3 describes the details of the novel time-shared configurable transmit (TX)/receive (RX)
beamformer, which is implemented in each of the 3072-channel transceivers in the ASIC and has a
significant impact on area and power dissipation. The digital TX bus signal is delayed by parallel
delayers for RX, allowing for a compact and low-power configuration without requiring an extra
first-in-first-out (FIFO) memory. The proposed circuit configuration achieved a single-channel
transceiver circuit area of 300 pum % 300 um and power dissipation of 0.74 mW/channel.

Chapter 4 describes the details of the novel TX/RX isolation switch (TRSW), which protects
low-voltage RX from high-voltage TX pulse, using only three high-voltage MOSFETs, resulting in
a small area and low power operation. The proposed dynamic shunt architecture ensures the switch
is in the off state with only a low-voltage MOSFET circuit and requires only one high-voltage
MOSFET for on/off control. Furthermore, a per-channel loopback test function is provided to verify
the signal continuity of the 3072-channel transceiver without probing the 3072 electrodes.

Chapter 5 describes the details of a continuous-time pulse compressor (CTPC) that achieves both
signal enhancement and higher axial spatial resolution by transmitting a chirp waveform and
compressing pulses at the RX, thereby resolving the trade-off between SNR and axial spatial
resolution in burst TX. The RX signal is compressed in the time domain by passing it through a
proposed CTPC whose delay varies linearly with frequency, and the pulse peak is enhanced by 6.7
dB. Furthermore, improvement in spatial resolution was verified by acoustic measurements and
brightness (B)-mode imaging.

Chapter 6 summarizes the results of this study and further discusses prospects.




