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This study explores the effect of pH and abrasive concentration on the chemical mechanical
polishing �CMP� of blank amorphous Ge2Sb2Te5 �GST� film using the colloidal silica-based slurry.
It was found that material removal rate �MRR� strongly depends on the pH and abrasive
concentration. When using only pH adjusted de-ionized water, the MRR decreases as the pH was
raised or lowered toward neutral, which indicates that chemical effects dominate in the polishing
rates. However, electrostatic interactions between the abrasive particles and the surface of GST
control the polishing rate with the variation in pH when the silica-based slurry was used. In addition,
MRR was proportional to abrasive concentration and MRR per abrasive particle was calculated to
explain the effect of abrasive concentration on GST CMP. With the variation of abrasive
concentration, MRR is strongly correlated with coefficient of friction. © 2011 American Vacuum
Society. �DOI: 10.1116/1.3532980�

I. INTRODUCTION

Phase change memory �PCM� is considered to be one of
the major candidates for next-generation nonvolatile memo-
ries since it has large capability, fast writing speed, good
endurance, and a compatible fabrication process with Si
technologies.1 As so far, chalcogenide Ge2Sb2Te5 �GST� is
the best candidate for PCM application because it can be
rapidly heated and quenched to either amorphous or crystal-
line phases that strongly differ in resistivity.2 Chemical me-
chanical polishing �CMP� is one of the critical process steps
when damascene structure is used to make the PCM device
structure.

Many researchers have investigated the GST CMP. Liu et
al.3 and Zhang et al.4 first reported a damascene array struc-
ture of PCM was fabricated successfully with the GST CMP
method using colloidal silica-based slurry. Subsequently, the
chemical effects and mechanical effects on the GST CMP
have also been studied. Zhong et al.1 studied the oxidant
�H2O2� addition effect on GST CMP and found that the sur-
face oxide layer was formed and the roughness of polished
surface was reduced from 2.9 to 0.8 nm by oxidant addition.
Park et al.5 investigated the polishing rate and selectivity of
nitrogen-doped GST �NGST� to silica film for different abra-
sive materials �colloidal silica, fumed silica, and ceria abra-
sive� and suggested that the polishing of NGST is mechani-
cal dominant polishing and colloidal silica gives the highest
polishing rate selectivity. In addition, Park and co-workers6,7

and Wang et al.2 investigated the effects of chemical addi-
tives such as H2O2, alkaline agent, acid agent, and surfactant

on the GST CMP to obtain a better control in chemical ef-
fect. However, the most basic chemical effect �pH� and the
most basic mechanical effect �abrasive concentration� have
not been reported.

In this article, we studied the effect of pH and abrasive
concentration on the CMP of GST film using the colloidal
silica-based slurry. In situ coefficient of friction �COF� mea-
surements are also conducted.

II. EXPERIMENT

The abrasive particles used for this study were 30 wt %
triethanolamine-stabilized colloidal silica particles obtained
form Shanghai Xinanna Electronic Technology Co., Ltd. In
order to investigate the pH effect, colloidal silica solution
was diluted to 5 wt % and diluted HNO3 or KOH was used
to adjust the pH value of the slurry in the range of 3–11. In
the abrasive concentration test, de-ionized �DI� water was
used to adjust the solid concentration to desired values and
the prepared slurries were kept constant at pH 9 by adding
diluted KOH. In this experiment, the concentration of colloi-
dal silica is changed from 2 to 30 wt %.

GST thin film was deposited onto � 200 mm SiO2 /Si
substrates using a Unaxis LLS EVO tool �Oerlikon Balzers,
Ltd., Liechtenstein�. Deposition conditions were stated as
follows: target GST, 127�381 mm2 �99.999 wt %�; sub-
strate, 500 nm SiO2 /Si; radio-frequency power, 0.2 kW; ar-
gon pressure, 0.27 Pa; and deposition temperature, room
temperature.

Oxide wafers 2.5�3 cm2 with 500 nm GST films were
polished on a Politex pad �Dow Electronics� using a CMP
tester �CETR CP-4�, which is designed with the online fric-a�Electronic mail: zfzhang@mail.sim.ac.cn
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tion force and COF detector instruments. The polishing pro-
cess parameters were set as follows: pad rotation speed, 100
rpm; wafer rotation speed, 100 rpm; down force, 3 psi; feed
rate of the slurry, 120 ml/min; and polishing time, 3 min. All
experiments were performed at room temperature.

