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The chemical-mechanical-planarization (CMP) of the Ge-doped SbTe (Ge-ST) film deposited by atomic layer deposition (ALD) is
essentially necessary for 3-dimensional (3D) cross-point phase-change-memory (PCM) array, producing indispensably the surface-
tensile-stress inducing polishing-voids due to the corrosion of the Ge-ST film and structural tensile stress in the confined memory-cells
with ~20-nm-diameter. The oxidizer (i.e., HyO2) in a CMP slurry played an important role to suppress the generation of the polishing
voids via strong chemical oxidation of Sb,Os and TeO; of the Ge-ST film surface to avoid a corrosion process during CMP. The
suppression efficiency of the polishing voids greatly depended on the HyO, concentration in a ALD Ge-ST-film CMP of the confined
memory-cell array; i.e., the polishing voids could disappear completely greater than a specific HyO; concentration (i.e., 4wt%).
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Recently, 3D cross-point memory fabricated with chalcogenide-
alloy based PCM-cells and chalcogenide based non-linear-selectors '™
has been proposed as a storage class memory having a nonvolatile
memory characteristic, a fast operation speed (i.e., several hundred
of ns),” a good write/erase endurance cycle (i.e., >1 x 10%), and a
high integration density (i.e., several Mega-bit).5!* 3D cross-point
memory-cells have been fabricated by using the structure of confined
memory-cells to minimize reset current of PCM cells,” 81415 where
chalcogenide-alloy based PCM-material (i.e., Ge,Sby Te, or Ge or N
doped SbTe etc.)>!'%13 is vertically stacked on chalcogenide based non-
linear-selector into confined memory-cells (i.e., holes on TiN bottom
electrodes), as shown in Fig. 1a. A PCM material is filled by ALD in
confined memory-cells and followed by CMP,'%-%* as shown in Fig. 1b.
We reported that the CMP of a GST material filled in confined memory-
cells produced surface-tensile-stress induced polishing-voids via the
mechanism of the stress corrosion cracking, as shown in Figs. 1b
and 1c.?* The surface-tensile-stress induced polishing-voids during
the CMP of a PCM material deposited by ALD were mainly pro-
duced near the shoulder position of the confined memory-cell where a
maximum tensile stress was generated because of the structure effect
and the material difference between a chalcogenide-alloy and spacer
(i.e., SiO,). In particular, the reduction of the surface tensile stress
at the shoulder position of the confined memory-cell, via the spacer
material change from Siz;Ny to SiO,, suppressed the generation of
polishing voids. Not only the structure of the confined memory-cell
and the spacer material as well as the chemical properties of a CMP
slurry are a key parameter to determine the generation of the surface-
tensile-stress induced polishing-voids. In our study, we investigated
the suppression effect of the H,O, on the generation of the surface-
tensile-stress induced polishing-voids during the CMP of the PCM
material depsosited on confined memory-cells. Note the the H,O, as
an oxidizer was added into the CMP slurry. We characterized the gen-
eration of the polishing voids as a function of the H,O, concentration
in a CMP slurry via the surface corrosion behavior, the surface chemi-
cal reaction by x-ray-photoelectron-spectroscopy (XPS), the chemical
composition depth profile of the Ge-ST film-surface by auger-electron-
spectroscopy (AES), and the cross-sectional(x-) high-resolution-
transmission-electron-microscopy (x-HRTEM) image-observation at
the acceleration voltage of 200K V. In particular, we observed the gen-
eration frequency and size dependency of the polishing voids on the
polishing rate and the H,O, concentration in a CMP slurry after the
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CMP of the ALD Ge-ST film deposited on the confined memory-cell
array.

