
ECS Journal of Solid State Science and Technology, 2 (5) N93-N98 (2013) N93
2162-8769/2013/2(5)/N93/6/$31.00 © The Electrochemical Society

Mechanism of Modification of Fluorocarbon Polymer
by Ultraviolet Irradiation in Oxygen Atmosphere
Quoc Toan Le,a,z Sergej Naumov,b,∗ Thierry Conard,a Alexis Franquet,a Matthias Müller,c
Burkhard Beckhoff,c Christoph Adelmann,a Herbert Struyf,a Stefan De Gendt,a,d,∗∗
and Mikhail R. Baklanova

aIMEC, Leuven 3001, Belgium
bIOM-Leipzig, Leipzig 04318, Germany
cPhysikalisch-Technische Bundesanstalt, X-ray and IR Spectrometry, Berlin 10587, Germany
dKULeuven, Leuven 3001, Belgium

A fluorocarbon polymer generated by plasma polymerization of CF4/CH2F2 used as a model polymer for sidewall residues was
subjected to ultraviolet (UV) irradiation (λ = 254 nm). Fourier transform infrared spectroscopy and X-ray photoelectron spectroscopy
indicated that the as-deposited fluorocarbon polymer mainly contains CF, CF2, and a small concentration of unsaturated, fluorinated
C=C bonds, and carbonyl functionalities. A partial removal of the polymer occurred during UV irradiation in oxygen. Experimental
results showed that UV irradiation resulted in a slight decrease in fluorine content concomitant with the formation of carbonyl groups.
The presence of reactive species such as oxygen during UV treatment (by production of singlet oxygen and radicals) was necessary
to allow bond cleavage and an increase of hydrophilicity of the polymer fragments thus making the removal of the polymer possible
in a subsequent wet clean. In terms of polymer bonding structure, the presence of C=C bonds and oxygen in the polymer backbone,
in particular of C-O bonds, was crucial for light absorption at the wavelength used and played a key role in the bond scissioning
process. Quantum chemical calculation was also performed to support the experimental results.
© 2013 The Electrochemical Society. [DOI: 10.1149/2.003305jss] All rights reserved.
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An important step in the back-end-of-line processing of advanced
microelectronic CMOS integrated circuits consists in integrating thin
copper interconnecting lines between active devices, such as transis-
tors and capacitors. Copper lines are made in a damascene approach
by locally etching dielectric layers using plasmas through a patterned
photoresist layer and filling the transferred patterns with copper. Dur-
ing etching of porous dielectrics using fluorocarbon-containing plas-
mas such as CF4, CH2F2, and C4F8, fluorocarbon polymers are formed
and deposited on the created dielectric sidewalls.1,2 These polymers
are needed to ensure etching anisotropy, profile control and to min-
imize dielectric degradation. However, they must be removed after-
wards to achieve high adhesion and good coverage of the material
(metal) deposited in later process steps in the etched features. Unfor-
tunately, it is known that this type of fluorocarbon polymer is chem-
ically inert to many existing wet clean solutions, including aqueous
solutions such as fluoride ion-containing or highly alkaline solutions,
and solvent mixtures.2 A short plasma treatment carried out prior to
the wet clean step enhances the polymer removal efficiency but also
has a drawback of irreversibly damaging the porous dielectrics.3,4

Recent studies have shown that exposing a fluorocarbon polymer
formed by plasma polymerization to ultraviolet (UV) irradiation with
a narrow band UV source of wavelength λ = 254 nm2 or a broad
band source of λ ∼ 200–400 nm5 with doses ≥3 J/cm2 significantly
modified the polymer film. This resulted in substantial removal ability
in a subsequent wet clean process. For the fluorocarbon polymer
generated using CF4/CH2F2 plasma, it was also clear that a minimum
amount/concentration of a reactive gas such as oxygen during the UV
irradiation is required in order to achieve a complete removal of the
polymer during the subsequent wet clean step. The results presented
in this paper give further insight into the role played by UV irradiation
and oxygen atmosphere in the modification of fluorocarbon polymer.
Quantum chemical calculation was also performed to support the
experimental results.

