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Conclusions
• Spectroscopic ellipsometry can be used to monitor sp3 content, band gap values and surface 

roughness of DLC films

• The sp3 content of a DLC film produced by FCVA sharply decreases with deposition temperature 
above 250°C (it is accompanied with a change of DLC band gap and the film density)

• In situ ellipsometry for quantification of protein adsorption is in good correlation with biochemical 
methods

• The amount of adsorbed proteins is not influenced by the sp3 content of the DLC film
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Film Deposition
• Ion beam assisted deposition (IBAD)

• Filtered Cathodic Vacuum Arc (FCVA)
Deposition at temperatures from 50 to 400°C to obtain different sp3 content

Analysis
• Bonding Structure and Composition: SE, Raman Spectroscopy, Elastic 

Recoil Detection Analysis (ERDA)

• Roughness: Atomic Force microscopy (AFM)

• Protein Adsorption: enzyme linked immunosorbent method and in situ 
ellipsometry• Plasma Immersion Ion Implantation: Argon (RF, 15min, 300W, substrate 

bias -500V)

Spectroscopic Ellipsometry Data Analysis

Parametric semiconductor model (WVASE)
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1 Si substrate

2 Parameterized DLC 
d1=71.2±0.1 nm

3 Surface roughness
d=1.8±0.1 nm

TS=50 °C; MSE=1.8
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The WVASE model (center) provides a good fit for the measured 
ellipsometric parameters (left). 

The films can be characterized for density and band gap with this 
model (right)

Bruggeman Effective Medium Approximation (B-EMA)
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sp3 content decreases with deposition 
temperature, as determined by Raman 
spectroscopy (top). 

Quantification of the sp3 content from 
SE (bottom), requires the B-EMA 
model: mixture of disordered diamond 
and graphite

D mode:

G mode:

Protein Adsorption
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Biochemistry
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Before irradiation:

Γ = 5±0.7 µg/cm2

After irradiation:

Γ = 2.1±0.7 µg/cm2

In situ Ellipsometry
The mass of adsorbed proteins,Γ, was 
evaluated by the Feijter’s formula

n1: albumin refractive index 

n2: protein solution refractive index 

dn/dc: change of the solution 
refractive index with protein 
concentration

d: adsorbed layer thickness

No influence of sp3 content on protein ad-
sorption but 50% reduced adsorption on 
irradiated surfaces

Both methods show the same decrease of protein adsorption on the
irradiated surfaces

Background and Motivation
Diamond like carbon (DLC) thin films posses high mechanical hardness, 
chemical inertness, and good bloodcompatibility

Protein - DLC surface interaction determines the bloodcompatibility and it is 
not properly addressed in the literature

sp3 bonds fraction and hydrogen content determines the properties of DLC

Both protein adsorption and variation of bonding structure in the DLC film 
are known to change optical response of its surface, therefore they can be 
probed by spectroscopic ellipsometry (SE)

Objective
Investigation of the relation between:

DLC film sp3 content, 
properties

DLC deposition and treatment 
parameters

Protein adsorption

Surface Treatment

Film Composition

General Ternary Phase 
Diagram for Carbon 
Films
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Both IBAD and FCVA provided hydrogen-free films

IBAD films
No ion assistance: glassy carbon,100% sp2

Ar+ ion assistance: DLC, up to 35% sp3

FCVA films
TS=50-240 °C: 86-73% sp3

TS=300-400 °C: 51-10% sp3


