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Abstract
Through-silicon via (TSV), an emerging technology for 3D IC
manufacturing, involves fabrication of vertical vias through the
wafers. The two methods commonly used involve “via-first” and
“via-last” process flows. While the via-last approach appears to be
relatively simple with minimum impact to circuit layout, the viafirst scheme may ultimately offer more benefits by enabling a
higher density of I/O’s. This paper describes the rapid progress
made in the process integration of CMP for TSV, to offer unique
advantages especially in the via-first approach where planarity is
critical. In addition, with backside polishing after wafer thinning,
the CMP process ensures a smooth surface finish for bonding and
provide extra process knobs to correct the non-uniformity in via
depths caused by preceding via etch and silicon grinding processes.
Introduction
As TSV is introduced as 3D technology, there are multiple integration options and cost is
a critical factor (1). Aopting a TSV scheme that includes CMP depends on its
performance benefits versus its relative cost and robustness. Figures 1 and 2 illustrate
general via-first and via-last schemes that include the CMP process as an integral part of
the TSV flow. The polishing requirements for Cu CMP in TSV fabrication are similar to
CMP for BEOL Cu interconnects except that in TSV, the Cu layer is much thicker and
pattern density is much lower. A new, more efficient CMP process is required for TSV,
in order to polish an order of magnitude thicker Cu at the same or even lower cost than
BEOL Cu damascene process. Cu CMP has gained momentum from demonstrated
benefits by focusing process developments on process control and optimization of
consumables (2), which overall help to keep reasonable cost level for using CMP in TSV.
carrier wafer
Si etch then
passivation
CMP of Cu/Ta/SiO2
CMP of SiN/SiO2/Cu

carrier wafer
Formation of BEOL

Bonding and Grinding

carrier wafer

carrier wafer
CMP of Si/Cu

Figure 1. Via-first (or via-middle) TSV process flow.
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Figure 2. Via-last with via opening from wafer’s front side or backside.
.
Process Requirement for TSV versus Cu Damascene
In logic and memory devices, Cu interconnect is used at multiple levels with various
Cu line densities and line widths. Cu damascene interconnects have trenches for
electrical connections on the same layer and vias for vertical connections between
different dielectric layers. Test wafers typically contain a range of Cu densities as high as
90% and Cu widths from below 30 nm to over 50 um. To ensure the proper fill without
void formation, the combination of small molecule accelerators and polymer suppressors
in the plating chemistry promote bottom-up fill in the small and dense lines while the
large structure and open field areas have lower Cu deposition rates. This creates bumps in
the dense arrays and recessions in the wide Cu lines or bond pads.
Unlike the BEOL Cu interconnect structures, TSV has large vertical Cu vias without
any dense and fine arrays. The challenge for TSV Cu polishing is to polish the thick
materials with a high rate while still maintaining good profile control.
Figure 3 compares the incoming Cu profiles for a damascene and TSV structure. In
typical TSV designs, CMP needs to remove a few microns of Cu, a thick barrier layer of
about 100 nm Ta/TaN or Ti, and a few hundred nanometers of dielectric materials.
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Figure 3. Typical incoming Cu profiles for damascene (L) and TSV (R) before CMP.
CMP Process Control for Cu TSV
For optimum reproducibility in high volume production, CMP tools can be equipped
with various sensors and endpoint control systems. Figure 4 shows a schematic of
Applied Materials’ three-platen CMP tool which offers endpoint capability on each
platen. For the Cu CMP process, the first platen is used to polish bulk Cu. On platen 1,
an Eddy current sensor and real time process control (RTPC) ensures consistent endpoint
control. RTPC monitors the film thickness profile and adjusts the polishing pressure in
different zones inside the polishing head, then stops polishing process, when a thin and
uniform thickness profile has been achieved. The added benefit of endpoint control is
that the bulk Cu removal can be performed at a very high rate, without risk of overpolish.
Subsequently on platen 2, the remaining Cu is cleared with minimum dishing as shown in
Figure 5. On platen 3, the remaining barrier material and desired amount of dielectric is
removed, also using endpoint control as shown in Figure 6. The final profile, with low
dishing and a smooth surface finish, is then ready for metal 1 stacking with the via-first
or via-middle approach.
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Figure 5. Uniform Cu clearing profiles with uniform dishing on Cu TSV wafers.
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Figure 6. Barrier clearing endpoint with low topography and smooth surface finish.
CMP for Backside Via Reveal
After via formation and the complete stacking of BEOL interconnects, the wafer is
bonded to a carrier with the device side facing the bonding adhesive. Then the back of the
device wafer is ground down to the targeted thickness, usually 20 um to 100 um.
The via reveal process has diverged to CMP and non-CMP processes from traditional
packaging. The non-CMP process opens up the vias by masked selective Cu growth and
polymer bonding. The process involving CMP, currently being developed, has extra
control knobs to achieve uniform via thickness across the wafer with adequate
topography and surface finish for either Cu-to-Cu direct bonding or oxide-to-oxide
bonding.
As shown in Figure 7, the via depths, post etch, show a variation across the wafer
even for the same via size (more severe for different via diameters). Silicon grinding of
the wafer backside contributes another thickness profile across the thinned wafer. The
non-uniformity can be reduced by combining Si CMP with the via reveal, where four
processes steps are used: (1) Si CMP to achieve a uniform thickness profile and smooth
surface finish; (2) Si recess etch to expose the vias; (3) dielectric passivation; (4) CMP of
dielectric and Cu to stop on the dielectric with desired topography control.
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Figure 7. TSV via reveal process using CMP on the wafer backside
Conclusions
CMP for Cu removal in via-first and via-middle schemes is a cost-effective and
production-worthy technology for TSV fabrication. With advanced process control, the
bulk Cu removal can be performed at a high rate, with accurate endpoint capability. The
polishing control also corrects non-uniformities inherent in the via etch and silicon
grinding process, to create a uniform wafer profile for the subsequent bonding process.

Acknowledgments
The authors acknowledge the integration support by the TSV module group in Applied
Materials for wafer processing, including etch, CVD, PVD, and Cu plating.

References
1. J. U. Knickerbocker, P. S. Randy and B. Dang, et al., IBM J. Res. & Dev., Vol 52,
No. 6, (2008), p. 83.
2. J. Vaes, N. Heylen and J. V. Olmen, et al, in 2009 International Conference on
Planarization Technology at Fukuoka, Japan, p. 105

538

ECS Transactions, 27 (1) 539-544 (2010)
10.1149/1.3360671 © The Electrochemical Society

Application and Advantage of CMP in Silicon Wafer Reclaim
Changxing Tan1, Shiwei Xiong2, Runtao Zhao1, Ying Xu1, Xucheng Wang1,
Weifeng Zhang1, Shan Wang1
1

2

Applied Materials, Shanghai, China
Wuhan Xinxin Semiconductor Manufacturing Corporation, Wuhan, China
In this paper, a silicon CMP process has been developed inside
semiconductor fabrication to reclaim bare silicon wafers for cost
and time reductions. Firstly, the high level defect after CMP was
encountered and mainly particle; after related polishing and
cleaning processes were optimized, the defect count was much
reduced but still higher than the specification; finally, the defect
count was dramatically decreased and met the specification by
adding a surfactant (TMAH) in polishing. The effect of surfactant
on defect reduction is also discussed in this paper.
Introduction

