Plasma etching of sputtered Mo and MoSi, thin films in NF; gas mixtures
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Plasma etching characteristics of sputtered molybdenum and MoSi, thin films using various NF,
gas mixtures in a planar reactor are presented. Anisotropic (vertical-to-lateral etch ratio of ~ 3)
edge profiles were obtained. The etch rates of Mo, MoSi,, doped poly-Si, and SiO, were
determined as a function of rf current, reactor pressure, and NF, concentration. At 1 A and 100
mTorr in 100% NF;, etch rates of 2490, 3440, 14000, and 670 A/min were measured for Mo,
MoSi,, doped poly-Si, and SiO,, respectively. Also, the etch rate ratios of Mo, MoSi,, doped poly-
Si over Si0, were 1.5-4, 4-8, and 12-24, respectively. Diluting the NF, plasmas with argon or
helium decreased the etch rates for all the materials studied here. At 200 mTorr and 1 A, the Mo
etch rate dropped from 1800 A/min in 100% NF, to 540 A/min in 20% NF,/80% Ar, while the
corresponding silicide etch rate decreased from 7850 to 1130 A/min. Auger spectroscopy
measurements inferred that the desorption of molybdenum products, but not the silicon ones,
may be the rate-limiting step in the etching process. Furthermore, dc voltage measurements on
the rf electrode indicated a higher degree of ion bombardment at low pressures { < 150 mTorr) and

in NF, plasmas diluted with inert gases.

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

I. INTRODUCTION

Refractory metals and metal silicides are recently under
active development for use as gate and interconnection ma-
terials in very large scale integrated (VLSI) circuits.'® The
main advantage of these materials over conventional doped
polycrystalline silicon (poly-Si) is their high conductivity.
Since it has become apparent that scaling down of devices
may not lead to overall higher circuit performance unless the
constraint imposed by the interconnects is relaxed, these ma-
terials are becoming an integral part of most VLSI processes.

Various dry etching methods, such as planar plasma
etching and reactive ion etching, are widely used to define
small dimensional structures. Whereas dry etching of poly-
Si using flourine- or chlorine-based gases have been exten-
sively investigated,'®" relatively little work has been re-
ported for the refractory metals and metal silicides. Most of
the work reported on these materials is confined to flouro-
carbons, such as CF,/0, "45%!%18 even though etching
with NF;,'® SF,,?° and CCl,/0, ?"*? have been reported. In
this paper, the plasma etching characteristics of sputtered
molybdenum and molybdenum disilicide thin films using
various nitrogen trifluoride gas mixtures are presented. In
particular, the effects of rf current, reactor pressure, and
dilution with inert gases (argon and helium) on the etching
process have been studied and compared with those of sili-
con dioxide and phosphorus-doped poly-Si.

This paper is organized as follows. The experimental
procedure is described in detail in Sec. I1. The edge profiles
of MoSi,, Mo, and MoSi,/rn™ poly-Si{“polycide”) are shown
in Sec. II1. Also presented in the section are the etch rates of
Mo, MoSi,, doped poly-Si, and SiO, versus rf current, reac-
tor pressure, and NF; concentration. Furthermore, the dc
voltage measured on the rf-coupled electrode under various
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conditions are described. In Sec. IV, the results are discussed
in analogy to other fluorinated plasmas, particularly CF,.
Auger spectra are also presented and commented on. Final-
ly, in the last section, the results of the present process are
summarized.

