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Mass spectrometric characterization of BCl  3/SFg plasmas

Y.-S. Lee, J. F. Sia, and K. J. Nordheden®
Plasma Research Laboratory, Department of Chemical and Petroleum Engineering, University of Kansas,
Lawrence, Kansas 66050

(Received 19 June 2000; accepted for publication 12 July 2000

Significant increases in the etch rates of both GaAs and GaN have been observed with the addition
of Sk to BCl; plasmas. Mass spectrometric characterization of neutrals in these gas mixtures shows
that increasing the gfpercentage in the flow enhances the dissociation of,B€bulting in nearly

100% dissociation at 70% gFThis increased dissociation is believed to be due to electron
attachment heating. Both Cl and,CGhass intensities also maximize at 70%;g;SFhe detection of

BCIF and BC}F suggest the possibility of reactions occurring between BCI and &@icals and
fluorine, which may inhibit the recombination of Cl. @000 American Institute of Physics.
[S0021-897600)07620-9

I. INTRODUCTION To be sure that the mass signals were originating only
from neutrals in the plasma, and not from dissociative ion-
. jzation within the mass spectrometer itself, the method of
plasmas have been used to selectively etch GaAs over A'ppearance mass spectrometry was emplBy®his tech-

GaAs for.the fazbrlcanon of gall;éjzn arsenide ba;ed_ field ef'nique is based on the several electron volt energy difference
f‘?Ct 'tfr.an5|tsFor§; and'to tT]ICh tGﬁ " tFOLbOIE apph%atlons,da .%etween the appearance potentials for electron-impact ion-
signincant increase in the €etcn rate has been observe W'ﬁ ation and the energy for dissociative ionization of parent
the addition of SEto the BC} plasmas. Previous microwave

" th St h 4 that the el molecules. For radicals such as BCCl,, and Cl, the elec-
measurements on these gas mixiures snowed that the €lggs , energy was set below the threshold appearance energy
tron density decreased with increasingg $fercentage, and

. 7 . . o . needed to observe the mass signal with the plasma off. An
optical emission actinometry with argon indicated an in-

: electron energy of 35 eV was used to monitor Bfr the
crease in the electron temperatgre _due to electron attaChme(ﬁ\Esociation measurements.
heating® Although the optical emission from molecular chlo-
rine (normalized to the argon emissjoshowed an increase
in the ground state concentration for low percentages gf SF ||| RESULTS AND DISCUSSION
there was some doubt as to the validity of actinometry be-
cause of the shift in the electron density distribution  The GaAs etch rate at 50 mTorr as a function of SF
function® Shul et al. observed an increase in the atomic percentage in the flow is shown in Fig. 1. The rf power and
chlorine mass signal with the addition of S&nd assumed total flow were held constant at 150 W and 20 sccm, respec-
that the dissociation of BGwas increasind.In this article,  tively. The decrease in the bias voltage with increasing SF
mass spectrometric characterization of BSF; plasmas is addition is also showfand is consistent with the fact that the
presented. The relative concentrations of B@hd neutral electron density decreases due to attachment with an increas-
radical species within the plasma are examined as functiongg Sk percentage in the flo. The etch rate increases
of SF; percentage in the flow and dc bia$ power). from 90 A/min in pure BCJ to 5500 A/min at 55% SE Shul
et al. have also observed an increase in the etch rate of GaN
as a function of Sgpercentage in an inductively coupled
Il. EXPERIMENTAL PROCEDURE plasma systerit?

o The quadrupole mass spectromd@MS) intensities of
The characterization of the BgBR; plasmas was per- BCl,, BCl,, Cl,, and Cl as a function of SFpercentage in

formed in a 600 amu VG Quadropoles SXP Elite mass SpeGpe fiow are shown in Fig. 2. No mass signal corresponding
trometry system which was connected to the Plasma Thery gc| was apparent. The rf power, pressure, and total flow
790 reactive ion etching plasma chamber via one of the qre held constant at 200 W. 50 mTorr. and 20 sccm. re-
viewports. Discharge species were sampled through a 10Q,qtively. The curves for both Cand Cl exhibit maxima at
um diameter orifice, and sampling pressures;/wthln the Masgpproximately 70% SE The Cl intensity increased by a
spectrometer chamber were on the order of MO (0 ré- 5001 of 38 and the Cl intensity increased by about 5 times.
duce recombination reactions within the analyzer. The emistpq increase in etch rate observed in Fig. 1 is no doubt due
sion current of the spectrometer was kept below 0.3 MA 1Qq e increased chiorine production. As expected, both Cl
minimize the effect of the thermal dissociation of neutral ;.4 ¢| intensities decrease to zero for 100% &P6 BCL).
species caused by hot electron emission from the f'lament-OveraII, the CJ intensity is significantly higher than the CI
intensity. Recombination of Cl to form g€Huring transport
dElectronic mail: nordhed@ukans.edu to the mass spectrometer could account for the low Cl inten-

Boron trichloride (BC}) and sulfur hexafluoride (SF

0021-8979/2000/88(8)/4507/3/$17.00 4507 © 2000 American Institute of Physics
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FIG. 1. Etch rate of GaA¢@®) as a function of percent G the flow for
constant powe(150 W, 50 mTorr, and 20 scomdc bias(M) is also shown.

sity. Figure 2 also shows that the B@htensity is very small

for low SF; percentages, and essentially nonexistent foy SF

percentages above 30%.

