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Negative ion formation and motion in a mixture of CCl, and Ar
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This paper deals with the measurement of the mobility of negative ions in the mixtures pWEICAr with
the CC]J, ratio up to 33.3%. The pulsed Townsend technique was employed to produce an integrated ionic
avalanche over a range of the density-reduced electric Eéh for which ionization is either negligible or
absent, and attachment processes are dominant, leading to the formation of mogtlyTREE/N range of
measurement was 1-50 Td (1 Fd0 7 V cm?). Our measurements strongly suggest that attachment is the
dominant process and only negative ions are formed.
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[. INTRODUCTION Extrapolating the theoretical data down to 100 meV collision
energy results in a cross section as low as1D 6 cn?.
Carbon tetrachloride, Cgl is a volatile compound with The estimated inelastic cross section for (a€Cl, [10] at
several important technological applications, being used ag.5 eV is about X 10 *° cn?, descending rapidly to about
an etching agent in microelectronich] as well as its impor- 5X10 *° cn” at 6.0 eV collisional energy. An estimate of
tance in radiation chemistry and physiig, the develop- 10 '®cn? can be obtained from the extrapolation of this
ment of gaseous insulators and switching devii@s the  Cross section to energies below 1.0 eV.
interpretation of electron swarm experimeid], environ- The electron attachment cross section at low electron en-
mental concerns, and kinetic procesfgs7]. Although the ~ ©91es fo CCJ were reported by Hayashi1] to be_allgout 3
CCl, molecule pollutes atmosphere harmfully and has been< 10 cn? at 25 meV electron energy and<2.0 Cm_2
related to the so-called greenhouse effE&t with global at 500 meV ellectron energy. Thesg cross sections are in gopd
warming potential of 1800 and atmospheric lifetime of 35 agreement with those obtained using the power law approxi-

years, yet that is low compared to gases such gsa®ikch is :patlo?(g:gﬁn t_’l_yg(E)tt_ 0551785 resul':!ng mf t:e fo;rgja-
of global warming potential of 22 200 and atmospheric life- lon o L, . The attachment cross section of HayasHil

time of 3200 years. Hence its uses as an alternative for sulfft9rees very well with those reported by Ken-ichi Kowari
R o - et al.[12]. The rate constant for the attachment of electrons
hexafluoride in high-voltage applications can be of impor-

tance. Its mixture with other gases also is of importance no%0 CCl, Refs.[11] and[12] show relatively large cross sec-
i g P ion leading us to conclude that the negative ions are rather

only for etching but also for finding (C&) mixtures with dominant
other gases that would retain its thermal and insulating char- The négative ion signal observed in this work can only be
acteristics, while being substantially less harmful to the en;

) § identified with the CC] since the density-reduced electric
vironment. The pulsed Townsend method is employed herﬁeld intensityE/N used here is kept small in order to have

since it is expected to have only one negative ion (ECI |6,y electron energies. This would imply that ionization pro-
hence eliminating the need for more complicated methods. cegses can be ignored.

In this work we report the measurement of the mobility of
the negative CGlions in Ar. The motivations were to deter-
mine to what extent one can present the measured mobility
to one particular negative ion by operating at low enough A pulsed Townsend apparatus recently built in this labo-
E/N values in order to discard other processes that mightatory was used in the present measurements and it was de-
obscure such identification. The mixture of Ar-G@ con-  scribed earlier in deta(l13], brief description is provided in
sidered so that the collision processes to be considered atiis section.

II. EXPERIMENTAL APPARATUS

elastic electron-inert gas, electron-GCbllisions, and pos- The Townsend chamber , shown in Fig. 1, consists of two
sibly vibrationally inelastic electron-Cgkollisions, as well  parallel highly polished electrodes of 7 cm in diameter, with
as electron attachment to CCI rounded edges. The upper electradaodg was composed

The Ar was chosen as an example of a gas with a momerof nonmagnetic stainless steel with a central hole of 1.5 cm
tum transfer cross section characterized by a Ramsauegovered with a flat mesh of high transmissith lines per
Townsend minimum. The theoretical integral cross sectiormm) in order to permit the passage of a 10 ns duration, 355
for e-CCl, scatterind 9] shows a sharp decline below 2.0 eV. nm wavelength, ultraviolet light beam of variable intensity.

Once the UV light strikes the aluminum cathode, high pho-
toelectron yield is produced. A micrometer mechanism was
*Electronic address: foyousif@servm.fc.uaem.mx used in order to vary the two electrodes separation. During
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ficiently adequate. A 20 MHz oscilloscope was used to reg-

ister the amplified avalanches and later to be stored on a
personal computer for the analyses. A fast photodiode detect-
ing the same laser pulse, provided the synchronized trigger-
ing of the oscilloscope.