Experimental

A 50-nm-thick Ge-ST films (Ge 5%, Sb 70%, and Te 25 at %) on
the SiO,-film or the confined memory-cell array (i.e., 8-inch patterned
wafer) in Fig. 1a were deposited by ALD using a precursor of Ge(i-
C4Hy),, Sb(i-C3H7)3, and Te(i-C3H7), and the number of cycles of
100. In the confined memory-cell array, the diameter at the top of the
SiO,-film spacer and the shoulder of the confined memory-cell were
~65 nm and ~20 nm, respectively, and the height of the memory-cell
was ~93 nm, as shown in Fig. la. The CMP slurry was made of the
colloidal silica abrasives of 1 wt% (Fuso chemicals, 20 wt%) at pH 2.5,
a titrant of HNOs, a deionized water, and the H,O, of 0, 1, 2, 3, 4, and
5 wt%. For analyzing the corrosion behavior at the Ge-ST film surface,
the ALD Ge-ST films were dipped into the CMP slurries at 40°C for
3 min. Note that the CMP of the as-deposited Ge-ST film increases
the temperature of the film surface up to ~40°C. The 8-inch patterned
wafer fabricated with the confined memory-cell array was cut into
4 x 4 cm? piece wafers and were polished using a CMP polisher (Poli
300, G&P Tech. Inc.) with an industry standard CMP pad (IC 1000/
Suba IV, Dow Chemical, U.S.A). The polishing pressure was 2.5 psi
and the rotation speed of the polishing head and table were 80 and
20 rpm/min, respectively.

Results and Discussion

‘We summarized our experiment result, as shown in Table I. First of
all, the dependency of the Ge-ST-film surface corrosion on the H,O,
concentration was observed by the secondary-ion-microscopy (SEM)
images at 5 KV after dipping the Ge-ST films into the CMP slurries at
40°C for 3 min. In the as-deposited Ge-ST-film, there was no corrosion
pits at the Ge-ST film surface, resulting in the surface roughness of
~3.1 nmat5um X 5 um scanning area using atomic-force-microscopy
(AFM), as shown in Fig. 2a. However, although the Ge-ST film was just
dipped in the CMP slurry without H,O,, a high number of the corrosion
pits with a large size (i.1., 50 ~200 nm) were produced on the Ge-ST
film surface, inducing the surface roughness of ~10.4 nm, as shown
in Fig. 2b. In addition, when the Ge-ST film was dipped at the CMP
slurry with the H,O, concentration of 3 wt%, the size of the corrosion
pits was remarkably reduced, i.e., ~50 nm, decreasing the surface
roughness up to ~6.7 nm, as shown in Fig. 2c. Furthermore, when the
Ge-ST film was dipped at the CMP slurry with the H,O, concentration
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Figure 1. x-HRTEM image of the PCM-cell array after the ALD deposition of the Ge-ST film (a) before CMP, (b) after CMP using a slurry without an oxidizer,
and (c) top-view SEM image of the PCM-cell array after the CMP using a slurry without an oxidizer.

of 5 wt%, the size of the corrosion pits was greatly reduced, i.e., less
than ~50nm, decreasing the surface roughness further up to ~4.3 nm,
as shown in Fig. 2d. These result indicates that the Ge-ST would
be etched easily in the CMP slurry without H,O, via corrosion and
the addition of the H,O, in the CMP slurry would passivate the Ge-
ST film surface via chemical oxidation. To confirm the corrosion or
chemical oxidation, x-HRTEM images were observed as a function of
the H,O, concentration. The thickness of the as-deposited Ge-ST film
was ~55.5 nm and the film surface was almost flat, as shown in Fig. 3a.
However, the thickness of the Ge-ST film dipped in the CMP slurry
without H,O, was ~24 nm, etching ~21.5-nm-thick Ge-ST film via a
corrosion process and resulting in a higher etched surface and a higher
number of the surface corrosion pits, as shown in Figs. 2b and 3b.
Otherwise, the thickness of the Ge-ST film dipped in the CMP slurry
with the H,O, concentration of 3 wt% was ~52.0 nm, chemically
oxidizing the film surface, slightly etching the 3.5-nm-thick Ge-ST
film, and greatly reducing the corrosion-pits on the film surface, as
shown in Figs. 2c and 3c. In addition, the Ge-ST film thickness dipped
in with the H,O, concentration of 5 wt% was ~55.3 nm, indicating
that the film surface was completely oxidized with the chemically
oxidized film-surface of ~6.3nm. This result prevented almost the film
surface corrosion and reduced extremely the film surface roughness,
as shown in Figs. 2d and 3d. The correlation between the film-surface
SEM images and the film x-TEM images, depending on the H,0,
concentration, obviously demonstrated that a CMP slurry including the
H,0, during CMP could chemically oxidize the Ge-ST film surface
and prevent the film surface corrosion via forming chemically the

oxidized surface-passivation-layer. As a result, during the CMP of
the ALD Ge-ST-film deposited on the confined memory-cell array,
the generation of the surface-tensile-stress induced polishing-voids
would be completely disappeared.

