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Abstract 

A rare dendritic growth in sputter deposited SiCN and CVD deposited CN were observed. The rapid rate of nucleation and 

growth process led to instabilities in the growth pattern and the surface energy release rate was more through convection than 

diffusion It opens up new field of fractal study in the case of CN and SiCN based materials and thin films.  
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Previous publications have shown formation of 

nanocrystalites on amorphous matrix in Si-CN 

nanocomposites deposited by magnetron sputtering. 

A sputter model for atomic layer deposition has also 

recently developed. In this communication we have 

taken a closer look into the growth mechanisms of 

the sputter deposited films. SiCN thin film deposition 

has been explained in details earlier 
1-7

. 

 

A rare dendritic growth has been observed in some 

areas in SiCN and CN films deposited by RF 

magnetron sputtering and plasma enhanced CVD 

respectively on Si (100) substrates (Fig1). Dendritic 

growth usually occurs in metals due to interfacial 

interaction between the molten state and the solid 

state. The films were deposited in a high vacuum 

(HV) chamber with initial base pressure of 10
-6

 mbar. 

The sputtering was done in Argon and Nitrogen 

atmosphere with a sintered SiC target 
2-6

.  

 

Fractal growth in carbon based organic thin films is 

quite uncommon and not well understood. Carbon 

nitride and Silicon carbon nitride based materials and 

films have shown novel multifunctional properties 

and have been prepared by various techniques. 

However no reports showing dendrite growth in 

SiCN or CN films are present till date to the best of 

our knowledge. A SiCN thin film, although not truly 

an organic film, has got resemblance in properties to 

hydrocarbons thin films as a small fraction of 

hydrogen is present in the top surface layer due to 

trapped residual water molecules. These hydrogen 

atoms can react with carbon present in the film. The 

presence of Nitrogen below 20 at % in the case of 

CNx films on the other hand, makes it equivalent to a 

nitrogen free carbon film. The formation of a CH 

compound is therefore quite possible at the surface of 

the SiCN film.  Recent reports have shown fractal 

growth of hydrocarbon pentacene (C14H22) on Si 

(100) substrates which finds application in the growth 

organic optoelectronic thin film devices
8
.  

 

Fig 1: Dendritic growth observed in (a) PVD grown SiCN 

films and (b) CVD grown CN films 
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The dendritic growth in SiCN films might have 

greater impact in this context being a optoelectronic 

material itself with a tunable band gap. It opens up 

new field of fractal study in the case of CN and SiCN 

based materials and thin films.  

 
Fig 2 : (a) SAXS and (b) TGA DSC study of SiCN/Si 

and Si substrate  

 

Dendritic growths were observed in SiCN films 

grown by magnetron sputtering at high substrate 

temperature of 400
o
C.  The micrographs were 

captures by FESEM (Zeiss, Germany).The rapid rate 

of nucleation and growth process led to instabilities 

in the growth pattern and the surface energy release 

rate was more through convection than diffusion. The 

nature of dendritic growth was however different for 

CVD growth CNx films. The dendrites were much 

larger in size and were associated with film 

delamination form the substrate most probably due to 

high amount of stress being generated in the film. On 

close observation of the dendritic SiCN structure one 

can see that there are two different regimes. The first 

one starts from the bottom to the middle where the 

nanograins are not distinctly visible. In the other 

regime the grains are prominent which starts in the 

middle and extends upto the branched structure. The 

reason behind having two different nature of structure 

can be attributed to the diffusion the adatoms 

undergo during film growth. Dendritic growth 

usually takes place during solidification of a 

supercooled liquid. Supercooling is a process of 

lowering the temperature of a liquid below its 

melting point without solidification. As the liquid 

solidifies the dendrite grows in structure. So 

somehow a large temperature gradient might have 

risen during the thin film growth which has melted a 

part of the film. The melted part in the process of 

solidification again could have given the dendritic 

structure. The parameter which defines 

nondimensional super cooling is called the Stefan 

number St
9
. There are reports of dendritic growth in 

thin films where temperature and film thickness have 

been found to contribute significantly
10

. SAXS and 

TGA DSC study the films are given in fig 2. Previous 

studies have shown a 4 stage weight loss on polymer 

derived SiCN and it has been found to be thermally 

stable at high temperatures
11

. 

 

 
 

Fig 3: Impedance analysis of SiCN thin films 
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The dielectric properties are measured using Hioki 

3532 LCR Hightester, which is an impedance meter 

(Fig 3). Impedance analysis of similar polymer 

derived silicon oxycarbides have been done 

previously and an increase in conductivity of both 

matrix and free carbon phase was found to increase 

with temperature
12

.  
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