Cost saving is always a focus in current semiconductor foundry. Therefore, the bare
silicon wafers, used as substrates for dummy and monitor wafers in process monitoring
and daily tool qualification check, could be recycled several times by wet etching and
cleaning processes usually. However, the recycled wafers could become scratched or
slightly damaged such as cracks or pits during the recycle, so that they could not be
recycled successfully. CMP as a well-known process can be applied to polish and remove
the damaged surface layer of silicon wafer in order to get a fresh surface again for the
reclaim, which can enable the silicon wafer to be used and recycled again and again
before enough substrate thickness, thus the wafer lifetime, could be greatly extended.
In general, the process of silicon wafer reclaim mainly contains four steps: chemical
etching, original polishing, final polishing and cleaning, which is shown in the Figure 1.
The chemical etching is to completely remove the remained films and contaminations
above the silicon surface so that the following silicon polishing could be effectively
carried out. The original polishing is to remove the damaged surfaces and flatten the
rough surfaces of silicon wafers, which result from previous recycle processes. The final
polishing is to remove the damaged surfaces of silicon wafers that result from the original
polishing process and improve the wafer surface defectivity. The cleaning is to further
remove the metal contaminations and particles. Then the reclaimed wafers would be
inspected for defect, and the thickness would be measured to see if the silicon wafers can
be recycled again. Due to cost saving and reclaiming period reducing, silicon wafer
reclaim performed inside foundry instead of previous outside foundry becomes a trend. In
this paper, a silicon CMP process for final polishing is successfully introduced for silicon
wafer reclaim inside the semiconductor foundry.
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Figure 1. Process flow for silicon wafer reclaim.
Experimental
The 300mm blanket silicon wafers after original polishing were used as the test wafers.
Final polishing was performed by an Applied Materials Reflexion CMP tool using a
three-platen configuration: platen one and platen two were configured for silicon removal
with slurry and platen three was configured for buffering with DIW. The polishing slurry
was alkaline colloidal silica solution. The platen one pad was SUBA pad, the platen two
and three pads were Politex pads (Rohm Hass). Post-CMP cleaning was performed by an
Applied Materials Mesa cleaning system which included four major modules: Megasonic
tank, Brush1, Brush2 and Spin rinse drier. The key chemicals used for post-CMP
cleaning were SC1 solution for Megasonic tank, ammonia for Brush1, DIW for Brush2
and Spin rinse drier. Defects (size @ 0.16um) were inspected by KLA Surfscan SP1 and
Applied Materials’ SEMVision G3 STAR tool.
To reduce the defect count of silicon wafer after final polishing, the corresponding
polishing process parameters such as down force and rotating speed were optimized,
while post CMP cleaning process parameters such as brush gap and brush rotating speed
were also adjusted. To check the effect of surfactant on defect improvement, the tetramethyl ammonium hydroxide (TMAH) was used during polishing silicon wafer.
Results and Discussions
1. Polishing and post CMP cleaning process tuning
The defect count was very high and hundreds of thousands at the beginning of final
polishing process development stage with the alkaline colloidal silica by the original
configure. The defect was mainly particle, as shown in Figure 2. For improving the high
level defect, both polishing and post CMP cleaning processes were firstly tuned by
adjusting related process parameters.
The relationship between defect count and platen1, 2 polishing down force is shown
in Figure 3. The defect count was obviously reduced with decreasing the polishing down
force from original 4psi to 2psi, and further reduced with decreasing the polishing down
force from 2psi to 1psi. Then we tested the relationship between defect count and platen1,
2 polishing rotating speed with 1psi down force. As shown in Figure 4, the defect count
was obviously reduced by decreasing the polishing rotating speed for platen/head from
original 110/108 rpm to 90/88 rpm, and further reduced with decreasing the polishing
rotating speed for platen/head from 90/88 rpm to 59/57 rpm. And also the P3 buffering
process with DIW polishing was optimized with 1psi down force and 59/57 rpm rotating
speed in platen1, 2 polishing. The defect count was obviously reduced by increasing the
P3 buffering down force from original 1psi to 2psi, but not improved by further
increasing the P3 buffering down force from 2psi to 3psi. The relationship between defect
count and P3 buffering down force is shown in Figure 5. In general, the lower down force
and rotating speed in main polishing with slurry, the lower the defect count since these
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conditions could improve the silicon surface quality with proper removal rate. For
buffering with DIW in platen3, it could be used to improve the surface defects such as
removing particles which result from previous slurry polishing and then decrease the
cleaner cleaning loading. So the higher down fore for DIW buffering is useful to
strengthen the capacity of removal particles, but the surface quality could be worse if the
down fore is too high. Therefore, after related polishing process was tuned, the defect
count was dramatically decreased while its normalized defect count was reduced from
more than 600 to below 20. The optimized conditions were chosen with 1psi down force
and 59/57 rpm rotating speed in platen1, 2 slurry polishing, and 2psi down force in
platen3 DIW buffering.

Figure 2. SEM image of particle defect.

Figure 3. Defect count versus platen1, 2 polishing down force.
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Figure 4. Defect count versus platen1, 2 platen/head rotating speed with 1psi down force.

Figure 5. Defect count versus platen3 buffering down force with 1psi down force, 59/57
rpm rotating speed in platen1, 2 polishing.
The post CMP cleaning process was also tuned. The relationship between defect
count and Brush1 rotating speed with ammonia cleaning is shown in Figure 6. The defect
count was obviously reduced by increasing Brush1 rotating speed from 300 rpm to 400
rpm, but not improved by further increasing Brush1 rotating speed from 400 rpm to 500
rpm. And also we compared defect count between Brush2 open and close in DIW
cleaning. As shown in Figure 7, the defect count was not improved by changing from
original Brush2 open to Brush2 close with DIW rinse. Generally, the higher brush
rotating speed could increase the torque between brush and wafer to enhance the particle
removal, but the brush rotating speed could be possibly unstable so that the torque could
not be smooth which could impact particle removal if it is too high. The silicon wafer
surface is usually hydrophobic after ammonia cleaning, and the particle could be yield to
remain on wafer surface after brush from close to open [1]. So the brush close with DIW
rinse could not decrease the defect count. Thus, the better conditions for post CMP
cleaning were chosen by Brush1 400 rpm rotating speed and Brush2 open with DIW rinse.
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Figure 6. Defect count versus Brush1 rotating speed

Figure 7. Comparison of defect count for Brush2 open and close with DIW rinse.
2.

The addition of surfactant in polishing
After both related polishing and post CMP cleaning processes were tuned, the defect
count was obviously reduced but still higher than the specification. It was possibly related
with too much defects at post platen1, 2 polishing with slurry, so that the following P3
DIW buffering and cleaning were difficult to completely clean them below the
specification. The wafer rinse step at post platen2 slurry polishing was also adjusted but
still no use. So a surfactant (TMAH) was added in platen2 polishing with alkaline slurry
while the flow rate kept same. As shown in Figure 8, the defect count was dramatically
decreased below the specification while its normalized defect count was reduced from
more than 10 to less than 1 after adding the surfactant. The silicon polishing removal rate
was no obvious change. Due to hydrophobic silicon surface during polishing with
alkaline slurry, the surfactant added in polishing silicon wafer could change silicon
surface from hydrophobic to hydrophilic. Then the adhesion between silicon surface and
particle could be weakened [2]. So the defects were easily removed by following DIW
buffering and post CMP cleaning to below the specification. Finally, the silicon CMP
process for final polishing has been successfully developed, and then the silicon wafer
reclaim has been completely established inside the semiconductor foundry, which can
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reduce cost by more than 12% and shorten the silicon wafer reclaim period by more than
80%, compared with that outside foundry.

Figure 8. Comparison of defect count for platen2 polishing without and with surfactant.

Conclusions
The silicon CMP process for final polishing was successfully developed for silicon wafer
reclaim. The post silicon CMP defect count has been obviously decreased after fine tune
the related polishing and post CMP cleaning processes. The defect count is finally
reduced to below the specification by adding a surfactant into the polishing process. The
mechanism of surfactant effect in silicon wafer polishing and reclaim process
optimization need to be further studied in the future.
Acknowledgments
The authors would like to thank all the members of Applied materials China CMP
technology group for their great help and support during the method proposal and
development. And the authors would like to thank CST module of Wuhan Xinxin
Semiconductor Manufacturing Corporation for their assistance in establishing the bare
silicon CMP process.
References
1. Kyung-Woong Park, Hyun-Goo Kang, et al., Proc. J. Korean Physical Soc., 1,
214(2007).
2. Kyu-Chul Cho, Hyeongtag Jeon, et al., Proc. J. Korean Physical Soc., 4,
507(2006).

544

ECS Transactions, 27 (1) 545-549 (2010)
10.1149/1.3360672 © The Electrochemical Society

Novel Approach for W Loss Defect Prevention on
WCMP Re-clean Process
Jian Zhang1,2, Zhe Wang2, Jing Wen, Duan-Yi Wu2, Paul-Chang Lin2 , Charles Xing2
1. SJTU (Shanghai Jiao Tong University) 800, Dongchuan Rd, Minhang, Shanghai, PRC,
200240
2. SMIC, 18 Zhangjiang Rd, Pudong, Shanghai 201203,PRC
With the device dimension rapidly shrinking, Tungsten Chemical
Mechanical Polishing (WCMP) becomes one of the critical
manufacturing processes for multi-layer interconnection of ULSI
(ultra large scale integrated) circuits. The effectiveness of PostCMP cleaning is one of critical steps for particles removal and
product CP yield improvement. WCMP re-clean process is a
general way to further reduce particles on high-defect-density
impacted wafers in IC manufacturing. However, W loss defect
could be generated frequently due to the extra re-clean process
introduced in post WCMP step for sub-0.13um devices. In this
paper, the mechanism of W loss defect after re-clean process is
studied. Also one novel approach is proposed to prevent W loss
and improve product CP yield.
Introduction
Tungsten CMP is an important process to gain the global planarity of tungsten plugs (1).
Tungsten is widely used as the suitable metal plugs in ULSI due to its higher resistance to
electro migration in high current density and its better gap filling. Tungsten plugs
generally consist of an adhesion layer (Ti/TiN), the main conductor metal layer
(tungsten). Surface particles on wafer are regarded as the killer to product CP yield. For
particles removal, many papers focus on the effectiveness of Post-CMP cleaning such as
using chemically enhanced brush scrubbing or using especially selected surfactant (2)(3).
Re-clean process is also highly effective in removing particles introduced during the
WCMP abnormal cleaning process. However, the above-mentioned process will cause W
loss defect, thus devices fail due to contact open or copper diffused through the thin
barrier layer into contact and active area. In this paper, the mechanism of W loss defect
during WCMP re-clean process is studied and one novel approach to prevent W loss
defect is proposed.
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Experiment
Design of Experiment
Less W loss and lower level particles are pursued during re-clean process. During the
re-clean process in different conditions, W loss defect is actually enhanced by chemical
attacking W plugs in the cleaner. To totally prevent W loss defect, the optimized re-clean
process is introduced to clean the impacted wafer with high-defect-density particles.
Experiment Method

