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Physical foundations and technological advances in quantum computers

Jia Zhao
Hebei University of Technology, Tianjin

[ Abstract] Quantum computing is a new computing mode that regulates quantum information units to
compute according to the laws of quantum mechanics. Its core uses the superposition, entanglement and interference
characteristics of qubits to theoretically accelerate classical computing exponentially when dealing with specific
problems, which is expected to bring subversive changes to cryptography, material design, drug research and
development and artificial intelligence. In this paper, the physical basis of quantum computer and the progress of
realization technology in recent years are systematically described. The physical realization of quantum computing
depends on physical systems that can effectively encode and manipulate qubits, including superconducting circuits,
optical systems, ion traps, semiconductor quantum dots and diamond nitrogen vacancy color centers. In recent years,
remarkable breakthroughs have been made in various technical routes: superconducting quantum computing has been
rapidly advanced in bit quantity, gate fidelity and interconnection technology, and several research teams have
successfully developed processors containing hundreds of qubits, and realized the demonstration of quantum
computing superiority; Optical quantum computing has also successfully verified quantum superiority by virtue of
Gaussian boson sampling and other paths, and integrated optical chip technology has developed rapidly; Ion trap
system continues to maintain the benchmark of high-precision logic operation; The solid-state spin system shows
unique advantages in room temperature operation and compatibility with traditional semiconductor processes.
However, towards large-scale fault-tolerant quantum computing, there are still core challenges such as decoherence,

high-precision quantum manipulation and quantum error correction scale. In the future, the development of quantum
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computing will require interdisciplinary integration, and through continuous innovation in hardware performance,

software algorithms and engineering integration, the grand goal of general purpose quantum computers will be finally

realized.

[ Keywords] Quantum computing; Quantum bits; Physical implementation; Superconducting circuits; Optical

quantum computing; Quantum superiority; Quantum error correction
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