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Hccneoosano enuanue nauanvnozo cocmasa cmecu CHF3 + Oy na anekmpogpusuueckue
napamempeul naa3zmol, CMAYUOHAPHBIE KOHWEHMPAUUU AKMUGHBIX YACMUY U KUHEMUKY AmoMO08
¢mopa 6 ycrosuax nocmoancmea oasnenu 2aza u 6kaaovieaemon mouwjnocmu. Ilpu coemecmmuom
UCNOJIb306AHUN OUACHOCIMUKYU NAA3Mbl 30HOamu Jlenemopa u mooenbHo20 aHanu3a KuHemuKu
RA3MOXUMUYECKUX RPOUECCOE ROOMEEPIHCOEHBL U3BECHIHbIE U3 NPEOULECEYIOWUX PAOOm 0CO-
bennocmu cocmaga naazmvl 6 OMCYMCMeue KUcaopooa (6 YacmHoCcmu — 0OMUHUPOGAHUE MOoJle-
kyn HF ¢ 2a3060it haze). Bviasnenvt mexanuzmul 61UAHUA KUCTOPOOA HA CMIAUUOHAPHbLE KOHYEH-
mpayuu HelumpaibHbIX YACMUY, Yepe3 KUHEMUKy Npoueccos npu 31eKmpoHHOM yoape U KuHe-
MUKy amoMmHO-MOJEKYIAPHBIX DEaKyull. YCmanoeneno, umo yeeiuuenue 00au KUciopooa 6
cmecu npu nponoOpUUOHANbHOM cHudicenuu cooepycanus CHF3: a) npugooum K 3amemusvim u3-
MEHEHUAM RAPAMEMPOE INEKMPOHHON U UOHHOU KOMROHEHmM Nia3mMbl (Cpeoneli IHepzul U KOH-
YeHmpayuu 31eKmpoHos, H10MHOCIMU ROMOKA UOHO0B) ; B) 0becneuusaem IPdhekmuenyro Koneep-
cuto ¢pmopyznepoonvix paouxanoe CHFx u CFx é coedounenusa euoa CFO, FO u COy; 8) conpo-
60XHCOAEMCA POCHOM KOHUEHMPAUUU amomos pmopa enioms 00 50% O é cmecu. Ilocneonuii
aghpexm npomugopeuum usMeHeHUI0 CyMMAPHOUL CKOPOCMU 2eHePayUU amomos, HO 00YC10671eH
CHUDICEHUEM Yacmomul ux zubdenu ¢ 2azoasuvix peakyusax cemeiicmea CHFx + F — CFy + HF.
Ilposeden modenvrulii ananu3 KUHEMUKU 2eMePOZEHHBIX RPOUECCO8 C UCNOIb306AHUEM OmCIle-
HCUBAIOWUX RAPAMEMPOB, OCHOBAHHBIX HA XAPAKMEPUCMUKAX 2a3060il a3zvl. Ilokazano, umo 0o-
0asKa Kuciopooa cnocodcmeyem CHUINCEHUI0 NOIUMEPUSAUUOHHOI CROCOOHOCIU NIA3MbL U3-3A
YMEHbUICHUA NJIOMHOCHU NOMOKA NOJIUMEPOOPAYIOUIUX YACMUY, U POCMA CKOPOCMU OKUCIU-
mMenbHOoIll 0eCMPYKUUU 0CANHCOAEMOTl NOTUMEPHOTL HIIEHKU.
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The effects of initial composition of CHF3 + O, gas mixture on electro-physical plasma
parameters, steady-state densities of active species and fluorine atom kinetics were investigated
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under the condition of constant gas pressure and input power. The combination of plasma diag-
nostics by Langmuir probes and model-based analysis of plasma chemistry confirmed known from
previous work features of plasma composition in the absence of oxygen (in particular, the domina-
tion of HF molecules in a gas phase) as well as demonstrated how the oxygen influences steady-
state densities of neutral species through kinetics of both electron-impact and atom-molecular re-
actions. It was shown that the addition of O, with a proportional decrease in the content of CHF;
a) results in noticeable changes in electrons- and ions-related plasma parameters (electron temper-
ature, electron density, ion flux); b) provides the effective conversion of fluorocarbon radicals
(CHF,, CFy) into such compounds as CF,O, FO and COy; and b) causes an increase in the fluorine
atom density up to 50% O-. The last phenomenon contradicts with the change in the total F atom
formation rate, but reflects a decrease of their loss frequency in the reaction family of CHFx + F —
— CFx + HF. The model-based analysis of heterogeneous process Kinetics was carried out using
the set of tracing parameters based on gas-phase plasma characteristics. It was found that the ad-
dition of oxygen lowers the plasma polymerizing ability through both decreasing flux of polymer-

izing species and accelerating the oxidative destruction of deposited polymer film.

