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Electron attachment to boron trichloride
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Low-energy electron attachment to BGlas measured using an electron swarm technique. The
parent negative ion, BE| was observed within a narrow electron range close to thermal energy.
Previous negative ion measurements in B@ischarges, which yielded seemingly inconsistent
results, can be shown to be self-consistent based on the present observatidi®98 &merican
Institute of Physics. [S0021-89768)01722-§

Boron trichloride is used extensively in plasma etchingto the walls of the experimental apparatus. Assuming an ex-
applications and basic data for reaction kinetics involvingponential decay ok,(t) with increasing time, the value of
BCl; are needed to successfully model such dischafges E/N extrapolated ta=0 (corresponding to the time when
Refs. 1 and 2 and references theyeBince large abundances no BCk molecules were lostwas taken to be the actual
of negative ions have been reported in radio frequefly  electron attachment rate constérBuch extrapolated values
discharges of BGJ®*~® accurate electron attachment crossof k, are shown in Fig. 2 as a function BfN. For compari-
sections for BGJ will facilitate such model calculations. Fur- son, measurements by Buchel'nikévand Petrovit for
thermore, the above mentioned experiméntyielded con-  BCl3/N, mixtures are also shown in the same figibeth
flicting results on negative ion formation: while BCwas  these data sets were taken from Ref.tBe thermal electron
almost exclusively observed in Ref. 3, it was not observed irattachment rate constant reported by Stockeag.” is also
the other two studiés where CI' was the primary anion shown. Itis clear that our results are in qualitative agreement
observed. We have conducted an electron swarm study oiith those of Ref. 8 especially near the Id&/N values.
electron attachment to Bl the measured rate constants Buchel'nikova's results are clearly not compatible with any
were unfolded to obtain electron attachment cross sectiofif the other measurements especially close to thermal en-
values for electron energies below 2 eV. Our results shovf'9Y- o
that the BCJ ion is formed with a peak cross section of ~ Theka(e) at an electron energy is given by the elec-
~4%10 15 ci? in a narrow electron energy range of 0—0.1 {ron attachment cross sectiony) at that energy times the
eV, and the CI ion formation cross sectioffor ground state electron velocity. The. measured electron attachment rate
molecule$ in the energy range of 0—2 eV is likely to be CONStanka(E/N) ata givenE/N value represents the,(e)
<5x10 18 2. Based on this result, we will show that the values averaged over the electron energy distribution

observations of Refs. 3—5 are not contradictory to each othef(€:E/N) for Ny, viz.
The electron swarm apparatus has been described in de-
tail previously (see Ref. 6 and references thejein the K (E/N)=(
present experiments conducted at room temperature of 295 ¢
+1K, N, was used as the buffer gas; ultrahigh purity N
(99.999% purchased from Matheson Gases and Equipmentising the calculated (e,E/N) for N,,'%! we determined
Company was subjected to liquid,emperature for=5 h  the o,(e) using an iterative electron swarm-unfolding
before use in order to freeze out condensible impurities. Theechniquet!*? The o-,(¢€) values calculated using this proce-
BCl; gas was purchased from Air Products and Chemicalglure are shown in Fig. 3 as a function of electron enetdy
Company with a stated purity of 99.95%; prior to use, ashows that the electron attachment cross section increases
BCI5/N, premixture was made in a SUMMA™ canister with rapidly with decreasing electron energy for electron energies
a specially coated inside surface. This was found to be nedelow ~0.1 eV. The cross section has a value sf4
essary in order to minimize the loss of B@b the chamber X 10 ° cn? close to thermal energy. For electron energies
surfaces; BGlis a highly reactive and corrosive gas, which >0.15 eV, the cross section is5x 10" * cn?.
is extremely difficult to handle. The accuracy of the cross section data is ultimately de-
Even with these precautions, we observed an apparempendent on the accuracy of the scattering cross sections used
time dependence of the measured electron attachment raie obtain the electron energy distribution function foy $¢e
constantk,. The apparent time dependencekgffor a few  for example, Ref. 11. The uncertainties are normally higher
density-reduced electric field valuég/N, whereE is the  for low electron energies. Also considering the indirect pro-
applied electric field andll is the total gas number densitg  cedure that was used to make the measurements, we estimate
shown in Fig. 1; this was presumably due to the loss of;BCl the uncertainty of the data below 0.1 eV electron energy to

12 o
f 2o ,(e)f(€e,E/IN)de. )
0

m

be +20%.
dAuthor to whom correspondence should be addressed; electronic mail: In BCl3, negative ions can be produced via three pos-
llp@ornl.gov sible electron attachment processes:
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Time (mins) FIG. 2. Electron attachment rate constipt/alues for BC} as a function of

) E/N. The experimental parameters were the same as those for Fig. 1. The
FIG. 1. Electron attachment rate constdqt, values for BC{ as a function  gata obtained by other groups are also shown for comparison.
of time following the introduction of the gas mixture into the chamber for

threeE/N values indicated in the figures.

eV as discussed abavim our electron energy range of 0—2
eV (see Fig. 3. The cross section values for reactig@sand

BCly+e~—BCl3™, (20 (4 have not been reported. The data of Petrosial.®
shown in Fig. 2 have recently been analyzed by Morfan,
BCls+e”—BCl,+ClI", (3 who also concluded that the electron swarm data of Ref. 8
_ - can be explained solely due to the parent ion formation pro-
BClyt+e —BCl+Cl;, “ cess of Eq(2). We estimate the cross sections for dissocia-
where BCL™ is a metastable parent anion. tive electron attachment processes given by Egjsand (4)

