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The effect of oxygen addition to microwave-sustained plasmas of hexamethyldisiloxane 
(HMDSO) has been investigated. Attention was directed to the solid products formed on 
aluminium substrates (plasma deposits). To enable a quantitative analysis of these, X-ray 
photoelectron spectroscopy (XPS) of standard silicon-containing materials was carried out. 
When suitable charge correction is applied to the XP spectra of HMDSO/O2 plasma deposits, 
a number of very clear trends emerge. From changes in elemental composition, core line 
binding energies (Si2p, C ls, and O ls) and widths, we show how oxygen addition to the 
plasma affects the chemical nature of the plasma deposit. The data reported also provide 
(some limited) information on the reactions taking place in the plasma. 

1. Introduction 
The use of microwaves to sustain "non-equilibrium" 
plasmag of volatile organic compounds has proved 
a popular means to fabricate coatings. Deposition 
rates of the order of several tens of nanometres per 
second have been achieved, making the process an 
industrially attractive coating technology. The chem- 
istry and structure of these materials may be control- 
led through choice of monomer and/or co-reactants, 
the substrate temperature, and power density of the 
plasma [1-5]. A number of potential applications for 
these coatings have been described, including protec- 
tion (e.g. anti-corrosion) [4], adhesion promotion 
[4, 6], optical modifiers [7] and diffusion membranes 
Es~. 

It is believed that the plasma polymerization pro- 
cess involves bond scission and the addition reactions 
of free-radical species which condense on a substrate 
to form a solid from the vapour phase. The actual 
mechanisms involved are not fully understood. The 
interested reader is referred to books by Yasuda [9] 
and d'Agostino [10]. 

Previous reports describe the preparation of coat- 
ings from organosilicon compounds using either 
radio-frequency (r.f.), or microwave sources to sustain 
the plasma [1-5, 11-15]. The products have been ana- 
lysed by elemental analysis [t]~ infrared spectroscopy 
[3-5, 8, 12, 15, 16], pyrolysis and gas chromatography 
mass spectrometry [2, 3, 13-15], nuclear magnetic res- 
onance [11, 16] and X-ray photoelectron spectroscopy 
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(XPS) [8, 16]. The nature of the product is influenced 
by the energy source, power, monomer, use of co- 
reactants, and substrate temperature employed. In 
general, low-power r.f. plasmas produce polymeric 
products that have been likened to polysiloxanes. 
These may contain an oligomeric (soluble) fraction 
[14, 16], which is not seen at higher power in r.f. 
systems and only at particularly low powers with 
microwave sources. 

Hexamethyldisiloxane (HMDSO) has proved 
a popular organosilicon compound for study. 
Tkachuk et aI. [1] described the range of structures 
that may be obtained in plasma deposits from this 
monomer. These are presented in Fig. 1. It is well 
known that more "inorganic"-like deposits can be 
obtained from plasmas of this monomer, and the fol- 
lowing have been investigated: use of oxygen (02) as 
a co-reactant [3]; deposition on to heated substrates 
[2,41; post-heat-treatment [5,11]; and use of high 
plasma powers [3-5]. Precise control over coating 
properties (organic to inorganic) is highly desirable. 
Interestingly, the effect of addition of 02 to plasmas of 
HMDSO has only been followed qualitatively, by 
infrared spectroscopy [3], which shows that 02 pro- 
motes the formation of a "silica-like" deposit. This 
paper provides a useful qualitative indication of the 
changes in deposit chemistry resulting from different 
oxygen flows into the HMDSO plasma. However, the 
relative (quantitative) importance of O2 flow was not 
ascertained. 
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Figure 1 HMDSO and the structures proposed for HMDSO 
plasma polymers, after Tkachuk [1]. 