Figure 1. Typical particle map and SEM pictures
The testing samples are the patterned silicon wafers of 0.13LG. short loop. All the
samples are exposed to air for 10 minutes and the particle counts increased by more than
1000. (Figure 1.) AMAT CMP tool Mirra-Mesa is used to perform polishing and cleaning
process. The KLA-Tencor inspection tool 2351 is used to scan wafer particle count. SEM
is used to scan particle type and W plug performance

Figure 2. Typical particle map before/after standard WCMP re-clean

Figure 3. SEM pictures of W plugs after WCMP re-clean.
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Result and Discussion
Generally, WCMP re-clean process is a widely used effective method to reduce particles
on high-defect-density impacted wafers for 0.18um node and above. Figure 2 shows that
the most of particles can be removed by standard WCMP re-clean process. The particles
generally consist of 80% surface particles and 20% tiny particles. The removal efficiency
to surface particles is almost 100% and the removal efficiency to tiny particles is about
98%. Nevertheless, W loss defect would be generated frequently due to the extra process
for sub-0.13um product. (Figure 3.) Table 1 shows a summary of the steps commonly
used in WCMP re-clean process.
TABLE 1. Summary of steps commonly used in WCMP re-clean process.
Mega Tank
Brush 1
Dilute NH4OH with megasonic
Dilute NH4OH with brush scrubbing

Brush 2
Dilute HF

Dilute NH4OH in the first brush module is typically required in WCMP cleaning in order
to prevent brush overloading (3). So the step in brush 1 is regarded as the necessary step.
According to table 1, we split the following parameters.
TABLE 2. Result of W plug performance and particle removal efficiency in the different conditions
Condition
A
B
C
D
E
F
G
H

Mega tank
Dilute NH4OH with
megasonic
DIW with
megasonic
Dilute NH4OH
without megasonic
DIW without
megasonic
Dilute NH4OH with
megasonic
DIW with
megasonic
Dilute NH4OH
without megasonic
DIW without
megasonic

Brush 1

Dilute NH4OH with
brush scrubbing

Brush 2

W plug
performance

Dilute HF

᧩᧩᧩᧩

Dilute HF

᧩

Dilute HF

᧩᧩᧩

Dilute HF

᧩

DIW

᧩᧩

Particle removal
efficiency

DIW
DIW

᧩᧩

DIW

As shown in Table 2, W plug performance is bad in the present of NH4OH (E.g. A, C, E,
G). In order to clearly understand the mechanism of W loss, let’s review the W
deposition process first. Typically during tungsten deposition, the grains grow from the
edge inward, leaving a hole in the center of the plug. This is known as a ‘key hole’. W
around key hole would be corroded into WXOY by the oxidizer included in W slurry.
WXOY can react with NH4OH to form the soluble by-product at high process temperature.
Although W plug would be slightly damaged by high frequency megasonic, Megasonic is
still in use due to its excellent particle removal capability. Considering the W plug
performance and particle removal efficiency, DIW with megasonic for mega tank is
better choice for mega process.
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W plug performance is also bad in the present of dilute HF (E.g. A, B, C, D). The use of
dilute HF in W process is to remove the surface particle and the metal contamination by
etching away a thin layer of SiO2. HF also attacks on the Ti/TiN adhesion layer used for
W plugs (2). W loss would be enhanced due to the adhesion layer attacked. As shown in
Table 2, to give up the use of HF in re-clean process is feasible.
Thus, we reach one proposal of re-clean process for high-defect-density impacted wafers.
(Table 3) NH4OH in mega tank and HF in brush 2 are all strictly prohibited in the process
of re-clean process for their side effect.
TABLE 3. One proposal of re-clean process
Mega Tank
DIW with megasonic

Brush 1
Dilute NH4OH with brush scrubbing

Brush 2
DIW

As shown in Table 3, the testing samples are cleaned with the proposed re-clean process.
The removal efficiency to surface particles is almost 100% and the removal efficiency to
tiny particles is about 96%. But tiny particles are not regarded as the killer to CP yield in
IC manufacturing. And most important thing is that W plug loss of all wafers has been
prevented comparing with standard clean process. (Figure4.).

Figure 4. SEM picture of W plugs after optimized WCMP re-clean.
Conclusion
In the work, the W loss defect would be enhanced in the present of NH4OH in mega
module and HF in brush 2 module. The optimized re-clean process is proved of the
effective methods to reduce particles on high-defect-density impacted wafer in WCMP
process. It will not bring some unfavorable side effect to W loss defect.
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A novel TSV (Through Silicon Via) Silicon backside polishing slurry
has been developed to offer the solution to integration flexibility of
TSV applications. The requirements for back-side silicon substrate
polishing are to deliver fast silicon removal rate for high throughput,
tunable Cu/Si selectivity to achieve desired final topography. Owing
to different oxidation properties between silicon substrate and copper
metal, it is challenging to achieve both high copper and silicon
removal rates with the conventional oxidize, like hydrogen peroxide
which also suffers from short slurry pot life. In this study, we
investigated a non-peroxide oxidizer, instead of hydrogen peroxide,
which can effectively oxidize both silicon and copper metal and to
give the relative higher Si and Cu removal rates higher than
0.8μm/min @ 3psi down force, and benefit longer pot life. The Si/Cu
selectivity can be fine tuned from 1.6 to 1 as increasing oxidizer
concentration from 0.3 to 0.8 wt.%.
Introduction
In light of strong demand on low cost, heterogeneous integration and optimum
electrical performances in smaller, faster, thinner and multi-functional devices,
worldwide top-tier semiconductor manufacturers and packaging companies have devoted
resources on developing novel 3D-Stacked IC technology (3D-SIC) [1] to meet
functionality requirements of the technology roadmap [2] and market requirements such
as various smart phones. Nowadays, TSV had been gradually applied in CMOS image
sensor, DRAM and MEMS products. Besides, packaging companies also apply TSV
technologies in the process of interposers.
TSV technology is known as one approach to achieve wafer-level stacking for the
design of 3D IC. In order to achieve wafer-level stacking, wafer thickness needs to be
reduced before the stacking step. In general, wafer backside grinding is the most costeffective way to achieve wafer thinning. After grinding process, a CMP process is
adopted to remove the saw marks and further remove extra silicon material to “open”
TSV Cu vias. Figure 1 is a picture of a thin wafer whose thickness is about 2m. The
wafer is so thin that it can be pervious to light.
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Figure 1. A picture of a “thin” wafer
A brief depiction of wafer thinning processes is shown in Figure 2, the wafer which is
temporarily glued to a carrier wafer [3] is thinned to several tens of microns in thickness
by grinding, then final polishing to remove the saw marks caused by grinding and to
expose the Cu vias. The removal amount of final polishing silicon is several microns in
thickness. Therefore, higher Si removal rate with reasonable TTV (Total Thickness
Variation) would be required to improve throughput for mass production concern.
Furthermore, a tunable Si/Cu removal rate selectivity (around 1 : 1 selectivity) is needed
for better control the final topography. Based on the electrochemical properties of silicon
and copper metal, Cu oxidation would be inhibited by Si which is acting like a strong
reducing agent. Adding a strong oxidizer, like hydrogen peroxide, is expected to oxidize
both silicon and copper, but lower silicon rates obtained due to thick surface oxide
formation in alkaline solution. Although Cu rates increased as adding more peroxide, but
the maximum rate is lower than expected which also due to passive Cu oxide formation
in the alkaline slurry. In this study, another non-peroxide base oxidizer was investigated
for higher Si and Cu removal rates in alkaline slurry by reducing surface oxide
passivation effect.
Handling Carrier

Handling Carrier

Handling Carrier

Glue

Glue

Glue

Wafer
Thinning

Open
via

By
Grinding

By
CMP

Figure 2. This is the CMP process following grinding process toward wafer thinning
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Experimental
In this approach, all the polishing experiments were carried out on a CMP tool, model
G&P POLI500 to bare silicon and deposited Cu film 200mm wafers with the Cabot
Microelectronic D100(k-groove) and Rohm&Hass Electronic materials IC1010(k-groove)
polish pads The polishing conditions were set to be down force 3psi, 93rpm platen speed,
87rpm carrier speed and slurry flow rate 200 ml/min. The Cu removal rates were
determined by Cu film sheet resistance and thickness measurement with a Model RS 75
of KLA-Tencor Company. The basic properties of slurries is shown in Table 1, and
mixed with various concentrations of hydrogen peroxide and non-peroxide oxidant before
polishing.
Property item

