of the levels to the vibration modes of the lattice atoms. The
knowledge of these parameters yields a more complete char-
acterization (or fingerprint) for a deep level than that ob-
tained from thermal ionization data alone.

In the cases examined here, the electric field enhance-
ment of the ionization rate is many orders of magnitude
above the value which could be expected from a Poole-Fren-
kel barrier lowering mechanism. Only a tunneling process
can account for the observations. In fact, some of our mea-
sured field ionization rates are more than seven orders of
magnitude above their low-field thermal values.

An interesting feature of our theory is its ability to pre-
dict the ionization rate over wide ranges of temperature and
electric field. This is valuable when DLTS results obtained
for a diode made on heavily doped semiconductors (large
electric fields) are to be compared with results correspond-
ing to slightly doped semiconductors (low electric fields).
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Plasma etching of sputtered MoSi, films using CF,/O, mixtures was studied in a barrel-type
reactor. The etch rate in pure CF, was very low (% 100 A/min) and insensitive to applied power.
The addition of a small percentage ( < 10%) of O, dramatically increased the etch rate. For
CF,/4% 0O,, and etch rate of ~920 A/min was measured at 100 W. A near-linear etch rate

dependence on rf power was observed, indicating that the controlling factor is the generation rate
of etching radicals. For CF,/8% O,, the etch rate nearly doubled and showed saturation at high rf
power, indicating the increased role of the surface reaction rate. Postdeposition anneal results ina
10-20% decrease in etch rate. An etch rate selectivity of 14-22 for MoSi, vs SiO, and of 2-3 for
doped poly-Si vs MoSi, were measured.

PACS numbers: 52.40.Hf, 81.60. — j, 52.75. — d, 85.40.Ci

It has been recently shown' that the refractory metal
silicide MoSi,, which has a sheet resistance about ten times
less than that of doped polysilicon, can be used as a gate
electrode in short-channel MOSFET’s. In this paper, results
are presented on the plasma etching characteristics of sput-
tered MoSi, films. Plasma etching technology has been ex-
tensively studied®* because it is a critical process in the fabri-
cation of micron and submicron integrated circuits.

MoSi, films were deposited by dc magnetron sputtering
onto oxidized silicon substrates in an MRC 603 system. Ar-

466 Appl. Phys. Lett. 37(5), 1 September 1980

0003-6951/80/170466-03%00.50

gon was used to sputter the silicide from an alloy target of
stoichiometric composition. Typical deposition parameters
were 3 kW power and 10 um Ar pressure. The typical film
thickness was ~ 3500 A. For device fabrication,' the MoSi,
film is usually annealed in Ar at 1000 °C for 1 h in order to
lower its sheet resistance. Positive photoresist (Shipley 1470)
was used to produce a step in the MoSi, films for etch rate
determination.
A barrel-type plasma etcher (Tegal 421) was used in

conjunction with various CF,/O, mixtures. The initial am-
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PLASMA ETCHING OF MoSi,
USING CF./O,

FIG. 1. SEM microphotograph of a bar pattern of plasma-etched MoSi,
lines.

bient temperature was set at 75 °C. During the reaction pro-
cess (~ 1-20 min), a temperature rise of 10-20 °C was mea-
sured in the chamber. The reactor was first evacuated down
to a pressure of 0.05 Torr and then a controlled gas flow was
introduced from calibrated gas mixture cylinders. Fine-line
definition was reproducibly achieved down to a ~ 1-um
linewidth. The etching characteristics of both as-sputtered
and annealed films were studied. Owing to the reactor con-
figuration and the isotropic nature of the chemical etching
process, the edge profiles of Fig. 1 reveal undercutting ap-
proximately equal to the film thickness (~3 kA). Conse-
quently submicron (~0.7 zm) lines show an unacceptable
profile. However, the use of a planar-type plasma etcher or
reactive ion etcher can result in more vertical sidewalls,
though probably at the expense of etching selectivity.

