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Amorphous fluorocarbon (a-C:F) polymer is a desirable electrical insulator with high 
chemical stability and low dielectric constant.  We have developed plasma-enhanced chemical 
vapor deposition (PECVD) of a-C:F films using large perfluorocarbon monomers such as C7F16 
and C8F18 as the source material. [1]  One of the characteristic points of such a PECVD technique 
is its high deposition rate about 500 nm/min, which is several times higher than that with 
conventional materials such as CH4/CF4. [1,2]  In our previous report, we observed surface and 
cross section of a-C:F films by scanning electron microscopy (SEM).  Grains with a diameter 
about 1 µm were observed on the surfaces and conditions to form such grains under control were 
discussed for applications of the grainy structure for reduction of the dielectric constant. [3]  As a 
succeeding work, we have recently attempted deposition of hetero-structural multi-layered a-C:F 
films by repeating the C8F18 PECVD process under different conditions.  As a result, a winding 
structure of the film surface shown in figure 1 was obtained under certain conditions.  In this 
report, we present a model to explain the mechanism of the winding surface formation.   

The PECVD reactor we used was a stainless-steel cylinder.  Its inner diameter was 400 mm 
and the height was 560 mm.  Parallel-plate electrodes made of stainless-steel were used and their 
diameter was 80 mm.  The electrode separation was 20 mm, and n-Si(100) substrates (1.5 cm × 
1.5 cm) were placed on the lower grounded electrode.  The reactor was evacuated up to 10−5 Torr 
using rotary and oil diffusion pumps.  After that, C8F18 (liquid at STP; vapour pressure is 25 Torr 
at room temperature) was introduced into the 
reactor by its vapor pressure.  The plasma was 
generated by an RF (13.56 MHz) power P of 
20−200 W, and the a-C:F films were deposited 
under gas-flow conditions (15 sccm) at C8F18 
pressure p of 0.18−0.20 Torr for deposition 
time T of 1−5 min.  For obtaining multi-
layered a-C:F films, this PECVD process was 
repeated at different values of P and T.   

The winding structure was obtained 
when a firmer layer was deposited at a high 
input power (typically P = 200 W) for a short 
deposition time (T = 1 min) over a softer layer 
deposited at a low input power (P = 20 W, T = 
1 min).  The winding structure did not appear 
under conditions of (i) single layer deposition, 

Topic number: 4

Fig. 1 SEM image of winding surface of three-
layered a-C:F films deposited by C8F18 PECVD at p
= 0.2 Torr (scale bar represents 10 µm).  The input
power and deposition time were 20 W and 1 min
for the first (lower) layer, and 200 W and 1 min for
the second (upper) layer.  The third layer (20 W, 1
min) is additional and not discussed here.   



(ii) high P for the lower layer, (iii) low P for the upper layer, and (iv) long T for the upper layer 
depositions.  It is considered that the winding structure was formed by expansion of the upper 
(firmer) layer, because the directions of the winding ridges were random in the midfield of the 
substrate and were aligned in the direction perpendicular to the substrate edge in the periphery part.  
Furthermore, it was observed that the periphery part of the a-C:F film was pushed out of the 
substrate and formed overhangs.  It is considered that the stress induced by the a-C:F film 
expansion was released by forming the overhangs, and the directions of the ridges were aligned.  
The stress sometimes induced cracks in case of thicker films deposited for T = 5 min.   

We consider that a key factor to form the winding structures is low input power.  A possible 
explanation is as follows.  The bonding in the a-C:F film of the lower layer deposited at P = 20 W 
would be less than that deposited at 200 W for a low degree of C8F18 decomposition.  Such a 
softer film would be weak against heating during the deposition of the upper layer at 200 W.  
Additional heating experiments we made showed that the softer layers started to melt at 250−270 
degree C while the firmer layer did at 350−370 degree C.  When the lower layer melts, the 
adhesion of the upper layer becomes looser.  Thus the expansion of the upper layer can make the 
winding structure, as long as the thickness of the upper layer is thin enough to wind.   

A measure to compare the degree of C8F18 decomposition between the plasmas driven at 20 
and 200 W is the composition of the fragment species.  Our preliminary observation by 
quadrupole mass spectroscopy for a C8F18 plasma in closed system (0.3 Torr, 100 W) showed a 
slow decrease of C3F5

+, which is a fragment species obtained by direct cracking of C8F18, taking a 
few minutes while smaller species CF+, CF2

+ and C2F3
+ increased and reached to their saturated 

values in a short time less than 1 min.  The difference of the composition between the early and 
late phases of this plasma could be related with that between the present plasmas at 20 and 200 W.  
In this context, evaluation of the contribution of relatively large precursor species to the deposition 
of the softer a-C:F film by a tender C8F18 PECVD process is an interesting issue as our future 
work to clarify the mechanism of the a-C:F film deposition and its main precursor species.   
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Fig. 2 A model of winding surface formation: (a) deposition of the lower layer at a low input power,
(b) deposition of the upper layer at a high input power and heating of the lower layer, and (c)
formation of winding surface by expansion of the upper layer. 