Il. EXPERIMENTAL PROCEDURE

The planar plasma reactor used was a commercial reac-
tor (ETE Plasmafab), shown schematically in Fig. 1. The
water-cooled electrodes have an outer diameter of 23.5 in.
(60 cm) with the top electrode having an opening of 4 in. (10
cm) through which the etching gas was introduced into the
chamber via a ceramic tubing of 0.25 in. (0.64 cm) in diame-
ter. The rf power (380 KHz) was capacitively coupled to the
top electrode. The bottom electrode as well as the chamber
walls were grounded. The power applied is characterized in
terms of rf current. The interelectrode spacing was set at 2.75
in. (7 cm) and the pumping speed at 475 cm®/min. Both re-
mained fixed throughout the experiment. The reactor pres-
sure was changed by adjusting the flow rate only. The pres-
sure range studied was between 80 and 250 mTorr with the
corresponding flow rate between 20 and 80 cm®/min. The
residence time of the gas was estimated to be 30 sec. Hence,
the system can be considered as a long residence time system.
The top and bottom electrodes are made of titanium alloys
while the chamber walls are stainless steel. The volume of
the chamber was ~ 100 liters and the area ratio of the excita-
tion electrode to the grounded surfaces was ~ 5. The wafers
were placed at the periphery of the bottom electrode and 2-
in.-diam wafers were used in the present study. All of the
mixed gases were delivered to the reactor from precalibrated
cylinders. All percentages mentioned in the text were the
volume percentage at the inlet.
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Both molybdenum and molybdenum disilicide films
were dc magnetron sputtered onto oxidized silicon sub-
strates in a planar system system (MRC 603). The hot-
pressed silicide target was stoichiometric in composition (Si/
Mo ~2). Deposition was done at room temperature for
MoSi,, but for Mo, a preheating step at 300 °C was per-
formed for 5 min to ensure good adhesion. All the etching
was done on the as-deposited films. Typical sputtering pa-
rameters were 1-3 KW of power and 3-10 mTorr of argon
pressure. Silicon dioxide samples were made in steam at
1000 °C. Poly-Si samples were deposited in a low-pressure
CVD system at 630 °C and subsequently doped at 1000 °C
with POCl,.

To determine the etched thickness of various samples,
two different methods were used. Positive photoresist-
{Shipley AZ1470) was used as the masking material for the
Mo, MoSi,, and doped poly-Si samples. An array of circular
dots, 30 mil in diameter, was defined in a lithographic step.
After etching, the resist was removed in acetone and the
height of the etched step was measured with a Dektak profi-
lometer. The second method, which was used for the oxide
samples only, required no photoresist. Ellipsometry using a
Rudolph Research/Auto-El was performed before and after
etching. The etching process took place at room temperature
for durations up to 5 min. The error bar indicates the average
deviation.

To determine the degree of anisotropy, which is defined
as the ratio of vertical to lateral etched depths, very narrow
{1-2 um) and long lines were defined with either projection
or contact photolithography. Samples were cleaved and
their cross sections were examined with scanning electron
microscopy (SEM) before and after etching. To detect the
adsorbed gas species, Auger Electron Spectroscopy (AES)
was employed with a Physical Electronics SAM-545 Auger
analyzer. Depth profiling was achieved by combining AES
with argon ion milling. These measurements were not taken
in situ in the etcher. Also, the dc bias on the powered elec-
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FIG. 1. Schematic diagram of the planar plasma
etcher (ETE Plasmafab) used in this study.

trode was measured through a LC filtering network. Imme-
diately upon the application of rf power, the dc voltage ob-
served on the rf electrode jumped to its peak value. As the
etching progressed, the voltage fluctuated and gradually as-
sumed a lower value. This dc voltage was monitored under
various etching conditions to infer the degree of in bombard-
ment on various surfaces. The voltage values mentioned be-
low are the average of the peak and bottom values detected
during etching.

1. RESULTS

To examine the line edge profiles, cross sections were
examined under SEM. Figure 2 is a SEM photograph of a
~1 um MoSi, line that was etched in NF, at 1 A and 100
mTorr. The 3000-A-thick film was on oxidized silicon sub-
strate. In this case, the photoresist was defined with a con-
tact printer, resulting in a vertical ( > 80°) resist sidewall. The

FIG. 2. SEM cross-sectional view of a ~1 gm MoSi, line which was
etched in 100% NF; at 1 A and 100 mTorr. The ~ l-um-thick positive
photoresist that was used as mask has not yet been removed. The 3000-A-
thick silicide film was deposited on oxidized silicon substrate.
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anisotropy of the etched profile was ~ 3. Similar edge pro-
files were obtained for molybdenum films, as illustrated in
Fig. 3. Here, the resist has been stripped and various thin
films (Si;N,, etc.} have been deposited over the molybdenum
layer. The anisotropy was also ~ 3. In Fig. 4, the edge profile
obtained for a polycide structure is shown. The polycide
stack had 3000 A of MoSi, on 1500-A-doped poly-Si. The
photoresist was exposed in a projection aligner, which gave a
more gradual (~ 60°) resist sidewall than the previous case.
The anisotropy measured was again ~ 3. However, the poly-
Si layer underneath the silicide was etched isotropically,