LV1006

TSV2001

Abrasive type

Colloidal silica

Colloidal silica

1x

0.63x

1:9

1:9

11.4±0.2

12.5±0.4

1x

8x*

H2O2

Non-peroxide oxidant

Abrasive conc. (%)
Diluted ratio (slurry:DIW)
in POU
pH value
RR promoter
Relative oxidizer

Table 1. The basic properties of LV1006 and TSV2001

Result and Discussion
Typically, a higher Si removal rate would be obtained by directly hydrolysis of Si-Si
bonding with hydroxide ions in the alkaline aqueous solution, a higher Si removal rate
could be obtained with higher slurry pH. The hydrolysis of Si-Si bonding involves the
oxidization of Si, but no additional oxidizer needed because of high Si reduction potential.
But polishing Cu in alkaline slurries would have a lower removal rate because of strong
passivating surface Cu2O/CuO formation. Introducing strong oxidizer during Cu
polishing, like hydrogen peroxide, can enhance the Cu oxidation rate but still be limited
surface oxide passivation, as shown in Fig. 3. The maximum Cu rate was obtained with
0.1% H2O2, and no significant rate increased as adding more peroxide up to 3%. On the
other hand, the Si removal rates cannot be increased by adding hydrogen peroxide, but in
the other way, dramatically Si removal rates drop as adding more than 0.1% peroxide.
Which may due to strong SiO2 passivation formed in the presence of high conc. hydrogen
peroxide. It is difficult to have a non-selective Si/Cu polishing based on peroxide
chemistry.
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4.0
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6.0
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6000

Si/Cu selectivity

10.0

9000

0.010%

R.R.(Å/min)

10000

Peroxide concentration

Figure 3. The Si and Cu removal rates and selectivity of LV1006 by polishing with H2O2
oxidizer (on IC1010 pad)
In addition to the problem of selectivity control with peroxide chemistry, the fast
decomposition of hydrogen peroxide in alkaline slurries would also be the concern. As
shown in Figure 4, the Cu removal rates obviously dropped from 3500 to 2900 Å/min
within a 7 days pot life test.
4000

Cu R.R.(Å/min)

3500
3000
2500
2000
1500
1000
fresh

1 day

2 days

3 days

4 days

5 days

6 days

7 days

Pot life with peroxide

Figure 4. The Cu removal rates of LV1006 were unstable with 0.06% H2O2 in a 7 days
pot life test.
In order to overcome oxide passivation formed on both silicon and copper surface
with peroxide in an alkaline slurry, a non-peroxide oxidizer was investigate to minimize
SiO2 surface passivation on Si which may impact on Si removal rate.
As shown in Figure 5, there is no significant impact on Si removal rates by adding
0.3-0,8% oxidizer, to keep a higher rate around 10,000Å/min. For Cu polishing, the Cu
rates were increased from 6200 to 9500 Å/min by adding 0.3% to 0.55% oxidizer, but the
rate increase saturated at higher oxidizer concentration up to 0.8%. The Si/Cu selectivity
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could be adjusted from 1.6 to 1.0 by adding 0.3 to 0.8% oxidizer. Not like hydrogen
peroxide, this oxidizer is much stable in alkaline aqueous solution. So as to very stable
Cu rates is obtained within a 12 days pot life test, as shown in Fig. 6
12000

Si/Cu > 1

2.0

Si/Cu < 1

8000

1.6
Si R.R. (Å/min)
Cu R.R. (Å/min)

6000

1.4

Si/Cu selectivity

0.80%

0.75%

0.70%

0.65%

0.30%

0.60%

0.8
0.55%

0
0.50%

1.0

0.45%

2000

0.40%

1.2

0.35%

4000

Si/Cu selectivity

1.8

0%

R.R.(Å/min)

10000

Non-peroxide oxidizer concentration

Figure 5. The Si and Cu removal rates and selectivity of TSV2001 by polishing with a
non-peroxide oxidizer (on D100 pad)
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8500
8000
7500
7000
6500
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7 days

6 days

5 days

4 days

3 days

2 days

1 day

fresh

Pot life with non-peroxide type oxidizer

Figure 6. The Cu removal rates of TSV2001 were stable with 0.55% non-peroxide
oxidizer in a 12 days pot life test.
After being polished, the total thickness variation (TTV) of Si wafer is another
important performance index to uniformly open Cu via. The current slurry can achieve
lower than 3m in TTV. Furthermore, the roughness (Ra), which is an index to judge
surface achievement, can be excellently below 1 nm after cleaning with EPL8153,
supplied by EPOCH Material Co., Ltd., as shown Figure 7.
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Figure 7. The excellent roughness performance of TSV2001
In addition, because a lot of Si is removed during CMP, the pad stain is easily
happened and makes removal rate decreasing. TSV2001 can substantially reduce pad
stain and keep removal rate stable.

Summary
A novel Silicon backside polishing slurry which based on non-peroxide oxidizer
chemistry was developed to deliver a promising solution for the TSV application. Both
silicon and copper removal rates were higher than 8000Å/minwith low total thickness
variation (TTV <3m) and low roughness (Ra <1nm), and tunable Si/Cu selectivity to
meet a desired final topography for TSV integration.
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With the advancement of technology nodes, the demands on
oxide CMP have become more stringent. Defectivity, rate, profile,
selectivity to various films (in special applications), planarization
efficiency, process window, as well as costs, are the main
considerations in an advanced oxide CMP process. Polishing rate
and profile tuning by slurry formulations are challenging in certain
silica based slurry systems. In this paper, various designed, novel
additives are explored to enhance oxide CMP performance. The
effects of key factors including abrasive types, chemistry, and pH
range on removal rate and profile, especially on the wafer edge
rate drop, have been studied. The results indicated that a controlled
removal rate and desired wafer edge profile can be achieved
through the optimum combination of functional chemistry
compositions, pH, abrasive type and properties. A number of
possible mechanism will also be discussed.
Introduction

SiO2 is widely used as dielectric materials in ULSI and act as shallow trench
isolation materials, pre-metal, and inter- metal dielectric materials. The global
planarization of SiO2 layer is very critical to the hinder lithography quality. The
defectivity, removal rate, polishing profile across wafer, selectivity to other silica based
materials, especially the polishing stability, are gradually emphasized with the continuous
shrinking of the minimum feature. SiO2 with four valence silica atom is very stable and
difficult to be removed by redox. The mechanical removal from the hydrated surface is a
possible mechanism which is accepted by a number of CMP groups [1-3]. However, how
to promote the hydration on the SiO2 surface and increase oxide removal rate through
chemical effects is still a tough barrier.[4,5] Therefore, current method is to enhance the
mechanical function and use the high abrasive loading CMP slurry. The fumed silica with
large particle size or ceria with unequal shape are widely used in oxide CMP so as to
intensify mechanical function and obtain higher removal rate. But the fumed silica is
easy to aggregate and cause micro-scratches, as well as particle residue which is difficult
to clean. Typically, ceria particle, despite having the advantage of higher oxide removal
rate, has relatively poor stability and polishing selectivity tuning ability, and higher
cost.[6-8] Therefore, colloidal silica serves as a viable selection in its proper removal rate,
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good defectivity, and good polishing stability. But its edge rate drop is an issue which is
difficulty to improve by conventional slurry chemistry approach.[9,10] In this paper, a
series of specially designed chemicals have been used to increase the oxide removal rate.
In addition, abrasives with different particle properties and pH values were evaluated for
profile improvement.
Experimental
Wafer polishing for initial formulation screening was on rotational polishing tools.
The film thickness was measured on Nanospec 6100. Post CMP cleaning was done on an
auto-cleaner. Subsequent CMP performance verification was carried out on Applied
Materials Mirra Mesa polisher, with removal rate and profile data collected on the
standard industry metrology tools. Defectivity count was based on the SP1 scan results.
Polishing pad used was IC1000 hard pad.
PETEOS, poly silicon, and silicon nitride wafers were used for the removal rate and
selectivity tuning tests. Slurry flow rate was within 100 to 200 ml/min.
Results and Discussions
Oxide Removal Enhancer
Silica oxide is a very stable silica compound with highest Si chemical valance which
is difficulty to be removed by redox. Traditionally, its removal rate was increased by
mechanical force. However, the higher solid loading also increases the potential risk of
the micro scratches. So, chemical function to accelerate the oxide removal is studied
actively in this work. In this paper, several special chemicals are tested on the oxide
polishing. The results are showed in Fig. 1 which indicated that SA series chemical
additives can give a higher oxide and silicon nitride removal rate. The possible reason is
that the electric double layer of particles is compressed in the higher ionic strength and
then enhanced the interactions of particles. As a result, the particles are easy to
accumulate and become denser when they contact the wafer surface. That is to say, there
are more effective abrasives at the moment of polishing and result in a higher removal
rate.
1.30

1.70

1.10
1.30
1.10

0.90

0.90
0.70

Normalized oxide RR
Normalized SiN RR

0.70

Normalized SiN RR

Normalized oxide RR

1.50

0.50

0.50
No

SA1

SA2

Chemicals additives
Fig.1 Silica oxide and silica nitride removal rate under different chemicals

Surfactant often has great effects on wafer surface and particle properties. One type
of surfactant is selected and evaluated. The result is demonstrated in Fig. 2. It showed
that with the addition of surfactant, the removal rates of oxide and silica nitride are higher
than without it. Zeta potentials of the abrasive increased from 0.2mv to 8mv with the
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effect of surfactant. As a result, interaction between the positive particles and the
negative oxide surface becomes stronger, which attracts more particles on the wafer
surface and results in enhanced oxide removal rate. Silicon nitride rate enhancement also
follows the same mechanism.
1.5

10

Normalized RR

1.3

TEOS

8

SiN
Zeta Potential

1.1

6
TEOS

SiN

0.9

4

0.7

2

0.5

Zeta Potential (mv)

TEOS

0
No

Suf.
Surfactant Con.