Key words: CHFs, Oy, plasma, parameters, active species, ionization, dissociation, etching, polymerization
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INTRODUCTION

Fluorocarbon gases with a general formula of
CxHyF, have found numerous applications in the elec-
tronic device production industry for reactive-ion etch-
ing (RIE) of silicon and silicon-based compounds [1-3].
Being integrated into the standard photolithography
cycle, RIE processes determine the surface patterning
features and thus, influence the overall device quality
and performance [1, 2]. Therefore, the development
and optimization of RIE technologies are key tasks for
obtaining devices with advanced characteristics.

From many published works [4-6], it can be
understood that output RIE characteristics (etching
rate, etching anisotropy and selectivity in respect to
over- or under-layer material) strongly depend on the
nature of fluorocarbon gas, and the principal feature is
the z/x ratio in the original fluorocarbon molecule. For
instance, the plasma excited in CF4 (z/x = 4) exhibits
high etching rates and good surface clearness, but sim-
ultaneously produces the nearly isotropic etching pro-
file for Si and low SiO>/Si etching selectivity [6, 7].
The reason is the combination of high density of F at-
oms with low density of less saturated fluorocarbon
radicals that leads to the low polymerizing ability. On
the contrary, the CHF; plasma (z/x = 3) provides the
opposite situation in respect to densities of F and CFy
species [6, 8]. As a result, relatively low etching rates
are accompanied by both anisotropic etching profile
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(due to the protection of side walls by the fluorocarbon
polymer film) [7] and high SiO,/Si etching selectivity
(due to the thinner polymer film on the oxygen-con-
taining surface that leads to the better access for F at-
oms compared with Si) [7, 8]. It was found also that
the effective tool to adjust the etching/polymerization
balance is to combine the fluorocarbon gas with addi-
tive component which enforces or suppresses the
polymerization. In particular, the addition of H: in-
creases the polymer deposition rate due to the for-
mation of CHy radicals with higher sticking coeffi-
cients [9]. At the same time, the addition of O, lowers
the density of CFy radicals through CF« + O/O(*D) —
— CFx10 + F reaction family as well as causes the ox-
idative destruction of deposited polymer film [10, 11].

Though mixtures of fluorocarbons with vari-
ous additive gases have been intensively studied during
the last decade, the main attention was attracted to CF4-
and C4Fs - based plasmas (see, for example, Refs. [11-15]
and other ones cited in this works). As for CHFs3, there
are only few works dealt with either oxygen-less CHF3
+ Ar plasmas [16, 17] or CHFz+ O, + Ar [17, 18] plas-
mas with variable O»/Ar mixing ratio at constant 50%
of CHFs. Obviously, the last case reflects chemical re-
action kinetics and densities of plasma active species
in the excess of CHF; and thus, does not cover all pos-
sible oxygen-related mixing effects. At the same time,
Ref. [11] clearly demonstrated that CF4/O, and OJ/Ar
mixing ratios in the CFs + O, + Ar plasma produce
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quite different changes in both steady-state plasma pa-
rameters and heterogeneous process kinetics.

The main idea of given work was to study the
conventional binary CHF; + O, gas mixture where an
increase in the faction of addictive gas appears through
the substitution for CHF3. Accordingly, an increase in
O, fraction in a feed gas by more than 50% provides
the transition between O.-deficient and O.-excess re-
action regimes. The main goals were 1) to compare
how the change in CHF3/O, mixing ratio does influ-
ence electrons- and ions related plasma parameters; 2)
to analyze differences in densities of fluorine atoms
and polymerizing radicals in the presence of oxygen;
3) to suggest features of etching and polymerization ki-
netics based on gas-phase plasma characteristics.

