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Thesis Summary

Quantum computers (QCs) possess the potential to solve complex problems. Fault-tolerant QCs
(FTQCs) manipulate more than several thousand quantum bits (qubits) since a sufficiently low error
rate of qubits is necessary to achieve general-purpose application. The number of cables that
interface with a quantum processor operating at cryogenic temperatures (several mK) thus increases
and causes limitations for increasing qubits. Because of the limited coherence time of qubit and the
limited cooling capacity, the read-out circuit, placed at cryogenic temperatures for reducing the
number of cables, requires a low-power (several mW) and high-speed (several tens MS/s ~ several
GS/s) ADC. This research designs a CMOS low-power and high-speed SAR ADC that operates at
cryogenic temperatures.

Chapter 1 describes the progress and the control & read-out circuits of QCs.

Chapter 2 describes cryogenic CMQOS's characteristics. Following the review of the architecture
of ADC, dynamic comparators are discussed to improve performance, primarily regarding the
relationship between power consumption and delay time. The issues of the switching scheme of
SAR ADC at cryogenic temperatures are also addressed.

Chapter 3 describes a high-speed and low-power CMOS two-stage dynamic comparator. The
pre-amplifier adopts the dynamic bias technique to save power and increase the output voltage
difference by inserting a StrongARM latch. An input pair of the latch suppresses the through
current. Also, an auxiliary input pair further enhances gain to speed up the latch. The delay time is
improved to a max of 41%. Also, the power consumption is reduced by a max of 57%. A delay
analysis is given, providing a deep understanding and good intuition for circuit design.

Chapter 4 describes a gain boosting dynamic capacitive pre-amplifier (DCA) based comparator.
The reservoir capacitor powers the DCA and forms an isolated voltage domain during comparison.
It achieves the common-mode variation insensitivity, which alleviates performance degradation,
and the dynamic bias, which saves power consumption. The DCA utilizes a cross-coupled pair for
gain boosting. The larger initial drain-source voltage achieves a full-scale input range operation.

Chapter 5 describes a 10-bit 60 MS/s SAR ADC with an energy-efficient common-mode
variation suppression (CMVS) switching scheme. The CMVS switching scheme reduces energy
consumption by 92% compared to the conventional scheme and suppresses the common-mode
variation to lower than 16.6% Vpp. It improves accuracy and allows the comparator to always
operate in the highest-performance region. The FOM is 14.15 fJ/conversion-step at T = 4 K.

Chapter 6 concludes the thesis and presents future work.
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