Here, we describe the XPS analyses of a series of flat 
HMDSO/O2 plasma-deposited coatings. XPS has the 
advantage over many conventional analytical tech- 
niques in that it provides quantitative elemental and 
chemical state information (and is therefore ideally 
suited to this type of analysis). While the technique is 
specific to the top few nanometres of a material, we 
argue that the data presented here also provide 
a measure of the bulk chemistry of the films. 

In order to obtain an accurate interpretation of the 
XPS results, it was necessary to perform analyses on 
some standards [-poly(dimethylsiloxane) (PDMS), 
poly(phenylmethylsiloxane) (PPMS) and silica (SIC2)] 
to determine exact binding energies and peak widths 
for silicon, carbon and oxygen. Employing these data, 
we show quantitatively how 02 flow changes the 
deposit chemistry, and identify some aspects that have 
not previously been observed. 

2. E x p e r i m e n t a l  p r o c e d u r e  
2.1. Plasma polymerization 
All samples were produced and analysed as 5 gm thick 
films On aluminium plate ( ~  1 mm thick). In the 
plasma apparatus the total pressure, P, was fixed at 
50 Pa, the power, W, at 200 W, and the HMDSO flow 
at 20 standard cm3min -I.  The 02 flow rate was 
varied from 0-200 standard cm 3 min-1. The micro- 
wave generator operated at 2.45 GHz. Presented in 
Fig. 2 is a schematic drawing of the apparatus. 

2.2. XPS 
All XPS analyses were carried out using a VG CLAM 
2 electron analyser and MgK= X-radiation. For the 
purpose of elemental quantification we have used sen- 
sitivity factors experimentally determined from 
a PDMS polymer standard (Aldrich). 

A take-off angle of 30 ~ was used throughout the 
study: assuming a value for 2 (C ls) of 1.4 nm (based 
on work in [,17]), the sampling depth (3Xsin 30) is 
calculated to be ,,~ 2.1 nm (,-~ 14Si-O bonds, esti- 
mated from its length in I-SiC] + which is 0.15 nm). 

The X-ray source was run at 10 kV with a 10 mA 
emission current, i.e. a power of 100 W. This was 
chosen as a compromise between possible X-ray- 
induced sample damage and signal intensity. Wide- 
scans were acquired in Constant analyser energy 
(CAE) using a pass energy of 100 eV, a dwell time of 
50 ms (per channel), and a step size (channel width) of 
0.55 eV. Three scans were made and added together. 
From these, quantification was effected, using a linear 
background subtraction. Narrow scans (pass energy 
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Figure 2 Schematic drawing of the plasma-deposition unit. 

of 20 eV and channel width of 0.05 eV) were also 
acquired to monitor chemical state changes. 

2.3. I n s t r u m e n t  ca l ibra t ion  
The energy scale of the instrument was calibrated 
using a gold standard, chosen because it does not form 
a stable oxide on its surface under ambient conditions. 
The binding energy for the Au 4f7/2 core level peak 
(84.00 eV) was verified alongwith the separation of the 
C ls and F ls peaks from PTFE (measured as 
397.2eV). This compares well with a value of 
397.19 eV in the literature [18], indicating that the 
binding energy scale is reliable between 84eV 
(Au4f7/2) and 689 eV (F ls). All core levels considered 
in this study appear within this range of binding 
energies. 

3. Resul ts  
3.1. XPS 
3. 1. 1. E lementa l  quant i f icat ion 
3.1.1.1. Analysis of  standards. There are significant 
discrepancies amongst the published experimental 
(and theoretical) sets of sensitivity factors (SFs) [-19], 
and for this reason we chose to determine our own for 
the Cls ,  Ols ,  and Si2p core level peaks. Five 
measurements were made on PDMS and from the 
stoichiometry of the repeat unit of the polymer, SFs 
were calculated. This approach gave SF (O is) = 3.14 
(%-1 =0.10) and SF (Si2p)= 1.40 (~,-1 =0.06), 
where carbon is set to 1. The complication of cyclic 
oligomers in PDMS [20] will not affect these SFs, as 
these have the same stoichiometry as the polymer 
repeat unit. Thd level of hydrocarbon contamination 
in the spectrometer was low, contributing (typically) 
no more than 3% to the C ls core line. 