The dependence of the mass intensities of neutral speci%
as a function of dc bias was also investigated and is shown ig
Fig. 3. The Sk percentage in flow was 70%, the total flow
was 20 sccm, and the pressure was maintained at 50 mTor
The intensity of BCJ decreases sharply with increasing dc

bias and drops to almost zero a60 V, indicating signifi-

cant dissociation of BGl The C}|, mass signal increases rap-
idly for this same range and then increases at a much slow
rate for higher biases. The Cl intensity also increases initially
and then saturates. The initial increases in both the CI an
Cl, mass intensities can be attributed to increased dissoci%-

tion of BCl;. The slower increase in the Lintensity at

biases above-50 V may be due to dissociation of radicals
such as BGlL The observed saturation region for CI may be

due to the recombination of Cl radicals to form,Cl

The dissociation of BGlwas measured as a function of
rf power with Sk percentage as a parameter and the resul
are shown in Fig. 4. The pressure in the system was 5
mTorr. The dissociation of Bglwas defined as the QMS

80

QMS Intensity (a.u)

0 20 40 60 80 100
SF, / [ BCl; + SFg ] (%)

FIG. 2. QMS intensities of BGJ BCl,, Cl,, and Cl as functions of SF
percentage in the flok200 W, 50 mTorr, and 20 scom

tSifferent chlorine and boron isotopes were observed with the
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FIG. 3. QMS intensities of BG] Cl,, and Cl as functions of dc bias
(20 sccm and 50 mToyr

intensity difference of the BGlpeak with plasma on and off
divided by the intensity while off. The dissociation of BCI
increased with increasing rf power regardless of the percent-
ge of Sk in the flow. This is consistent with the fact that
gher rf power results in higher electron densities, which
hould enhance the Bgdlissociation. For the 0% 3JEurve,

the dissociation of BGlis very low and shows only a slight
Hcrease with increasing rf power. This explains the very low
etch rate of GaAs in pure Bgplasmas observed in Fig. 1.
For constant rf power, the dissociation of BGhcreases

v¥ith increasing Skpercentage. At 70% QFnd an rf power

BF 200 W, there is nearly 100% dissociation of the BCor

onstant power, the electron density decreases with increas-
g SR percentage as a result of electron attachmént.
rder to dissipate the same amount of power the average
energy of the remaining electrons must incre@@henom-
enon known as electron attachment heatifidne enhanced
dissociation of BGJ is most likely due to this increase in
average electron energy.

The appearance of mass signals for BCIF and,B@br

ddition of SE. The mass intensities of BCIE’B**CIF at
m/e=63.98,'B3*CIF at m/e=64.98, and"'B3*'CIF atm/e
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FIG. 4. Dissociation of BGlas a function of rf power with Sfpercentage
a parametef50 mTorr and 20 sccjn
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FIG. 5. QMS intensities of BCIF for different isotopes of chlorine and boron
as functions of Sfpercentage in the flo200 W, 50 mTorr, and 20 scom

=66.97 as a function of Sk percentage in the flow are
shown in Fig. 5. The BGF mass signal$'°B*°*CLF atm/e
=98.94,1B3CI,F atm/e=99.95, and'°B**CI*’CIF atm/e
=100.99 were also monitored as a function of gbercent-

age in the total flow and are shown in Fig. 6. The rf power,
pressure, and total flow were held constant at 200 W, 50
mTorr, and 20 sccm, respectively. The occurrence of any.

BCIF or BCLF signals at 0% Sfis believed to be due to

residual fluorine in the chamber. A significant increase in thel'ieved to

mass peak intensities of BCIF and BEIwere observed as
the Sk percentage increased and both exhibited maxima
30% Sk It is possible that fluorine from SFeacts with the
BCl and BC} radicals to form BCIF and BGF. This could
explain why the BC] mass peak intensity in Fig. 2 is almost
zero at 30% S§ and why no BCl mass signal was observed.
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FIG. 6. QMS intensities of BGF for different isotopes of chlorine and
boron as functions of Sfpercentage in the flo200 W, 50 mTorr, and 20
sccm.
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There is some uncertainty as to whether these reactions occur
in the plasma chamber or between the chamber and the mass
spectrometer. However, previous experimental results have
indicated that the ¥ optical emission intensity is essentially
zero until the SE percentage is increased to 70%t 70%

SF;, the mass peak intensities of both BCIF and BChp-
proach zerdsee Figs. 5 and)6Since these trends are con-
sistent with one another, it would appear that the formation
of BCIF and BC}F occurs in the plasma chamber. The for-
mation of BCIF and BGF would help to prevent BCI and
BCl, radicals from recombining with chlorine, thus reducing
two possible loss mechanisms for chlorine radicals.

The addition of Sk results in an increase in the disso-
ciation of BCk and a subsequent increase in chlorine radical
concentrations, hence accounting for the increase in the
GaAs etch rate observed in Fig. 1. The dissociation of;BCI
and the chlorine radical densities exhibit maxima at 70% SF
but the GaAs etch rate peaks near 55%.SFhe shift be-
tween the maxima in etch rate and the peaks in the chlorine
radical densities could be attributed to the formation of non-
volatile Gak which would compete with the etch process.

IV. SUMMARY

Mass spectrometric analysis of BCSF; plasmas has

hown that the dissociation of BOhcreases with the addi-
on of SK;, and results in nearly 100% dissociation of BCI
for 70% Sk in the flow. The enhanced dissociation is be-
be due to an increase in the average electron tem-

erature as a result of electron attachment heating. Both the

I, and CI concentrations also exhibited maxima for 70%
SFK; in BCl;. The increase in the dissociation of BGInd
subsequent increase in chlorine radical concentrations ac-
counts for the observed increase in etch rate. In addition, two
new species, BCl and BgH, were detected in these gas
mixtures. Their formation might help to prevent BCl and
BCl, radicals from recombining with chlorine, thus reducing
two possible loss mechanisms for chlorine radicals.
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