EXPERIMENTAL AND MODELING DETAILS

Experimental setup and procedures

Experiments were carried out in the induc-
tively coupled plasma (ICP) reactor, the same as that
used in our previous studies [11, 12]. Plasma was ex-
cited using the 13.56 MHz power supply connected to
the planar copper coil at the top-side of the cylindrical
reactor chamber. Another 13.56 MHz rf generator
powered the bottom electrode in order to to adjust the
negative dc bias voltage (-Ugc) determining the ion
bombardment energy (&i). Constant processing param-
eters were gas pressure (p = 6 mTorr), input power
(Winp = 700 W) and bias power (Wg = 200 W). The
latter corresponded to the non-constant -Ugc which was
changed oppositely to the behavior of ion flux. The
variable parameter was the CHF3/O, mixing ratio in a
feed gas. In practice, various feed gas compositions
were set by adjusting partial flow rates for CHF; and
O, gases within the constant total gas flow rate (q) of
40 sccm. Accordingly, an increase of q(O.) in the range
of 0-30 sccm caused the growth of the corresponding
gas fraction y(0,) = g/q(O2) from 0-75%. Simultane-
ously, the proportional decrease in y(CHF3) took place.

Plasma diagnostics was represented by the
double Langmuir probe tool (DLP2000, Plasmart Inc.).
The prober was installed through the viewport on the
chamber side wall and was centered in the radial posi-
tion. In order to minimize experimental errors due to
the deposition of fluorocarbon polymer on probe tips,
these were cleaned in 50% Ar + 50% O, plasma before
and after each measurement. Our previous works [11-13]
have demonstrated the efficiency of such procedure to
provide correct plasma diagnostics data in high poly-
merizing fluorocarbon gases. The treatment of meas-
ured current-voltage (I-V) curves according to well-
known statements of Langmuir probe theory for low
pressure plasmas [4, 19] provided the data on electron
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temperature (T¢) and ion current density (J+). The latter
also yielded the total density of positive ions (n.).

Plasma modeling

In order to obtain the data on kinetics and den-
sities of plasma active species, we applied a simplified
0-dimensional (global) plasma model. The Kkinetic
scheme (the set of chemical reaction with correspond-
ing rate coefficients) was taken from published works
dealt with the modeling of CHF; + Ar [16, 20] and
CHFs + Ar + O; [18-21] and Ar + O [22] plasmas.
Comprehensive information on model assumptions and
algorithm may be found in our previous works [16-20].
In particular, we accounted for typical features of low-
pressure (p < 20 mTorr) and high-density (n. > 10'° cm3)
plasmas, such as:

- The electron energy distribution function
(EEDF) is close to the Maxwellian one due to the es-
sential contribution of equilibrium energy exchanges
in electron-electron collisions [4]. Accordingly, rate
coefficients for electron-impact processes may be ob-
tained using fitting expressions k = f(T¢) [10, 22, 23]
resulted from the integration of Maxwellian EEDF
with known process cross-sections.

- The electronegativity of both CHF; [16, 20]
and O; [23] plasmas at p < 20 mTorr is low enough to
suggest n+ =~ ne, where ne is the electron density. Such
situation is due to both high ionization degrees for neu-
tral species (n+/N > 10, where N = p/kgTy is the total
gas density at the gas temperature of T4) and low effi-
ciency of dissociative attachment reactions. Accord-
ingly, the dissociative attachment may also be ex-
cluded from the neutral species balance.

- The gas temperature is not sensitive to the gas
mixing ratio and may be characterized by the constant
value of ~ 600 K. The latter, in fact, represents the typ-
ical value for close processing conditions, reactor type
and geometry [16-19].

- The loss of atoms and radicals on chamber
walls follow the first-order recombination kinetics with
nearly constant recombination probabilities [14, 22, 23].
In our case, the last suggestion was due to a) no re-
deposition of any reaction products, except the steady-
state fluorocarbon film; and b) the nearly constant in-
ternal wall temperature, as follows from the same fea-
ture for the extremal wall.

As model inputs, we used experimental data on
Te and J.. The output parameters were rates of plasma
chemical reactions, volume-averaged steady-state den-
sities of plasma active species and their fluxes to the
etched surface.

