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Advanced Skill Certificate in Physical Vapor Deposition and Chemical Vapor Deposition Coatings for Alloys

Introduction to PVD and CVD Coatings

Introduction to PVD and CVD Coatings

In the field of materials science and engineering, PVD (Physical Vapor Deposition) and CVD (Chemical Vapor
Deposition) coatings play a crucial role in enhancing the surface properties of various materials, particularly
alloys. These coatings are applied to improve wear resistance, reduce friction, enhance hardness, provide
corrosion protection, and offer other beneficial characteristics to the substrate material. Understanding the
key terms and vocabulary associated with PVD and CVD coatings is essential for professionals working in
industries such as automotive, aerospace, medical devices, and cutting tools. This comprehensive guide will
cover the essential terms and concepts related to PVD and CVD coatings for alloys, providing a solid
foundation for learners pursuing the Advanced Skill Certificate in PVD and CVD Coatings.

Key Terms and Vocabulary

1. PVD (Physical Vapor Deposition): PVD is a thin-film deposition technique in which a material is
evaporated in a vacuum environment and then condensed onto a substrate to form a coating. Common
PVD methods include sputtering, evaporation, and arc deposition.

2. CVD (Chemical Vapor Deposition): CVD is a process in which a chemical reaction is used to produce a thin
film on a substrate. This technique involves the reaction of gaseous precursors to deposit solid material
onto the substrate surface.

3. Alloy: An alloy is a mixture of two or more elements, at least one of which is a metal. Alloys are designed
to enhance specific properties such as strength, corrosion resistance, or conductivity compared to pure
metals.

4. Coating Thickness: The thickness of a PVD or CVD coating is a critical parameter that affects the
performance of the coated material. Thicker coatings typically provide better wear resistance but may
impact other properties such as adhesion and surface finish.

5. Adhesion: Adhesion refers to the bonding strength between the coating and the substrate material. Good
adhesion is essential to prevent delamination or flaking of the coating during service.

6. Hardness: Hardness is the resistance of a material to indentation or scratching. PVD and CVD coatings
can significantly increase the hardness of the substrate material, improving its wear resistance and
durability.

7. Wear Resistance: Wear resistance is the ability of a material to withstand abrasive or erosive wear. PVD
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and CVD coatings are often applied to reduce wear and extend the service life of components in
demanding applications.

8. Friction Coefficient: The friction coefficient is a measure of the resistance to motion between two surfaces
in contact. PVD and CVD coatings can help reduce friction and improve the efficiency of mechanical
systems.

9. Corrosion Protection: Corrosion protection is essential for materials exposed to harsh environments such
as saltwater, acids, or high temperatures. PVD and CVD coatings can provide a barrier against corrosion,
extending the lifespan of the coated component.

10. Surface Finish: The surface finish refers to the quality of the surface after coating deposition. PVD and
CVD coatings can improve the surface finish of a material, making it smoother, more uniform, and
aesthetically pleasing.

11. Substrate Material: The substrate material is the base material onto which the PVD or CVD coating is
applied. The properties of the substrate material, such as composition, hardness, and surface roughness, can
influence the performance of the coating.

12. Deposition Rate: The deposition rate is the speed at which material is deposited onto the substrate
during the PVD or CVD process. Controlling the deposition rate is crucial for achieving the desired coating
thickness and properties.

13. Uniformity: Coating uniformity refers to the consistency of the coating thickness across the entire
surface of the substrate. Uniform coatings are essential for ensuring consistent performance and
appearance of the coated component.

14. Abrasion Resistance: Abrasion resistance is the ability of a material to resist wear from repeated contact
with abrasive particles or surfaces. PVD and CVD coatings can improve the abrasion resistance of alloys in
high-wear applications.

15. Tribological Properties: Tribological properties encompass the interactions between surfaces in relative
motion, including friction, wear, and lubrication. PVD and CVD coatings can enhance the tribological
performance of alloys in various operating conditions.

16. Intermetallic Compounds: Intermetallic compounds are solid phases formed by the combination of two
or more metals in specific stoichiometric ratios. PVD and CVD coatings may form intermetallic compounds
at the interface with the substrate material.

