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材料工程研究所
Graduate Institute of Material Engineering

選修科目 Elective Courses

406001
物理冶金
３
選
待定

本課程主要以物理、化學、熱力學、動力學等為基礎，針對結晶組織之固體材料，(包括金屬、陶瓷、複合材料等)，討論其基本冶金特性，如:化學成份、微觀組織、結晶組織缺陷，材料受力之變形行為，擴散理論，相及相圖，相變態，疲勞、潛變，金屬之強化機構，製程中相變態之熱力與動力學理論、及機械強度性能等，金屬的腐蝕及防蝕原理、鋼鐵之熱處理原理及應用，以及材料結構與成份之分法，如：X光繞射原理，Laue照相法，粉末照相法，繞射儀法，電子顯微鏡分析技術，作一綜合而有系統之探討。
【內容綱要】:
1.金屬結構與結晶體

2.塑性變形

3.金屬磨耗

4.合金鋼

5.相圖

6.凝固

406001
Physical Metallurgy
３
S

Introduction to the following topics: quantitative metallography; compositional and structural analysis; structure of metals; mechanical properties; grain boundary and vacancies; solid solution and phase diagram; diffusion; plastic deformation and annealing; heat treatment of metals and its application, focusing on steel and its alloys; strengthening mechanism.
【Subject】:
1.Metal Structure and Crystallization

2.Plastic Deformation

3.Wear of Metal

4.Tool Steels

5.Phase Diagrams 

6.Solidification.
406002
材料機械性質
３
S


材料機械性質是一門探討金屬在承受應力下所表現的行為及反應的專業知識領域. 本門課分為三大部分: 第一部分, 機械基礎, 討論數學架構及應力應變關係; 第二部分, 冶金基礎, 從結構觀點討論塑性變形及破壞; 第三部分, 機械性質測試, 以工程觀點對材料在機械性質測試後之破壞進行探討.


本門課適合大四或第一年的研究生, 而且希望能成為他們未來研究的基礎.

406002
Mechanical Metallurgy
３
S

Mechanical metallurgy is the area of knowledge which deals with the behavior and response of metals to applied forces. This course will be divided into four parts. Part One, Mechanical Fundamentals, presents the mathematical framework and stress-strain relationships for many of the chapters will follow. Parts Two, Metallurgical Fundamentals, deals with the structural aspects of plastic deformation and fracture. Part Three, Application to Materials Testing, deals with the engineering aspects of the common testing techniques of mechanical failure of metals. 

This course is suitable for the senior or first-year graduate students and is expected to become a basis of their advance study in the future.

406003
冶金熱力學
３
選
待定

本課程主要討論材料之熱力學性質，以統計力學及熱 力學定律探討元素、溶體、化合物之化學能量，異質固溶體、汽相－凝相間之平衡濃度、平衡壓力，反應與系統變化之能量評估及控制與冶金程序及現象有關的熱力學基本原理、平衡的條件、溶液的觀念、反應與相平衡的熱力學特性、熱力學分析在冶金上的應用。

【內容綱要】
1.熱力學之反應介紹

2.冶金過程之化學平衡介紹

3.相穩定與平衡之介紹

4.混合相之介紹

5.熱力學平衡圖介紹

406003
Metallurgical Thermodynamics
３
S

The main purposes of this course are to introduce the first law of thermodynamics, internal energy, heat and work, heat capacities, enthalpy and applications to materials processing, the second law of thermodynamics, heat engines, Carnot cycle, entropy concept, the third law of thermodynamics, auxiliary thermodynamic functions, Gibbs and Helmholtz energies, Maxwell relations, equilibrium, reaction equilibria in gas mixtures.
【Subject】
1.Reaction thermodynamics

2.Heterogenic chemical equilibrium in the metallurgical processes

3.Phase equilibrium and stability

4.Thermodynamics of solutions and mixed phases

5.Thermodynamic equilibrium diagrams
406004
擴散學
３
選
待定

擴散之數學模式與工程應用，就原子理論與非可逆熱力學、探討擴散之機構反應速率，驅動力與相關之效應、擴散方程式，擴散之原子理論，純金屬內雜質之擴散濃度梯度之影響，非金屬之擴散，缺陷化學，非金屬導電性質。並就二元多元、多相、系統作系統分析之敘述，另外亦討論與相界表面，並排等有關之擴散問題。
【內容綱要】
1.擴散方程式 

2.移動邊界 

3.擴散與化學反應 

406004
The Theory of Diffusion
３
S

The main purposes of this course are to introduce the description of diffusion processes in terms of solutions of the differential equation for diffusion. There are including Diffusion equations, The theory of diffusion.