FIG. 4. SEM cross-sectional view of a MoSi,/n™* poly-Si {“polycide”)
stack which was etched in 100% NF; at 1 A and 100 mTorr. The ~ 1-um-
thick resist has not yet been removed. A silicide “roof” resulted from the
isotropic etching of the underlying poly-Si and is readily observable. The
substrate was oxidized silicon.
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FIG. 3. SEM picture of an edge profile of a
3000-A-thick Mo film which was etched in
100% NF; at 1 A and 200 mTorr. The resist has
been removed and various layers of thin films
(as indicated) have been deposited over the Mo
layer.

leaving a silicide “roof” over the poly-Si. This feature of po-
lycide etching is undesirable because of the difficulties in step
coverage and linewidth control. A number of solutions to
this problem have been implemented.'”'®2%?2%* In particu-
lar, reactive ion etching of MoSi,/n* poly-Si in CCl,/0,
and CCl,/N, plasmas appears to be the most promising.”*
To characterize in detail the NF, etching process, the
etch rate was determined as a function of rf current, ambient
pressure, and percentage of argon or helium in NF;. In Fig.
5, the etch rate versus rf current is shown for 100% NF; at a
pressure of 100 mTorr. The current range studied was
between 0.6 and 2 A. Exceedingly high etch rates (> 1 um/
min) were measured for heavily doped poly-Si over the entire
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FIG. 5. Etch rates of Mo, MoSi,, doped poly-Si, and SiO, are shown as a
function of rf current at 100 mTorr in 100% NF,.
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current range. Generally, the etch rate of MoSi, was found
to be higher than that of molybdenum, which in turn was
higher than that of silicon dioxide. Also, in each case, the
etch rate was increased monotonically with rf current. In
particular, the silicide etch rate increased from 3000 A/min
at 0.6 A to 6800 A/min at 2 A, while the corresponding
ranges for molybdenum and SiO, were 1730-3200 A/min
and 450-1100 A/min, respectively.

The dependence of the etch rate on the ambient pres-
sure is illustrated in Fig. 6 for 100% NF; and a rf current of
an A. The pressure range was between 80 and 250 mTorr,
except for doped poly-Si where only up to 150 mTorr was
employed. The same increasing order in etch rate—SiO,,
Mo, MoSi,, and doped poly-Si—is observed. The etch rate of
molybdenum exhibited a rather weak functional relation-
ship with pressure when compared to those of Si0O,, MoSi,,
and poly-Si. The Mo etch rate ranged between 1800 and
2500 A/min. In contrast, that of doped poly-Si showed a
fairly strong functional relationship, jumping from 0.85 um/
min at 80 mTorr to 2.2 um/min at 150 mTorr. The pressure
dependence of the silicide etching was intermediate to the
former two in that, between 80 and 125 mTorr, the etch rate
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FIG. 6. Etch rates of Mo, MoSi,, doped poly-Si, and SiO, are shown as a
function of reactor pressure at 1 A in 100% NF,.
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increased sharply with pressure but beyond 150 mTorr, it
started to be less dependent and leveled off. In the case of
thermal oxide, the etch rate increased monotonically with
pressure, ranging between 610 and 1220 A /min.

Since the gate material is usually placed on top of a thin
gate oxide layer, the ability to pattern the gate without sig-
nificantly etching the underlying oxide is essential. The etch
rate ratio between gate metal and oxide is used to character-
ize selectivity. The data in Figs. 5 and 6 are plotted in Figs. 7
and 8 in terms of etch rate ratio versus if current and pres-
sure, respectively. As shown in the figures, the selectivity of
doped poly-Si over oxide was fairly high (12.5-24}. Also, the
etch rate ratio between MoSi, and SiO, varied between 5 and
6.5 within the range of rf current studied at 100 mTorr. Simi-
larly, the Mo to SiO, etch rate ratio had also a very weak
dependence and was ~ 3. On the other hand, the pressure
apparently had a substantial effect on the selectivity of both
molybdenum and MoSi, over thermal oxide. At 1 A, the
selectivity of silicide over oxide increased from 4.5 at 80
mTorr to 7.2 at 150 mTorr, then leveled off to 8 at 250
mTorr. In contrast, that of molybdenum over oxide was the
highest (~3.7) at the lowest pressure but decreased with in-
creasing pressure and reached a minimum (1.6) at the highest
pressure.

