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High Density Plasma Etching of Platinum Filmsin BCIs/Ar
and CF4/Ar Inductively Coupled Plasmas
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The etch characterigtics of platinum films and the etch sdlectivities for platinum over the mask materias in BCly/
Ar and CF/Ar ICP discharges have been investigated to establish a process window for the thick platinum
dructure formation in MEMS devices. Maximum etch rates of ~1800 A/minute and ~1200 A/minute were
obtained a a moderate ICP source power (750 W) and a relatively high rf chuck power (400 W) condition
for CFJ/Ar and BCl3/Ar ICP discharges, respectively. Maximum etch sdlectivities of ~2.6 for platinum over
Al and of ~2.1 for platinum over ZnO were obtained. CF4/Ar ICP etching with aluminum mask layer seems
to be a very attractive tool for the fabrication of MEMS devices containing a thick platinum structure layer.
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1. INTRODUCTION

The meta or metd aloy layer in microelectromechanica
system (MEMS) devices is expected to meet requirements
that are necessary for fabrication process compatibility and
good device performance. For example, in the MEMS device
fabrication process, the metal or metal dloy layer needs to
survive the cleaning process and pretreatment of wafers in
an oxygen rich environment before wafer bonding.™ Thin
metd films in the temperature sensors need to withstand
temg]eratur&s up to 1000°C for heating and temperature sens-
ing.

Various materids including the noble metals (Au, P, Ir,
and Pd) and the conductive metal oxides (RuQ,, IrO,, €tc.)
have been considered as metalization materias in MEMS
fields*® Platinum (PY) is one of the most widely used mate-
rials in MEMS and microelectronic devices due to its low
electrical resistance, and high chemical and temperature sta-
bilities. A Pt layer with thicknessin the range of 200-300 nm
is generaly patterned by conventiona lift-off process, con-
sisting of sequential steps of photolithography, meta deposi-
tion, and solvent lift-off. However, the platinum particles or
wing tips (ears) may remain at the edges after lift-off and
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cause short circuits when an opposite dectrode is placed
within 1 um. Some researchers have reported on modified
lift-off techniques to overcome this problem, but these con-
sist of more complicated process steps compared to conven-
tiondl lift-off.!"

Recently, platinum has often been used as a structural
material for the actuating part in MEMS devices, such as
cantilevers and bridges, taking advantage of its high ress
tance to plastic deformation a €elevated temperatures while
maintaining good conductive properties!®™® The typical thick-
ness of the platinum layer as a structure material is expected
to be 21 wm, which is much thicker than layers in its usua
gpplications. In the fabrication process for MEMS devices
containing a platinum structural layer, patterning the ~1 um
thick platinum layer with high accuracy has become one of
the most critical technological issues!® The lift-off process
is not suitable to forming a thick platinum structura layer
dueto the limitationsin film thickness and patterning resolu-
tion. High density plasma etching combining the practical
and controllable etch rate with a reasonable etch sdectivity
to mask material seemsto be an attractive tool for patterning
thick platinum structures. In this work, we report on a para-
metric study of high density plasma etching characteristics
of platinum filmsin BCls/Ar and CF#/Ar inductively coupled
plasmas (ICP). The effects of plasma composition, ion flux
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and ion energy on the platinum etch rate and, especially, on
the etch selectivities for platinum over the mask materials
were examined.

2. EXPERIMENTAL

Platinum films with thicknesses of ~3000 A were depos-
ited on ®4" S substrates by an e-beam evaporation process
a the process pressure of 1x10° Torr; an ~100 A Ti layer
was used as an adhesion promoter. Platinum films were pat-
terned with various mask materias, including photoresist,
SN0, ZnO and aluminum. High density plasma etching was
performed in a planar inductively coupled plasma source
operating a 13.56 MHz and power up to 1000 W, and the
samples were thermally bonded to an S carrier wafer that
was mechanicaly clamped to an He backside-cooled, rf-
powered (13.56 MHz, up to 450W) chuck. BCla/Ar and CF/
Ar inductively coupled plasmas were employed to etch plat-
inum films, process pressure was varied from 2-20 mTorr,
with a gas load of 15-35 standard cubic centimeters per
minute (sccm). After removal of the mask material, etch rate,
etch sdectivity and surface morphology were characterized
by stylus profilometry measurements, field-emission scan-
ning electron microscopy (FE-SEM) and atomic force micros-