Fig.2 Removal rate and particle zeta potential variation with and without surfactant

Polishing Selectivity to Poly silicon
In some special applications, the selectivity of oxide to poly silicon is needed to be
tunable. We have tested various types of surfactants. The poly silicon removal rate can be
varied in a large scale while keeping the oxide rate almost the same. Fig. 3 shows the
removal rate of poly silicon and oxide in the presence of different surfactants. It indicated
that polishing selectivity of oxide to ploy silicon is tunable through the chemistry effects.
The possible reason is surfactant molecular absorption on the poly silicon surface through
hydrogen bond between hydroxyl groups and surfactant molecules. With the protection
of polymer film, the poly silicon removal rate is suppressed.

Normalized oxide rate

1.00

4.00
Normalized oxide RR
Normalized SiN RR
Normalized Poly Si RR
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0.60
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NS2
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NS6

NS7

NS8

NS9

NS surfactants
Fig.3 Polishing seletivity tuning of silica oxide and silica nitride to poly silica

Profile Tuning
The profile at the wafer edge is another challenge in oxide CMP, especially for the
colloidal based slurries. CVD oxide film thickness distribution has a valley shape
variation in the very edge area (showed in Fig. 4). During CMP, the oxide removal rate at
this area usually has a significant drop and cause the edge profile issue which is very
difficulty to solve through chemical methods and maybe destroy the chips around the
wafer.
Various types of abrasives (type A through type F) with different pH are studied in
this paper. The results are shown in Table 1. Both slurry A and slurry B have higher
edge rate drop. After extensive abrasives screening and selecting the proper particle
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properties, the edge rate drop is significantly reduced. Also, higher pH can further lower
the edge rate drop (shown in Fig. 5). Some types of abrasive may have decreased the
slurry fluidity at the very edge area and more particles stayed between wafer and pad at
the instant of polishing. As a result, the mechanical force is stronger than without them.
Higher pH can increase the hydro-oxygen group concentration on the particles and
thereby strengthen hydro-bond between them, which resulted in the increase in removal
rate at the very edge of the wafer.
Table 1 Polishing rate and profile using different slurries
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Planarization Efficiency
The planarization efficiency on patterned wafer is an important evaluation standard
for oxide CMP. The following Fig.6-7 showed the step-height variation during different
polishing time using our optimized formulation of oxide CMP slurry. The step height
decrease indicated the higher planarization efficiency and good uniformity at wafer edge
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and center. From the cross section image, we can also find the surface after 90 s polishing
is clean and flat. There is no particle residue and other organic residue.

Fig. 6 SEM images of Cross section during different polishing time
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Fig. 8 Oxide removal rate and WIWNU in 300pcs Marathon test
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Polishing performance stability including removal rate and defectivity is a key factor
for manufacturing viability. Because under a fixed polishing recipe, the polishing
performance is required to be within a strictly controlled specification which is very
important to the reliability and yields. The proprietary stabilizer system is used in our
oxide slurry. As shown in Fig. 8-9, the oxide removal rate, within wafer non-uniformity
and defectivity performance during one 300- wafer marathon run is stable and it can meet
the process requirements.

2.00

5.00

1.80

4.50
4.00

1.60
1.40

7RW DO  &RXQW  1RU PDO L ]HG

6FU DW FKHV 1RU PDO L ]HG

3.50

1.20

3.00

1.00

2.50

0.80

2.00

0.60

1.50

0.40

1.00

0.20

0.50

Normalized scratches count

Normalized def. count

ECS Transactions, 27 (1) 557-562 (2010)

0.00

0.00
+ + + + + + + + + + + + + + + + + + + + + + + +
& & & & & & & & & & & & & & & & & & & & & & & &
Cycle no. & polishing head
Fig. 9 Total Defectivity count and scratches during 300 Marathon test

Conclusion
In this work, we have studied the effects of chemistry and particle properties on
oxide CMP performance, with focus on oxide polishing rate, wafer edge profile, and
removal selectivity between different films with the following findings.
(1) The oxide removal rate can be adjusted by chemical additives in limited scale.
Also, the selectivity to poly silicon can also be tuned by special surfactants in different
levels based on the process requirements.
(2) The rate drop at the very edge of oxide wafer can be improved relative lower
range by optimizing particle properties and proper pH.
(3) Improved planarization efficiency has been demonstrated in this study.
(4) Polishing performance of this oxide slurry is very stable.
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As the main unit of data storage of the computer, the hard-disk storage
density is increasing continuously, which is influenced directly by surface
quality, so the substrate surface must be smooth and no-defect. Currently,
the chemical mechanical polishing (CMP) technology with nanometer
abrasive is adopted as the precise disc polishing. In this paper, the chemical
character of NiP substrate of computer disk was analyzed, the CMP
mechanism was discussed. The CMP experiments were performed with
alkali slurry. The action of abrasive on NiP film CMP was analyzed. It was
indicated that the abrasive in slurry not only has the effect of grinding but
also acts as micro-stirrer during CMP process. According to the
experiments the effect of silica sol size and concentration in alkali slurry on
removal rate and roughness of NiP substrate were analyzed and the higher
removal rate was obtained. Low roughness was realized with small size and
low hardness silica sol as abrasive.

INTRODUCTION
As the main unit of data storage of the computer, the hard-disk storage density is
increasing continuously, the distance between magnetic head and the medium is
reducing further, and the requirements of disk surface quality have become higher and
higher[1]. If the surface of hard-disk has waviness, the magnetic head will move up and
down along with high-speed rotating storage HD even to collide with disk substrate
surface [2], this called "head crushed" will cause disk devices failure or write the wrong
information. Therefore, the disk surface processing is required to manufacture smaller
head floating height, with excellent surface smoothness and no apparent defects.
At present, chemical mechanical polishing (CMP) technology with nanometer
abrasive is adopted as the precise disc polishing [3]. Now, most slurry which came into
industrial application is acid, it is widely used because of its high removal rate. But the
high rigidity of abrasive Al2O3 of acid CMP slurry may induce scratching, high defect
density and difficult to further decrease the roughness [4-5]. So we developed a kind of
alkaline slurry with nano-size silica sol as abrasive by analyzing the CMP mechanism.
CMP experiments were accomplished and the effect of abrasive on removal rate and
surface roughness were discussed.
ANALYSES OF NiP CMP MECHANISM
CMP is an integrated process including chemistry action and mechanism action.
These two functions act with each other to accelerate and strengthen the reaction
process. The kinetic process consists of two kinds of sub-process, mass transmission
and chemical reaction [6]. The chemical reaction of CMP is the slower process to
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become the control process with alkali slurry. So the key factor to improve the removal
rate is enhancing chemical reaction, which is benefit for decreasing roughness. By
CMP experiments and analyzing the chemical effect, it indicated that the surface of NiP
substrate was oxidized to form oxide film first in CMP process. The reaction formulas
are showed as equation (1), (2), (3).
᧤1᧥
Ni + H 2O2 → NiO + H 2O
2NiO + H 2O2 → Ni2O3 + H 2O

᧤2᧥

2 P + 5H 2O2 → P2O5 + 5H 2O

᧤3᧥
From the equation above, the compounds of NiO, Ni2O3 and P2O5 were produced
by the surface oxidation reaction.
NiO and Ni2O3 react with water in alkali slurry to produce Nickel hydroxid᧨
Ni(OH)2, Ni(OH)3 which can be ionized little in alkali slurry showed as equation
(4),(5).
᧤4᧥
NiO + H 2O ⎯OH
⎯
⎯→ Ni(OH ) 2 ⇔ Ni2 + + 2OH −
−

−

᧤5᧥
If Ni or Ni can be changed to stable soluble complex to enter into slurry, the
oxidation reaction will be accelerated. So improving the removal rate should be
realized by the enhancement of chemical reaction speed.
Ni2O3 + H2O ⎯OH
⎯
⎯→ 2Ni(OH)3 ⇔ Ni3+ + 3OH −