Tracing parameters for heterogeneous kinetics

The basic features of heterogeneous processes
in fluorocarbon-based plasmas have been discussed in
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detail in published works [6-8, 11-13, 15-18, 24].
When summarizing their conclusions, one can suggest
several gas-phase-related parameters to trace the influ-
ence of processing condition on both etching and
polymerization kinetics. These are as follows:

- The rate of any ion-driven process has the
rate of YsI'+, where Ysis the ion-type-averaged process
yield, and T+ = J+/e is the ion flux. When taking in mind
that the process yield is proportional to the momentum
transferred from the incident ion to the surface atom
[24, 25], one can assume Ys~ (Migi)¥? as well as trace
the relative change in corresponding process kinetics
by the parameter G1 = (Migi)Ts.

- The growth of polymer film is provided by
CHxFy (x + y < 3) radicals as well as appears to be
slower in fluorine-rich plasmas. As such, the change in
the polymer deposition rate vs. processing conditions
may be characterized by the parameter G2 = Tpo/TF,
where T is the total flux of polymerizing radicals,
and I'r is the flux of F atoms.

- The destruction of polymer film in oxygen-
containing plasmas is provided by both physical (sput-
tering by ion bombardment) and chemical (etching by
oxygen atoms) pathways. Therefore, it is expected that
corresponding changes in the polymer film thickness ex-
hibit similar behaviors with G3=G2/G1 and G4 = G2/T o,
where T'ois the flux of oxygen atoms.

- In simplest case, the ion-assisted etching
mechanism assumes the chemical etching of target sur-
face by F atoms as well as the stimulation of chemical
reactions by the ion bombardment. Corresponding
mechanisms are normally connected with a) breaking
of chemical bonds between surface atoms; and b) the
sputtering of low volatile reaction products and/or de-
posited solid compounds. Accordingly, the parameter
G5 =T'e/G1 characterizes the balance between chaotic
and directional etching pathways and thus, may be
used to trace the change of etching anisotropy.

RESULTS AND DISCUSSION

From plasma diagnostics experiments, it was
found that effects of CHF3/O, mixing ratio on elec-
trons- and ions-related plasma parameters (Tab. 1) are
quite similar to those found for the O»/Ar mixing ratio
in the CHF; + Oz + Ar plasma [17, 18, 21].

In particular, a monotonic decrease in the elec-
tron temperature may surely be associated with in-
creasing electron energy losses in low-threshold exci-
tations processes for O, itself and molecular products
of plasma chemical reactions, such as FO, CFO, CF,0,
CO and CO; (Fig. 1). In the case of O, molecules, for
instance, such situation is provided by the formation of
their metastable states through R1: O, + e — O(a'A) +
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+e (e1 =098 eV) and R2: O; + ¢ — O(b'X) + e
(e2 = 1.64 eV). Obviously, the decreasing fraction of
high-energy electrons in EEDF lowers ionization rate
coefficients for all type of neutral species and thus,
suppresses the formation of electrons and positive ions.
In addition, one can also assume that the transition to-
ward Og-rich plasmas increases the density of more
electronegative species in a gas phase that accelerates
the decay of positive ions and electrons through the
ion-ion recombination and dissociative attachment, re-
spectively. Therefore, a decrease in J. obtained in ex-
periments directly reflects same changes in both n.and
ne. The decreasing ion flux I's = J./e weakens the com-
pensation for the excess negative charge provided by
bias power source under the condition of Wy, = const.
That is why the growth of -Uq takes place. At the same
time, the corresponding effect on the ion bombardment
energy (262-302 eV for 0-75% O,) being taken under
the square root appears to be smaller compared with
the change in I's. Accordingly, the parameter G1 char-
acterizing the ion bombardment intensity demonstrates
the almost two-time fall at 75% O, (Table 1).