The morphology of silica particles, the cross-sectional im-
age of multilevel structure of GST /SiO2 /Si, and the compo-
sition of GST film were investigated by scanning electron
microscopy �SEM, Hitachi S-4700, Japan� with Oxford Inca
x-sight energy dispersive spectroscopy �EDS�. The zeta po-
tentials of silica particles in the slurry were studied using
particle sizing system, Nicomp 380. The phase of GST film
was determined by x-ray diffraction �XRD� �Rigaku D/max-
2200PS�. The zeta potential of GST film was investigated by
the SurPass electrokinetic analyzer �Anton Paar, Austria�.
The material removal rate �MRR� was measured using the
same method as reported by our previous research.8,9 The
MRR shown were the average of at least three polish runs of
3 min duration each.

III. RESULTS AND DISCUSSION

A. Characterization of slurry abrasive particles

The colloidal silica sol used in this study was synthesized
by an ion-exchange method10 and triethanolamine was used
to control the pH of solution in the growth process of silica
particles. Figure 1 shows the SEM image of silica particles.
It can be seen that silica particles have a mean particle size of
about 30 nm and a narrow size distribution. Figure 2 shows
the zeta potential of silica abrasive in the slurry as a function
of pH values. The zeta potential was strongly dependent on
the pH values. It was well known that isoelectric point �IEP�
and point of zero charge �PZC� value of silica particles is
about pH 2 when there is no specific absorption.7,11,12 How-
ever, in this study, PZC of silica particles is about 5.2. This
may be ascribed to special synthesis method using triethano-
lamine as pH stabilizer, which introduces −NH3

+ groups on
the silica surface and results in the increase in PZC.13

B. Characterization of GST film

In this study, we used 8 in. silicon wafers with a multi-
level structure of GST /SiO2 /Si, as shown in Fig. 3�a�. The
as-deposited GST film had an amorphous structure, as shown

in the XRD pattern in Fig. 3�b�, and a composition of ap-
proximately 26:22:52 �Ge:Sb:Te� by atomic percentage, as
shown by the top-view SEM EDS analysis is listed in Table
I. Figure 2 shows the surface zeta potential of GST film as a
function of pH values. This figure indicates that the IEP
value of GST film is pH 3.3. The absolute value of zeta
potential is very large, which may be brought on by the
characterization method.

FIG. 1. SEM image of silica particles.

FIG. 2. �Color online� Zeta potential of silica abrasive and GST film as a
function of pH values.

FIG. 3. Cross-sectional SEM image of multilevel structure of �a�
GST /SiO2 /Si and �b� XRD pattern of GST film.
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C. Effect of pH on MRR

The following experiments were designed to confirm the
chemical effect on the polishing of GST by introducing the
extreme of polishing conditions. As shown in Fig. 4�b�,
MRR decreases as the pH was raised or lowered toward
neutral in the polishing of GST using only pH adjusted DI
water. Some researchers have found that GST can be etched
both in the acid region and in the alkaline region.6,14–16 In
this study, the pH value of the slurry was adjusted by HNO3

or KOH, which have been considered as good etchants.6,14–16

Therefore, these chemical effects such as pH-determined dis-
solution might play a more important role in the polishing of
GST, which leads to the higher polishing rates both in the
acid region and in the alkaline region, as shown in Fig. 4�b�.

Furthermore, GST polishing as a function of pH using 30
nm colloidal silica-based slurry was shown in Fig. 4�a�. At
the start of every polishing run investigating pH effect, the
pH of the slurries was set to a certain value, and no further
processing was performed during the polishing. With the in-
crease in pH from 3, the MRR reaches a peak at pH 5,
followed by an almost linear decrease as the pH further in-
creases to 9. Then, a subtle increase of MRR shows beyond
pH 9. It is suggested that the trend for GST CMP versus pH
using only pH adjusted DI water appears different from that
of using colloidal silica-based slurry, which indicates that the
introduction of silica particles have a strong influence on
MRR. Many articles reported that electrostatic interactions
between the abrasive particles and the surface of wafer play
an important role in determining the polishing rate when the
pH values of the slurry was changed.11,12,17 The zeta poten-

tials of silica particles and GST film as a function of pH
values were shown in Fig. 2. The zeta potential measure-
ments show that the silica particles and GST film surfaces
have opposite charges for pH values between 3.3 and 5.2.
Not surprisingly, the maxima in GST polish rate occur pre-
cisely in this pH range, near the pH values of 5. For pH
values below 3.3 and above 5.2, both silica particles and
GST film have the same charge and will repel each other,
opposing the fixed applied external pressure and resulting in
a decrease in the polish rate. The precise variation of the rate
will depend on the actual value of the zeta potential of the
GST surfaces and the width of the electrical double layer
surrounding the abrasive particles and the GST surface dur-
ing polishing.12