copy (AFM).
3. RESULTS AND DISCUSSION

Figure 1 shows the plasma composition dependence of the
platinum etch rate for BCls/Ar and CF4/Ar inductively cou-
pled plasma discharges at fixed source power (750 W), rf
chuck power (250 W) and process pressure (2 mTorr). CF4/
Ar inductively coupled plasma discharges produce much
higher platinum etch rates than those with BCls/Ar under the
same conditions. This result could be readily understood by
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Fig. 1. Platinum etch rate as a function of plasma composition in
BCly/Ar and CF/Ar ICP discharges (750 W source power, 250 W rf
chuck power, 2 mTorr).

taking account of the volatility of potential etch products
between platinum and the two plasma chemistries. Platinum
fluoride etch products (presumably PtFe: boiling point
69.1°C) are more volatile than platinum chloride etch prod-
ucts (presumably PtCl,: melting point 581°C, PtCl,: melting
point 370°C), which leads to the higher platinum etch rates
with CF4/Ar discharges. For CFJ/Ar discharges, platinum
etch rate increases as the volume ratio of CF, in the gas load
increases, indicating the presence of the chemica compo-
nent of the etching. In sharp contrast, the platinum etch rate
stays amost constant regardless of the variaion in the
plasma composition. It is suggested that the etching of plati-
num in BCly/Ar discharges is inhibited by nonvolatile PtCly
compounds accumulated on the surface. In other words, the
platinum etch rate is limited by the physica desorption of
PtCl, etch products from the surface. Maximum etch rates of
~1500 A/minute and ~730 A/minute were obtained with
BCly/Ar and CF/Ar |CP discharges, respectively.

Figure 2 presentsthe platinum etch rate asafunction of the
ICP source power with 250 W rf chuck power, 2 mTorr
BCly/Ar and CF4/Ar plasmas. For CF4/Ar chemidtries, plati-
num etch rate initially increases as the source power
increases due to the increased ion flux and the atomic fluo-
rine density, but then decreases beyond 750 W. At source
powers higher than 750 W, though the ion flux keeps increes-
ing, the average ion energy in the plasma fals below that
needed to efficiently remove the platinum fluoride etch prod-
ucts from the surface. A similar behavior is observed for
BCl3/Ar ICP discharges and, again, BCly/Ar discharges pro-
duce much lower etch rates than CF./Ar mixtures.

The effect of rf chuck power on the platinum etch rate in
750 W | CP source power, 2 mTorr BCls/Ar and CF/Ar plas-
masis shown in Figure 3. For both chemigtries, the platinum
etch rate shows a strong dependence on the rf chuck power,
indicating the presence of the physica component of the
etching. The platinum etch rate monotonicdly increases as
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Fig. 2. Platinum etch rate as a function of source power in 10BCly/5Ar
and 10CF4/5Ar I CP discharges (250 W rf chuck, 2 mTorr).
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the rf chuck power increases due to the enhanced ion-
assi sted desorption of the platinum chloride and fluoride etch
products. Maximum etch rates of ~1800 A/minute and ~1200
A/minute were obtained at a moderate ICP source power
(750 W) and ardatively high rf chuck power (400 W) con-
dition for CF4/Ar and BCly/Ar ICP discharges, respectively.
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Fig. 3. Platinum etch rate as a function of rf chuck power in 10BCl3/
5Ar and 10CF4/5Ar | CP discharges (750 W source power, 2 mTorr).
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Fig. 4. PR (AZ4330) etch rate as afunction of ICP source power (top)
and etch selectivity for PR over platinum (bottom) in 10BCl/5Ar and
10CF4/5Ar ICP discharges (250 W rf chuck power, 2 mTorr).