Table 1
Electrons- and ions-related plasma parameters
Taon. 1. IlapameTpbl 3JIEKTPOHHOH M HOHHOI KOMIIO-
HCHT IlJIa3Mbl

02 f Te, J+, Ny = ne, 'Udc,

y(% : eV mA/cm? [10°cm3| V G1,10%
0 5.15 1.55 5.09 230 1.12
25 472 1.39 4,25 245 0.91
50 450 1.24 3.53 255 0.75
75 4,28 1.05 2.84 277 0.61

Note: G1 = (Migi)¥T'+ (eV¥2cm2st)
Ipumeuanue: G1 = (Migi) 2T+ (3BY2cm2c )

When analyzing kinetics of neutral species, we
surely confirmed all features of non-oxygenated CHFs-
based plasmas known from previous works [16-18, 20].
These are as follows:

1) Among two parallel dissociation mecha-
nisms for CHF species, such as R3: CHFx + ¢ —
— CHFx1 + F+eand R4: CHFx+e — CFx + H + ¢,
the second one is much more effective due to the lower
threshold energy. Such situation causes the domination
of CFx over CHF radicals, as can be seen from Fig. 1.

2) Gas-phase reactions R5: CHFx + F — CFx +
+ HF (ks ~ 3.3x10t cm?¥s for x = 1 and 2 while ~
1.6-108 for x = 3), R6: CHFx + H — CHFx1 + HF
ks~ 3.1-10° cm®s for x =1 and 2) and R7: CFy + H —
— CFy1 + HF (k7 ~ 1.2:10 cm¥/s for x = 1, ~
~2.2:101 cm?/s for x = 2 and ~ 7.9-10°* cm?¥/s for x = 3)
provide the fast conversion of both CF, and CHF, spe-
cies into HF molecules. Accordingly, the latter appears
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to be the main gas-phase component (Fig. 1) as well as
represent the essential source of F atoms through R8:
HF +e — H + F + e (by ~ 45% from total F atom for-
mation rate, as shown in Fig. 2). The almost same F
atom production rate is provided by the couple of R9:
CFx+e — CFx1+ F+eand R10: CFx + e — CFx1" +
+ F + 2e while contributions of R3, R11: CFx + ¢ —
CFx2 + 2F + eand R12: F, + e — 2F + e are below 5%.
The last feature is due to either low rate coefficient
(for R3 and R11) or the low density of source species
(for R12).

1014 _

1013 n

Density, cm?®

1012 o

1011

0 20 40 60 80
¥(O,), %
Fig. 1. Steady-state densities of neutral species in CHFs + Oz
plasma. Curves marked as Oz(a), O2(b) and O(d) correspond to
metastable states of O2(a'A), O2(b'Z) and O(!D), respectively
Puc. 1. CraunoHapHBIe KOHIIEHTPAIIMH HEHTPAIBHBIX YaCTHUI] B
wiazme CHF3 + O2. Metku Ha kpuBbix O2(a), O2(b) u O(d) 06o-
3Ha4alT MeTacTabuibHble cocTosHua O2(atA), O2(b'X) and
O('D), cooTBETCTBEHHO

3) The loss of F atoms in R5 dominates over
their heterogeneous recombination pathways, such as
R13: F + CFx— CFx:1 and R14: F + F — F,. Accord-
ingly, this provides the condition of [F] < [CF,] (Fig. 1).

An increase in O fraction in a feed gas (in
other words, the substitution of CHF; for O,) rapidly
suppresses densities of fluorocarbon radicals and in-
creases the density of F atoms (Fig. 1), as have been
repeatedly mentioned for CF4 + O, plasmas [10, 11].
The first effect looks quite understandable and is con-
nected with the conversion of both CFx and CHFy into
CF,O species in R14: CF, + O/O(*D) — CFx10 + F
(K14 ~6.1-10* cm?¥/s for x = 1 and ~ 3.2-:10"** cm®/s for
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x =2, 3, RI5: CHF, + O - CFO + H
(k15 ~ 1.1-10** cm¥/s for x = 2) and R16: CHFx + O —
— CFx10 + HF (ki ~ 3.5-10" cm?¥s for x = 1). Ac-
cordingly, increasing densities of CFO and FO mole-
cules result from R14-R16, R17: CO + F — CFO
(ki7 ~ 3.1-10"** cm®/s) and the heterogeneous process
R18: F + O — FO while the similar behavior for
[CF.0] is due to R19: CFx + CFO — CF20 + CFx1
(ko ~ 1.1-10M cm¥s for x = 2 and ~ 7.0-10** cm?/s for
x = 1), R20: 2CFO — CF20 + CO (kao~ 1.0-10™* cm?s)
and R21: CFO + F — CF20 (k21 ~ 8.0-10 cm?/s). An-
other remarkable fact is the sufficiently increasing den-
sity of F», molecules (by more than 100 times for 0-
75% O2) that mainly reflects the change of their for-
mation rate in the heterogeneous process R22: 2F — F..