To determine the effect of addition of inert gases, the
etching process was characterized with argon or helium di-
luted NF, plasmas. In particular, the etch rates of Mo and its
disilicide were determined for several NF,/Ar and NF,/He
percentages (from 10/90 to 100/0).
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FIG. 7. Etch rate ratios (selectivity) of Mo over 8iO, and MoSi, over SiO,
are shown vs 1f current in 100% NF, at 100 mTorr.
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FIG. 8. Etch rate ratios between Mo and SiO, and between MoSi, and
$i0, are shown vs pressure in 100% NF; at 1 A.

In Fig. 9, the etch rates of molybdenum and silicon
dioxide are shown for rf current ranging between 0.75 and 2
A at 200 mTorr in a 10% NF; plasma diluted with argon.

Molybdenum was being etched at a rate of 280 A/minat1A

and 440 A /min at 2 A, while the corresponding oxide etch-
ing rates were 130 and 160 A/min. The functional relation-
ship of both Mo and SiO, etch rates and rf current was ap-
proximately linear, with a selectivity between 2.2 and 2.8.

The effect of diluting NF, with argon and helium in the

case of 209% NF, and 80% of argon or helium at 200 mTorr
and 1 A is shown in Fig. 10. In all cases, the etch rates in
100% NF, were higher than either dilution case. In particu-
lar, the etch rate of molybdenum decreased from 1800 A/
min to 540 and 790 A/min when the plasma was 80/20 NF,/
Ar and NF,/He, respectively; whereas the corresponding
silicide etch rate dropped from 7850 A/min to 1130 and 850
A/min. The etch rate of thermal oxide also showed marked
decrease. The etch rate of doped poly-Si was 3570 A/min in
20/80 NF,/Ar but only 1720 A/min in NF,/He mixture of
the same ratio. Due to the exceedingly fast etching of poly-Si,
we have only determined its etch rate in 1009 NF; up to a
pressure of 150 mTorr. Even at this lower pressure, a value of
2.2 um/min was measured, much higher than those ob-
tained in the diluted plasmas.

Figure 11 illustrates the etch rate change with the per-
centage of argon in NF; between 0% and 90% at a pressure
of 200 mTorr and a current of 1 A. The general trend of
decreasing etch rate with increasing argon can be readily
observed. Specifically, the silicide etch rate decreased from
7850 A/min with 0% argon to 1130 A/min with 80% ar-
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FIG. 9. Etch rates of Mo and SiO, vs tf current in 10% NF,/90% Ar at
200 mTorr.

gon/20% NF,, while the corresponding Mo etch rate
dropped from 1800 to 540 A/min. Diluting the NF, concen-
tration further to 10% resulted in a Mo etch rate of 280 A/
min. Also, the oxide rate varied between 130 A/minin 10/90
NF,/Arand 1090 A/minin 100% NF,. It may be noted that
an lower than expected etch rate was measured for 50/50
NF,/Ar. The reason for this deviation has not yet been de-
termined. Doped poly-Si was etched at 1010 A/minin 10/90
NF,/Ar but increased rapidly to 1.2 um/min in 50/50 NF;/
Ar.
The etch rate of the positive photoresist used has not
been studied systemically but typical values of 750-3000 A/
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FIG. 10. Etch rates of Mo, MoSi,, SiO,, and doped poly-Si obtained in
100% NF, are compared with those in 20/80 NF,/Ar and 20/80 NF,/
He. A rf current of 1 A and a pressure of 200 mTorr were used.
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min were measured.