17. Residual Stress: Residual stress is the internal stress remaining in a material after the external load is
removed. PVD and CVD coatings can induce residual stress in the substrate, which may affect the
mechanical properties and performance of the coated material.

Read online: https://certificates.gsbf.co.uk/guides/3358516/
introduction-to-pvd-and-cvd-coatings

Greenwich School of Business and Finance · 28 Jun 2026



G U I D E

18. Surface Energy: Surface energy is a measure of the energy required to increase the surface area of a
material. PVD and CVD coatings can alter the surface energy of alloys, affecting their wetting behavior,
adhesion, and tribological properties.

19. Plasma: Plasma is a state of matter in which gas molecules are ionized to form a mixture of positive ions,
electrons, and neutral particles. Plasma is commonly used in PVD and CVD processes to enhance coating
adhesion, density, and uniformity.

20. Reactive Sputtering: Reactive sputtering is a PVD technique in which a reactive gas is introduced into the
sputtering chamber to form a compound coating on the substrate. This process allows for the deposition of
oxides, nitrides, and carbides with specific properties.

21. Chemical Reactivity: Chemical reactivity refers to the ability of a material to undergo chemical reactions
with its environment. PVD and CVD coatings can modify the chemical reactivity of alloys, making them
more resistant to oxidation, corrosion, or other chemical attacks.

22. Plasma Enhanced CVD: Plasma-enhanced CVD is a variation of CVD in which plasma is used to activate
the precursors and enhance the deposition rate and quality of the coating. This technique allows for lower
deposition temperatures and improved film properties.

23. Resistivity: Resistivity is a measure of the material's resistance to the flow of electrical current. PVD and
CVD coatings can affect the resistivity of alloys, making them suitable for applications requiring electrical
conductivity or insulation.

24. Microstructure: The microstructure of a material refers to its internal arrangement of grains, phases, and
defects at the microscopic level. PVD and CVD coatings can alter the microstructure of alloys, influencing
their mechanical, thermal, and electrical properties.

25. Substrate Pre-treatment: Substrate pre-treatment involves cleaning, degreasing, and surface roughening
of the substrate before coating deposition. Proper pre-treatment is essential for achieving good adhesion
and uniformity of PVD and CVD coatings.

26. Adhesive Layer: An adhesive layer is a thin film applied between the coating and the substrate to
improve adhesion. Adhesive layers are often used in PVD and CVD processes to enhance the bonding
strength and durability of the coating.

27. Coating Composition: The composition of a PVD or CVD coating refers to the chemical elements and
compounds present in the deposited film. Optimizing the coating composition is crucial for achieving the
desired properties such as hardness, wear resistance, and corrosion protection.

28. Coating Structure: The structure of a PVD or CVD coating refers to its crystallographic orientation, grain
size, and phase distribution. Controlling the coating structure is essential for tailoring the mechanical,
tribological, and thermal properties of the coated material.
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29. Plasma Ion Assisted Deposition: Plasma ion-assisted deposition is a PVD technique in which ionized gas
molecules are used to enhance the adhesion, density, and hardness of the coating. This process can
improve the coating properties and performance in demanding applications.

30. Evaporation Rate: The evaporation rate is the rate at which material evaporates from the source during
PVD deposition. Controlling the evaporation rate is crucial for achieving uniform thickness and composition
of the coating on the substrate.

31. Impurity Content: Impurity content refers to the presence of foreign elements or contaminants in the
PVD or CVD coating. Minimizing impurities is essential for ensuring the performance, reliability, and
durability of the coated component in service.

32. Coating Roughness: Coating roughness refers to the surface irregularities and texture of the PVD or CVD
coating. Controlling the coating roughness is essential for achieving the desired aesthetic appearance,
adhesion, and tribological properties of the coated material.

33. Ion Plating: Ion plating is a PVD technique in which ions are accelerated towards the substrate to
improve coating adhesion, density, and hardness. This process can enhance the surface properties and
performance of alloys in high-wear applications.

34. Chemical Stability: Chemical stability refers to the resistance of a material to chemical degradation or
reaction with its environment. PVD and CVD coatings can improve the chemical stability of alloys, making
them suitable for harsh operating conditions.