To understand the oxidation effect of the H,O, in the Ge-ST-film
CMP slurry, the chemical composition of the surface and bulk Ge-ST
film dipped into the CMP slurries including the H,O, at ~40°C for
3 min were investigated by XPS and AES. In XPS, the signals of the
Sb,05 combined with Sb;d*? and Sb;d*? orbits were found at 530.7
and 539.8 eV while those of the Sb combined with Sb3d>? and Sb;d*?
orbits were located at 528.5 and 538.0 eV, respectively, as shown in
Fig. 4a. For the Ge-ST film dipped into the CMP slurry without H,O,
(i.e., the mixture of colloidal silica abrasives, HNOs, and DI water),
the signals of the Sb combined with Sb;d>? (i.e., relative intensity
of ~1000) and Sb3d*? (i.e., relative intensity of ~700) orbits were
present. In addition, the signals of the Sb,O5 combined with Sb;d>?
(i.e., relative intensity of ~2402) and Sb3d*” (i.e., relative intensity of
~1409) orbits were existent. This result means that the dipping of the
Ge-ST film into the CMP slurry without H,O, showed the signals of
both the Sb,O5 and Sb, and thus the Ge-ST film surface was etched via
corrosion. However, when the Ge-ST film was dipped into the CMP
slurry including the H,0O,, the signals of the Sb,Os combined with
Sb3d>? (i.e., relative intensity of ~4202) and Sb3d*? (i.e., relative in-
tensity of ~2110) were only exhibited and their signal intensities were
considerably not depended on the H,O, concentration, implying that
the Ge-ST-film surface obviously was oxidized by the H,O,. In addi-
tion, the signals of the TeO, combined with Te;d>? and Te;d*? orbits

Table I. Summary of experiment result.

. H»O; concentration [wt%]
As-deposited

Experiment Technique Measurement Ge-ST film 0 1 3 5
Fig. 2 AFM RMS [nm] 3.1 104 9 6.7 43
Fig. 3 x-HRTEM Ge-ST film thickness [nm] 55.5 24 - 52 55.3
Fig. 4 XPS Intensity [a.u.] Sb (Sb3d*?) / Sb (Sb3d*?) - ~1000 / ~700 -

Sb,0s (Sb3d>?) / Sb,0s (Sb3d>?) - ~2402 / ~1409 ~4202 / ~2110

(not depend on the

H,0; concentration)
Te (Te3d>?) / Te (Te3d*?) - ~2746/ ~1820 -
TeO, (Tezd¥?) / TeO, (Tezd*?) - - ~988 / ~708

(not depend on the
H,0; concentration)

Fig. 5 AES Ge-ST thickness [nm] 53 26 - 50

Etched Ge-ST thickness [nm] - 31.5 18 - -

Chemically oxidized Ge-ST thickness [nm] 2.3 24 11 - 6.8
Fig. 6 Ellipsometry Polishing rate [nm/min] - 53.6 257 194 206

x-HRTEM Void size [nm] - 43.1 20.8 0 0

Void frequency [%] - 100 333 0 0
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Figure 2. SEM images of Ge-ST film surface deposited by ALD on a SiO;-
film/Si substrate. (a) as-deposited, dipped into the CMP slurry, (b) without
H,0,, (¢) 3wt% H,0,, and (d) S5wt% H,O,, where rms is root-mean-square.