Since the BG-CI bond energy is=4.59 eV[calculated to lie below the lowest detectable cross section for our appa-
from the heats of formation of BEl(wheren=1-3) and ratus, i.e.<5x 10 8 cn?
CI*®] and the electron affinity of Clis ~3.6 eV? the reac- Now let us discuss the implications of these observations
tion (3) is endoergic by~1 eV. Thus, CI formation via  for discharges containing B§IGottscho and Gaebstudied
reaction(3) is not energetically possible for electron energiesnegative ion formation in a 50 kHz rf parallel plate reactor
below ~1 eV. The threshold for Gl formation via reaction configuration operating at 100 mTorr. They reported Bt
(4) is somewhat higher. In fact, Stockdageal.® observed be the dominant anion in the plasma; they showed that the
these ions at electron energies higher than 1 eV, where thghotodetachment signal did not change appreciably at wave-
Cl, signal was less intense than the Glignal. lengths above the cutoff for the Tlion (=340 nm up to

On the other hand, reactid@) is energetically possible ~700 nm, and thus CI formation must have been
for electrons with close to zero energy since the electromegligible® These observations are seemingly in contradic-
affinity of BCl; is 0.33 eV!* also see Ref. 2. Of course, tion to three subsequent studies on negative ion formation in
BCI;* will undergo autodetachment if it is not collisionally BCl; discharges: Petroviet al.®2 observed only Cl ions
stabilized within its lifetime. Due to its pyramidal structdfe, when they extracted negative ions from a dc glow discharge
BCI;* can be expected to be long lived; this was confirmed pressure-500 mTorr) of BCh. (As mentioned above they
by Petrovicet al.® when they observed the BChnion in a  observed the BGl anion only when they extracted negative
mass spectrometer which indicates a lifetime in the microions from an electron swarinOverzet and Lub extracted
second range. Our measurements also confirmed the longewegative ions from a rf dischargg@ressure range 25—-700
ity of this parent anion since we did not observe a significanmTorr; rf frequency is presumably 13.6 MHzo a mass
increase in the measurég values when the buffer gas N spectrometer and found no evidence of any B@ns; they
pressure was doubled. In fact, Stockdelel.® observed the reported the observation of Tl BCl,, B.,Cl,, and BClg
BCl; anion in an electron swarm experiment under totalions. Fleddermann and Hebhestudied negative ions in an
pressures in the 5—15 Torr range and did not observe a presductively coupled plasm&@CP) reactor operated at 13.6
sure dependence. MHz using a photodetachment technique; they observed only

We did not observe a significant formation of Gir Cl, the CI" ion in the discharge.
ions (which are expected to form at electron energies above 1  We point out that all of the above observations are con-
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ST T T ] state moleculeésee Ref. 17 and references thejgthis pro-

Bl 1 cess only yields fragment negative ions. Therefore, it is quite
likely that a significant fraction of Cl observed in the above
mentioned high-frequency rf and dc discharge experiments
5 11 ] was due to enhanced electron attachment to highly excited
states of molecules produced in the discharge. In order to
assess this possibility, we plan to conduct experiments on
laser-excited BGlin the future.

It is important to note that BGl was the only anion
observed in the low-frequency study of Gottscho and
\ coo 1 Gaebé Electron attachment to the ground electronic state of

j BCl; was truly realized only in their experimeritag., abun-

-1 00' — '0'1‘ — ‘0'2 dant BCE formation and insignificant fragment ion forma-
[ @ ’ ’ ’ ] tion consistent with our present measurements. The very fact
ol w 000600606066, that abundant quant_mes pf _BgChon was observed implies

: . that the molecular dissociation must not have been sévere.
[ ] As was pointed out by Gottscho and Gaébet, their low
, C . discharge frequencidsvhich were below the ion plasma fre-
0.0 0.5 1.0 15 2.0 guency much of the power was dissipated by ion conduction
processes such as heating of the electrodes and gases in the
sheaths; the ratio of power dissipated by electron processes
FIG. 3. Swarm-unfolded electron attachment cross sectige) as a func- ~ relative to ion processes was estimated to be roughly .03.
tion of the electron energy. The cross section values up to 0.2 eV are Therefore, it is unlikely that either molecular dissociation or
shown in the inset. excitation to high-lying states occurred to a significant extent
via energetic electron impact in their experimeh®n the
other hand, such electron impact induced processes dominate

sistent when it is noted that the cross section forg@n  in the high-frequency and dc dischare$where only the
formation is sharply peaked at electron energies withthl fragment amorys{and secondary anions resulting from ion-
eV (see Fig. 3 i.e., extremely low energy electrons are molecule reactioriy were observed.

needed to form this anion efficiently. Also, the Bdbn can This research was sponsored by the National Science
be detached easily by energetic electron impact due to itI‘éoundation under Contract No. ECS-9626217 with the Uni-
small electron affinity of 0.33 eV. Energetic electrons are,

| in the hiah.f A&and dé disch versity of Tennessee, Knoxville. Oak Ridge National Labo-
always present in the high-ireque n IScharges. ratory is managed by Lockheed Martin Energy Research
However, in the low frequency discharge at 50 kHz of Ref.

v . Corporation for the U.S. Department of Energy under Con-
3, the electron energy distribution relaxes completely durmqract No. DE-AC05-960R22464
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