D. Effect of abrasive concentration on MRR

As can be seen from Fig. 4, the addition of 5 wt % abra-
sive particles enhances the MRR to a great extent under the
same pH value, which suggests that abrasives play an impor-
tant role in GST CMP. To study the abrasive effect, Fig. 5
shows the MRR as a function of abrasive concentration by
using 30 nm colloidal silica-based slurry. The MRR appears
as a linear function of abrasive concentration. It is suggested
that there is no threshold abrasive concentration in the range
of 2–30 wt %.

It was reported that another way to examine the data is to
inspect the MRR per particle, which would allow a better
appreciation of how material removal efficiency of an abra-
sive particle is influenced by abrasive concentration.18 As
reported by D. Tamboli et al., MRR per particle is calculated
as follows:

MRR per particle = MRR/�WF/�1/6�d3��� . �1�

In Eq. �1�, W is the abrasive weight fraction in the slurry,
F is the mass flow rate of slurry during polishing, d is the
particles size, and � is the density of particle. However, they
did not consider the material removal induced by the polish-

TABLE I. EDS compositions of the GST film.

Element Weight percentage Atomic percentage

Ge K 17.22 26.48
Sb L 23.42 21.54
Te L 59.35 51.98
Totals 100.00 100.00

FIG. 4. �a� MRR as a function of pH using 30 nm colloidal silica-based
slurry and �b� using only pH adjusted DI water.

FIG. 5. �Color online� MRR and MRR per particle as a function of abrasive
concentration.
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ing pad. Lee et al.19 added the polishing pad effect to Eq. �1�
and suggested the new equation for calculating the MRR per
particle as shown in the following:

MRR per particle = �MRRtotal

− MRRpad only�/�WF/�1/6�d3��� ,

�2�

where MRRtotal and MRRpad only are the total MRR and the
MRR caused by pad, respectively. As can be seen form Fig.
4�b�, when the abrasive concentration is 0 wt % at pH 9, the
MRR is 1.72 nm/min. These results came from the chemical
reaction between pH-adjusted DI water and GST and me-
chanical abrasion between the GST and pad asperities. The
MRR by only pad asperities is lower than that by using abra-
sives because the polishing pad is composed of polyurethane,
which has viscoelastic property.19 As shown in Fig. 5, the
calculated MRR per particle decreases along with the abra-
sive concentration. During CMP, the GST film might be in
contact with the pad asperities or active abrasives and the
probability increases at a high abrasive concentration regard-
ing to the contacts between wafer and active abrasives. How-
ever, the pressure applied to a single abrasive might be re-
duced with the increase of active abrasives during CMP due
to the increase of the contact area between the GST film and
abrasives, which reduces the MRR. Despite of this, a higher
MRR is still achieved with a higher number of active abra-
sives in this study.19

E. Effect of abrasive concentration on frictional
characteristic

Figure 6 shows the average COF values as a function of
abrasive concentration. It was found that the average COF
value increases with the increase of abrasive concentration.
The average COF for the abrasive concentration from 2 to 30
wt % increases from 0.16 to 0.32. From Figs. 5 and 6, the
dependence of MRR on COF is obtained as shown in Fig. 7.
It shows that the MRR is strongly related to COF for the
change of abrasive concentration, which is in agreement with
the study of Lee et al.19 As the abrasive concentration is

increased, the MRR and COF also are increased due to the
increase in active abrasives, which are abraded with GST
film.

IV. CONCLUSIONS

This study focused on the effect of pH and abrasive con-
centration on the MRR and COF in the GST CMP using 30
nm colloidal silica-based slurry. The MRR trend for GST
CMP versus pH using only pH adjusted DI water and using
colloidal silica-based slurry appears different, which were
explained by different mechanism. In addition, MRR per par-
ticle decreases along with the abrasive concentration, but the
total MRR and COF were enhanced as the abrasive concen-
tration increases. It is suggested that MRR is strongly corre-
lated with COF during the variation of abrasive concentra-
tion.