To pattern a thick platinum structure layey, it is critica to
find a suitable mask materid that can provide a reasonable
etch sdectivity to the platinum film. First, AZ4330, one of
the most commonly used photoresists (PRs), was chosen to
evauate the etch selectivity for platinum. Figure 4 showsthe
PR etch rate as afunction of |CP source power (top) and the
resultant etch selectivity for PR over platinum (bottom) at
fixed plasma composition (10BCly/5Ar or 10CF4/5Ar), rf
chuck power (250 W) and pressure (2 mTorr). Both BCIy/Ar
and CF4/Ar ICP plasmas produce much higher etch rates for
PR compared to platinum, as shown in Fig. 2. Etch sdectiv-
itiesfor PR over platinum in the range of 7.9-17 for BCIy/Ar
and 1.2-5.4 for CF4/Ar |CP plasmas were obtained, and this
shows that AZ4330 is not a suitable mask material for the
thick platinum structure formation.

Second, duminum (Al), tin oxide (SnO.) and zinc oxide
(ZnO), which are expected to form rdatively nonvoldtile
etch products with fluorine-based mixtures, have been eval-
uated as to their potentia as mask materias for thick plati-
num structure formation. The materia etch rates in 10CF./
5Ar ICP discharges (top) at 450 W source power and 2
mTorr pressure condition and the resultant etch sdlectivities
for platinum over the mask materias (bottom) are shown in
Fig. 5. Aluminum and ZnO showed much lower eich rates
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Fig. 5. Etch rates of platinum, Al, ZnO and SnO (top) and etch selec-
tivities for platinum over auminum, ZnO and SnO, (bottom) as a
function of rf chuck power in 10CF/5Ar ICP discharges (450 W
source power, 2 mTorr).

Electron. Mater. Lett. VVol. 5, No. 4 (2009)



208

1 I !
CNN 15.0kV 15.2mm x1.00k SE(U)

CNN 15.0kV 18.0mm x4.00k SE(V)

Fig. 6. SEM micrographs of features etched into Pt/Ti using 10CF./
5Ar ICP discharges (450 W source power, 250 W rf chuck power, 2
mTorr).

than platinum under most of the conditions examined, which
result is ascribed to the formation of nonvolatile metal fluo-
ride etch products (compare boiling points of potentia etch
products; AlF;: meting point 1291°C, ZnF,: 1500°C, SnF:
sublimes 705°C, SnF,: 853°C). Maximum etch selectivities
of ~2.6 and ~2.1 were obtained for platinum over Al and
platinum over ZnO, respectively. From this result, Al and
Zn0O are thought to be promising mask materias for the plat-
inum structure formation.

Figure 6 shows SEM micrographs of features etched into
PU/Ti films deposited on Si using 10CF./5Ar ICP discharges
with 450 W source power, 250 W rf chuck power, and 2
mTorr pressure. An ~2500 A thick Al film was used as the
mask layer and the etched depth is~9500 A. Please note that
the Al mask layer is till in place. The etched surface shows
a smooth morphology and a vertica sidewdl profile is
obtained.

4. SUMMARY AND CONCLUSIONS

In order to find a process window that allows thick plati-
num structure formation in microelectromechanical system
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devices, the etch characteristics of platinum films and the
etch selectivities for platinum over the mask materids in
BCIls/Ar and CF4/Ar inductively coupled plasmas have been
studied. Both chemistries were found to be capable of pro-
ducing prectica and controllable etch rates for platinum.
CF4/Ar ICP discharges produced higher platinum etch rates
than BCl3/Ar due to the high voldtility of the platinum fluo-
ride etch products compared to those of the platinum chlo-
ride compounds. Maximum etch rates of ~1800 A/minute
and ~1200 A/minute were obtained a a moderate | CP source
power (750 W) and aredlatively high rf chuck power (400 W)
condition for CF/Ar and BCly/Ar ICP discharges, respec-
tively. The potential of aluminum, ZnO and SO, as mask
materias for thick platinum structure formation has been
evauated. Aluminum and ZnO were found to show reason-
able etch selectivities of ~2.1-2.6 to platinum. High density
plasma etching combining CF/Ar ICP discharges and au-
minum mask layer seems to be a very attractive tool for the
fabrication of microelectromechanical system devices con-
taining a thick platinum structure layer.
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