The dc voltage on the rf electrode was measured under
various conditions. Its dependence on rf current at 100
mTorr in NF; is shown in Fig. 12 for the various materials
considered here. For MoSi,, it increased from — 62to — 90
V when the current varied from 0.6 to 2.0 A. The corre-
sponding range for molybdenum was between — 34 and

— 70 V. A higher range can be seen for oxide and poly-Si
etching.

The variation of dc voltage with pressure is illustrated
in Fig. 13. Generally, it was much higher below 150 mTorr
than above it. For the disilicide, it dropped from — 125 to

— 22 V when the pressure changed from 80 to 125 mTorr.
Beyond 125 mTorr, the change was small. A very similar
relationship has also been observed for thermal oxide and
molybdenum. Moreover, for doped poly-Si, it also decreased
from — 125to — 25V between the pressure range of 80-150
mTorr. From these measurements, we can conclude that,
below 150 mTorr, there is a higher degree of ion bombard-
ment on all the surfaces in the chamber than above that pres-
sure for all the etching we investigated here.

For the diluted plasmas, generally, a much higher (by as
much as an order of magnitude) dc voltage has been mea-
sured. Also, the dilution of NF, with helium usually resulted
in a higher voltage than with argon. For instance, when etch-
ing the disilicide at 1 A and 200 mTorr, the dc bias was — 20
V for 100% NF, but was — 57 for 20/80 NF,/Ar. The cor-
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FIG. 12. dc voltage measured on the excitation electrode vs rf current
Juring the etching of Mo, MoSi,, doped poly-Si, and SiO, in 100% NF, at
100 mTorr.

responding values for etching Mo were — 7.5and — 55V,
while those for etching thermal oxide were — 10.5and — 55
V, respectively. Furthermore, when etching SiO, at 2 A and
100 mTorr in 20/80 NF,/He, the highest voltage { — 670 V)
was measured, considerably higher than those in 20/80
NF,/Ar and 100% NF; ( — 295 and — 90 V, respectively).

It should be pointed out that measurements of the rf
electrode potential relative to ground were used to give only
an indirect measure of the trend of the generally higher po-
tential difference between the plasma and the substrate.*
The plasma potential was not directly measured.

IV. DISCUSSION

The control of the etching characteristics, such as an-
isotropy and selectivity, described in the last section requires
an understanding of the basic mechanisms of the plasma
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FIG. 13. dc bias vs pressure during the etching of Mo, MoSi,, doped poly-
Si, and SiO, in 100% NF;at 1 A.
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etching process. Towards that end, the various reaction steps
that take place need to be examined in detail. The sequence
of reactions that has been proposed® is: (1) nondissociative
adsorption of the etching gas molecules at the solid surface
being etched, {2} dissociation of these adsorbed molecules, (3}
formation of the product molecules from reactions between
the adsorbed atoms and the solid surface, {4) desorption of
these product molecules into the gas phase, and (5) removal
of nonreactive residue, if any, from the surface. Any of these
could be the rate-limiting step.>> Also, many of these events
depend critically on the degree of electron and/or ion bom-
bardment. Hence, the interactions of ions, electrons, and
neutral radicals with solid surfaces play an important role in
these plasma processes.

Detailed examinations of many of these steps have been
carried out in the etching of silicon with CF,-based'®'"?52¢
and, to a lesser extent, SF,-based?’ plasmas. In contrast, very
little work has been reported on NF; plasmas.””*® Also,
while plasma etching of silicon and silicon dioxide has been
widely investigated, little information has been published on
refractory metal or metal silicide etching. In the following
discussion, we will compare these reaction events in CF, and
NF, plasmas for Si, Mo, and MoSi,. In particular, the analy-
sis concentrates on the surface examination of partially
etched and unetched (control) Mo and MoSi, samples using
AES. Also, measurements on the dc voltage of the cathode
will be discussed with respect to the etching characteristics.

