附件5．      学院（系、所）全英 研究生课程简介(中英文各一份)
	课程名称：低温等离子体应用技术
	课程代码：131.521

	课程类型：□ 博士专修课程    √ 硕士专修课程

	考核方式：  全英文考试                            
	教学方式：全英文讲授

	适用专业：        高电压技术应用、等离子体物理
	适用层次：√ 硕士  √  博士

	开课学期：    2012 秋       
	总学时：32
	学分：2

	先修课程要求：高电压技术，电路理论，大学物理

	课程组教师姓名
	职  称
	专  业
	年  龄
	学术方向

	刘大伟
	副教授
	等离子体
	32
	等离子体技术及应用

	刘明海
	教授
	等离子体
	44
	等离子体技术及应用

	
	
	
	
	

	课程负责教师留学经历及学术专长简介：
该课程负责教师刘大伟2009年毕业于英国Loughborough University, 他的主要科学研究领域包括气体放电、低温等离子体源、等离子体诊断、等离子体模拟计算、等离子体和脉冲功率技术在环境及生物医学等方面的应用等。他对容性放电产生等离子体的关键机理、脉冲射频等离子体射流阵列及其应用有着深入研究；在主要期刊上发表学术论文共13篇（均为第一作者、通讯作者或实际完成人），而且都被SCI收录；担任Phys.of Plasmas, Plasma Sources Sci.& Technol和Thin Solid Films.等多个英文期刊的评审人；获得国家自然科学基金和教育部留学归国人员启动基金等多项研究经费资助。

刘明海，男，教授，博士生导师。94年7月和97年11月在中国科学技术大学近代物理系理学获得硕、博士学位；99年11月中国科学院等离子体物理研究所 博士后流动站出站；2000年在华中科技大学电气与电子工程学院担任科研与教学工作，2002年10月赴日本名古屋大学工学部电气研究科进修，04年10 月回国。主要从事低温等离子体物理的理论与实验研究，承担或参与了国家自然科学基金、国家安全重大基础（军口973）研究项目、国防预研项目、航空航天基 金等多项研究课题。主要研究领域有：低温等离子体材料表面改性技术研究，光电材料、隐身材料的等离子体制备技术研究，等离子体隐身技术的机理与实验研究； 高气压大面积等离子体放电技术及其参数测量研究；大面积均匀表面波等离子体的实验与应用研究。公开发表科学论文40余篇，其中大多数为SCI收录。中国物 理学会会员，日本电气学会会员，中国物理快报（英文）特约评审。

	课程教学目标：

等离子体技术现阶段广泛应用于电子、航空航天、环境保护和生物医疗等众多领域，并对我国国民经济的快速发展做出卓越贡献。为了加速该领域高水平研究生的培养，拟开设“气体放电与等离子体技术”这门课，并采用英文授课。 该课程将首先系统讲述等离子体的基本理论；然后对等离子体的产生方法（辉光放电、电晕放电、电弧放电、高频放电、介质阻挡放电等）进行全面讲解；在此基础上进一步讲述低温等离子体的数学计算模型及实验测量方法，主要包括低温等离子一维和二维仿真模型、等离子体光谱和放电瞬态过程的测量方法，并介绍国际等离子体界使用上述理论和实验研究方法系统在等离子体动力学、等离子体化学、容性和感性放电、等离子电学和光学特性测量等方面研究的进展；最终，介绍等离子体在各领域应用研究的最新进展情况。通过本课程的学习，使学生熟练掌握等离子体的基本理论，能够根据不同种类等离子的结构特点，选择适当的模型对不同问题进行简化分析与仿真计算，并掌握对等离子进行电学和光学测量的方法，了解国际等离子体界研究的最新进展，为加快等离子应用相关的研究进展提供理论和实验基础。
第一章  介绍
§1.1  什么是气体放电物理
§1.2  典型的直流放电形式
§1.3  气体放电分类