Experimental

In this study, plasma deposition of fluorocarbon polymer, referred
to as CFx, was carried out on checkerboard wafer substrates by
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plasma polymerization of a CF4/CH2F2/Ar gas mixture. A cross-
section of three adjacent squares is shown in Figure 1. Briefly de-
scribed, from bottom up the wafer is composed of Si substrate/low-k
dielectric (90 nm, k = 2.0)/ bottom anti-reflective coating (BARC)
(30 nm)/photoresist layer. Exposure was carried out through a checker-
board shadow mask, where the size of each square is 4 × 4 cm2. Prior
to polymer deposition, the BARC layer was first etched using CF4

plasma (12 s), followed by the partial low-k etch using CF4/CH2F2/Ar
plasma (50 mTorr, 15 s) in a dual-frequency chamber (Lam Research
Flex45). Under these conditions, the low-k layer remaining on the Si
substrate was about 5 nm (ellipsometry data). A polymer layer was
directly deposited on the entire wafer without stripping the remaining
photoresist layer, using the same gas mixture and in the same chamber.
For the polymer deposition step, CF4/CH2F2 plasma (2:1 ratio) was
applied to enhance polymer formation and deposition. The polymer
thickness was measured to be about 60–70 nm. Only the low-k squares,
i.e. polymer deposited on low-k surface, were used for this study.

The effect of UV photons and the ambient atmosphere (argon and
oxygen) on the modification of CFx polymer was investigated using
a UVO cleaner from Jelight Company, Inc., equipped with a single
wavelength source (λ = 254 nm) generated by a low pressure mercury
lamp. The power density of the light source was 25 mW/cm2. In some
experiments, two identical CFx samples were loaded into the chamber,
where one was covered by a crystal filter having a wavelength cutoff
of ∼300 nm (SiO2 containing B, Ba, Na, K, . . . ) to investigate the

Figure 1. Cross-section of three adjacent squares in the checkerboard wafer.
The samples used for the experiments described in this work consisted of the
center-type square (‘Low-k’).
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modification induced solely by reactive species such as radicals, with-
out any effect of UV irradiation. Following the treatment, the UV
source was extinguished and the chamber was continued to purge
with the same gas under the same flow rate for 3 min. The sam-
ples were then transferred in air to X-ray photoelectron spectroscopy
(XPS) and Time-of-flight secondary ions spectrometry (Tof-SIMS)
chambers for analysis. For Near-edge X-ray absorption fine struc-
ture spectroscopy (NEXAFS) analysis, following the treatment the
samples were shipped to another lab (Physikalisch-Technische Bun-
desanstalt, X-ray and IR Spectrometry, Germany). The aging time for
those samples is estimated to be about 5 days from the time of depo-
sition or UV treatment. Other characterization techniques consisted
of Fourier-transform infrared spectroscopy (FTIR), and spectroscopic
ellipsometry (SE).

FTIR (Thermo Fisher Scientific) spectra were recorded within the
range of 400 to 4000 cm−1 using transmission mode with a resolution
better than 2 cm−1 and averaged over 64 scans. XPS measurements
were carried out using a Thermo VG Scientific Theta 300 system
equipped with an Al Kα source (1486.6 eV) and simultaneous detec-
tion of photoelectrons at take-off angles between 22 and 78 degrees.
ToF-SIMS analyses were performed with a TOFSIMS IV instrument
from ION-TOF GmbH. Both positive and negative ion profiles were
measured in a dual beam configuration using a Ga (15 keV) gun for
analysis and a Xe (350 eV) gun for sputtering. Depth profiles were
measured in the non-interlaced mode. Effective charge compensation
was obtained by using an electron flood gun. A bunched 15 keV Ga
beam rastered over 100 × 100 μm and a 1 keV Xe beam rastered over
300 × 300 μm were used.

Results and Discussion

Experimental results obtained from FTIR (Figure 2a) indicated
that the polymer is mainly composed of C-F (stretching vibration,
at ∼1090 and 1340 cm−1) and CF2 groups (doublet at 1160 and
1220 cm−1). The absorption band centered at ∼1730 cm−1 can be
assigned to double bonds in the form of C=C, –CF=CF–, and –
CF=CF2,6–8 and also C=O groups. The absorption band at ∼600–
1000 cm−1 can be assigned to vibrational absorption of –CF3 and
amorphous –CF2–network.6,9,10 Note that C-O groups, typically ab-
sorb between 1000–1300 cm−1, could also be present in the poly-
mer structure but might not be detected by FTIR in this case due
to the strong absorption band of CFx groups. The absence of ab-
sorption bands at ∼2900–3000 cm−1 in the FTIR spectrum indi-
cates that the polymer film does not contain C-H bonds, or at most
they are at very low concentration, but it is composed almost ex-
clusively of C-F, CF2, CF=CF, CF=CF2, C=O, and possibly C-
O bonds. Complementary characterization of the CFx films was
provided by XPS analyses. The C1s core-level spectrum recorded
on the polymer (Figure 2b) confirmed the FTIR results and gave
further insight into the polymer composition. Besides the pres-
ence of CF and CF2 groups, there was also a small concentra-
tion of CF3 groups. Table I summarizes the film composition (ex-
pressed as at.%), F/C and O/C ratios for both the as-deposited
and UV-treated polymer films. The polymer deposited by plasma
polymerization is highly reactive, which explains the incorporation of
oxygen in the film and/or at the film surface during air exposure after
the deposition step. Upon UV treatment in oxygen atmosphere, the
concentration in oxygen significantly increased as shown in Table I.