3.1.1.2. Plasma deposits. Within the detection limits 
of XPS, the only elements seen were carbon, silicon, 
and oxygen. A representative widescan spectrum is 
illustrated in Fig. 3. Changes in the elemental atomic 
composition of the plasma deposits, with oxygen flow 
rate, are presented in Table I. From the atomic con- 
centrations, it is difficult to appreciate trends in the 
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Figure 3 An XPS wide scan of an HMDSO/O2 plasma deposit 
(p = 50 Pa, P = 200 W, d = 30 ram, HMDSO flow = 20 standard 
cm3min 1, film thickness = 5 gm) with no oxygen flow. 

TABLE I Elemental atomic concentrations from HMDSO/Oz 
plasma polymer films for varying oxygen flow rates 
(pressure = 50 Pa). 

Oxygen 
flow/(standard 
cm 3 min- 1) 

C 0 Si C/O C/Si O/Si 

0 50.31 22.89 26.8 2.12 1.88 0.85 
10 39.93 32.33 27.74 1.24 1.44 1.17 
20 35.57 35.56 28.88 1.00 1.23 1.23 
40 29.94 41.43 28.63 0.72 1.05 1.45 
100 22.66 47.57 29.77 0.48 0.76 1.60 
200 18.74 50.76 30.50 0.37 0.61 1.66 
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Figure 4 XPS-determined elemental ratios versus oxygen flow for 
HMDSO/O2 plasma deposits (p = 50 Pa, P = 200 W, d = 30 mm, 
HMDSO flow = 20 standard cmSmin 1, film thickness = 5 gm). 

T A B L E I I Binding energy of XPS peak centroids (average of five 
samples) from poly(dimethylsiloxane) (PDMS), poly(phenyI- 
siloxane) PPMS, and quartz (SiO2). The figures in parentheses are 
the observed standard deviations (%_ 1) 

Binding energy (eV) 
C ls O ls Si 2p 

PPMS 284.7" 532.4(0.05) 102.0(0.06) 
PDMS 284.4(0.11) 532.4 a 102.1(0.07) 
Quartz 285.0" 532.6(0.25) 103A(0.19) 

"Peaks to which the spectra were charge-referenced. 

film compositions, and therefore the atomic ratios 
C/O, C/Si, and C/Si have been calculated; changes in 
these with 02 flow rate are shown in Fig. 4. 

Samples exposed to ambient conditions for between 
3 h and 14 d prior to analysis showed no distinct 
difference in elemental composition. 

3. 1.2. C h e m i c a l  s t a t e  d o t o r m i n a t i o n  
Insulating specimens, such as the samples in this 
study, develop a net positive charge during X-ray 
irradiation (as a result of photoemission). The posi- 
tions of the core lines are therefore shifted to a higher 
binding energy. To obtain accurate chemical state 
information, a peak with which to charge-correct is 
therefore required. This peak is selected from the anal- 
ysis of model compounds, as set out below. 

3.1.2.1. Analysis of  standards. The structure of the 
H M D S O  molecule is illustrated in Fig. 1. To obtain 
a measure of the binding energy of CHa-Si  we have 
adopted the procedure used elsewhere [18]. 

(a) The binding energy of the C ls peak in phenyl 
carbon (284.7 eV) was taken from [-18]. This was de- 
termined with a high-resolution spectrometer O n poly- 
styrene (PS). 