2+

3+

SLURRY PREPARATION
The slurry is the key factor in CMP, it is not only influence the chemical effect but
also the mechanical effect. The compound of the slurry is complex, and a little change
of it will affect the CMP rate and surface quality. The abrasive is the main source of
mechanical effect [7]. To get the perfect rate and surface, the abrasive should have
proper rigidity, size and dispersion. So the silica sol is selected as the abrasive, which
has low hardness and can be stable in alkali slurry.
The slurry for CMP experiments is alkali, which pH is 11, Ethylenediamine
tetraacetic acid-tetrakis tetrahydroxyethylethyleneamine as the complexation agent and
pH regulator, concentration of oxidant is 15ml/L, and surfactant is 10ml/L, the size of
silica sol is 30nm, 60nm and the TEM picture is showed in fig1.

a 30nm
b 60nm
Fig.1 TEM picture of silica sol(a.30nm,b.60nm)
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EXPERIMENT RESULTS AND ANALYSIS
Influence of abrasive size
To analyze the influence of the abrasive size on CMP rate and roughness, the
experiments were accomplished with same condition except the abrasive size; the
surface roughness was test with ZYGO NewView6000, the condition and result of
removal rate and roughness is shown in Table 1.
Table 1 Condition and results of effect experiment with different size abrasive
Light
Size Removal
Moderat Heavy
Final
Ra/QP
-1
polishin
e
polishin polishin /nm rate/nm·min
g
polishing g
g

Condition

Time /s
Speed /rpm
Pressure
/kpa
Slurry
flow/mO·min

30
30
100

30
40
200

600
50
220

30
20
50

6

415

0.4871

3

400

0.3974

0
0

500

500

500

500

-1

From the result, we can see that the removal rate with large size abrasive is higher
than that with small size. This is because that the contact area and the impress increase
along with the size. Small abrasive embeds to disc substrate surface weakly, but large
abrasive can embed to the substrate deeply to enhance the mechanical effect to grind
more reaction product.
On the other hand, lower roughness was obtained with small size abrasive. Small
size abrasive embeds to disc substrate surface weakly and tile uniformity on the surface
to get the consistent removal rate.
Influence of abrasive concentration
To get the perfect surface, abrasive concentration with size of 30nm is studied in the
experiment. The condition is same with Table 1. The variety of removal rate with the
abrasive concentration is shown in Fig.2.
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Fig. 2 The variety of removal rate with the abrasive concentration
From the experimental results, we can see that the removal rate is increased
obviously with the abrasive concentration of silica alkaline slurry. And when the
concentration reaches 20%, the increase of the removal rate is not visible further. With
the increase of abrasive concentration, more particles abrade the substrate to enhance
the mechanical effect, so the removal rate is higher. When the concentration more than
20wt%, the abrasive spreading on substrate surface extends to saturation, and the
mechanical effect increases slowly.
Influence on surface quality

6X U I D F H  U R X J K Q H V V  5D 

QP

Roughness of NiP substrate surface was test after CMP, with the increase of abrasive
concentration, the waveness and roughness are depressed. The variety of roughness
with the abrasive concentration is shown in Fig.3. The roughness is 0.3704nm with the
concentration of silica sol 40wt%, shown in Fig.4.
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Fig. 3 The variety of roughness with the abrasive concentration
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Fig.4 Roughness with the abrasive concentration 40wt%
From the experiment, it can be seen with the increasing of abrasive concentration,
the average removal rate of surface material is higher for grinding the rough part of
surface rapidly, so the roughness is decreased. When the concentration is lower the
removal rate is slow, little abrasive particle act mechanical effect, the rough layer
cannot be removed efficiently. With the increase of abrasive concentration, more
particles take part in grinding, so the embedded depth in substrate is lowered, the
roughness is reduced and the scratch is avoided. In the mean time, more particles may
act as mini-stirrer to transfer the reactant and product to ensure the reaction uniformity,
so the roughness can be reduced effectively.

SUMMARY
Alkali CMP slurry was prepared for hard disc substrate by theoretical analysis,
with the silica sol as abrasive. The influences of particle size and concentration on
removal rate and roughness of NiP substrate were studied. Experiment results indicate
that low roughness can be obtained with small size abrasive in the alkaline slurry, but
the removal rate is lower; low roughness and higher removal rate can be realized by
increasing the concentration of abrasive by which the mechanical effect enhanced, the
reaction consistency and mass transmission improved. When the concentration of silica
sol is larger than 20wt% and the particle size is 30nm, the removal rate can reach
400nm/min and the roughness is lower than 0.4nm.
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A mosaic design of diamond disks that incorporates different
cutting characteristics of diamond grits can allow faster polishing
of wafers with less pad consumption. Larger diamond grits can
make pad asperities with large peak to valley ratios for achieving
high polishing rate. On the other hand, Sharp grits can shave the
pad effectively as to eliminate the glazed layer.
The conventional diamond disks employ similar type of diamond
grits across the entire disk. These grits cannot dress and cut the
pad with optimization. By combining different types of diamond
grits in a cocktail combination, the pad asperities can be controlled
to enhance removal rates of the wafer. The glazed layer may also
be removed cleaner so wafer defectivity is minimized.
CMP Challenges
Diamond disks for pad conditioning is becoming the limiting factor for advanced
CMP that requires low stress polishing at local sites, but with high removal rate across
the wafer surface. This is particularly so for polishing various sized IC interconnects (e.g.
32 nm node). Moreover, the dielectric layers are becoming delicate (e.g. low k dielectric)
that can be damaged with conventional CMP practice.

Figure 1. The CMP analogy (left diagram) and the diamond disk’s function (right
diagram).
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During the CMP operation, a wafer is pressed against a rotating pad. The load is
supported by asperities of the pad top. The distribution of the pad asperities and the
morphology of them can not only determine the polishing efficiency, but also the wafer
uniformity. Moreover, if killer asperities are present, scratches of the expensive wafer
are inevitable. Since diamond disks are responsible for the creation of pad asperities for
polishing each wafer, the design of the diamond disks is becoming critical for achieving
fast and uniform polishing of wafers without causing defectivity. This is particularly true
with the increase of the wafer size (e.g. 450 mm wafers to make debut scheduled in 2012).

Figure 2. The non-compromising requirements of CMP (left diagram) and the difficult to
polish larger wafers (right diagram).
Mosaic Diamond Disks
Diamond grits come with different sizes and shapes. The larger the diamond grit, the
rougher is the dressed pad formed by the indentation of the grit. On the other hand, the
shaper the diamond, the cleaner is the pad top due to the shaving action of the grit. The
conventional diamond disk holds one type of diamond grits on all locations of the disk.
Consequently, roughness and cleanness of the same pad surface cannot be compromised.
However, by making segments with different types of diamond, a mosaic disk can be
assembled.
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Figure 3. The mosaic diamond disks of brazed-organic diamond disk (BODD).
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The Dressing Characteristics
The mosaic diamond disks can be assembled at room temperature by using an organic
binder (e.g. epoxy). In this case, the diamond tips can be leveled by compressing with a
flat plate. This solves the largest problem of the conventional diamond disks with uneven
tip distribution due to the variation of diamond sizes and shapes, in particular when
employing a high temperature process to bond the diamond (e.g. by brazing).

Figure 4. The BODD with low temperature diamond tips leveling can eliminate the killer
diamond that may break due to high stress dressing. The killer diamond can generate
killer asperities by deep penetration. In both cases, the IC wafer may be scratched.
Due to the improved diamond tip leveling the mosaic disk can achieve more uniform
dressing than conventional disks. Moreover, the dressing action is smoother as reflected
by the lower and consistent dragging resistance encountered during dressing.

Figure 5. The contrast of pad asperities (top diagrams) and dragging resistances (bottom
diagram) achieved between conventional disk and mosaic disk during dressing.
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The major advantage of using mosaic design is to achieve a higher removal rate of
wafer at lower cut rate of pad. This is because the asperities are optimized by using
different types of diamond so excessive dressing is avoided.

Figure 6. The removal rate of the wafer can be achieved by less dressing of the pad by
the mosaic design of the diamond disk.
The Dressing of Pore Free Pads
Most CMP pads incorporates excessive amount of pores to soften the contact with the
wafer, and also to provide slurry reservoir for polishing.

Figure 7. The CMP pads with different sizes and distributions of pores.
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However, the segregation of light expansor for making pores in heavy liquid of
polyurethene has been an intrinsic problem for the process of pad manufacturing. As a
result, CMP performance can be erratic when the wafer is pressed on pad with different
solid contact areas. On the other hand, the pore free pad does not come with slurry
pockets so the removal rate can be slow. This problem may be overcome by the cocktail
design of diamond disks. Large and sharp diamond grits may be used to cut slurry
channels with different depth. Since the diamond tips are leveled, the killer asperities are
avoided.

