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lonization, electron attachment, and drift in CHF 5
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(Received 13 April 1999

Using a pulsed Townsend technique, we have measured the effective ionization coefficient and the electron
drift velocities in CHR. The density-normalized electric field intensEyN ranged from 4 to 250 townsends
(Td) (1 Td=10"Y"Vcm?. The E/N value at which the effective ionization coefficient becomes zero was
estimated to be 66 Td. F&/N<20 Td, the electron attachment coefficients are practically constant, and are
compatible to within about=70% with previously measured values at thermal energies and above.
[S1063-651%99)08410-X

PACS numbegps): 51.50+v, 52.25.Fi, 34.80.Lx, 34.80.Gs

Because of its importance in plasma processes related tirift velocity is readily calculated from the electron transit
semiconductor fabrication, trifluoromethane, or fluoroform,time T, as
CHFR; is a gas that demands basic research, since the avail-
ability of cross sections for ionization and attachment, and of Ve=0d/Te, (1)
electron and ion transport data is still scarce. These data are . . . )
strongly needed for discharge modeling and simulation. Thé/hered is gap distanceT, is evaluated as the time elapsed
need for swarm and transport data on this gas has bediftween the midpoints of'the rising and falling e'dges of the
stressed in a very recent review on the subjéttThe only pulse, as is also shown in thls figure. For a simultaneous
measurements on the attachment and electron drift in this g&§'€ase ofny photoelectrongDirac & pulse, the temporal
over the density-reduced electric field strengN, from eyolutlon of the electron current during the electron transit is
0.05 to 60 Td (1 Te10" 2"V cm?), are the recent ones of 9iven by[4]
Wanget al.[2].

This paper reports on the measurement of the effective
ionizatiorr)l F():oeffic?ents and the electron drift velocities in le(t) = (NoGlo/Te)eXPcreVel), )

CHF; over a wide range oE/N, from 4 to 250 Td. whereqy is electron charge. A least squares fitting analysis

€6f the exponential part of the electron component would give

surements has been described in detail previoi&lyVery *he effective ionization rate,

briefly, it consists of a parallel-plate capacitor, the cathode o
which is illuminated by a short flash of UV light from a 1.4 Ko= eV, (3)

mJ nitrogen laser N\=337 nm) releasing the initial photo-

electrons from its surface. The highly homogeneous electrigrom which a./N can be evaluated, with a previous deter-
field formed between the plates causes the electrons and thefination of ve. When the gas pressure is high, the ionic
ionization products to move, and these in turn produce @yrrents during the electron transit may contribute
displacement current across the gap that is measured in th@pstantially—within a few percent—to the total, measurable

external circuit by a 40 MHz transimpedance amplifier, andeyrrent, as is apparent from the small aftercurrent in the
registered by a 100 MHz digital oscilloscope, thereby obtain-

ing the electron transients under the so-called “differentiated U e L ¢
pulse condition”[4]. CHF,
Vacuum base pressures in the chamber of less than 0.2 100 — EN=20Td
mPa were readily achieved. CKkifas, with a quoted purity ) Ny ana0™ om
of 99.5% (Praxai), was admitted straight into the chamber. 5 -
Gas pressures ranging between 200 Pa and 66.7 kPa wereE
read from an absolute pressure transducer to an accuracy of . g, |-
0.01% full range. All measurements were carried out at room g
temperatures in the range 293—-300 K, measured to an accu- 3
racy of 0.2%, and gap voltage settings were estimated to be
accurate to within 0.1%. t=0
The observation of discharge development during the 00“*‘“““““1000‘ — 2000 2000 000
electron transit allows one to determine the density- Time  (ns)

normalized effective ionization coefficienta/N=(«

— n)/N and the electron drift velocity., wherea and  are FIG. 1. A differentiated electron transient in CklFThe time
the ionization and attachment coefficients, respectively. Aelapsed between the marks 0 andT, indicates the electron transit
typical electron component in CHRFs shown in Fig. 1. The time.
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FIG. 2. The electron drift velocity in CHFfrom this work
(closed circles and that from Ref[2] (inverted triangles
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FIG. 3. The present effective ionization coefficiesmt/N in