(b) We charge-correct the spectra of PPMS using 
the C ls position of 284.7 eV, see Table II. The as- 
sumption made here is that the carbon atoms within 

the phenyl ring (not directly attached to the polymer 
backbone) are not significantly influenced by the dif- 
ferent nature of the polymer backbones in PS and 
PPMS. Without high-energy resolution capabilities, 
the C ls peak centre from PPMS provides only an 
estimate of the binding energy of carbon in the phenyl 
state. However, the majority of the carbon atoms (5/7) 
in PPMS are not bonded directly to the silicon atom. 
These will therefore represent the majority of the C ls 
peak and provide an estimate of C lsphenyl. A small 
overestimation of the C lSpheny I binding energy may be 
introduced by this approximation. We estimate this to 
be less than 0.1 eV (calculated from the difference in 
binding energy between the environments CHx-Si and 
Cpheny 1 (ca. 0.3 eV) and the stoichiometry and structure 
of PPMS). 

(c) The O ls binding energy obtained from PPMS 
provides a measure of the binding energy (O ls) for the 
oxygen atoms within the siloxane environment 
(Si O-Si: 532.4 eV. We then use this to charge-correct 
the spectra of PDMS. This reveals that the C ls peak 
from a CH3 Si environment appears at 284.4 eV. This 
is in good agreement with a value obtained by Beam- 
son and Briggs [18] of 284.38 eV using the same 
procedure. 

It should be noted, however, that while these are in 
good agreement, a discrepancy exists in the O ls peak 
position determined by us for the O ls peak from 
a siloxane environment (532.4 eV), compared with 
that obtained by Beamson and Briggs of 532.00 eV. 
We do not have an explanation for this. However, 
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Figure 5 XPS peak binding energies, charge corrected to the  C Is 
peak at 284.4 eV, from H M D S O / O z  plasma deposits (p = 50 Pa, 
P = 200 W, d = 30 mm,  HMDS_O flow = 20 standard cm3min-  1, 
film thickness = 5 gm) versus oxygen flow. 
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Figure 6 XPS peak width ratios from HM DS O/ O2  plasma deposits 
(p = 50 Pa, P = 200 W, d = 30 mm, H, M DS O flow = 20 standard 
cm ~ ra in-  1, film thickness = 5 lam) versus oxygen flow per s tandard 
cm ~ rain - ~. 

because all our spectra have been acquired on the 
same instrument, we are confident in the correlation 
between spectra from standards and plasma deposits 
made within this work. 

To determine the binding energy of the Si 2p and 
O ls peaks from SiOz, quartz powder was analysed. 
The binding energies of the O ls and Si 2p peaks were 
determined by charge-correcting the spectra to the 
C ls peak fi'om adventitious hydrocarbon contamina- 
tion at 285.0 eV (Table II). It is notable that the 
standard deviations obtained on these powder sam- 
ples were greater than those obtained from PPMS and 
PDMS smeared on to aluminium foil. We assume that 
this is related to the different roughnesses of the sam- 
ples. PDMS and PPMS are fluids which we assume 
produce a smooth surface (in comparison with quartz 
powder). The binding energies of the O Is and Si 2p 
peaks from PDMS and SiO2 have been incorporated 
into Figs 5 and 6 to facilitate comparison with the 
peak positions determined from the plasma deposits. 

3.1.2.2. Plasma deposits. Within the plasma deposits 
it is assumed that the chemical state of the silicon 
atoms will vary according to the extent of oxygen 
incorporation into the plasma deposits. The Si2p 
peak position will change as a result, through the 
range of samples. Hence, the Si peak cannot be used 
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for charge-correction, which leaves the choice of O ls 
or C ls core lines. Although the dynamic range of 
chemical shifts seen in the O ls core line is smaller 
than that seen within the C is, we have selected the 
latter for charge correction. Our justification for this is 
set out below. 