Laser

ll. RESULTS AND DISCUSSION
Digital The action of the UV light initiated the instantaneous re-
¢ R OpAmp Oscilloscope lease of photoelectrons from the cathode. The electric field
\|/ between the electrodes causes the photoelectrons to move
T towards the anode. According to the gas mixture &t
= Personal values, the photoelectrons may ionize and/or attach to the
Computer gas neutrals. Due to the high mobility of the electrons in

comparison to the ions, the ions remain practically where
FIG. 1. Schematic diagram of the pulsed Townsend chambethey were formed during the electron transit. Eventually the

apparatus. ions move to their corresponding electrodes on a different

time scale. This would result in two different contributions,

this work, the separation of the two electrodes was kept conthe fast electronic component, and a second slow ionic com-

stant at 13.6 mm and with an accuracy of 0.025 mm. ponent. In the case that no ionization is assumed, under high
The high vacuum system consist of a 6 in., six way crosressure conditiongmaximum 50 Tory, the photoelectrons

of nonmagnetic stainless steel that was evacuated down ttherated are attached to the G@holecules within few mean

about 1. 10 ® Torr, using an 80 Isec* turbomolecular free paths from the cathode surface. This would lead into the

pump backed by a 1.5 fsec * mechanical pump, before the formation of negative ions. Assuming strong attachment, the

injection of the gas. Gas pressure in the chamber was monfiegative ion current during the electron transit is

tored by an absolute pressure transdu@@KS Baratron

with an accuracy of 0.03% at full range of 1000 Torr. Un- . Nodo

certainties in the gap voltage is estimated to be about 0.1%. ()= (T_n) (1—exp( = nvel)). @

All the measurements were performed at room temperature

and within the range of 291-304 K and to an accuracy ofyheren, is the photoelectron numbers is the ion chargey
0.2%. The displacement current resulting from the charges the electron attachment coefficient, is the electron drift
carriers motion within the gap was detected by the insertioRe|ocity, d is the discharge gap spacing, angdis the nega-

of anFET amplifier of 1 Q) input impedance and 10 MHz tjve ion drift velocity. Hence under the conditions of strong
bandwidth. In this case the current in the external circuit Wa%ttachment, the negative ion current can reach its maximum
integrated by the effective capacitor and resistance connectg@jue well before the electron transient tiffig. Within the

to the amplifier input. The third harmonic Output of an INDI- ionic dnft regionTesthn, the negative ion current iS

YAG laser with aQ-Switch (10 ns FWHM and maximum

energy of 20 mJ was used. The Ar gas used in this work is of Nodo

a high research grade of 99.999% purity. The L@por in(t)=(_|_—)(1—exg{— n(d—wv,t)]). 2

was prepared by introducing the liquid GOhto a glass n
vessel that had two valves, one valve leading into a turbo . .
pump, while the second leading to the vacuum chamber. The In.th.e present experlmental work, the_ dlsplacement cur-
valve on the vacuum chamber side was kept closed, whilée_n_t IS mt_egrate_d at the input of_a very high w_npedance am-
that of the turbo pump side was opened. The air in the vess@1€" which relies on the charging of the estimated 80
was removed once the volume above the liquid £®as overaI_I stray capacitandgap, wiring, :?md pream.plmer input
brought down to vacuum. When the boiling effect of thecapacnanc}ecor_mected petween the input tgrmlnals.

CCl, subsided, the turbo side valve was closed and th However, with the high gas pressured Is very large
vacuum chamber side valve was opened to allow high purit}= 10). then Eq(2) would approximate to

CCl, vapor to be introduced into the discharge chamber. The

electric field within the discharge gap was produced by high Vo~
stability 0—5 kV regulated power supply with less than 10 "
mV ripple and was monitored by a calibrated 10 000:1 po-

tential divider. The 355 nm laser beam was used to produce The negative ion avalanche produced by fast ion conver-
the initial photoelectrons. Space charge effects were avoidesion, travels toward the anode without any changes, since ion
by keeping the cross section area of the laser beam largdiffusion is neglected. When the input resistance of the am-
enough at about 70 mimThe photoelectrons were produced plifier is very large (1 ®) as in the present casehen the

at the center of the electrode system where the electric fielgassive resistance-capacitance circuit connected to the ampli-
is homogeneous. Due to the slow transient time of the avafier terminals behaves as an integrator as stated above. Hence
lanches(maximum of 5 mg the estimated bandwidth is suf- the voltage between the input terminals of the amplifier is
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FIG. 3. The drift velocity of negative ions in CCI4-Ar mixtures,
as a function oE/N for the following concentrations of C¢l 0.5,
1.0, 2.0, 5.0, 15.0, and 33.3%. Also included the drift velocity of
negative ions in CGl

FIG. 2. Sample of negative ion transient from the 15% LCCI
mixture.

noQo), @

Vn(Tn)_(C _ - L
pected from Wannier’s theory of ion motion in gagdd].

