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INTRODUCTION: Conducting carbon films with 

a bio-friendly surface are useful for bio-sensing 

and electrical conducting implantable devices. We 

have combined plasma deposition with an 

annealing process to produce this conducting 

surface coating and characterise its properties 

including the conductivity and ability to covalently 

attach to biomolecules without chemical linkers. 

METHODS: Carbon coatings on silicon wafer 

substrates were created from acetylene and nitrogen 

plasma using a dielectric barrier discharge 1,2. A 

negative voltage of 10 kV in a pulse regime was 

applied to an electrode positioned on the outside of 

an evacuated glass container. An electrode at the 

other end is connected to earth. After the 

deposition, samples were annealed in vacuum at 

375-675oC for an hour. Surface characterisation 

techniques (Contact angle measurement, Fourier 

transform infrared, X-ray photoelectron 

spectroscopy, Electron spin resonance and 

Ellipsometric spectroscopy) were used to 

investigate the coating properties as a function of 

annealing temperature. Conductivity across the 

coating was measured using platinum interdigitated 

electrodes. Horseradish peroxidase (HRP) was 

immobilised on the carbon coating and washed 

with detergents to prove the covalent bonds to the 

surface. 

RESULTS: The as-grown carbon film from 

acetylene and nitrogen plasma is hydrophilic and 

contains unpaired electrons, consisting of carbon, 

nitrogen, hydrogen and oxygen. The annealing 

process significantly alters the film properties, 

giving three temperature regions. In the low 

temperature region (less than 375oC), the surface 

energy is dominated by polar groups while the spin 

density is relatively low. In the middle region (375-

525oC), the nitrogen and oxygen content in the film 

decreases, reducing polar group density and 

forming broken bonds which gives rise to unpaired 

electrons. Conductivity of the carbon film annealed 

is not measurable in both regions. In the third 

region (higher than 525oC), the contribution of 

unpaired electrons to the surface energy becomes 

dominant, the electrical conductivity rises while 

unpaired electrons recombine, leading to an 

optimum combination of surface energy, spin 

density and electrical conductivity for biological 

applications. 

Both as-grown and annealed carbon coatings can 

covalently attach HRP molecules due to the 

presence of unpaired electrons. The enzyme 

molecules attached strongly to the surface and 

retain their functional conformation. Stringent wash 

with triton or with sodium dodecyl sulphate at high 

temperature could remove HRP from silicon wafer 

surface but not from the coatings.    
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Fig1: Spin density and conductivity of the carbon 

coating as a function of annealing temperature. 

CONCLUSION:  

We report the formation of carbon films, deposited 

from acetylene and nitrogen plasma with an 

additional annealing process to produce radical-rich 

conducting films. The combination of these 

characteristics makes the carbon film suitable for 

electrochemical biosensors and neural implants 

with the additional benefit of a simple process for 

covalently bonding biomolecules. 
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