Previous work [1] indicates that there are three 
main carbon environments within HMDSO plasma 
polymers (these are illustrated in Fig. 1). In addition to 
these, carbon-oxygen environments have been re- 
ported on the basis of infrared data [3, 5, 12]. In the 
C ls core line, the presence of C-Ox groups would 
manifest as asymmetry or as a shoulder (to high bind- 
ing energy). This was not seen in any of the C ls 
narrow scans (across the entire Oz range). This leads 
us to discount the presence of significant quantities of 
carbon-oxygen functionalities (~5%) in these depo- 
sits, and we assume that either their relative import- 
ance is overestimated by infrared spectroscopy, or that 
their formation only takes place in r.f., rather than 
microwave sustained plasmas. 

From Fig. 1, it is evident that there are two carbon 
environments tha t  we could use to correct the C ls 
peak. The C ls peak from both environments "a" and 
"e" would be expected at ~ 284.4 eV and from "b" at 
,-~ 283.8 eV (a difference of 0.6 eV). We are helped here 

by the analysis of standards. If we were to correct all 
the spectra obtained from HMDSO plasma deposits 
using C ls at 283.8eV (corresponding to the 
Si-CHz-Si environment, "b" in Fig. 1), then at all 
oxygen flow rates, the O ls peak position would ap- 
pear well below the binding energy determined for 
silica and PDMS. This is not a realistic result, as in 
plasma deposits of this type (Fig. 1) we expect to find 
oxygen in exactly these environments. Therefore, we 
have chosen to charge correct all of the C ls spectra to 
284.4 eV (which corresponds to environments "a" and 
"c" in Fig. 1). 

When the spectra have been charge-corrected, we 
observe a distinct upward trend in the Si2p peak 
position (Table III and Fig. 5). From Table III it is 
apparent that the amount of charging increases with 
Oz flow. This result may be explained by the increased 
oxygen content of the deposits. Oxygen has a photo- 
emission cross-section two to three times that of sili- 
con and carbon and the overall flux of electrons from 

T A B L E  I I I  XPS peak binding energies from H M D S O / O z  
plasma deposits: p = 50 Pa, P = 200 W, d = 30mm,  H M D S O  
flow = 20 standard cm 3 rain -~, film thickness = 5 gin. Charge- 
corrected to a C is peak at a binding energy of 284.4 eV of the 
environment CH3-Si obtained from PDMS. Figures in parentheses 
refer to the as-acquired (non-charge-corrected) peak centroids 

Oxygen flow 
(standard 
cm 3 ra in-  a) 

C ls  O ls Si2p 

0 284.4(286.70) 532.4(534.65) 101.8(104.05) 
10 284.4(287.75) 532.6(535.90) 102.2(105.55) 
20 284.4(289.35) 532.5(537.40) 102.4(107.30) 
40 284.4(289.70) 532.5(537.80) 102.6(107.90) 
100 284.4(290.60) 532.6(538.75) 102.9(109.10) 
200 284.4(290.80) 532.7(539.10) 103.1(109.45) 



the sample therefore increases. Although a general 
upward trend is observed in the O ls BE this is not as 
marked as that of the Si 2p. This is indicative of 
similar, or equivalent, oxygen environments through- 
out the range of oxygen flow. 

Although the resolution of the spectrometer was not 
sufficient to allow for sensible curve fitting of the C is, 
O ls or Si2p core lines, the core-line widths may be 
used to provide a qualitative measure of the diversity 
of states within any one peak. Examination of a sys- 
tem where each element is in only one chemical envi- 
ronment, PDMS, indicates that the C ls: O ls: Si 2p 
full width half-maximum (FWHM) ratio is 1.00: 1.02: 
1.01 ( i.e. the X-ray line width and spectrometer are 
contributing most of the FWHMs). The presence of 
several (non-equivalent) environments (within a core 
line) will result in a change in this ratio. However, no 
trend was found in the peak widths. We assume that 
this is because chemical inhomogeneity is not the only 
factor that affects the peak width. (For example, 
roughness will result in subtle differential charging). 
Normalizing the Si 2p and O ls peak widths using the 
C ls peak width revealed the trends shown in Fig. 6. 
This figure indicates that 02 flow has an appreciable 
effect on the Si 2p peak width, and at 20 standard 
cm 3 min-1 the Si 2p contains the maximum diversity 
of chemical states. From the Si 2p binding energy 
(Fig. 5) we know that this material is approximately 
half-way between the two silicon environments of our 
standards (namely PDMS and silica). 