§1.4  气体放电研究的历史背景
第二章  直流放电中带电粒子的迁移、能量、扩散
§2.1  弱电离气体中电子的迁移
§2.2  电离气体的电导率
§2.3  电子能量
§2.4  电子扩散

§2.5  离子

§2.6  双极扩散

§2.7  电荷密度纵向不均匀等离子体中的电流

§2.8  电子的流体力学描述
第三章  振荡电场及电磁波作用下电离气体中电子的相互作用
§3.1  振荡电场中电子的运动
§3.2  电子能量
§3.3  连续介质中电动力学的基本方程
§3.4  高频等离子体的导电性与介电常数

§3.5  等离子体中电磁波的传播

§3.6  振荡等离子体中电磁波的全反射
第四章  带电粒子的产生和衰减
§4.1  直流放电中的电子碰撞电离
§4.2  其他电离机制
§4.3  体复合

§4.4  负离子的形成与衰减

§4.5  电荷扩散损失

§4.6  固体中电子发射

§4.7  二次电子发射导致的电荷增加
第五章  弱电离气体中电子的动力学方程
§5.1  速度分布函数描述电子
§5.2  动力学方程的建立
§5.3  分布函数角关系的近似
§5.4  电子能谱方程

§5.5  能谱方程的有效条件

§5.6  由动力学方程推出的若干结论的比较

§5.7  仅考虑弹性损失的电子静态谱

§5.8  氮气和空气的数值结果

§5.9  任意强度的空间不均匀场
第六章  电子探针
§6.1  电路介绍
§6.2  单探针的电流电压特性
§6.3  稀薄等离子体电流诊断的理论基础
§6.4  测量分布函数的步骤
§6.5  稀薄等离子体流向探针的离子电流

§6.6  真空二级管电流和靠近带电体的空间电荷层

§6.7  双探针

§6.8  高压等离子体探针
第七章  不同频率范围气体的击穿
§7.1  击穿的基本特性
§7.2  适当大Pd值下匀强场中击穿与自持放电的激发
§7.3  微波场的击穿及实验数据的解释
§7.4  运用动力学方程计算电离频率和击穿临界值

§7.5  光学击穿

§7.6  放电区域中激发射频场的方法

§7.7  射频及低频下的击穿
第八章  稳定辉光放电

  §8.1  总体结构及可观察的特性

  §8.2  电极间放电的电流电压特性

  §8.3  暗放电以及空间电荷在阴极鞘层形成中的作用

  §8.4  阴极鞘层

  §8.5  阴极鞘层与正柱区的过渡区域

  §8.6  正柱区

  §8.7  气体加热及其对电流电压特性的影响

  §8.8  电负气体等离子体

  §8.9  快速气流放电

  §8.10 阳极鞘层
第九章  辉光放电不稳定性及其影响

  §9.1  不稳定的原因及影响

  §9.2  准稳态参数

  §9.3  准稳态下电场及电子温度的扰动

  §9.4  热不稳定性

  §9.5  附着不稳定性

  §9.6  其他可能导致不稳定的机制

  §9.7  光条纹

  §9.8  正柱区收缩

	全英文教材： 

Y.P. Raizer, Gas Discharge Physics, Corrected (Springer, 1991)

	主要参考书：

1. M.A. Lieberman, A.J. Lichtenberg, in Principles of Plasma

Discharges and Material Processing, 2nd edn. (John Wiley

and Sons, Hoboken NJ, 2005)
2. 赵青，刘述章，童洪辉，等离子体技术及应用，国防工业出版社，2009.2


	课程名称：Plasma technology and its application
	课程代码：131.521

	课程类型：□ 博士专修课程    √ 硕士专修课程

	考核方式：  Examination in English                            
	教学方式：Lecture in English

	适用专业：        High voltage technique,plasm
	适用层次：√ Mater  √  Ph. D.