Table I. XPS concentration (at.%), F/C, and O/C ratios calculated
for the as-deposited fluorocarbon polymer and after UV treatment
at various doses.

C1s F1s O1s Si2p F/C O/C

As-deposited 58.6 35.4 6.0 0 0.60 0.10
UV/3 J.cm−2 59.5 30.1 10.4 0 0.51 0.17
UV/7.5 J.cm−2 58.1 29.2 12.7 0 0.50 0.22

Figure 2. (a) FTIR spectrum of the as-deposited CFx model polymer gen-
erated by plasma polymerization using CF4/CH2F2. (b) XPS C1s spectrum
measured for the as-deposited CFx polymer and after UV/O2 treatment for
5 min (7.5 J/cm2).

The oxygen content of the film was measured to be about 6 at.%
after deposition and increased to 12.7 at.% after UV treatment in O2

atmosphere for 5 min (dose of 7.5 J/cm2, Table I). The concentration
in fluorine also slightly decreased after a 7.5 J/cm2-UV treatment,
from 35.4 to 29.2%. The change in the shape of the C1s core-level
spectrum following the UV treatment gives a strong evidence that the
loss in fluorine was mainly due to a drop in CF content concomi-
tant with oxygen incorporation. The F/C ratio for the as-deposited
polymer is much smaller with respect to the one measured for a lin-
ear fluorocarbon polymer such as polytetrafluoroethylene (PTFE, F/C
= 2) or polyvinylidene fluoride (PVDF, F/C = 1). On the basis of
FTIR and XPS results, a model bonding structure of the plasma-
polymerized fluorocarbon polymer is proposed in Figure 3. Indeed,
the absence of C-H bonds together with a low F/C ratio suggests that
the as-deposited polymer does not (mainly) consist of linear polymer

Figure 3. A proposed model of bonding structure for plasma-polymerized
fluorocarbon polymer. R represents a branched, fluorinated carbon chain.
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Figure 4. (a) F ToF-SIMS profiles (negative ions) for the as-deposited poly-
mer and after UV treatment, with and without a UV cutoff filter at 300 nm. (b)
O ToF-SIMS profiles (negative ions) for the as-deposited polymer and after
UV treatment, with and without a UV cutoff filter at 300 nm.

chains but rather it is composed of significantly crosslinked networks.
Crosslinked polymers formed by plasma polymerization are well doc-
umented in literature.9,10 In fact, the degree of crosslinking reflects the
magnitude of the formation of a three-dimensional network structure
in the film, which tends to increase when the plasma gas mixture is
diluted with Ar.10 The fluorocarbon polymer also contains CF, CF2,
unsaturated, fluorinated C=C bonds, and carbonyl functionalities.

Figure 4a and Figure 4b display ToF-SIMS depth profiles obtained
for the as-deposited and different UV-treated polymer samples. For
UV treatments performed in oxygen atmosphere, defluorination and
thickness decrease occurred during the UV irradiation (Figure 4a).
Interestingly, for UV-treated polymers, the results showed that F (and
CF) ion intensities were identical regardless of the presence or absence
of the UV cutoff filter (Figure 4a). The only difference between the two
UV-treated samples relies on the sample thickness, which is in good
agreement with ellipsometry results (data not shown). The polymer
film thickness significantly decreased when the polymer was directly
exposed to UV irradiation, while it remained similar compared to
the as-deposited film if a UV cutoff filter was used. This observation
provides an evidence that a synergy of UV irradiation and oxygen
etched the CFx polymer film, i.e. formation of volatile species, and
also resulted in a defluorination of the remaining polymer layer. In
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Figure 5. Differential FTIR spectra showing the formation of C=O bond
(∼1750 cm−1) in the polymer film following the UV treatment in oxygen.