In the case of CF,, the adsorption and dissociation on
the surface of silicon has been attributed to, first, the adsorp-
tion of the CF, molecule and then its dissociation into var-
ious fragments on the solid surface assisted by external radi-
ation.'®? The predominant fragments, as detected by mass
spectrometry of the effluent, appear to be CF, and F.'*"
Nevertheless, all of the CF, (x = 1,2,3) species are expected
to participate in subsequent reactions. No dissociative ad-
sorption has been observed in the absence of external radi-
ation. On the other hand, in the case of XeF,, dissociative
adsorption has been found to take place on silicon surfaces
even without a plasma.”® Finally, in the case of NF,, we

believe the adsorption behavior to resemble that of CF, rath-
er than that of XeF, since no etching reaction has been ob-
served without external radiation. With plasma discharge,
NF; is dissociated into various NF, radicals, each of which
is expected to contribute fluorine to the etching process. The
NF,; plasma differs somewhat from a CF, plasma in that
uncracked parent molecules have also been detected, 2%
even though NF,, the counterpart of CF,, is still the major
species.

Next, the dissociated radicals readily react with the sol-
id surface to form fluorinated compounds. For silicon, SiF,
has been found to be the ultimate reaction product in CF,, as
well as many other fluorine-based plasmas.'®!"26?" Thus,
we do not expect NF; etching of silicon to deviate from this
trend. For molybdenum, MoF, has been reported in plasma
etching with CF,.*? It is very likely that the same products
are formed in molybdenum silicide etching, though this as-
sertion has not yet been verified experimentally.

The desorption of these product molecules from the sol-
id surface is the third important event. The desorption rate
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depends on, among other things, vapor pressure of reaction
products and gas flow. Due to the volatile nature of SiF,
(vapor pressure over 20 atm at room temperature), its de-
sorption is not a problem after its formation. In contrast,
MoF, has a vapor pressure of only 400 Torr at 290 °K.*
Thus, its limited desorption can slow further reactions from
proceeding. Also, in contrast to CF,, all of the constituents
of NF; are gases at room temperature. Thus, no solid residue
{e.g., carbon) is left on the etched surface.

To examine the etched surface, Auger analysis was per-
formed on Mo and MoSi, samples before and after NF, etch-
ing. The Auger spectra for molybdenum films which were
partially etched in 100% NF, and unetched (control} are
shown in Fig. 14. In Fig. 14(a), the as is surface of the partial-
ly etched sample is analyzed. Besides carbon and oxygen,
both of which are always present on air-exposed surfaces,
molybdenum, fluorine, nitrogen, and possible traces of
titanium were detected. Ion milling the surface with argon
for 3 min (removing ~ 75 A) eliminated most of the oxygen
and some of the carbon [Fig. 14(b})]. The rest of the carbon in
the film originated from the sputtering target, as verified in
the bulk of the unetched sample [compare Fig. 14(b) with
Fig. 14(d)]. Also, the Auger line shapes of surface and bulk
carbon indicate the latter was chemically bonded while the
former was not. Fluorine was no longer present, pointing out
that it was confined to the surface. The controlled sample
surface [Fig. 14(c)] showed similar amounts of oxygen and
carbon but exhibited a much smaller amount of nitrogen,
indicating that the nitrogen originated from the plasma.

The Auger spectra for partially etched and unetched
MosSi, films are illustrated in Fig. 15. The unetched sample
surface showed oxygen, carbon, and silicon but only a negli-
gible amount of molybdenum [Fig. 15(d)]. Ion milling the
sample for 3 min eliminated most of the oxygen and carbon
but detected, as expected, a significant amount of molyb-
denum [Fig. 15(e}]. This shows that the silicide surface is
usually covered with a thin layer of native oxide (S10, )
which is highly metal deficient. The as is surface of the par-
tially etched sample was very different [Fig. 15(a)]. In addi-
tion to oxygen and carbon, fluorine, molybdenum, and ni-
trogen, as well as trace amounts of titanium, iron, and
aluminum were detected. No silicon was observed on the
surface. Ion milling for 3 min [Fig. 15(b)] increased the sili-
con and molybdenum peaks but reduced the intensity of the
other peaks. Finally, after ion milling for 15 min [Fig. 15(c)},
most of the contaminants decreased to noise level except for
oxygen and carbon. The similar presence of these last two in
both samples [Figs. 15(c) and 15(¢)] probably indicates their
level in the sputtering target. The presence of molybdenum
but not silicon on the etched surface points to the limited
desorption of molybdenum compounds (probably MoF,) but
not silicon compounds (SiF,). This is consistent with the sig-
nificantly higher vapor pressure of SiF, vs MoF,. The role of
nitrogen on the surface is still unclear. It may participate in
some surface reactions not yet identified. All of the other
contaminants can be traced to either the sputtering target
(oxygen and carbon) or the reactor chamber or electrode
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FIG. 14. Auger spectra for partially etched and unetched (control) molybdenum films: The as is surfaces of the {a} partially etched and (c) unetched samples;
the same surfaces after ion milling with argon for 3 min, (b) and (d), respectively.