Figure 8. The mosaic design is uniquely capable to tune the pad asperities to achieve
skewed distribution in a pore free pad.

Figure 9. The cocktail design of diamond disk can tailor the distribution of pad asperities
with the slurry channels cut in real time just before the polishing contact of the wafer.
Therefore, the use of mosaic diamond disks may eliminate the need to incorporate pores
in the pad.
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CMP has been practiced by polishing wafers with white
polyurethane pads that contain pores. These pores may reduce the
contact areas at the interface so the polishing rate is increased by
enhanced pressure. Moreover, the pores also serve as the reservoir
for storing excess slurry that can replenish the consumed abrasive
particles at the polishing site from time to time.
A new design of black pads has eliminated the need of built in
pores. Instead, submicron graphite particles are impregnated in
polyurethane matrix. The graphite particles can be plucked off at
the polishing site so the contact pressure at the polishing site is
increased as if pores are present. Furthermore, graphite particles
are hydrophilic so slurry can be retained better than that in water
repelling white pad. The wetting can also lubricate the polishing
site and allow faster polishing of the wafer without damaging the
local circuitry. This reports summarizes various features of the
black pads including their CMP performance compared to
conventional white pads.
The Black Pad
During a CMP operation, excess material on the coated thin film (e.g. copper) on
wafer is removed by abrasion with nano abrasive particles. These particles are suspended
in a chemical slurry that perch on the top of pad asperities. In order to enhance the
contact pressure at the polishing site, pores of tens micron across are dispersed in the
polyurethane pad. These pores also serve as the reservoir for the slurry that can ooze out
by squeezing with the wafer. As the IC interconnects are trending toward 32 nm and
beyond, hard contact at the interface between wafer and pad must be avoided.
Consequently, softer pads are designed to avoid the spiky rise of contact pressure.
However, due to the global planarization requirements, the pad is relatively stiff on
macro scale, but soft in local contact.
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Figure 1. The hard pad with enclosed pores (left diagram) and the soft pad (right
diagram) with partitioned pores.
A new type of pad is made by impregnating microscopic graphite particles in a
polyurethane matrix. The pad so formed appears black that is in stark contrast with the
white pad adapted by the CMP community.

Figure 2. The black pad versus the white one.
The presence of graphite particles can achieve the following functions that are absent
in white pads.
1.
2.
3.
4.
5.
6.

Graphite particles are soft in contact as if pores are present.
Graphite is hygroscopic, so the black pad can be wetted by slurry.
Graphite is a solid lubricant, it can reduce the heat generated at the polishing site.
Graphite is a hest spreader, it can avoid hot spots formed locally on the pad surface.
Graphite particles can also polish the wafer so the removal rate may be increased.
Nano graphite is used for polishing so scratches on copper are avoided.
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The Dressibility
The dressibility of a black pad was compared with the white one by cutting with a
diamond pad conditioner. It was noticed that graphite impregnation in the pad yielded a
smoother surface than pore ridden pads.

Figure 3. The dressed surface between black (left) and white (right) pad.
The leveling of pad asperities is critical for polishing delicate wafers because
scratches may ensue during the encountering of “killing asperities”. It was found that the
black pad, after dressing, possessed no asperities that are protruding much higher than the
rest.

Figure 4. The black pad (left) had a smoother surface than the white one (right).
Although the asperities on the black pad were better leveled, the valleys of these
asperities were more diversified than the white pad. The slurry can now move across the
mesh of pad asperities more efficiently by channeling in valleys of various depth.
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Figure 5. Black pad (left diagram) had deeper valleys than white pad (right diagram) for
faster transport of slurry.
Another feature of the black pad is its ability to suck slurry by capillary force. This is
important to avoid the dry spots during the polishing process. Dry spots can raise the
temperature and destruct the delicate interconnects of expensive wafers.

Figure 6. The hydrophilicity of the black pad (lower circles) versus the white one (upper
circles).
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The CMP Performance
The CMP performance for polishing an oxide layer was compared between black pad
and white pad. The polishing rate was much higher with the black pad when the same
slurry was used.

Figure 7. The removal rate of oxide was twice when the wafer was polished by the black
pad compared with white one.
The polishing rate was monitored for consistency.
performance with the black pad was steady.

It was found that the CMP

Figure 8. The removal rates of the black pad under the same polishing conditions
(Courtesy of SKC, Korea).
The CMP performance for polishing copper layer was compared between the two
types of pads. The results confirmed that the polished wafer profiles were comparable
between black pad and white pad. However, the black pad provided a more uniform
polishing than white one.
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Figure 9. The comparable CMP performance between black pad and white pad (Courtesy
Rohm Haas).
The consistency of copper polishing by black pads was evaluated on polishing of
different wafers. The steady performance of black pad was confirmed again.

Figure 10. The consistent polishing performance of copper by the black pad.
Summary
The polishing rate of oxide was faster on pore free graphite impregnated pads than
conventional pore ridden pads. The polishing profiles of copper layers were comparable
between black pads and white pads. With the Moore's law trending toward sub-virus
feature sizes (e.g. 22 nm) and the scheduled (2012) introduction of pizza-sized (450 mm)
IC wafers, the in-situ lubrication and the real time wetting may be critical for CMP to
avoid the presence of hot polishing spots. Consequently, the black pad may be more
attractive than the white ones for polishing future generations of IC interconnects.
References
[1] Chien-Min Sung, “CMP Consumables with Taiwan’s Innovations”, International
Conference on Planarization / CMP Technology (ICPT) 2008, Hsinchu, Taiwan, p.87.
[2] Chien-Min Sung, Ying-Tung Chen, Wei-Huang, Kyle Chang, Michael Sung,
“Polycrystalline Disk Dressers for the CMP of Terabytes Hard Drives”, International
Conference on Planarization / CMP Technology (ICPT) 2008, Hsinchu, Taiwan,
p.264-271.

586

ECS Transactions, 27 (1) 587-592 (2010)
10.1149/1.3360679 © The Electrochemical Society

Tribological and Kinetic Characterization of 300-mm Copper Chemical Mechanical
Planarization Process
Z. Hana, Y. Zhuanga,b, Y. Sampurnoa,b, A. Meleda, Y. Jiaoa, X. Weia, J. Chenga,
M. Moinpourc, D. Hooperd and A. Philipossiana,b
a

Department of Chemical and Environmental Engineering, University of Arizona,
Tucson, Arizona 85721, USA
b
Araca, Inc., Tucson, Arizona 85718, USA
c
Intel Corporation, Santa Clara, California 95052, USA
d
Intel Corporation, Albuquerque, New Mexico 87124, USA
The tribological and kinetic attributes of 300-mm copper chemical
mechanical planarization process were characterized in this study.
Coefficient of friction (COF) ranged from 0.39 to 0.59 for the
Cabot Microelectronics Corporation D100 concentrically grooved
pad, indicating that boundary lubrication was the dominant
tribological mechanism. In comparison, COF decreased sharply
from 0.55 to 0.03 for the Dow Electronic Materials IC1000 Kgroove pad, indicating that the tribological mechanism transitioned
from boundary lubrication to partial lubrication. For both pads,
copper removal rate exhibited highly non-Prestonian behavior. A
two-step modified Langmuir-Hinshelwood model was used to
simulate copper removal rate, wafer surface reaction temperature,
as well as chemical and mechanical rate constants. The simulated
copper removal rates agreed very well with the experimental
values. The simulated chemical rate constant to mechanical rate
constant ratios indicated that the IC1000 pad generally produced a
more mechanically controlled removal mechanism in this study.
Introduction

The current state-of-the-art IC manufacturing factories have migrated from 200-mm
wafer processes to 300-mm to reduce the manufacturing cost-of-ownership (CoO) and
increase throughout. In this study, the tribological and kinetic attributes of 300-mm
copper chemical mechanical planarization (CMP) process were characterized. Blanket
300-mm copper wafers were polished on a Dow Electronic Materials IC1000 K-groove
pad and a Cabot Microelectronics Corporation D100 concentrically grooved pad under
different polishing pressures and sliding velocities. Frictional force was measured in realtime during polishing and removal rate was also measured. A previously developed twostep modified Langmuir-Hinshelwood model (1) was used to simulate copper removal
rate, wafer surface reaction temperature, as well as chemical and mechanical rate
constants. Results were compared to illustrate the difference in the chemical and
mechanical balance between the IC1000 pad and D100 pad during the polishing process.
Experimental
The polishing experiments were performed on an Araca APD-800 polisher and
tribometer which is equipped with the unique ability to acquire real-time shear force and
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down force data critical for determining the coefficient of friction (COF) and lubrication
mechanism. A Dow Electronic Materials IC1000 K-grooved pad and Cabot
Microelectronics Corporation D100 concentrically grooved pad were used in this study.
Prior to wafer polishing, each pad was conditioned for 30 minutes using DI water by a
3M A2810 diamond disc rotating at 95 rpm and sweeping at 0.33 Hz. The load applied to
the diamond disc was 2.7 kgf. During polishing, the above conditions were used for insitu pad conditioning. The diamond disc, pad, and wafer rotated counter-clockwise during
polishing. Each wafer was polished for 1 minute by Cabot Microelectronics Corporation
iCue 600Y75 slurry. The slurry flow rate was kept constant at 300 ml/minute. Three
polishing pressures (6.9, 11.7 and 17.2 kPa) and sliding velocities (0.6, 1.0 and 1.5 m/s)
were used. Before and after polishing, an Advanced Instruments Technology CMTSR5000 four-point probe was used to measure the sheet resistance of 300-mm copper
wafers and calculate the copper removal rate.
Results and Discussion
Figure 1 shows the Stribeck curves for the IC1000 pad and D100 pad. The COF ranges
from 0.39 to 0.59 under different polishing conditions for the D100 pad. This indicates
that boundary lubrication is the dominant tribological mechanism, in which abrasive
particles, pad asperities, and the surface of the wafer are all in direct contact with each
other. In comparison, the COF decreases sharply from 0.55 to 0.03 with increasing
sliding velocity and decreasing pressure for the IC1000 pad, indicating that the
tribological mechanism transitions from boundary lubrication to partial lubrication.