CHF; for E/N>66 Td (circles. The solid line is the fit to ther, /N
data from Eq.{4). The effective ionization ratériangles.

sample transient of Fig. 1. This contribution is readily sub-

tracted from the total current by approximating their expo-

For E/IN<66 Td, the effective ionization coefficient be-

nential rise to a straight line, thereby obtaining an even bettecomes negative, and it decreases steadily down to about

measurement of the electron current only, and hende, of

—5x10 *¥cn? at EIN=4Td, as is shown in Fig. 4. Our

The electron drift velocities in CHE measured over the measurements over this range were the result of three inde-
E/N range from 4 to 250 Td, are shown plotted in Fig. 2. pendent series, which produced these values consistently.
Over the wholeE/N range, at least two different pressures, Typical uncertainties range from 3% to 7% fdE/N

but normally four, were used to obtain an average ofor
eachE/N value. Typical uncertainties on the, values are

3-4% forE/N<30Td, and 0.5-2 % above.
As regards comparison with previous work, the drift ve-E/N;,,=66 Td, as that for whictx= 7.

locities measured by Wargg al.[2] are also displayed in the

<30Td, and 10% up t&e/N=63Td. This rather high un-
certainty value results from the smallness af/N in the

region where it changes sign. We have estimated a value of

In the same figure, the effective ionization rate has been

same figure, and are generally lower, but normally withinplotted, where one sees that f&fN<20Td, k. remains
combined uncertainties. These authors derived their valuesssentially constant at a value of %90 **cm®s™2. In fact,
from a pulsed Townsend experiment similar to ours, bufor E/N<20Td, electron impact ionization processes in
from integrated electron transients. To the best of our knowlCHF; are either absent or negligible in comparison with elec-

edge, no values of, have been reported f&/N>80 Td.

tron attachment. Therefore, our effective ionization coeffi-

Although no electron attachment cross sections for £HFcients (rateg may be regarded as attachment coefficients

have yet been reported, the review of Christophabal.[1]

(rateg, and therefore may be compared with the thermal

indicates that F is by far the most abundant negative ion. In value of 6.2<10™ **cm®s ! measured by Davies, Compton,

connection with this, our measurements f@fN<60Td

clearly indicate the presence of electron attachment pro-
cesses, as is illustrated by the decaying exponential of the

and Nelson[6], and with the value of 1.810 ®cm®s™?,

10-12

sample transient of Fig. 1, and predicted by E3). ol T ' ' =

Values of ag/N=(a—7n)/N for 66<E/N<250Td are CHF, a*" .

shown plotted in Fig. 3. Typical uncertainties over thisrange __ ]
are 3—7%. To our knowledge, no previous values of this Ng o N x

coefficient forE/N>50Td have been published before. The % 2 o W
presenta./N values have been fitted to the well-known = | , A86aa8 a4 =10 g
semiempirical expressiofb] z 8 o 208 8, A _ D4 o
’15 4 é % —> ~

s 2734 F]

ae N B é A 4

W—AGX _BE ! (4) 6 Lk [ | 1014
3 10 . 100
EN (Td)

with ae/N in units of cnf, E/N in Td, A=2.6x 10" *cn?, FIG. 4. The present effective ionization coefficiemt/N in
andB=566 Td'. The overall deviation of the experimental CHF, for E/N<66 Td (circles, and the effective ionization rate,
points from the calculated ones is typicatty3%, which is  (triangle. The arrows on the right-hand axis are the attachment
well within quoted uncertainties. The effective ionization rates of(W) Wanget al.[2], (D) Davis, Compton, and Nelsdi6],
rate coefficientk, are also plotted in Fig. 3. and(F) Fessenden and Bandal| (see text
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measured by Wanet al.[2] over theE/N range 1.5-50 Td. process plays for electron energies above thermal.

The thermal value of Fessenden and BahZl also mea-

sured at thermal energies, is about 50% smaller than ours. This research was partially supported by DGAPA under
Further electron capture cross section measurementroject No. IN113898, and by CONACYT. Thanks are due

would shed more light on the apparently small role that thigo E. Basurto and A. Bustos for their assistance.
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