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Abstract A preliminary investigation of polymers prepared by RF and microwave glow discharge 
techniques is described. The polymer composition structure as revealed by ESCA is discussed and 
differences are shown to be subtle rather than major. Microwave prepared polymers are more sensitive 
to the operating conditions than the corresponding RF prepared polymers. 

INTRODUCTION optimized using the appropriate monomer. The discharge 
region was then cleaned using an oxygen discharge fol- 

The synthesis of thin  polymer films by plasma tech- lowed by one in argon. The discharge region was purged 
niques represents an area of considerable current in- with the monomer for several minutes and the discharge 
terest in bo th  academic and industrial laboratories struck to initiate deposition. Short discharge times were 
[1-4] .  The capability of producing films of desirable employed (ca. 15sec) due to the high rate of deposition 

at the power loadings involved. The nature of the micro- chemical, physical, electrical and mechanical  proper- 
ties from a wide variety of monomers  is becoming wave discharge meant that stable discharge could not be 

maintained at powers of < 10.0W at the operating pres- 
increasing apparent :  however, the generally cross- sures used in this study. The discharge was tuned to give 
linked nature of the films (and consequent insolu- maximum brightness of the discharge zone and was cooled 
bility) has posed considerable problems as regards in by a stream of compressed air. 
situ investigation of the overall s tructure and bonding.  

In recent papers, we have shown that,  with the con- RESULTS AND DISCUSSION 
siderable data base of information derived from 
ESCA studies of simple well characterized systems, (a) Introduction 
it is now possible to study the gross structural fea- Under  comparable  conditions of power input and 
tures and composit ions of plasma polymer films and pressure, the average kinetic energy of the electrons 
that,  with the available information levels, it is also which largely dominate  reaction processes with the 
possible to derive crude kinetic data  for such poly- plasmas are very similar for bo th  RF and microwave 
merizat ion [5-7] .  The predominant  emphasis in the plasmas: the main  difference is associated with the 
rapidly expanding literature of plasma polymerizat ion difference in operating frequencies, perhaps a small 
has been in the use of RF techniques (both inductively effect on the ionization rate [9]. Whilst for RF 
and capacitively coupled) with much  less emphasis plasmas it is a relatively straighforward matter  to 
on microwave instrumentat ion.  Indeed to-date there operate at extremely low power loadings < 1 W, this 
has been little at tempt to compare  systematically the is somewhat more difficult for the typical tuned 
results of RF and microwave plasma polymerizat ion microwave cavity and in practice the typical lower 
under appropriate  conditions.  We now report such limit in terms of power input is ~ 10W. The compari-  
a comparat ive study of the RF and microwave plasma son described in this work is for plasmas in the range 
polymerizat ion of the isomeric difluoroethylenes. 10-20W input power and in the pressure range 

0.05-0.2Torr.  The microwave discharge reactor was 
essentially of the same type as that  used in the RF 
studies as outlined in the experimental  section, but 

EXPERIMENTAL the diameter of the microwave reactor was substan- 

The polymerization by RF excitation of inductively tially smaller ~ 1" in the region in which the cavity 
coupled plasmas and the measurement of ESCA spectra was mounted.  Since the glow region is therefore 
have been described previously as has the overall pro- somewhat more localized, the power density is likely 
cedure for line shape analysis [2, 5,8]. Here we present to be somewhat higher (for the same input power) 
the experimental conditions used in polymerizations in for the microwave set up. 
microwave discharges. Microwave excitation was by means 
of a Microtron 200 mark III microwave power generator (b) Comparison of data for the isomeric difluoroethy- 
and was coupled via a 1" diameter cavity 2¼" long and lenes 
tuned by two tuning stubs at right angles. The reactor 
itself was a modified version of that described previously The core level (Fb,CI~) spectra for the plasma 
[5]. The major modification being the reduction in dia- polymers prepared under  the same conditions of pres- 
meter of the glass reactor to 1" and the removal of the sure (0.2Torr) and input powers of 10W for the 
deposition monitor head. The discharge settings were first microwave and 1.0W for the RF plasmas are shown 
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Fig. I. F b and Cb levels for plasma polymers prepared at 0.2 Torr in RF and microwave discharges. 
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Fig. 2. Percentage contribution to the C~, envelope for C-F functionalities in the plasma polymers, 
(al RF: (b) microwave. 

in Fig. 1" where the results refer to an electron take noticeable feature in each case is the lower contribu- 
off angle of 45 . tion of C F  and higher contribution of C F  3 structural 

A cursory examination of the spectra reveals strik- features for the plasma polymers produced from the 
ing similarities. Thus the overall line shapes and com- 1,1-difluoroethylene. 
ponent compositions of the C1~ levels are very similar The stoichiometries of the polymer films are in all 
both within a given discharge set and also between cases close to 0.5 (viz. C2F1). In order to investigate 
the two sets. In each case the assignment of the five the effect of power Ioadings and pressure, Fig. 3 
components of the C~, levels follows from a compari- shows the C~, and F~, level spectra for microwave 
son with data compiled on model systems and the plasma polymer films produced at 20W power load- 
well established fact that the factors which determine ing and 0.1 Torr. For comparison, spectra for the RF 
shifts in binding energies are short range in nature plasma polymers at the same pressure but lower 
[10, 11]. In decreasing binding energy, the com- power are also included. It is interesting to note that 
ponents centred ~ 293.5eV, 291eV, 288.5eV, in our previous studies of RF plasma polymers de- 
286.5 eV and 285.8 eV are assigned to CF3, CF2, CF, posited in the glow region, the overall effect of power 
--C--42"Fz and C ~ F  structural features, loading is relatively small [5-7]. It is clear from a 