As for the behavior of F atom density, the situ-
ation looks as follows. From published works [10-12], it
is known that an increase in y(O2) introduces several
reaction pathways with CFx, CFxO and FO species
leading to the formation of F atoms. Under the given
set of processing conditions, most effective ones are
electron-impact processes R23: CFxO + ¢ — CFx10 +
+F +eand R24: FO+e — F + O + ¢ as well as atom-
molecular reactions R14, R25: FO + O/O(*D) — O, + F
(kas ~ 2.5-101%/5.0-10* cm’/s) and R26: CFO +
+ O/O(*D) — CO2+ F (kos ~ 1.0-10°° cm?/s). From Fig. 2,
it can be seen that the total add-on from R12, R23 and
R24 does not overcome the level of R8 and only com-
pensates for decreasing rates of R9 and R10. That is
why the overall F atom production rate in electron-im-
pact reactions demonstrates the monotonic decrease to-
ward Oz-rich plasma following the behavior of R8. The
reason is a decrease in both densities of HF molecules
(since these are reaction products from CHFy) and their
dissociation frequency (because of sufficient falls in
both T, and ne, as shown in Table 1).

It can be seen also that the contribution of
atom-molecular reactions R14, R25 and R26 begins to
be noticeable at y(O2) > 50%. Though their cumulative
effect finally overlaps the rate of R8, this does not
change the decreasing tendency for the total F atom
formation rate which appears to be much higher in
CHF3-rich plasmas. Therefore, one can be sure that an
increase in F atom density mentioned in Fig. 1 cannot
be related to the same change in their formation kinet-
ics. The analysis of plasma chemistry indicated that the
main reason here is the more rapid decrease in the F
atom decay frequency in R5 due to decreasing densi-
ties of CHFy species. This conclusion is in agreement
with our previous works [16, 17, 20] where the similar
mechanism caused the very slow decrease in the F
atom density with increasing Ar fraction in the CHF3 +
Ar plasma. It is important to note that the above result
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is different compared with CF4 + O, plasma, where the
addition of O, accelerates the formation as well as in-
creases the density of F atoms exactly through kinetics
of R23-R26 [10, 11]. In our opinion, principal differ-
ences of CHF3; + O gas system are a) the higher disso-
ciation rate coefficient for HF molecules compared
with CFy radicals; and b) the decreasing efficiency for the
dissociation of O, molecules in R27: O, + ¢ — 20 + ¢
and R28: O,+ e — O + O(*D) + e due to a decrease in
both T, and ne. Accordingly, the last feature limits rates
of all process with a participation of atomic oxygen in
Oa-rich plasmas.

1016 n
total.____
RS
Y ‘tota\l (e
R9 -
15
C10%F
o R10 ’
5
)
S
c
§=]
k3
3
@
1014 n
R3
1013 L L L 1
0 20 40 60 80
¥(0,), %

Fig. 2. Fluorine atom formation rates in CHFs + Oz plasma. Nu-
merical labels on curves correspond to reaction numbers in the
text. Curves marked as “total (e)” and “total (a)” illustrate overall
effects from electron-impact and atom-molecular reactions, re-
spectively
Puc. 2. CkopocTH mpo1ieccoB 00pa3oBaHist aTOMOB (Topa B
tazme CHF3 + Oz. UncnoBble METKH Ha KPHUBBIX COOTBETCTBYIOT
HOMEpY PEeaKIny B TEKCTe cTaTbu. KpuBble ¢ MeTkamu “total (e)”
1 “total (a)” WIUTIOCTPHUPYIOT cyMMapHBIE () (HEKTHI OT peakIuit
1o/ JeMCTBHEM 3JIEKTPOHHOIO yJapa ¥ aTOMHO-MOJIEKYJISIPHBIX
npoueccoB, COOTBETCTBEHHO