contrast, the thickness decrease was much less pronounced, almost
non-existent, if the UV radiation is blocked by a cutoff filter of λ =
300 nm. For instance, under the UV filter a thickness decrease of ∼
1–2 nm was measured for a UV treatment of 5 min (corresponding
to a dose of 7.5 J/cm2 for a direct exposure). The slight decrease in
thickness in the presence of the UV cutoff filter could be attributted
to a loss in fluorine which was trapped in a planar structure of small
graphite structure formed in the film.10,11

The O profiles shown in Figure 4b clearly indicate that oxygen
incorporation occurred due to UV irradiation, where the maximum
oxygen concentration was measured at ∼19–25 nm from the film
surface. Furthermore, the high-intensity oxygen ion measured close
to the CFx/Si interface of the as-deposited film substantially reduced
in intensity after the treatment in the absence of UV irradiation (UV-
filtered sample). This result could be simply explained by the thermal
effect during the UV irradiation for 5 min.

Figure 5 shows the differential FTIR spectra for the UV-treated
polymers in the case of with and without a 300 nm cutoff filter. Note
that the differential spectrum was obtained by subtracting the spectrum
recorded after the UV treatment from the one before the treatment.
The differential spectra are shown without baseline correction. The
presence of the strong, positive absorption band at ∼1750 cm−1 in-
dicates the formation of C=O bonds in the polymer film caused by
the UV irradiation in oxygen. In contrast, for the UV-filtered sample
the intensity of that same absorption peak is substantially lower. In
addition, the presence of an absorption peak centered at ∼1600 cm−1

together with a much broader one between ∼3100 and 3500 cm−1,
assigned to OH bonds, was also observed when the CFx polymer was
directly exposed to the UV light.

The C1s NEXAFS spectra measured in grazing incidence
geometry12 on the as-deposited and UV-treated in oxygen are shown
in Figure 6. The major peaks in the C1s region are located at ∼285 eV
(due to C1s to π* C=C transitions) and 288.5 eV (C1s to σ* C-H
transitions). The absorptions originated from C=CF2 (due to C1s to
π* C=CF2 transitions), C-C (at 294 eV, C1s to σ* C-C transitions)
and C-F bonds (292 and 298 eV, C1s to σ* C-F transitions)13 are also
expected but they might have been hidden by self-absorption effects1

and the broad absorption band recorded between 289–298 eV. This
broad absorption was commonly observed in the case of fluorocarbon
polymers and was attributed to randomly oriented polymer chains.14

Following UV irradiation, the presence of a clear, well-defined ab-
sorption peak located at ∼286.5 eV gives a strong evidence of the for-

1The self-absorption effect causes damping and broadening of the fine structure
resonances.
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Figure 6. Comparison of NEXAFS spectra of the as-deposited CFx poly-
mer generated by plasma polymerization using CF4/CH2F2 and after UV/O2
treatment.

mation of carbonyl caused by UV irradiation in oxygen atmosphere.
The NEXAFS data confirm the FTIR and XPS results, and more im-
portantly imply the chain scission by UV irradiation in oxygen. The
formation of carbonyl groups and occurrence of chain scissioning
process will be discussed in a later paragraph.

To support experimental results, parameters such as the electronic
absorption spectra, energy levels of the excited states and the bond
dissociation energies (BDE) Density Functional Theory (DFT) cal-
culations on appropriate model molecule were carried out using the
B3LYP15–17 hybrid functional. The molecular geometries of all cal-
culated molecules were optimized at the B3LYP/6–31G(d,p) level of

theory (Gaussian 03 program).18 Frequency calculations were done at
the same level of theory to characterize the stationary points on the
potential surface and to obtain zero point energies (ZPE) and Gibbs
free energies (G) at a standard temperature of 298.15 K and a pressure
of 1 atm using non-scaled vibrations. The relative stabilities of the
different structures were calculated as the difference of the electronic
energies �E0 (E0 = E + ZPE) and Gibbs free energies �G between
the reactants and products relative to the ground state of the most
stable structure of the model polymer (shown in Figure 7).

To test the possible influence of UV irradiation on the molecular
structure and reaction parameters �E0 and �G, geometry optimi-
sations were carried out using self-consistent reaction field (SCRF)
polarized continuum model CPCM.19,20 The UV-Vis electronic tran-
sition spectra were calculated in vacuum with the Unrestricted Time
Dependent (UTD DFT)21 B3LYP/6–31 + G(d.p) method. Molecu-
lar orbitals (MOs) and UV-Vis spectra were visualized in graphical
form with the help of ChemBio3D Ultra program.22 The results of
calculations obtained on model polymer are summarized in Figure 7.