were found at 576.3 and 586.7 eV while the signals of the Te combined
with Te;d>? and Te;d*? orbits were found 572.2 and 583.0 eV, respec-
tively, as shown in Fig. 4b. For the Ge-ST film dipped into the CMP
slurry without an H,O,, the etched Ge-ST-film surface found only the
signals of the Te combined with Te3d*? (i.e., the relative intensity of
~2746) and Te;d*? (i.e., the relative intensity of ~1820). Otherwise,
the dipping of the Ge-ST film into the CMP slurries with the H,O,
chemically oxidized Ge-ST-film surface, showing the signals of the
TeO, combined with Te3d*>? (i.e., the relative intensity of ~988) and
Te3d*? (i.e., the relative intensity of ~708). This result means that the
H,0, in the CMP slurry chemically oxidized the Ge-ST film surface
via forming TeO,. Therefore, the XPS analysis summarizes that the
dipping of the Ge-ST film into the CMP slurry without an oxidizer
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Figure 3. x-HRTEM images of (a) as-deposited, dipped into the CMP slurry
(b) without H,O», (¢) 3wt% H,0,, and (d) Swt% H,O,. The vertical structure
of the samples was an aluminum layer, Ge-ST film, and SiO; film, particularly,
the aluminum layer was deposited for protecting the Ge-ST-film surface during
a TEM sample preparation.

demonstrated obviously a corrosion process via both etching of Sb
& Te and chemical oxidation of Sb,Os & TeO,, while the dipping
of the Ge-ST film into the CMP slurry with the H,O, presented evi-
dently a chemical passivation process to avoid corrosion via producing
Sb,05 and TeO,. Next, the chemical-composition depth profiles of the
Ge-ST films dipped in the CMP slurries were investigated by AES.
For as-deposited Ge-ST film, there was almost no chemical oxida-
tion of the Ge-ST film surface (i.e., the chemically oxidized surface
thickness of ~2.3 nm) and the relative Ge, Sb, and Te composition
profiles of the Ge-ST-film bulk were 70, 25, and 5 at %, as shown in
Fig. 5a. Note that the Ge-ST film thickness in Fig. 2a (i.e., ~55 nm)

500 585 580 575 570 565
Binding energy [eV]

(b)

Figure 4. XPS signals of (a) Sb 3d spectra and (b) Te 3d spectra. All Ge-ST films were dipped into the CMP slurries varied from 0, 1, 2, 3, 4, and 5 wt% at 40°C

for 3 min, respectively.
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Figure 5. AES profiles of (a) as-deposited Ge-ST film surface by ALD, Ge-ST films dipped into the CMP slurry (b) without an oxidizer, (c) 1wt% H,O,, and (d)

S5wt% H,0,.

corresponded to the sputtering time of ~15 s. The Ge-ST film dipped
into the slurry without an oxidizer etched ~31.5-nm-thick Ge-ST film
and the remained Ge-ST film was completely chemically oxidized by
forming Sb,Os and TeO, (i.e., the chemically-oxidized surface thick-
ness of ~24 nm), as shown in Fig. 5b. In addition, when the Ge-ST
film was dipped into the CMP slurry including the 1 wt% H,O,, the
Ge-ST film surface was chemically oxidized where the oxidized Ge-
ST-film thickness was ~11 nm and the remaining Ge-ST film bulk was
~26 nm, respectively. Thus, this result indicates that the CMP slurry
etched ~18-nm-thick Ge-ST film and chemically oxidized the Ge-ST
film surface by mainly producing Sb,Os, as shown in Fig. 5c. How-
ever, when the Ge-ST film was dipped into the CMP slurry including
the H,O, of 5 wt%, the Ge-ST-film surface was chemically oxidized
only 6.8 nm without corrosion etching, implying that the H,O, of
5 wt% well oxidized and passivated the Ge-ST film surface to avoid
corrosion etching, as compared by Figs. 3d and 5d. Particularly, the
oxidized Ge-ST-film-surface thickness decreased with increasing the
H,0, concentration in the CMP slurry; i.e., 24.0 nm for without an
oxidizer, 11.0 nm for the 1 wt% H,0O,, and 6.0 nm for the 5 wt%
H,0,, demonstrating that a higher H,O, concentration in the CMP
slurry could chemically passivate well the Ge-ST film surface via pro-
ducing Sb,05 and TeO, and thus prevent the corrosion etching of the
Ge-ST film surface. In addition, this AES analysis indicates that a
higher H,O, concentration in the CMP slurry leads to a dense chemi-
cal oxidation layer (i.e., Sb,Os and TeO,) on the Ge-ST film surface

so that the polishing rate would decrease with increasing the H,O,
concentration in the CMP slurry.

