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9. Quantum Hardware

1. Opening & Introduction of Quantum Hardware
Here, you will discuss the positioning of this lecture and provide an outline of its content.
Additionally, as a foundation for learning about quantum computer hardware, you will explore an overview of the technologies used in quantum computing devices.
2. The physics of the superconducting of qubits
You will learn about the schemes through which quantum computers execute computations.
In preparation for the next section, where you will study superconducting qubits—one of the most important components of quantum computers—this section will first cover electromagnetic oscillators.
3. What is the Transmon Qubit?
Qubits are implemented as transmon qubits on quantum computers.
In this section, you will learn about the principles that enable the transmon qubit to function as a qubit and how it is controlled.
4. Qubit measurement on the hardware devices
There are two classes of measurements: demolition and non-demolition, such as dispersive measurement. In this section, you will learn about the mechanism of non-demolition dispersive measurement, which is extracted from the resonator
5. Two-qubit Gate -Cross Resonance Gate-
The Cross Resonance Gate, which serves as the basis for the CNOT gate, is implemented as the Echoed Cross Resonance (ECR) gate in hardware to mitigate dephasing. In this section, you will learn how the Cross Resonance Gate is realized in hardware.
6. Device map and calibration data
In this section, you will learn about the meanings of various characteristic values in hardware, preparing for the subsequent hands-on sessions.
7. Hands-on Part 1: Backend and Target instance in Qiskit
By using instances such as Backend and Target, you can access various information about the characteristics of quantum devices. Firstly, you will access a specific device and output its basic information. Then, you will examine how the qubits of the device are structured by outputting its coupling map.
8. Hands-on Part 2: Qubit Properties
Using the Qiskit Backend instance, you will output the characteristics of qubits, such as relaxation time (T1), decoherence time (T2), frequency, and anharmonicity.
9. Hands-on Part 3: Gate and Readout error
Here, you will examine the structure of the Target instance and output various gate errors.
You will also explore the calibration attribute of the InstructionProperties. Interestingly, this allows you to retrieve the pulse shape of the instruction.
10. Hands-on Part 4: Appendix
A popular feature of Qiskit are its visualization capabilities. It includes circuit visualizers, state and distribution visualizers, and target visualizer. You will use some capabilities of the target visualizer.
11. Qubit Scaling
IBM Quantum has achieved qubit scaling through various technologies. Additionally, modular coupling has been proposed for future scaling.
In this section, you will learn about the evolution of these approaches and the technological roadmap for the future.
12. Development of other components
In addition to qubit scaling, achieving large-scale practical use of quantum computers requires technological innovations in other hardware components.
In this section, you will explore the technologies used in several components and the innovations needed for their advancement.