	开课学期： Aut. 2012        
	总学时：32
	学分：2

	先修课程要求：Physics, High voltage technique, Circuit theory,

	课程组教师姓名
	职  称
	专  业
	年  龄
	学术方向

	Dawei Liu 
	Asso. Pro.
	High voltage application 
	32
	Gas discharge and 

its application

	Minghai Liu
	Pro.
	High voltage application
	42
	Gas discharge and 

its application

	
	
	
	
	

	课程负责教师留学经历及学术专长简介：
Dr. Dawei Liu received the B. Eng. from China University of Geosciences in 2002, and an M.Sc. and Ph.D. from Loughborough University, UK in 2005 and 2009, respectively. From 2002 to 2004 he was with China Unicom Corporation. Since 2009 he has been an associate professor at the State Key Laboratory of Advanced Electromagnetic Engineering and Technology, Huazhong University of Science and Technology, China. He published 14 papers on the key international plasma journals, and received founding from National Science foundation and Chinese Education Department. His research interests include numerical and experimental study on low temperature plasma, with special attention on plasma application in biomedicine and environment protection. 

Pro. Minghai Liu received an M.Sc. and Ph.D. from Institute of Plasma Physics Chinese Academy of Sciences in 1994 and 1997. Since 2000 he has been a professor at the State Key Laboratory of Advanced Electromagnetic Engineering and Technology, Huazhong University of Science and Technology, China. From 2002 to 2004, he was a research professor in Nagoya University, Japan. He published 40+ papers on the key international plasma journals, and received founding from National Science foundation and Chinese Education Department. His research interests include numerical and experimental study on low temperature plasma, with special attention on plasma application in material processing.

	课程教学目标：

Nowadays plasma discharges are widely used to modify the surface properties of materials, so that plasma processing technology is crucial for manufacturing the very large scale integrated circuits, reducing aircraft resistance, environment protection, biomedical and etc. In order to improve the students’ knowledge on plasma science, the course of “Plasma technology and its application ” is opened. 

The course includes,

· The basic plasma physics and gas discharge theory.

· Different ways to generate plasma, including glow discharge, corona discharge, capacitively coupled plasma, inductively coupled plasma, dielectric barrier discharge and etc. 

· The numerical models on plasma, including global model, one dimensional fluid model, two dimensional fluid model and Partial in cell model.

· The ways to measure plasma properties, including optical emission spectrum measurement, nanosecond exposure time images of plasma.

· The progress of international plasma community on plasma dynamics, plasma chemistry and plasma applications.

Upon successful accomplishment of this course, the students should be able to

· Understand the basic knowledge on plasma physics, surface science and atomic and molecular physics.

· Design and fulfill the simple plasma simulation program by Matlab independently

· Measure the plasma optical emission spectrum and analyze the data independently.

· Understand the newest application of plasma science.
1.  Introduction

  §1.1 What is the subject of Gas Discharge Physics

  §1.2 Typical Discharges in a Constant Electric Field

  §1.3 Classification of Discharges

  §1.4 Brief History of Electric Discharge Research

2.  Drift, Energy and Diffusion of Charged Particles in Constant Fields

  §2.1 Drift of Electrons in a Weakly Ionized Gas

  §2.2 Conduction of Ionized Gas

  §2.3 Electron Energy

  §2.4 Diffusion of Electrons

  §2.5 Ions

  §2.6 Ambipolar Diffusion

§2.7 Electric Current in Plasma in the Presence of Longitudinal Gradients of Charge Density

§2.8 Hydrodynamic Description of Electrons

3.  Interaction of Electrons in an Ionized Gas with Oscillating Electric Field and Electromagnetic Waves

  §3.1 The Motion of Electrons in Oscillating Fields

  §3.2 Electron Energy

  §3.3 Basic Equations of Electrodynamics of Continuous Media

  §3.4 High-Frequency Conductivity and Dielectric Permittivity of Plasma

  §3.5 Propagation of Electromagnetic Waves in Plasma

  §3.6 Total Reflection of Electromagnetic Waves from Plasma and Plasma Oscillations