Calculation of the energy of the first excited singlet state S1

(196 kcal mol−1) showed that photons with an energy of E >8.5 eV
(λ < 145 nm) are required in order to excite the molecule. Relaxation
by fast internal conversion shall lead to the S1 state, which serves as
a precursor for the subsequent intersystem crossing (ISC) into the ex-
cited triplet state T*. The energy of the lowest triplet state T1 could not
be calculated. Attempts to perform a geometry optimization for the
triplet state were unsuccessful. Simulations running from the singlet
state geometry as starting point did not converge into a stable triplet
conformation, instead, immediate bond elongation of the C-F bond
was observed. Thus, the QC calculations suggest that bond scission
maybe faster than the relaxation of the excited triplet state T* into
its T1 ground state, or at least, that any triplet state is expected to be
rather short-lived. Taking the λmax of 154 nm as a rough measure of
the triplet energy, this wavelength corresponds to ∼188 kcal/mol.

In Figure 7, the bond dissociation energies (BDE) and �G are
calculated as differences the electronic energies �E0 and Gibbs free

Figure 7. Quantum chemical calculations on the photolytical excitation of model polymer and possible fragmentation pathways. The calculated UV-Vis spectrum
of model polymer is shown in the inset.
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Figure 8. Proposed mechanism of formation of peroxyl and carbonyl groups via chain scissioning.

energies of the corresponding fragments respectively. As can be seen,
all types of bonds present in the molecule may be subject to dissoci-
ation with respect to the excited triplet state. The C-C bond cleavage
both from main and side chain of polymer is energetically more fa-
vorable than C-F cleavage. However, namely C-F bond cleavage was
observed during attempts of optimization of model structure in the
triplet state.

By comparing the highest occupied (HOMO) and lowest unoccu-
pied (LUMO) orbitals (the latter can be taken as a first approximation
of the electron distribution in the excited state) given in Figure 7, it is
obvious that excitation leads to the strong intramolecular electron re-
distribution leading to essential change of calculated partial Mulliken
atomic charges on C and F atoms. Thus, the partial charges in the
ground state of +0.13 e and −0.27 e at C and F, respectively, change
to −0.27 e (C) and –0.21 e (F) in the excited state. That indicates
the reduced Coulomb attraction between these atoms, and therefore
gives rise to a weakening of the corresponding C-F bond. Addition-
ally, from the analysis of the electron distribution from MOs shown
in Figure 7 it can be also seen that in the ground state the bonding
σ-electron is delocalized mostly between C-C atoms. After excitation
this σ-electron density will be removed from the C–C bonds and will
be localized as an antibonding σ*-electron between C and F atoms,
resulting in a weakening of the bond, facilitating the C-F bond cleav-
age. Thus, according to the calculations the reaction pathway may be
based on both C-C and C-F bonds scission.

However, the calculated possible fragmentation pathways of the
model polymer above after excitation cannot explain the experimental
degradation observed for CFx polymer caused by lower energy UV
treatment (λ >200 nm). A similar calculation was later performed
using F2C=CF bonds-containing structure as model polymer showing
that the calculated energy of the first excited singlet state S1 decreased
to 6.3 eV (to be compared to 8.5 eV for the first model above) due
to π−π* transition of electrons from double bonds. This represents a
shift of ∼50 nm to lower energy.

The radicals formed after different bond scission within relative
rigid polymer cage can undergo easy recombination. To learn more
about the observed positive effect of the oxygen atmosphere on the
decay of polymer after irradiation, the possible reactions of different
radicals of the model polymer formed after excitation with molecular
oxygen molecules in triplet state were studied. As calculated, radicals
formed after scission of both C-F and C-C bonds react exothermic with
3O2 (�H = −11 kcal mol−1 and �H = −31 kcal mol−1 for C-F and
C-C bonds respectively). In both cases relative stable peroxyl radicals
will be formed, which do not react further (�H = +70 kcal mol−1)
with the polymer, thus preventing recombination of radicals generated
after polymer chain scission that forms crosslinked networks.