Above data on densities of plasma active spe-
cies allow one to predict some features of heterogene-
ous process kinetics in the presence of O,. As can be
seen from Table 2, the total flux of polymerizing radi-
cals demonstrates a monotonic decrease toward O»-
rich plasma following densities for corresponding spe-
cies. In a combination with increasing F atom density,
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this provides the deeper fall (by more than 3 order of
magnitude for 0-75% O) in the parameter G2 charac-
terizing the polymer deposition rate. Simultaneously,
an increase in both ion bombardment intensity (see the
parameter G1 in Table 1) and O atom flux accelerates
the destruction of fluorocarbon polymer film by phys-
ical and chemical pathways. This reasonably results in
the strong influence of y(O>) on the polymer film thick-
ness, as can be seen from changes in G3 and G4. Tak-
ing into account that the slope for G4 = f(y(O5)) curve
is more drastic compared with that for G3, exactly the
oxidative decomposition of polymer film controls its
steady-state thickness. The corresponding tendency al-
lows one to suggest that the addition of 25-30% O re-
duces the plasma polymerizing ability by ~ 100 times.
Obviously, this effect is much stronger compared with
that for Ar fraction in the CHF3 + Ar plasma under the
identical set of processing conditions [16, 17]. Such
situation is because the CHF; + Ar plasma is charac-
terized by the slower fall in G2 (since the density of
polymerizing radicals decreases due to the dilution ef-
fect only) as well as by the single physical etching
pathway for the polymer film.

Table 2

Parameters characterizing heterogeneous process kinetics

Taén. 2. IlapameTpbl, XapaKTepU3y0LMe KUHETHKY Ie-
TepOreHHBIX MPOLECCOB

y(O2), | Tpoi, 10%¢ | G2,102% |G3, 10 | G4, 10° G5
% cm2st 20 18
0 63.5 747.0 667.1 - 0.08
25 17.8 81.1 88.7 | 294.2 | 0.24
50 0.17 0.36 0.47 | 0.03 | 0.63
75 0.02 0.05 0.08 | 0.001 | 0.64

Note: G2 = TpailTr; G3 = G2/G1 (eVY2cm?s); G4 = G2/To (cm?s);
and G5 = I'¥/G1 (eV1?)

[pumeuanme: G2 = TpollF; G3 = G2/Gl (3BY2cmic);
G4 = G2ITo (cm%c); and G5 =T'+/G1 (3B?)

Finally, we would like to note that the transi-
tion toward O.-rich plasmas increases the parameter
G5 that traces the neutral/charged ratio. Since the latter
directly reflects the balance between chaotic and direc-
tional etching pathways, one can suggest that an in-
crease in y(O,) creates the worse condition for obtain-
ing the anisotropic etching profile. At the same time,
this conclusion does not take into account that the ox-
ygen may passivate sidewalls through either the oxida-
tion of surface atoms or the formation of lower volatile
oxygen-containing etching products [1-3]. Therefore,
for some materials the real effect of oxygen on etching
profile features may be weaker or even opposite com-
pared with the change of G5.
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CONCLUSIONS

In this work, we investigated how the CHF3/O,
mixing ratio in the CHF3 + Oz plasma influences inter-
nal plasma parameters (electron temperature, electron
density, ion flux and ion bombardment energy), densi-
ties of active species and kinetics of fluorine atoms. It
was confirmed that, under the given set of processing
conditions, the pure CHF; plasma is featured by a) the
domination of HF molecules among neutral gas-phase
components; b) higher densities of CFx radicals com-
pared with CHF, species; and c) sufficient influence of
CHFx + F — CFy + HF reaction family on the F atom
decay kinetics. It was shown that an increase in O; frac-
tion in a feed gas up to 75% a) lowers the efficiency of
electron-impact processes due to a decrease in both
electron temperature and density; b) provides the con-
siderable oxidation of CHFx and CFy radicals into
CF«O, FO and COx compounds; and c) results in in-
creasing F atom density with a maximum value at 50%
0. The last phenomenon is not connected with the
change in total F atom formation rate, but reflects a
drastic decrease of their loss frequency. The model-
based analysis of heterogeneous process Kinetics indi-
cated that even 25-30% O; sufficiently (by more than
100 times) reduce the plasma polymerizing ability.
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