【Subject】
1.The diffusion equation

2.Moving Boundaries

3.Diffusion and chemical reaction

406005
晶體學
３
選
待定

介紹固態材料的晶體結構，並以向量和矩陣的方法來探討多晶材料(Polycrstalline)晶體與晶體之間的方位關係：加工變形 (deformation)和變相態(phase transformation)後的晶體關係，以及晶體之間的界面。

課程內容:

1.結晶格子及結晶系統

2.立體投影

3.晶體對稱性及內部結構

4.結晶格子在繞射的應用

5.向量與矩陣之應用於晶體幾何形狀

6.方位關係

7.滑動、雙晶變形及其他不可變平面之應變關係

406005
The Theory of Crystallography
３
S

The subject contains an account of basic crystallography and of structural imperfection in crystals. One reason for treating these two subjects together is that the study of the first is necessary for a proper appreciation of the second.
1.Crystal lattices and crystal systems
2.Stereographic projection
3.Crystal symmetry and internal
4.Application of reciprocal lattice in the diffraction of X-rays and Electrons
5.Vector and matrix methods for　geometry  of  crystals.　
6.Orientation relationships　
7.Slip, twinning and invariant plane strains　　　
406006
相變化
３
選
待定

本課程討論材料相變化之基本原理與機構、擴散的原子機構滲性相變化、同質結核、核成長、異質結核、界面性質、微觀結構、凝固、析出、非滲性相變化等，及更深入討論相變化程序，包括凝固、晶體成長、析出、共析系統、再結晶體及晶粒成長、有序排列、非有序排列等相變化基礎現象；強調利用熱力學，介面結構及動力學方法探討相變化之行為及其導致形態。
【內容綱要】:
1.單一成分系統介紹

2.固溶基底介紹

3.介面自由能介紹

4.金屬成核

5.合金之均質化處理

406006
Phase Transformation
３
S

The main purposes of this course are to introduce the phase transformations for final year students specializing metallurgy, material science or engineering materials, there are including thermodynamics ,kinetics ,diffusion theory and the structure and properties of interface.

【Subject】:
1. Single Component Systems

2. Binary Solutions
3. Interfacial Free Energy
4. Nucleation in pure Metals

5. Alloy Solidification

406007
差排理論
３
選
待定

差排是晶體材料之重要的缺陷，對材料性質有重大的影響。舉凡對金屬材料之機械性質，半導體材料之電磁性質均有決定性的作用。差排與空孔(vacancy)及疊差(stacking fault)往往有密切的關係，尤其是金屬或半導體材料在退火階段，表現十分顯著。

本課程內容摘要如下：

1.差排觀測
2.差排彈性變形特性
3.差排移動
4.面心結構之差排
5.體新結構之差排
6.差排交互作用
7.差排源
8.差排強化

406007
Theory of Dislocation
３
S

The subject of dislocations is an essential basis for an understanding of many of the physical and mechanical properties of crystalline solids.

1.Observation of Dislocations

2.Elastic Properties of Dislocations

3.Movement of Dislocations

4.Dislocations in Face-Centered Cubic Metals

5.Dislocations in Other Crystal Structures

6.Jogs and Intersection of Dislocation

7.Origin Multiplication of Dislocations

8.Dislocation Arrays and Crystal Boundaaries

9.Strength of Crystalline Solids 
406008
電子顯微鏡學
３
選
待定

本課程著重在電子顯微鏡學之基礎理論介紹。利用倒晶格及Ewald球之觀念介紹晶體對電子的繞射理論。並利用波動力學的散射觀念，由淺入深的介紹電子的單次繞射及多次繞射的像對比理論，且介紹穿透式及掃瞄式電子顯微鏡之成相原理，電子與物質之作用，電子繞射及影像對比原理，試片之製作電子顯微鏡像之解析，課程內容著重於工程之應用。
【內容綱要】
1.電子顯微鏡介紹

2.顯微鏡成像

3.顯微鏡試片

4.顯微鏡量測

5.電子顯微鏡實例分析

406008
Electro Microscope
３
S

The main purposes of this course are to introduce the operation and calibration of the Electro Microscope, there are including Electro Diffusion in the Electro Microscope, Interpretation of Transmission Electro Micrographs and Typical Electro Microscope Investigation.