Because of their electronic configuration, pure fluorocarbon poly-
mers do not absorb in the UV light range above wavelengths of
∼200 nm.23 Likewise, the calculated UV-Vis spectrum of the model
molecule presented in Figure 7 shows a strong absorption at ∼140 nm.
In our case, however, experimental results showed that the plasma-
deposited CFx film has a good absorption within a range of 200–
250 nm, indicating that the deposited polymer is not composed of only
single C-F bonds, but also of other functional groups. Indeed, the FTIR
and XPS data presented above showed that the polymer deposited by
plasma polymerization consists of a complex, crosslinked structure

including C=C, different CFx and also oxygen-containing groups.
The calculation shown above together with the data in literature24

suggest that for C-C and especially C-F bonds, a direct bond breaking
caused by 254 nm UV light is not likely due to its relatively low energy
(∼4.88 eV).

The presence of C=C bonds and in particular of oxygen in the
polymer structure and in the treatment atmosphere appears to be cru-
cial in the chain scissioning process. In such polymers, the excitation
energy is significant lower than that of pure fluorocarbon polymer.
This activation energy level is low enough such that the polymer
molecule can be excited by photons with wavelengths >200 nm. The
main modification processes are proposed in Figure 8. The reaction
started with a radical formation as a result of a chain scission, which
then reacted to oxygen giving peroxy radical and peroxide species
(path a). For instance, scissioning of a C-O bond in the structure de-
scribed in Figure 3 under UV irradiation led to the formation of –C*F
radical, which resulted in the formation of peroxy radical, –CF(OO*),
in the presence of oxygen.25 Such radicals are then in turn converted
to chain scission radicals due to UV light irradiation. Under oxygen
atmosphere, chain scission peroxy radicals – and peroxides are finally
formed. Peroxide compounds are able to decompose, in particular
under UV irradiation, to different species, including carbonyl groups
together with main chain scission to form fragments of smaller molec-
ular weights. Furthermore, as shown by Dixon et al. for some model
compounds of PTFE,24 the bond energies for the C-C and C-F bonds
presented in a radical are substantially lower with respect to those of
the same types of bonds in a neutral molecule. As a consequence,
the radicals formed as a result of direct UV irradiation (pathway a)
initiate a number of C-C and C-F bond scission in the radical frag-
ment. The second possibility (pathway b) consists of the formation
of singlet oxygen, 1O2, by energy transfer to oxygen from an excited
photosensitizer,26,27 where the fluorocarbon polymer played the role
of the photosensitizer (light-absorbing substance). Singlet oxygen in
turn reacts with C=C bonds in the polymer resulted, ultimately, in
the cleavage of the olefin leading to carbonyl compounds following a
reaction sequence similar to pathway a.

Summary

In summary, we have characterized fluorocarbon polymers after
UV treatments in oxygen atmosphere using both bulk and surface
sensitive techniques including FTIR, NEXAFS, XPS, and ToF-SIMS.
Experimental results showed that UV irradiation of this polymer re-
sulted in a slight decrease in fluorine content concomitant with the
incorporation of oxygen, which gives a strong evidence of bond cleav-
age during the UV exposure. Furthermore, calculation of the energy
of the first excited singlet state 1S showed that photons with energies
above 8.5 eV (λ < 145 nm) are required in order to excite –[CF2-
CF(C3F7)-CF2-CF(C3F7)]- molecule. Energies provided by photons
with λ > 200 nm, especially with λ = 254 nm, appeared not suffi-
cient to excite this type of molecule leading to breaking of C-C and
C-F bonds. In contrast, the presence of C=C bonds and oxygen in
the polymer structure, in particular of C-O bonds, together with the
formation of oxygen radicals under UV irradiation played a key role
in bond scissioning process.
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The use of a UV cutoff filter at 300 nm allowed separating the
effect of UV irradiation from the chemical effect, i.e. oxygen radicals
formed under UV on the modification of the polymer film. The re-
sults presented above demonstrate that the mechanism of fluorocarbon
polymer modification involves a strong synergy between UV irradia-
tion and the presence of oxygen in the treatment atmosphere. Three
important conditions are required here to obtain a beneficial effect
in terms of fluorocarbon polymer removal. First, polymer molecules
should contain C=C or C-O bonds such that they can play the role
of photosensitizer and allow initiating bond scissioning process. Sec-
ond, the presence of oxygen in the ambient gas is required to generate
reactive oxygen species resulting in the cleavage of C=C bonds and
formation of carbonyl compounds. And third, UV irradiation dose
should be high enough to create sufficiently small polymer fragments
of low molecular weights such that they are able to be dissolved in
subsequent wet clean solution.
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