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Abstract

In this study, SrBi Ta O(SBT) thin films were etched using a magnetized inductively coupled plasma(MICP) and their etch2 2 9

characteristics were investigated as a function of ClyAr gas mixing ratio, inductive power and bias voltage. The SBT etch rate2

appeared to show the highest value when Cl concentration in the ClyAr mixture was 30%, even though the SBT etch rate2 2

remained nearly constant when the Cl concentration in the mixture was higher than 10%. SBT etch rates were also strongly2

influenced by both inductive power and bias voltage. This result implies that the etching of SBT is dependent upon both ion
bombardment and chemical reaction. An etch rate of 150 nmymin could be obtained using 30% Cly70% Ar, 6.7 Pa of operation2

pressure, 600 W of inductive power, andy300 V of bias voltage. The etch selectivity of SBT over Pt, and photoresist were less
than 0.5 and 1.0;1.2, respectively, when the Cl was more than 10% in ClyAr mixtures. An SBT(200 nm)yPt (100 nm)yTi2 2

(100 nm) heterostructure was etched using the MICP with 30% Cly70% Ar mixture, which resulted in an anisotropic etch2

profile without the formation of sidewall residue.� 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Since ferroelectric materials normally have extremely
large dielectric constants, their use as non-switching
capacitors in dynamic random access memories
(DRAMs) is rapidly evolving w1–3x. Recent work
emphasized the research on SBT-basedw4–7x and PZT-
based w7–9x ferroelectric random access memories
(FeRAMs) and barium strontium titanate-based(BST)
capacitor DRAMs. Strontium bismuth tantalate-based
(SBT) memories provide a major advantage of yielding
capacitors with suitable properties including negligible
fatigue and imprint for FeRAMs. In the fabrication of
non-volatile memory devices, dry etching of the ferroe-
lectric thin films is an important issue for the pattern
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transfer. SBT is more difficult to etch even though it
has many advantages for the next generation of Fe-
RAMs. It has been reported that the plasma-etch rate of
SBT is approximately 70% of that of a comparable PZT
layer. Desu and Panw10x reported the etching character-
istics of SBT and SrBi Ta Nb O films using SF and2 x 2yx 9 6

CHClFCF in a conventional reactive ion etching(RIE)3

system and obtained etch rates of-20 nmymin. Lee et
al. w11x investigated the etching behavior and damage
recovery of SBT films in a magnetron-enhanced RIE
system using AryCF yO yCl plasmas. They also4 2 2

reported relatively slow etch rates(-28 nmymin) at
658C.
Post etch residue in addition to low etch rates is also

an important factor affecting ferroelectric pattern trans-
fer. Redeposition of the etched material on the sidewall
of the etched films has been observed when fluorine-
based gasesw12x or chlorine-based gasesw13x were used
to etch ferroelectricyPt-layered heterostructures. These
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Fig. 1. Schematic view of the MICP etcher with Helmholtz type elec-
tromagnets and multidipole permanent magnets used in this
experiment.

Fig. 2. SBT etch rate and its selectivities over Pt and photoresist as
a function of ClyAr gas ratio in MICP. Process condition: 600 W of2

induction power;y150 V of bias voltage; and 6.7 Pa(30 sccm) of
operation pressure.

redeposited materials are not easily removed by post
wet cleaning. However, with optimized chlorine-based
gas combinations and a high-density plasma tool, it is
possible to obtain residue-free etched surfaces in addi-
tion to high SBT etch rates.
Therefore, in this study, SBT etch rates and the

selectivities over both the mask material(photoresist)
and the electrode material(Pt) were studied as a function
of Cl yAr gas mixing ratio, inductive power and bias2

voltage using a MICP source which shows higher
dissociation and ionization rates compared to a conven-
tional inductively coupled plasma(ICP) source.

2. Experimental

A schematic view of the apparatus used in this study
is shown in Fig. 1. A square array of magnet housing
made of anodized aluminum was installed inside the
chamber to hold permanent magnets having 3000 G on
the magnet surface. The magnets were arranged in the
housings to form a magnetic cusp. Fourteen pairs of
equally spaced permanent magnets were inserted in the
anodized aluminum housings. Square(500=500 mm)
shaped helmholtz type axial electromagnets were also
installed outside the chamber to supply 20 G of uniform
external magnetic field inside the chamber. The ICP coil
was made of an Au-coated 4-turn square coil of copper.
Radio frequency power(13.56 MHz, 0–1200 W) was
applied to generate inductively coupled plasmas, while
different 13.56 MHz rf power was applied to the water
heated(708C) substrate to induce bias voltages to the
wafer. A 24-mm-thick quartz plate was used to separate
the square coil from the plasma region. More details of
the system and its characteristics can be found elsewhere
w14x.