【Subject】
1.Introduction of Electro Microscope

2.The Formation of Diffraction Patterns and Images

3.Magnetic Specimens

4.Additional Measurements

5.Case Studies

406009
表面分析技術
3
選
待定

表面分析是原子層次的相關研究, 它包括振動, 電子或離子頻譜分析, 微技術等之應用。主要的項目包含, 表面形貌觀察( SEM, BSEM, AFM ), 成份分析( 光譜分析, 質譜分析, EDX ), 結構分析( XRD, AES, ESCA, XPS ), 鍵結分析( Raman光譜, FTIR ), 表面粗糙度, 膜厚, 附著力, 內應力等膜之特性分析。

406009
Surface Analysis Techniques
３



and Application

Surface phenomena and processes occurring at interface are becoming increasingly important in a wide variety of industrial applications including the areas of films coating surface treatments, conclusion, triobology, microelectronics, sensors and semi-conductor technologies. Accompanying this is an ever-growing need for surface characterization allowing better definition of processes occurring at a microscopic level. Surface analysis is the use of vibration, electron or ion spectroscopic and microscopic techniques for the study of material at the atomic level. It includes SEM, AFM, XRD, EDX, ESCA, XPS, AES, Raman Spectrum, and FTIR analysis.
406010
X光繞射學
３
選
待定

本課程主要的目的是建立學生將來可以以X光作為研究工具的能力。本課程主要可分成四部份：一是結晶學原理、二是X光繞射的原理、三是X光繞射的基本應用、四是材料的結構分析。
授課重點:

1.X-Ray 特性
2.晶體與倒晶格
3.X-Ray 繞射原理
4.實驗方法
5.a. Laue 法
b. Powder 法
c. Diffractometer and Spectrometer 量測
6.單晶與多晶量測
7.晶體結構鑑定
8.化學分析
9.實例分析

406010
X-Ray Diffraction
３
S

Topics covered include properties of X-rays, geometry of crystals, directions of diffracted Beams, intensity of diffracted beams, orientation and quality of single crystals, structure of polycrystalline aggregates, determinations of crystal structure, phase diagram determination, and Experiments.
1.Properties of X-Ray

2.Crystallography and Reciprocal Lattice

3.Principles of X-Ray Diffraction

4.Experimental Methods

5.a. Laue Pholtographs

b. Powder Photographs

c. Diffractometer and Spectrometer Measurements

6.Orientation and Quality of Single Crystal

7.Structure of Polycrystalline Aggregates

8.Determine of Crystal Structure

9.Chemical Analysis by X-Ray Diffraction

10.Case Studies
406011
薄膜製程與應用
3
S

1.介紹薄膜於現在工業與技術之重要性。

2.探討並檢視薄膜形成之理論。

3.介紹各種不同的薄膜技術:如化學氣相沉積、分子束磊晶及濺鍍。

4.使學生能了解薄膜之特性:電、光及機械行為。

5.介紹薄膜之應用:如電路光電設備及資料儲存。

406011
Thin Films Technology and 
３
S


Application
1.To introduce the importance and significance of thin films of materials in modern industries and technology. 

2.To explore and examine the theory for thin film formation. 

3.To teach various types of thin film technology, such as chemical vapour deposition (CVD), molecular beam epitaxy (MBE) and sputtering. 

4.To enable students to know properties of thin films: electrical behaviour, optical behaviour and mechanical behaviour. 

5.To introduce applications of thin films in such as electronical circuits, optical instruments and data storage. 

406012
高分子材料
3
選

高分子材料, 特別是合成型高分子, 是無所不在且必須的. 高分子具有複雜的行為模式, 這些特性將被反映在環繞興奮氣息中的研究中. 本門課分為四大部分: 第一部分, 簡介, 介紹初步的觀念及高分子間的作用力; 第二部分, 高分子合成, 討論高分子合成反應之理論; 第三部分, 高分子物性, 討論高分子形態、轉變現象、鏈結構造; 第四部分, 高分子流變, 討論高分子黏彈特性.

本門課適合大四或第一年的研究生, 而且希望能成為他們未來研究的基礎.

406012
Polymer Science and
３
S


Engineering

Polymers are ubiquitous and essential, especial for Synthetic polymers. Polymers are complex materials that exhibit correspondingly complex behavior patterns. These complexities are reflected in the aura of excitement surrounding their study. This course will be divided into four parts. Part One, Introduction, deals with introductory concepts and intermolecular forces in polymers. Part Two, Polymer Synthesis, presents theoretical analysis of polymerization reactions. Part Three, Physics of Solid State, deals with the physics of solid state of polymer, including morphology, transition phenomena and chain conformation. Part Four, Polymer Rheology, deals with viscoelastic behavior of polymer.

This course is suitable for the senior or first-year graduate students and is expected to become a basis of their advance study in the future.
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