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Deposition Control Technology for 
Arc Ion-Plating Process

Gun Hwan Lee, Korea Institute of Materials Science, Changwon, Korea

Multi-component ceramic coatings such as TiN, CrN, TiAlN, TiCrN, TiCrSiN and Hard carbon coatings (HCC) were used in 
wide range of industrial applications, as these have excellent mechanical, chemical and biological properties. These coatings 
were synthesized by the vapour-phase method from an arc ion plating process. PVD (Physical Vapor Deposition) coating 
technologies were commonly used in carrying out ceramic coatings, where the coating materials are vaporized from the 
source and then transported in the form of a vapour through a vacuum or plasma environment to the substrates.
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Introduction 

v Current DR Measurement Device : QCM (Quartz Crystal Microbalance) 

      - Mechanism : Measuring the Deposition Rate by Using
                            Detecting the Variation of  Crystal Resonance 
                            Depending on Coating Materials

- Advantage :  Simple Method for Measuring DR
                            Well Establishment of Reference Data 

- Disadvantage : CClleeaarr  LLiimmiittaattiioonn  ffoorr  HHiigghh  TThhiicckknneessss  oovveerr  tthhaann  1100µµmm
                            BBeeiinngg  nnoott  PPoossssiibbllee  ttoo  AAppppllyy  ffoorr  AArrcc  IIoonn--ppllaattiinngg  

New Deposition Rate 

Measurement Device 

v VDM (Vapor Density Measurement) Method

      - Mechanism : Measuring Vapor Density → Converting Deposition Rate
- Advantage : No Limitation for CCooaattiinngg  TThhiicckknneessss  ((UUllttrraa  LLoonngg  LLiiffee  TTiimmee)),,  

                                                        SSuuppppoorrttiinngg  DDiiggiittaall  IInnffoorrmmaattiioonn  ffoorr  CCooaattiinngg  PPrroocceesssseess

                                                        (Plasma Status, Variation of Deposition Rate, etc.)
     - Disadvantage : Running in the Plasma environment
                              Non-establishment of Reference Data
                               Risk of Reliability



AIP and QCM

Macro
Particle

QCM Sensor

vCharacteristics of AIP
 

   - Using Arc Plasma : Unstable 
   - Fast Growth Rate : 5nm/sec
   - High Quality of Coating Layer
   - Generation of Macro Particles
   - Limitation of DR Control
   - QCM Life Time : ≤10min



AIP and VDM (Vapor Density Measurement)

Macro
Particle

Plasma Monitoring   
Sensor

v Characteristics of VDM
- Remote monitoring Arc Plasma
- No Influence of Macro Particle
- No Limit of Sensor Life Time
- No Limit of Total Thickness



Mechanism of VDM

v Coating Process : Al coating

[Vapor Density vs. Plasma Power]

1,5kW

2.0kW

2,5kW

[Plasma Peaks (1.5kW)] [Plasma Peaks (2.0kW)] [Plasma Peaks (2.5kW)]

DR = aa∙∙ff((VVDD)) 

[Deposition Rate]



Mechanism of VDM (AIP)

v Measuring Deposition Rate
   - Choosing the very unique peak
    - Measuring Vapor Density
    - Converting Deposition Rate



Equipment (AIP)

[AIP System]

[Configuration of Arc Source]

200mm



Measuring Deposition Rate (Ti) 

v Measuring Deposition Rate of Ti Arc Ionplating Process

v DR of Ti Arc Ionplating
- Applied Current : 60A
- DR : ~1.2nm/sec
- TT by VDM : 60µm
- Coating Time : 13.7hrs
- TT by a-step : 58.2µm 

[VDM Thickness Data]

[aa-step Thickness Data]

DR : ~1.0nm/sec

DR : ~1.3nm/sec



Measuring Deposition Rate (Ti) 

v  Supplying Digital Data for Total Process

Middle Arc Source Monitoring Data

Turn Off Time

Turn On Time



v Selecting the Plasma Peak
   - Choosing the very unique peak
    - Sufficient Intensity Change 

v DR of Cr Arc Ionplating
- Applied Current : 60A
- DR : ~0.83nm/sec
- TT by VDM : 60µm
- Coating Time : 19.9 hrs
- TT by a-step : 56.2µm 

[VDM Thickness Data]

[aa-step Thickness Data]

Measuring Deposition Rate (Cr) 



v DR of CrN Arc Ionplating
- Applied Current : 65A
- DR : ~0.97nm/sec ~ 0.9nm/sec
- TT by VDM : 10µm
- Coating Time : 3.02hrs
- TT by a-step : 9.3µm 

[VDM Thickness Data]

[aa-step Thickness Data]

[CrN Plasma Peaks]

[Deposition Rate Data]

0.97nm/sec

0.93nm/sec

0.90nm/sec

Measuring Deposition Rate (CrN) 



Industrial Application 

[Thickness Control by a-step]

v Product : TiN coating on
    Coil Heating Element
- Coating Thickness : 1000nm±10%
- Process Error Rate : ³15%
- Trying to apply VDM for Process
    Control 



Industrial Application  

[Thickness Control by VDM]

v Product : CrN coating on Turbine Blade
- Coating Thickness : 10µm ±15%
- Process Error Rate : ³20%
- Trying to apply VDM for Process
    Control 



Conclusions

ü VVDDMM  MMeetthhoodd  eennaabblleess::

• EEssttaabblliisshhiinngg    ssttaabbllee  AArrcc  pprroocceesssseess  iinn  aann  
        iinndduussttrriiaall--ssiizzee  ccooaatteerr  ::  TThhiicckknneessss  ccoonnttrrooll  qquuaalliittyy  ffaaccttoorr  
        >>9933%%  aatt  aallll  ttiimmeess
• EEssttaabblliisshhiinngg  tthhee  nneeww  mmeetthhoodd  ooff  ddeeppoossiittiioonn  rraattee  ccoonnttrrooll  ffoorr  AArrcc  iioonn  ppllaattiinngg  
• CCoonnffiirrmmiinngg  tthhaatt  VVDDMM  iiss  WWoorrkkiinngg  VVeerryy  WWeellll  iinn  AArrcc  IIoonn--ppllaattiinngg  

ü NNeexxtt  SStteepp  

• Increasing the Reliability of VDM Method 
     - Accumulating Various Experimental Data
     - Developing More Proper Relationship between VD and DR
• Conducting Industrial Applications 