The SBT thin films used in this study were prepared
by metal organic deposition(MOD) using a spin coating
method. SBT films were coated on Pt(100 nm)yTi
(100 nm)ySi substrates and prebaked on a hot plate at
4008C for 10 min. Pre-baked films were annealed at
8008C for 30 min under oxygen atmosphere for crystal-
lization. Details of the procedure can be found elsewhere
w11x. Changes in film thickness were measured by stylus
profilometry after the removal of the patterned photores-
ist. Etch profile was observed by scanning electron
microscopy(SEM).

3. Results and discussion

Fig. 2 shows the etch rate of SBT thin film and its
etch selectivities over Pt and photoresist as a function
of Cl yAr when total flow rate was maintained at 302

sccm. Other process conditions such as inductive power
to the source, bias voltage and total pressure, and
substrate temperature were also maintained at 600 W,
y150 V, 6.7 Pa, and 708C, respectively. As shown in
the figure, the etch rate of SBT increased rapidly with
the increase of Cl concentration in the ClyAr mixture.2 2

However, the etch rates remained practically constant
when Cl concentration in the mixture was higher than2

10%, even though the highest etch of SBT appears to
be obtained when 30% of Cl was reached in the Cly2 2

Ar mixture. The etch rate was approximately 86 nmy
min and it was two times higher than that by pure Ar.
This result implies that SBT is etched not only by ion
bombardment but also by chemical reaction. BiCl(b.p.:3

4418C), SrCl (b.p.: 12508C) and TaCl (b.p.: 2338C)2 5

are expected to form as etch products during the SBT
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Fig. 3. The effects of MICP inductive power on the SBT etch rate
and selectivities over Pt and photoresist. Process condition: 30% Cly2
70% Ar;y150 V of bias voltage; and 6.7 Pa(30 sccm) of operation
pressure.

Fig. 4. The effects of dc-bias voltage on the SBT etch rate and its
selectivities over Pt and photoresist. Process condition: 30% Cly70%2

Ar; 600 W of inductive power; and 6.7 Pa(30 sccm) of operation
pressure.

etching with chlorine-based plasma chemistries. But,
due to the low volatility of these chlorine compounds,
the physical ion bombardment effect to enhance the ion
assisted etch product desorption mechanism is indispen-
sably required. Moreover, previous results of optical
emission spectroscopy showed that the numbers of Clq

2

ions detected for MICP were approximately 2.5 times
higher than those for conventional ICP at the same
process conditionsw15x. The increased Cl ions in theq

2

plasma will increase the chemical andyor physical
sputtering effect and the chemical reactivity during the
SBT etching. The etch selectivity of SBT over photores-
ist increased from 0.5 to 1.2 when more than 10% of
Cl was mixed in ClyAr possibly due to the enhanced2 2

SBT etching by the formation of those high vapor
pressure byproducts. The etch selectivity of SBT over
Pt was generally lower than 0.5 possibly due to the
similar enhanced etch mechanism of Pt in ClyAr by2

the formation of PtCl .x

Fig. 3 shows the effect of inductive power on the
etch rate of SBT and its etch selectivities over Pt and
photoresist. 30% Cly70% Ar gas combination was used2

in the experiment and other conditions were the same
as those shown in Fig. 2. As shown in the figure, the
increase of inductive power from 400 to 1000 W
increased the SBT etch rate almost linearly from approx-
imately 47 to 125 nmymin without saturation. The
increase of SBT etch rate with the increase of inductive
power appears to be from the increase of reactive
chlorine radicals and ion density with the increase of
inductive power, as investigated by a previous study for
pure Cl w14x. The etch rates of Pt and photoresist also2