The etch rate was characterized as a function of rf pow-
er, CF,/0, ratio and ambient pressure. In Figs. 2(a) and
2(b), etch rate is shown vs rf power for as-sputtered and
annealed films, respectively. In the case of pure CF,, the etch
rate was very low (S 100 A/min) and insensitive to applied
rf power. As expected, the addition of a small percentage of
oxygen resulted in a dramatic increase in the etch rate. For
CF,/4% O,, an almost linear etch rate dependence on rf
power was observed over the 25-100 W range [Fig. 2(a)]. At
100 W, an etch rate of ~920 A/min was measured. Beyond
100 W, the etch rate starts to saturate. Increasing the oxygen
percentage to 8% enhanced the etching but resulted in a
nonlinear dependence and pronounced saturation at high rf
power (> 100 W).

Postdeposition anneal of MoSi, films resulted in a 10-
20% decrease in the etch rate, as illustrated in Fig. 2(b). For
example, at 100 W and CF,/4% O,, the etch rate was re-
duced from 920 to 740 A/min. This is consistent with the
observed' amorphous to crystalline phase transition which
occurs during the anneal.
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FIG. 2. MoSi, etch rate vs rf power: (a) as-sputtered films, (b) annealed
films.

The dependence of the silicide etch rate on ambient
pressure was studied mainly for as-sputtered films. As can be
seen in Fig. 3, the etch rate dependence has two regimes.
Between 0.15 and 0.25 Torr, the CF,/8% O, etch rate at 100
W is linear with pressure and thus probably mass flow limit-
ed. Above 0.25 Torr, the etch rate is constant. This can be
attributed to the combined effect of limitations in reaction
kinetics and evaporation of resultant products.

Since the plasma etching process is to be used in the
definition of MoSi, interconnects and electrodes, usually
over a silicon dioxide layer, the etch rate selectivity of MoSi,
vs Si0, is a critical parameter. As shown in Fig. 4, the etch
rate selectivity is better than an order of magnitude, ranging
from 14-22. The rf power and the oxygen concentration ap-
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FIG. 3. Etch rate vs ambient pressure for as-sputtered MoSi, films.
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FIG. 4. Etch rate selectivity of MoSi, vs SiO, and MoSi, vs poly-Si as a
function of rf power.

pear to have only a weak effect on the etch rate ratio. To
evaluate the selectivity obtamed let us consider a typlcal
VLSI circuit using a 3000- A MoSi, electrode over 300- A
SiO, gate insulator. For a film thickness variation of

+ 10%, the corresponding overetching required will result
in etching approximately 30 Aof SiO, at 100 W of rf power.
This represents only 10% of the gate insulator, an acceptable
condition. It is interesting to point out that the MoSi, vs
phosphorus-doped polycrystalline-Si plasma etching selec-
tivity is between 2 and 3 (see the right-hand side of Fig. 4).
Therefore this technique also appears to be useful in the one-
step definition of “polycide” gates which consist’ of a refrac-
tory metal silicide layer over a poly-Si underlayer. Reactive
ion etching which has been used in the definition of the poly-
cide structure’ resulting in very abrupt side walls, suffers
from low selectivity with respect to SiO, and thus requires a
two-step etching process.

The etching process in a CF,/0, plasma is attributed*

to the free fluorine radicals formed by dissociative ionization
of CF,:

CF,CF, + F.

1t is thought® that oxygen reacts with CF, radicals to further
generate fluorine species and thus enhance the etching pro-
cess. The basic reaction in the plasma etching of MoSi, is

468 Appl. Phys. Lett., Vol. 37, No. 5, 1 September 1980

probably given by
MoSi, +14F—-MoF, +2SiF,.

An exact identification of the reaction products must await
mass spectrometric analysis. MoF, is a likely candidate be-
cause of its relatively high vapor pressure among fluorinated
Mo compounds. The SiF, has been shown> to be the only
Si-F compound resulting from the plasma etching of poly-
crystalline Si and SiO,. If a relatively small percentage (4%)
of O, is added to the CF, a near-linear etch rate—rf power
relationship is observed [cf. Fig. 2(a)]. This indicates that the
controlling factor in the reaction is the generation rate of free
radicals, probably F*. Doubling the O, concentration to 8%
increases the etch rate substantially. However, at this high
O, concentration, the etch rate saturates at a lower power
level. This is probably due to the increasing importance of
the surface reaction rate in determining the overall removal
rate.

In summary, plasma etching of MoSi, films has been
studied as a function of O, concentration, rf power, and pres-
sure. Fine (R 1 um) MoSi, lines over SiO, have been repro-
ducibly obtained because of the high etch rate selectivity.
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