Due to this observation, it is possible to imply that the domi-

which represent a linear current growth to a maximum asant ion-molecule interaction is due to the attractive part of

shown in Fig. 2. the potential well in which the long range, attractive part of

Figure 2 demonstrates the above mentioned behavior witthe interaction potential is dominant. The I&¥N region as
the ion drift time given byT,=T¢,q— Tsiart @and if there  seenin Fig. 4, can be characterized by a linear dependance of
should be more than one negative ion species and most prothe drift velocity as a function dE/N, or equally, a constant
ably with different mobility, then the transient curve should
show a break, which is absent from this curve. Therefgre ™ T T T T T T T
and hence the drift velocities are determined.

The v, values are those for the average of at least three
different pressures for the sari#N value and different gas
mixture pressures. Therefore, the associated uncertaintie r eooe o eononaeoann®
would correspond to these averages. The maximum overal5~ | o g g 88 o °8099035§5g9§ 9 $9g° oS ggggg
accuracy of the present measurements is estimated to be 49 * 7 WYv T VY vv ey
The drift velocity v,, of the negative ions were obtained for
CCl, concentration of 0.5, 1, 2, 5, 15, and 33.3% with Ar '> 1— . .
and are presented in Fig. 3. Also included in Fig. 3 the drift [ e .
velocity for CCl; in 100% CC}. oo mp® T ORRRAE

Once the negative ions drift velocity were obtained forthe &, r
above mentioned concentrations of ¢QGhe reduced mobil- A\ o
ity is calculated using the equation

m

0.5%
1.0%
2.0%
5.0%
15.0%
33.3%
100.0%

P00 690050, 000

T
0 ®mJ 4080

Ko=(v4/No)/(E/N), ©) -

whereN,=2.69x 10" cm™2 is the gas density at STP. Fig- . L i Lo
ure 4 shows the values &f, plotted as a function oE/N. | |
From Fig. 4, we can see that the mobility of the €CI ! 10
increases with the decrease of ¢€bncentration. E/N (Td)

The mobility curves show that they remain constant over
a fair range of their respectivi&/N ranges. This would imply FIG. 4. The reduced mobility of negative iofessumed CGl)
that in suchE/N values, the drift velocities are proportional in the CCl-Ar mixture. Also included the reduced mobility of
to E/N and therefore the mobility remains constant as ex-CCl; in CCl,.
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reduced mobility. In order to support the assumption that 2mM ||||| T T ””l T TTTIT
CCl, is the predominant ion species in the mixture, a test of
the low-field E/N=<10 Td) ion mobility in the mixture with
Blanc's law was conducted. The negative ion mobility in the
nth gaseous component mixture4,15 is given by

E 0

Kmix

whereK; ; denotes the mobility of speciesn the pure gas,
andx; represents the molar fraction of gaseous spejcias
the mixture. To evaluate the mobility of the GCin the — Blanc's law
mixture, the knowledge of the mobility of CLlin the pure ® CCl-Ar
gases CGland Ar is required. To our knowledge, there is no
published data for such low-field mobility for the species
involved in this work. Therefore to obtain such data, we
measured the mobility of CElin CCl, (100% CC}) as well _I L II| L L LLLl II| L L LN
as for small amount of C¢I(0.05% in Ar. The low-field
mobility for the above measurements were found to be
0.454 cnt V-1stfor CCl, inCCl,and 1.8 crAV 1 St % CCly

for CCl, in Ar. The calculated low-field mobility values are

plotted in Fig. 5 as a function of C¢percentage. It can be FIG. 5. Measured and calculated low-field mobility of GClI
seen that the above calculated values are in good agreememfAr.

with those measured in this work lending credit to the con-

K()()(csz_ Is- 1)

10° 10 102

clusion that the predominant ion species is that of CCl ing negative ion signals even for small amounts of £i@l
the mixture. The relevance of electron attachment processes
IV. CONCLUSION in these gas mixtures are desirable and it is our hope that the

present data are of use for gas discharge simulation and com-
The time resolved pulsed Townsend technique allowed upjex jon chemistry of CGFAr mixtures.

to measure the C¢lnegative ion mobility in the CGHAr
mixture over a range d&/N values that extends up to 50 and
gas pressure of 80 Torr. The characteristics of the measured
transients, indicating that there is only one drifting ionic spe- This research was supported B®/FI12 and PROMEP.
cies. That, and the lo/N values used, led to the assump- The authors are grateful to Dr. J. de Urquijo for valuable
tion that the majority ion species under investigation isinput. We are grateful to A. Bustos and J. Rangel for their
CCl, . This method proved to be highly sensitive for detect-technical assistance.
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