increased linearly with the increase of inductive power
due to the increase of reactive radicals and ion density.
The highest etch rate of Pt at 1000 W of inductive
power was 117 nmymin. Therefore, as shown in the
figure, the etch selectivities of SBT over Pt and pho-
toresist remained similar regardless of inductive power
as 0.3–0.4 and 1.1–1.2, respectively. The highest SBT
etch rates obtained in this experiment appear to be
higher than those obtained by other researchers. In fact,
the inductive coupled plasma source used in this exper-
iment is a magnetized inductively coupled plasma source
where axial Helmholtz type electromagnet is installed
around the chamber and magnetic bucket type permanent
magnets are installed inside chamber wall to enhance
the etch rate and etch uniformity. Previous experiments
w15,16x showed that the degree of ionization and disso-
ciation was increased by increasing power transfer effi-
ciency and by decreasing the loss of ions to the chamber
wall when this type of magnet combination was used.
Fig. 4 shows the effect of dc-bias voltage on the etch

rate of SBT and its etch selectivities over Pt and
photoresist. The dc-bias voltage was varied fromy100
toy300 V while keeping ClyAr gas mixture, inductive2

power, operational pressure and substrate temperature as
30% Cl y70% Ar, 600 W, 6.7 Pa, and 708C, respectively.2

The increase of bias voltage fromy100 to y300 V
also linearly increased the SBT etch rate from 47 to 150
nmymin as shown in the figure. The increase of dc-bias
appears to be more effective in increasing SBT etch rate
than that by increasing inductive power, therefore, ion
bombardment which enhances the removal of the
byproducts formed on the surface in addition to physical
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Fig. 5. Typical etch profile SBTyPtyTi film in the 30% Cl y70% Ar2

gas mixture. Process condition: 600 W of induction power;y150 V
of bias voltage; and 6.7 Pa(30 sccm) of operation pressure.

sputtering appears to be one of the most important
factors in the SBT etching. The etch selectivity of SBT
over photoresist remained similar near 1.0, however, the
etch selectivity of SBT over Pt appears to increase
slightly with the increase of dc-bias voltage suggesting
lower sensitivity of Pt etching on the ion bombardment.
However, the etch selectivity also remained less than
0.5.
In the application of SBT, Pt is generally used as the

electrode for SBT and Ti is used as the glue layer to
the substrate, therefore, the multi-layer composed of
SBTyPtyTi needs to be etched. To simplify the etching
of the multi-layer, the SBTyPtyTi layer may need to be
etched by one-step etching using one recipe without
sacrificing the etch mask selectivity. However, due to
the low SBT etch rate and low etch selectivity over
photoresist, the previous research investigated using
conventional low density reactive ion etching methods
had to use a double metal mask such as TiyCr double
layer. Also, even with high-density plasmas, sidewall
residue was reported when fluorine-base or inadequate
chlorine-base gas mixtures were usedw17x. This sidewall
residue remains as a fence after the removal of the
photoresist and is difficult to remove even with post
wet cleaning. Fig. 5 shows the etch profile of SBT(200
nm)yPt (100 nm)yTi (100 nm) deposited on the oxi-
dized silicon wafer. 1.2-mm thick photoresist was used
as the etch mask. Process condition was 30% Cly70%2

Ar of gas mixture, 600 W of inductive power,y150 V
of bias voltage, 6.7 Pa of operational pressure, and 708C
of substrate temperature. As shown in the figure, an
SBTyPtyTi etch profile with reasonable anisotropy and
with no sidewall residue could be obtained using a
typical 1.2-mm photoresist when the magnetized induc-

tively coupled plasma source and an optimized gas
mixture were used.

4. Conclusions

In this study, the effects of process conditions such
as Cl yAr gas mixture, inductive power and bias voltage2

on the SBT etch rate and its selectivities over Pt and
photoresist were investigated using a magnetized induc-
tively coupled plasma source. Due to the relatively low
vapor pressures of byproducts formed during the etching
by Cl yAr, ion bombardment in addition to chemical2

reaction was required to obtain high SBT etch rates. In
this experiment, Cl concentration of more than 10% in2

the Cl yAr mixture enhanced SBT etch rates, and it2

appears to be from the formation of chlorides of Sr, Bi
and Ta in SBT and the removal of those byproducts by
physical sputtering. SBT etch rate increased linearly
with the increase of inductive power and bias voltage,
however, the increase of SBT etch rate was more
sensitive to bias voltage. The etch selectivity of SBT
over Pt was generally lower than 0.5 and that over
photoresist was in the range from 1.0 to 1.2 when Cl2

was mixed more than 10% in ClyAr. The highest SBT2

etch rate obtained in this experiment was 150 nmymin.
When photoresist patterned SBTyPtyTi multi-layer was
etched with 30% Cly70% Ar, a reasonably anisotropic2

etch profile with no sidewall reside could be obtained.
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