ACKNOWLEDGMENTS

The work is sponsored by National Key Technologies
R&D Program of China during the 11th Five-Year Plan Pe-
riod �Grant No. 2009ZX02030�, Shanghai Nano Technology
Program �Grant No. 0952nm00200�, and Shanghai Major
State Technology Program �Grant No. 08111100300�.

1M. Zhong, Z. Song, B. Liu, S. Feng, and B. Chen, J. Electrochem. Soc.
155, H929 �2008�.

2L. Wang, B. Liu, Z. Song, S. Feng, Y. Xiang, and F. Zhang, J. Electro-
chem. Soc. 156, H699 �2009�.

3Q.-B. Liu, Z.-T. Song, K.-L. Zhang, L.-Y. Wang, S.-L. Feng, and B. Chen,
Chin. Phys. Lett. 23, 2296 �2006�.

4K. Zhang, Q. Liu, Z. Song, S. Feng, and B. Chen, Proceedings of the
Eighth International Conference on Solid-State and Integrated Circuit
Technology, 2006 �unpublished�, p. 821.

5J. H. Park, H. Clu, S. H. Yi, J. G. Park, and U. Paik, J. Mater. Res. 23,
3323 �2008�.

6J. H. Park, J. Y. Cho, H. S. Hwang, U. Paik, and J. G. Park, Electrochem.
Solid-State Lett. 11, H288 �2008�.

7J. Y. Cho, H. Cui, J. H. Park, S. H. Yi, and J.-G. Park, Electrochem.
Solid-State Lett. 13, H155 �2010�.

8Z. Zhang, W. Liu, and Z. Song, Microelectron. Eng. 87, 2168 �2010�.
9Z. Zhang, W. Liu, Z. Song, and X. Hu, J. Electrochem. Soc. 157, H688
�2010�.

10K. Zhang, Z. Song, C. Lin, S. Feng, and B. Chen, J. Ceram. Proc. Res. 8,
52 �2007�.

FIG. 6. COF as a function of abrasive concentration. FIG. 7. MRR as a function of COF with the variation of abrasive
concentration.

011020-4 Zhang, Liu, and Song: Influence of pH and abrasive concentration 011020-4

J. Vac. Sci. Technol. B, Vol. 29, No. 1, Jan/Feb 2011

 Redistribution subject to AVS license or copyright; see http://scitation.aip.org/termsconditions. Download to IP:  129.120.242.61 On: Wed, 03 Dec 2014 10:31:57



11W. Choi, S. M. Lee, and R. K. Singh, Electrochem. Solid-State Lett. 7,
G141 �2004�.

12S. Ramarajan, Y. Li, M. Hariharaputhiran, Y. S. Her, and S. V. Babu,
Electrochem. Solid-State Lett. 3, 232 �2000�.

13Z. Zhang, L. Yu, W. Liu, and Z. Song, Appl. Surf. Sci. 256, 3856 �2010�.
14H.-Y. Cheng, C.-A. Jong, C.-M. Lee, and T.-S. Chin, IEEE Trans. Magn.

41, 1031 �2005�.
15H.-Y. Cheng, C. A. Jong, R.-J. Chung, T.-S. Chin, and R.-T. Huang,

Semicond. Sci. Technol. 20, 1111 �2005�.

16L. Wang, B. Liu, Z. Song, S. Feng, Y. Xiang, and F. Zhang, J. Electro-
chem. Soc. 157, H470 �2010�.

17U. Mahajan, M. Bielmann, and R. K. Singh, Electrochem. Solid-State
Lett. 2, 80 �1999�.

18D. Tamboli, G. Banerjee, and M. Waddell, Electrochem. Solid-State Lett.
7, F62 �2004�.

19H. Lee, S. Joo, and H. Jeong, J. Mater. Process. Technol. 209, 6134
�2009�.

011020-5 Zhang, Liu, and Song: Influence of pH and abrasive concentration 011020-5

JVST B - Microelectronics and Nanometer Structures

 Redistribution subject to AVS license or copyright; see http://scitation.aip.org/termsconditions. Download to IP:  129.120.242.61 On: Wed, 03 Dec 2014 10:31:57