To test the effect of the H,O, in the CMP slurry on the suppression
efficiency of the surface-tensile-stress induced polishing-voids during
the CMP of the ALD Ge-ST film deposited on the confined memory-
cells in Fig. 1a, we investigated the CMP polishing rate, the surface
film roughness, and the polishing void size & polishing void frequency,
as a function of the H, O, concentration in the CMP slurry. The polish-
ing rate of the Ge-ST film using the slurry without a H,O, was quite
high (i.e., ~54 nm/min) because of corrosion etching and mechanical
polishing. Then, it rapidly reduced to ~26 nm/min, and then it slightly
decreased and saturated to ~20 nm/min, when the H, O, concentration
increased from 1 to 5 wt%, as shown in Fig. 6a. The decrease trend
of the polishing rate along increasing the H,O, concentration could
be understood from the XPS analysis in Fig. 5, since a higher H,O,
concentration produced a dense chemical oxide layer (i.e., Sb,Os and
TeO,) on the Ge-ST film surface. Note that this polishing mechanism
of the Ge-ST film would be different from that of the GST film de-
posited by physical vapor deposition (PVD).?>-" Otherwise, after the
CMP, the surface roughness of the Ge-ST-film surface considerably
decreased with increasing the H,O, concentration, since the passiva-
tion degree of the chemical oxidation layer on the Ge-ST film surface
increased with the H,O, concentration. Finally, after the CMP, the fre-
quency and size of the surface-tensile-stress induced polishing-voids
in the confined memory-cell array was remarkably decreased from 50
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Figure 6. CMP performance and suppression efficiency of the surface-tensile-stress induced polishing voids depending on the H>O, concentration. Dependency
of (a) polishing rate and surface roughness and (b) void forming frequency and void size on the H>O; concentration.

to 0% and from 43 nm to 0, respectively, when the H,O, concentration
increased 0 to 5 wt%. In particular, from observing surface roughness
and polishing void frequency in Fig. 6b, the H,O, concentration of
more than 4 wt% could achieve completely free of the surface-tensile-
stress induced polishing-voids in the confined memory-cells after the
CMP of the ALD Ge-ST-film, which was confirmed by x-HRTEM
images in Fig. 7.

Conclusions

In a 3D cross-point PCM-cell array, the fabrication of the confined
memory-cells filled with a phase change material would be essentially
necessary to achieve minimum reset current of the PCM cells. Thus,
the Ge-ST film is deposited on the confined memory-cell array by ALD
and is followed by CMP. A high number of the surface-tensile-stress

TEM sample

rotecting
I layer *

Figure 7. Suppression efficiency of the surface-tensile-stress induced polish-
ing voids depending on the H,O, concentration. x-HRTEM images of the
confined memory-cell array after the CMP using the slurry (a) without HyO,
(b) 1wt% H»0,, (c) 3wt% H»05, and (d) Swt% H,0,.

induced polishing-voids in the confined memory-cells are produced
during the CMP using the slurry without an oxidizer via corrosion
cracking memcahnism.?* The addition of an oxidizer such as H,O, in
the CMP slurry can prevent the generation of the surface-tensile-stress
induced polishing-voids after the CMP of the ALD Ge-ST film, since
the H,O, in the CMP slurry chemically well oxidized and passivated
the Ge-ST-film surface via producing Sb,Os and TeO,. In particu-
lar, the design of a proper oxidizer and its concentration in a CMP
slurry would be a key research to determine suppress the generation
of the surface-tensile-stress induced polishing-voids in the confined
memory-cells after the CMP of the ALD Ge-ST-film, strongly depend-
ing on the H, O, concentration. In addition, a scaling-down of the con-
fined PCM cells less than 10 nm to reduce reset current and to achieve
a higher memory density should redesign the confined memory-cell
structure, spacer material, and the CMP slurry composition such as
oxidizer and corrosion inhibitor.
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