35. Deposition Temperature: The deposition temperature is the temperature at which the PVD or CVD
coating is deposited onto the substrate. Controlling the deposition temperature is crucial for achieving the
desired film properties, adhesion, and microstructure.

36. Crystalline Structure: The crystalline structure of a material refers to the arrangement of atoms in a
regular, repeating pattern. PVD and CVD coatings can exhibit different crystalline structures such as
amorphous, polycrystalline, or single crystal, influencing their mechanical and thermal properties.

37. Diffusion Barrier: A diffusion barrier is a thin film applied between the coating and the substrate to
prevent the diffusion of harmful species, such as oxygen or moisture. Diffusion barriers are essential for
enhancing the long-term stability and performance of PVD and CVD coatings.

38. Coating Porosity: Coating porosity refers to the presence of voids, pores, or gaps within the PVD or CVD
coating. Minimizing porosity is crucial for preventing moisture ingress, improving corrosion resistance, and
enhancing the mechanical properties of the coated material.

39. Plasma Density: Plasma density is a measure of the concentration of charged particles in the plasma
during PVD or CVD processes. Higher plasma density can enhance the reactivity, energy transfer, and ion
bombardment effects, improving the coating properties and adhesion.

Read online: https://certificates.gsbf.co.uk/guides/3358516/
introduction-to-pvd-and-cvd-coatings

Greenwich School of Business and Finance · 28 Jun 2026



G U I D E

40. Tribocorrosion: Tribocorrosion is the combined effect of wear and corrosion on materials in sliding or
rotating contact. PVD and CVD coatings can mitigate tribocorrosion by providing a protective barrier
against both mechanical and chemical degradation in aggressive environments.

41. Crack Propagation: Crack propagation refers to the growth of cracks in a material under mechanical or
thermal loading. PVD and CVD coatings can inhibit crack propagation by providing a tough, wear-resistant
barrier that prevents crack initiation and growth in the substrate.

42. Coating Resilience: Coating resilience refers to the ability of a PVD or CVD coating to recover its original
shape and properties after deformation or stress. Resilient coatings can withstand mechanical impacts,
thermal cycling, and other harsh conditions without compromising their performance.

43. Surface Modification: Surface modification involves altering the surface properties of a material to
improve its performance, durability, or functionality. PVD and CVD coatings are commonly used for surface
modification, offering tailored solutions for specific applications and requirements.

44. Non-stoichiometric Coating: A non-stoichiometric coating has a composition that deviates from the
ideal chemical ratio of the elements in the material. PVD and CVD coatings can be intentionally designed as
non-stoichiometric to achieve specific properties such as enhanced hardness, wear resistance, or catalytic
activity.

45. Coating Adhesion Test: Coating adhesion tests are conducted to assess the bonding strength between
the PVD or CVD coating and the substrate material. Common adhesion tests include scratch tests, pull-off
tests, and tape tests, which evaluate the integrity and durability of the coating under mechanical loading.

46. Surface Activation: Surface activation involves cleaning, degreasing, or roughening the substrate surface
to promote adhesion and bonding of the PVD or CVD coating. Proper surface activation is essential for
achieving good coating adhesion, uniformity, and performance in service.

47. Coating Stress: Coating stress refers to the internal stress within the PVD or CVD coating, which can
result from mismatched thermal expansion, lattice distortion, or film growth. Controlling coating stress is
crucial for preventing cracking, delamination, and other coating failures during service.

48. Coating Performance Evaluation: Coating performance evaluation involves testing the PVD or CVD
coating under simulated service conditions to assess its wear resistance, corrosion protection, adhesion,
hardness, and other critical properties. Performance evaluation ensures that the coating meets the
requirements and specifications for the intended application.

49. Adhesion Mechanisms: Adhesion mechanisms describe the bonding interactions between the PVD or
CVD coating and the substrate material. Mechanical interlocking, chemical bonding, and diffusion bonding
are common adhesion mechanisms that contribute to the strength and durability of the coating-substrate
interface.
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50. Coating Degradation: Coating degradation refers to the deterioration of the PVD or CVD coating over
time due to wear, corrosion, thermal cycling, or other environmental factors. Understanding the
mechanisms of coating degradation is essential for predicting the service life and maintenance
requirements of the coated component.