(aluminum, iron, and titanium).

The increase of the various etch rates with applied cur-
rent, as shown in Fig. 2, can be due to all the mechanisms
above. However, since no large variation of the dc bias on the
tf electrode has been measured within the range studied, the
dependence of the etch rates on rf current are predominantly
chemical in nature. On the other hand, the pressure depen-
dence of the etch rates exhibits different behaviors for the
various materials investigated here. For poly-Si, the depen-
dence is very strong. The etch rate of thermal oxide also
increases with pressure, but not as strong as that of poly-Si.
This is an indication that both of these processes are mass-
transfer limited. On the other hand, for molybdenum, the
etch rate hardly changes with pressure. This is probably due
to the limiting effect of either the surface reaction rate or the
desorption rate of the molybdenum compounds formed. In
the case of the silicide, the initial etching behavior appears to
be mass-transfer limited while at higher pressure (> 150
mTorr), it becomes more reaction-rate limited. As to the
physical effects, because the dc voltage on the excitation
electrode decreases rapidly between 80 and 150 mTorr, the
degree of ion bombardment is higher at lower pressures. This
factor may explain the lower selectivity of poly-Si and MoSi,
over SiO, at lower pressures.
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The dilution of NF, with either argon or helium uni-
formly resulted in a lower etch rate under all conditions. It
has been pointed out earlier that the dc bias on the rf elec-
trode detected in diluted NF; plasmas was much higher than
in 100% NF,. This would indicate a larger degree of ion
bombardment in the diluted plasmas. Therefore, the signifi-
cant decrease in etch rate when NF,; is diluted with argon or
helium can then be attributed to the larger influence of the
decrease in concentration of reactants. Consequently, either
argon or helium may be used as dilutant for NF;.

Ion bombardment, as inferred from dc voltage mea-
surements, is stronger in the helium dilution case than in the
argon dilution case, resulting in higher etch rates in the for-
mer. However, the etch rates measured for 20% NF; with
809% argon or 80% helium apparently indicate that the de-
pendence of etch rate on ion bombardment is more complex
because the etch rate is not always higher in the helium dilut-
ed plasmas. Also, it is worth noting that the plasma was seen
to be less stable with the addition of helium than with argon.

V. SUMMARY

The etching characteristics of Mo and MoSi, with NF,
mixtures in a planar plasma reactor has been described and
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compared with those of phosphorus-doped poly-Si and ther-

mally grown Si0,. The dependence of etch rate on applied rf

current, reactor pressure, and dilution with argon and heli-
um is studied. The selectivity of Mo over SiO, and MoSi,
over SiO, was found to be 1.5-4 and 4-8 and the anisotropy

was ~ 3 for both cases. Measurements of the dc bias on the rf

electrode showed that ion bombardment was higher below
150 mTorr and in argon and helium diluted plasmas. Com-
parative Auger analysis indicated that desorption of molyb-
denum compounds, but not silicon compounds, can be the
rate-limiting step for both metal and silicide etching. The
application of this etching process has resulted in successful
fabrication of high-resolution Mo and MoSi, gate devices
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FIG. 15. Auger spectra for partially etched and unetched MoSi, films:
The as is surfaces of the (a) partially etched and (d) unetched samples; the
same surfaces after ion milling with argon for 3 min, (b) and (), respective-
ly; (c) the partially etched sample surface after ion milling with argon for a
total of 15 min.

and circuits.*>*¢ Furthermore, silicide structures as small as
1000 A were also fabricated using an edge-defined technique
with a modified version of this process.?’
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