We have previously shown that under a given set comparison of Figs 1 and 3 that this does not apply 
of experimental conditions (for the inductively to the microwave plasma although, as we have 
coupled RF plasmas) the compositions and gross already noted, the smaller dimension of the micro- 
structural features (as evidenced by the core level wave cavity implies a higher power density than for 
spectra) for the geometric isomers are essentially the the RF plasma. 
same [5, 6]. For the l,l-difluoroethylene, however, the At the higher power loading of 20 W, the overall 
plasma polymer although of essentially identical corn- band profiles for the C1, levels for the microwave 
position to that for the isomeric 1,2-difluoroethylenes plasma polymers are closely similar for the isomeric 
is distinctively different in terms of the overall func- difluoroethylenes. The stoichiometries for the micro- 
tionality. It is clear that this difference also carries wave plasma polymer films produced from the iso- 
over to the microwave plasma polymers; however, the meric difluoroethylenes at 20 W at 0.1 Torr (100p) 
differences between the overall band profile for the and at 10W and pressures of 0.2 and 0.5 Torr are 
1,1-difluoroethylene and those for the isomeric 1,2- displayed in Table 1. 
difluoroethylenes is not quite so distinctive. This is There is relatively little variation in stoichiometry 
readily evidenced from the component line shape with electron take-off angle for the polymer produced 
analysis displayed in Fig. 2. The error bars represent from a given monomer at a fixed pressure. This pro- 
an upper limit in terms of the line shape analysis vides strong evidence for the vertical homogeneity of 
and these have been deliberately exaggerated to these polymers on the ESCA depth scale. This is also 
emphasize the fact that the differences do indeed lie apparent from the near constancy of the F~,/Fz~ ratio 
outside the error limits for such an analysis. The which accords with a vertically homogeneous film 

extending to a depth >~ 3Z where 2 is the mean free 

* In previous studies we have shown that the composi- path corresponding t o  photoemission from the F2, 
tions and overall features of structure and bonding in the levels. This is of course substantially larger than the 
RF plasma polymerized films are essentially constant over corresponding mean free path for electrons photo- 
the range of power loadings 1-10Watts input power so emitted from the Ft~ levels since the kinetic energies 
that there are no ambiguities in terms of a comparison are so different (~  560eV for the F1, and ~ 1220eV 
of data corresponding to these different power loadings for the Fz~ levels). Application of such an analysis 
[5,6]. provides the data in Table 1 and stoichiometries as 
I'..P.J. 15/3 I 
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Table 1. Stoichiometries of polymer films produced in microwave plasmas 

Power 1,1 1,2 cis 1,2 trans 
loading C:F 1 C:F 2 C:F 1 C:F 2 C:F 1 C:F 2 

20 W 100/~ 
10 ° 0.63 0.68 0.75 0.72 0.62 0.61 
45- 0.62 0.67 0.77 0.76 0.60 0.59 
7ff 0.64 0.63 0.68 0.76 0.63 0.67 

10 W 200p 
10 ~ 0.52 0.65 0.58 0.56 0.6 0.64 
45 ° 0.54 0.57 0.57 0.56 0.6 0.59 
70 ~ 0.53 0.49 0.54 0.56 0.59 0.5 

10W 500/1 
10 0.47 0.49 0.49 0.53 0.47 0.46 
45 ° 0.48 0.54 0.44 0.51 0.41 0.51 
70 ° 0.46 0.41 0.46 0.40 0.41 0.43 

C:F 1 is the C~F~ stoichiometry obtained from corrected C~, and F b intensities. 
C:F 2 is the C~F~ stoichiometry obtained from the deconvolution of the C~, profiles. 

obtained from the deconvolut ion of the C1~ profile CONCLUSIONS 
are generally higher than  those from the Ct ,  and F1~ Although this is only a preliminary investigation 
area ratios. We have previously shown how stoichio- of the differences in structure and composi t ion of 
metries can be independently derived from an analysis polymer films produced in microwave and RF 
of the component  contr ibut ions  to the Ct~ levels and plasma, it illustrates that  there are likely to be subtle 
from the area ratios for the FI~ and C1~ levels. The rather than  major  differences: it is also clear however 
most  likely interpretat ion of this apparent  discre- that these differences are more dependent  on the 
pancy is the accidental degeneracy of a shake-up t ran-  operat ing parameters for the microwave as compared 
sit ion for one of the high intensity low binding energy to RF plasmas. 
components  with the direct photoioniza t ion  peak ori- 
ginating in photoemiss ion from the CF 3 structural  Acknowledgements--The S.R.C. is gratefully acknowledged 

for the provision of funds and equipment, and a research 
features. The typical energy separat ion for a low studentship to one of us tD.S.). 
energy n ~  n* shake-up satellite of - 7.5 eV would 
identify the corresponding photoioniza t ion  peak as 
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