Samples exposed to ambient conditions for between 
3 h and 14 days prior to analysis showed no change in 
peak shape or position. 

4. Discussion 
There is a number of similarities between the 
HMDSO plasma deposit (no 02) and conventional 
PDMS. The O ls and Si2p binding energies of both 
materials are of the same order, as are their 
stoichiometries (Tables II and III, Fig. 5). However, 
close examination reveals that in PDMS, the Si 2p 
binding energy is 0.3 eV higher than in the plasma 
deposit, whilst the O ls binding energies are exactly 
the same. This suggests that oxygen is in the same 
environment in both, namely Si-O-Si, but a (contri- 
bution from a) more electropositive environment 
influences the Si2p core line. This is consistent with 
at least partial retention of the trimethyl siloxyl 
((CH3-)3Si-O-) structure of the monomer. Examina- 
tion of the normalized Si 2p width (Fig. 7) indicates 
that there is more than one chemical state present 
within this peak. Taken together, these pieces of data 
suggest that both (CH3)2SIO2 and (CH3-)3Si-O envi- 
ronments exist within the deposit, a conclusion consis- 
tent with other work. The slightly lower O/Si and C/Si 
ratios, in this plasma deposit (compared with those of 
PDMS), may be rationalized if we consider that there 
may also be Si-H and CH/-Si-CH2 arrangements 
present. The existence of these has been postulated 
elsewhere on the basis of infrared data [-3]. 

The excellent correlation in the Si 2p and O ls peak 
positions from the deposits, with the binding energies 
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Figure 7 Possible silicon chemical environments and the corres- 
ponding Si2p binding energies as determined from PDMS and 
SiO2. ( - - - )  The approximate positions of the samples at the ex- 
tremes of oxygen flow into the plasma, where x = 2 or 3. Note, the 
CH3-Si and H-Si  groups will result in different Si 2p binding ener- 
gies; however, this difference is too small to be detected by our 
instrument.  

of accepted HMDSO plasma polymer structures gives 
us confidence in the C ls binding energy to which we 
charge-corrected our spectra (284.4 eV representing 
environments "a" and "e" in Fig. 1). This suggests that 
the concentration of the Si-CH2-Si arrangement (en- 
vironment "b") within the plasma deposits is low. 

The effect of increased oxygen flow into the plasma 
(0-200 standard cm 3 min-1) is to more than double 
the atomic oxygen concentration in the deposit 
(Table I). From Fig. 3 it can be seen that the O/Si ratio 
reaches a plateau at a value of ~ 1.7 (200 standard 
cm 3 min-  1). Pure silica (SiOa) would provide an O/Si 
ratio of 2, and our material is, therefore, some way 
short of silica. This is consistent with the retention of 
19% carbon, which is probably bonded to the silicon. 
This observation is also consistent with the chemical 
state information provided by the Si 2p peak position 
(Fig. 5), where the Si 2p binding energy at 103.1 eV is 
about 0.3 eV lower than that determined for silica 
(103.4 eV). 