51. Coating Design: Coating design involves selecting the appropriate PVD or CVD process, materials,
thickness, structure, and properties to meet the performance requirements of the coated component.
Optimal coating design considers the operating conditions, material compatibility, and cost-effectiveness of
the coating solution.

52. Surface Activation Methods: Surface activation methods include plasma cleaning, ion etching, chemical
treatment, and mechanical roughening to prepare the substrate surface for PVD or CVD coating deposition.
Each activation method modifies the surface chemistry, topography, and energy to promote adhesion and
uniformity of the coating.

53. Coating Characterization Techniques: Coating characterization techniques such as X-ray diffraction,
scanning electron microscopy, atomic force microscopy, and nanoindentation are used to analyze the
microstructure, composition, morphology, and mechanical properties of PVD and CVD coatings. These
techniques provide valuable insights into the coating performance and quality.

54. Coating Failure Modes: Coating failure modes include adhesive failure, cohesive failure, fatigue failure,
wear failure, and corrosion failure, which can occur due to improper processing, substrate interaction, or
environmental exposure. Identifying the root causes of coating failure modes is essential for improving the
reliability and durability of the coated component.

55. Coating Metrology: Coating metrology involves measuring the thickness, roughness, adhesion,
hardness, and other properties of PVD and CVD coatings using specialized instruments and techniques.
Accurate coating metrology ensures that the coating meets the specifications and performance
requirements for the intended application.

56. Coating Application Techniques: Coating application techniques such as magnetron sputtering, thermal
evaporation, arc deposition, and plasma-enhanced CVD are used to deposit PVD and CVD coatings onto
the substrate material. Each technique offers unique advantages in terms of deposition rate, film quality,
and process control for specific applications.

57. Coating Stability: Coating stability refers to the ability of a PVD or CVD coating to maintain its properties
and performance under thermal, mechanical, chemical, or environmental stresses. Stable coatings exhibit
minimal degradation, delamination, or loss of functionality during service, ensuring long-term reliability and
durability.

58. Coating Cost Analysis: Coating cost analysis involves evaluating the economic feasibility of PVD and CVD
coatings based on the material costs, process efficiency, equipment investment, maintenance requirements,
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and performance benefits. Cost-effective coating solutions balance the upfront expenses with the long-term
savings and performance improvements for the coated component.

59. Coating Selection Criteria: Coating selection criteria consider factors such as substrate material,
operating conditions, performance requirements, cost constraints, and regulatory compliance when
choosing the optimal PVD or CVD coating for a specific application. Selecting the right coating ensures that
the coated component meets the desired properties and performance targets.

60. Coating Lifecycle Management: Coating lifecycle management involves planning, design,
implementation, monitoring, and maintenance of PVD and CVD coatings throughout their service life.
Effective lifecycle management ensures the optimal performance, reliability, and cost-effectiveness of the
coated component over time, minimizing downtime and maintenance costs.

Practical Applications

PVD and CVD coatings are widely used in various industries to enhance the performance, durability, and
functionality of alloy components. Some practical applications of PVD and CVD coatings for alloys include:

1. Cutting Tools: PVD and CVD coatings are applied to cutting tools such as drills, end mills, and inserts to
improve wear resistance, reduce friction, and extend tool life in machining operations. Coatings such as TiN,
TiAlN, and CrN are commonly used for cutting tools to enhance performance and productivity.

2. Automotive Components: PVD and CVD coatings are used on automotive components such as pistons,
valve stems, and gears to provide wear resistance, corrosion protection, and thermal stability in engine and
transmission applications. Coatings such as DLC (Diamond-Like Carbon) and TiCN are employed to enhance
the performance and longevity of automotive parts.

3. Medical Devices: PVD and CVD coatings are applied to medical devices such as implants, surgical
instruments, and dental tools to improve biocompatibility, wear resistance, and sterilization properties.
Coatings such as TiO2, ZrN, and SiO2 are utilized to enhance the functionality and safety of medical devices
for patient care.

4. Aerospace Components: PVD and CVD coatings are employed on aerospace components such as turbine
blades, landing gear, and structural parts to enhance wear resistance, fatigue
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