4.  Production and Decay of Charged Particles

  4.1 Electron Impact Ionization in a Constant Field

  4.2 Other Ionization Mechanisms

  §4.3 Bulk Recombination

  §4.4 Formation and Decay of Negative Ions

  §4.5 Diffusion Loss of Charges

  §4.6 Electron Emission from Solids

  §4.7 Multiplication of Charges in a Gas via Secondary Emission

5.  Kinetic Equation for Electrons in a Weakly Ionized Gas Placed in an Electric Field

  §5.1 Description of Electron Processes in terms of the Velocity Distribution Function

  §5.2 Formulation of the Kinetic Equation

  §5.3 Approximation for the Angular Dependence of the Distribution Function

  §5.4 Equation of the Electron Energy Spectrum

  §5.5 Validity Criteria for the Spectrum Equation

  §5.6 Comparison of some Conclusions Implied by the Kinetic Equation with the Result of Elementary Theory

  §5.7 Stationary Spectrum of Electrons in a Field in the Case of only Elastic Losses

  §5.8 Numerical Results for Nitrogen and Air

  §5.9 Spatially Nonuniform Fields of Arbitrary Strength

6.  Electric Probes

  §6.1 Introduction. Electric Circuit

  §6.2 Current-Voltage Characteristic of a Single Probe

  §6.3 Theoretical Foundations of Electronic Current Diagnostics of Rarefied Plasmas

  §6.4 Procedure for Measuring the Distribution Function

  §6.5 Ionic Current to a Probe in Rarefied Plasma

  §6.6 Vacuum Diode Current and Space-Charge Layer

  §6.7 Double Probe

  §6.8 Probe in a High-Pressure Plasma

7.  Breakdown of Gases in Fields of Various Frequency Ranges

  §7.1 Essential Characteristics of the Phenomenon

  §7.2 Breakdown and Triggering of Self-Sustained Discharge in a Constant Homogeneous Field at Moderately Large Product of Pressure and Discharge Gap Width

  §7.3 Breakdown in Microwave Fields and Interpretation of Experimental Data Using the Elementary Theory

  §7.4 Calculation of Ionization Frequencies and Breakdown Thresholds Using the Kinetic Equation

  §7.5 Optical Breakdown

  §7.6 Methods of Exciting an RF Field in a Discharge Volume

  §7.7 Breakdown in RF and Low-Frequency Ranges

8.  Stable Glow Discharge

  §8.1 General Structure and Observable Features

  §8.2 Current-Voltage Characteristics of Discharge Between Electrodes

  §8.3 Dark Discharge and the Role Played by Space Charge in the Formation of the Cathode Layer

  §8.4 Cathode Layer

  §8.5 Transition Region Between the Cathode Layer and the Homogeneous Positive Column

  §8.6 Positive Column

  §8.7 Heating of the Gas and Its Effect

  §8.8 Electronegative Gas Plasma

  §8.9 Discharge in Fast Gas Flow

  §8.10 Anode Layer

9.  Glow Discharge Instabilities and Their Consequences

  §9.1 Causes and Consequences of Instabilities

  §9.2 Quasisteady Parameters

  §9.3 Field and Electron Temperature Perturbations in the Case of Quasisteady-State Te

  §9.4 Thermal Instability

  §9.5 Attachment Instability

  §9.6 Some Other Frequently Encountered Destabilizing Mechanisms

  §9.7 Striations

  §9.8 Contraction of the Positive Column



	全英文教材： 

Y.P. Raizer, Gas Discharge Physics, Corrected (Springer, 1991)

	主要参考书：

1. M.A. Lieberman, A.J. Lichtenberg, in Principles of Plasma

Discharges and Material Processing, 2nd edn. (John Wiley

and Sons, Hoboken NJ, 2005)

2. Zhao Qing, Liu Shuzhang, Tong Honghu, Plasma Technique and Application, Defense Industry Publishing Company,2009.2