The trend in th e Si 2p core-line binding energy is 
consistent with increased oxygen incorporation into 
the product; the data also suggest that this oxygen is 
almost entirely associated with the silicon atom. It is 
worth noting that while infrared studies suggest that 
silica is formed [3], the XPS data (chemical state, line 
width and stoichiometries) show that this is not the 
complete picture. The range of possible silicon envi- 
ronments (and binding energies) is given in Fig. 7. At 
higher oxygen flow rates, more highly oxidized silicon 
environments are formed. (In this instance the term 
"oxidized" refers to the number of oxygen atoms 
bonded to the silicon atom.) The line-width data tell 
us that there is always more than one type of silicon 
functionality (in any deposit), and that the maximum 
number of (different) chemical states formed occurs at 
an 02 flow rate of 20 standard cm 3 min-1. At the 
highest Oz flow, it is likely that most of the silicon 
atoms are bonded to three and four oxygen atoms. 
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Figure 8 XPS peak width ratios from HM DS O/ O2  plasma deposits 
(p = 50 Pa, P = 200 W, d = 30 mm, H M D S O  flow = 20 s tandard 
cm3min - 1, film thickness = 5 ~rn) versus oxygen flow. 

From infrared and mass spectroscopic investiga- 
tions [3], it has been postulated that along with 
the trimethyl and dimethyl structures (discussed 
above), the addition of oxygen also introduces other 
structures; CHz-OH, C=O and Si-O-C. These 
have been linked to ageing phenomena [15]. No 
features in the C ls narrow scans were seen to sub- 
stantiate these earlier studies at any time after pro- 
duction. Our observation is consistent with that of 
Hays [3] who determined that as power input into 
plasma increased, the concentration of these function- 
alities decreased using infrared spectroscopy. We be- 
lieve that our plasmas are within this region of high 
power. We also point out that infrared spectroscopy 
may over-estimate the relative importance of these 
groups. 

The absence of any carbon-oxygen functionalities, 
and the decrease in carbon content (with increasing 
oxygen flow rate), have important implications. The 
data reveal that in the plasma, stable, condensable 
carbon-oxygen moieties are not formed. This draws 
attention to the propensity of HMDSO methyl group 
to react (in the plasma) with oxygen to produce vol- 
atile reaction products. This is supported by the fact 
the carbon concentration decreases with oxygen addi- 
tion. The form of the curve indicates, however, that 
any further increase in the oxygen flow will not com- 
pletely remove the carbon from the deposit. Mass 
spectral analysis of HMDSO/Oz plasma has shown 
that OH, HzO, CO, CO2, HOSiCH3CH3 and 
(HO)zSiCH3 are produced on addition of oxygen. The 
presence of these volatile reaction products is consis- 
tent with our inability to detect C O, species in these 
materials. 

Finally, it is worth comparing the effect of oxygen 
introduction into the plasma with the effects of power 
and substrate heating. Krishnamurthy et al. [5] re- 
ported the formation of a silica network with higher 
power inputs, whilst Assink et al. [11] described the 
same result through heat treatment. Both of these 
observations are consistent with the changes in chem- 
istry that we have described above. 
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5. Conclusion 
Solid deposits (5 ~tm thick) were fabricated from 
low-temperature microwave HMDSO/O2 plasmas. 
Quantitative analysis of these has been carried out by 
XPS. We show that it is appropriate to charge-correct 
XP spectra of these deposits using the C ls core line. 
As the oxygen flow rate (into the plasma) was in- 
creased, the chemistry of the deposits changed from 
that of a siloxane, with a high proportion of trimethyl 
siloxyl groups, to a material closer to silica. Increased 
oxygen flow resulted in higher levels of oxygen incor- 
poration, as reflected both in the stoichiometry Of the 
deposits, and in the binding energies of the Si 2p core 
line. However, we show that pure silica deposits are 
not formed, nor would they be by further increasing 
the 02 flow rate. 

Increased oxygen flow reduces the carbon content 
of the deposits. However, it is not possible to remove 
all of the carbon from the deposits simply through the 
addition of oxygen. From the C Is binding energies we 
show that this residual carbon is not present as simple 
hydrocarbon, but that it is (mostly) associated with the 
silicon. The absence of any carbon-oxygen functional- 
ities in the deposits indicates that (within the plasma) 
there is a preferential formation of small volati!e 
carbon-oxygen species and of condensable/solid 
silicon-oxygen species. 
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