Figure 1. Stribeck curves for IC1000 pad and D100 pad.
Figure 2 shows the copper removal rates under different polishing conditions for the
IC1000 pad and D100 pad. The removal rates do not increase linearly with polishing
power (i.e. product of polishing pressure and sliding velocity), exhibiting highly nonPrestonian behavior for both pads. The removal rates of the IC1000 pad are significantly
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lower than the D100 pad under the sliding velocity of 1.5 m/s due to the corresponding
lower COF values. It should be noted that the pad material, groove width, groove depth,
land area width, and pad thickness are different for the D100 pad and IC1000 pad used in
this study, contributing to different COF and removal rates as shown in Figs 1 and 2.

Figure 2. Removal rates of (a) D100 pad and (b) IC1000 pad.
A two-step modified Langmuir-Hinshelwood model is used to simulate copper removal
rate, wafer surface reaction temperature, as well as chemical and mechanical rate
constants. In this model, it is assumed that n moles of reactant R in the slurry reacts with
the copper surface film (S) at rate k1 to form a surface layer L,
k

1
S + nR ⎯⎯→
L

[1]

This surface layer is then removed by mechanical abrasion with rate k2
k

2
L ⎯⎯→
L

[2]

The abraded material L is assumed to be carried away by the slurry and not re-deposited
on the wafer surface. Assuming the rate of the surface layer formation is equal to the rate
of its depletion, the local removal rate in this sequential mechanism is

RR =

Mw

ρ

k1C Rn

k Cn
1+ 1 R
k2

[3]

where CR is the local molar concentration of the reactant R. To simplify the model, it is
assumed that there is no reactant depletion so that CR remains constant in Equation [3].
This allows CR to be absorbed into k1 and its value is set to be unity as
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RR =

Mw

k1 k 2
ρ k1 + k 2

[4]

The chemical reaction rate constant k1 in Equation [4] is expressed as
k 1 = A exp(− E / kTw )

[5]

where A is an exponential factor, E is the activation energy, k is a constant (8.62e-5 eV/k),
and Tw is the wafer surface reaction temperature.
The mechanical removal rate constant k2 in Equation [4] is expressed as
k 2 = c p μ k pV

[6]

where Cp is a proportionality constant and μk is the COF.
Assuming the chemical reaction is determined by transient flash heating, the wafer
surface reaction temperature (Tw) in Equation [5] is expressed as
Tw = Ta +

β
V

1 / 2+ e

pV

[7]

where Ta is the ambient temperature, β is a grouping of parameters including the
coefficient of friction, contact area fraction and associated pad properties, and e is an
exponential factor. During model simulation, parameters A, Cp, β and e are optimized to
minimize the square of the error associated with the experimental and predicted values of
the removal rates.

Figure 3. Comparison of simulated copper removal rates and experimental values for (a)
D100 pad and (b) IC1000 pad.
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Figure 3 shows that for both the D100 pad and IC1000 pad, the simulated copper removal
rates agree very well with the experimental values. The model successfully captures the
highly non-Prestonian copper removal rate behavior.
Table I. Optimal values of cp, , and e for D100 pad and IC1000 pad.

Optimal Values
Cp (mole/J)
 (K/Pa·(m/s)e-0.5)
e

D100 Pad
1.58×10-7
1.60×10-3
0.66

IC1000 Pad
1.51×10-7
2.76×10-3
1.85

Table I shows the optimal values of cp, , and e for D100 pad and IC1000 pad. A single
value of the chemical rate pre-exponential factor A is used for both pads since all wafers
were polished with the same slurry. The optimum value of A is 1.12×1017 mole· m-2·s-1.

Figure 4. Comparison of chemical rate constant to mechanical rate constant ratios (k1/k2)
between D100 pad and IC1000 pad.
During the removal rate simulation, chemical rate constant (k1), mechanical rate constant
(k2), and ratio of the two constants (k1/k2) are analyzed. Wilcoxon Signed-rank test is
performed and the results indicate that there is no significant difference in the chemical
rate constant (k1) between the D100 pad and IC1000 pad. On the other hand, the
mechanical rate constant (k2) of the D100 pad is higher than that of the IC 1000 pad due
to its higher COF and cp values. Therefore, the chemical rate constant to mechanical rate
constant ratio (k1/k2) of the D100 pad is less than the IC1000 pad as shown in Fig. 4.
This indicates that the IC1000 pad generally produces a more mechanically controlled
removal mechanism during polishing in this study.
Conclusions

The tribological and kinetic attributes of 300-mm copper chemical mechanical
planarization process were characterized in this study. Boundary lubrication was the
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dominant tribological mechanism for the D100 pad, while the tribological mechanism
transitioned from boundary lubrication to partial lubrication with increasing sliding
velocity and decreasing pressure for the IC1000 pad. The removal rates of the IC1000
pad were significantly lower than the D100 pad under the sliding velocity of 1.5 m/s due
to its lower COF values. A two-step modified Langmuir-Hinshelwood model was used to
simulate copper removal rate and successfully captured the highly non-Prestonian copper
removal rate behavior for both pads. The simulated chemical rate constant to mechanical
rate constant ratio indicated that the IC1000 pad generally produced a more mechanically
controlled removal mechanism in this study.
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Abstract

Chemical mechanical planarization (CMP) of copper is a critical
step in advanced IC interconnects technology. The key
performance metrics of a Cu CMP are the removal rate, removal
rate profile, dishing and erosion, process window, and defectivity.
Many researchers have studied the mechanisms of Cu CMP. The
present investigations will mainly focus on the mechanical effects
on advanced Cu CMP at low down forces. The two main
mechanical factors, intrinsic properties of abrasives and polishing
process conditions, were evaluated. It was found that the abrasive
properties such as mean size, surface area, solid concentration and
process conditions such as polishing down force and rotation speed
have strong impacts on Cu CMP performance.
Introduction
Cu CMP has been accepted as the chemical dominated process. Copper CMP slurry
typically includes complexing agent, corrosion inhibitor, oxidizer and abrasive. Chemical
components in the slurry mixture are added to enhance the removal rate of copper being
polished and/or to passivate the low lying regions of the wafer. While most of CMP
processes rely on balanced chemical reactions and mechanical actions [1] , many recent
studies on copper CMP have been mainly focused on the study of chemical nature of Cu
CMP process [2~4]. In this study, we focus on the investigation of mechanical factors,
including abrasive and polishing process conditions, on Cu CMP, which may become
equally important with the introduction of ultra low-k dielectrics and decreased down
force.
Experimental
1. Polishing experiments
The polishing experiments were carried out using an 8” Mirra, with IC1010 pads
(Rohm & Haas) and 3M A165 diamond disk. Cu blanket wafers were used for all the
polishing experiments. The down force pressure was 1~3 psi for polishing head and 6 lbs
for in-situ conditioning disk. The platen rotation speed were set at 60 ~ 113 rpm. The
slurry flow rate is 100 ml/min. Automatic four-point probe was used to measure Cu
thickness. Atomic Force Microscope (AFM) was used to check Cu surface roughness
after polishing.
2. Electrochemical studies
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Potentiodynamic polarization tests were carried out by using Electrochemical
Instrument CHI660b. The Cu electrode (working electrode) used in these experiments
was attached to a Teflon rod. Saturated calomel electrode and a platinum electrode were
used as the reference and counter electrodes, respectively. The copper electrode was first
allowed about 900 s to attain a stable open-circuit potential. Tafel plot was then obtained
by scanning the potential at a rate of 10mV/s from 1.0 V to 1.0 V.
Results and Discussions
1. Abrasive concentration
In Copper CMP, the abrasives in the slurry remove the passivation film to help the
chemical dissolution induced by the synergistic effect of oxidizer and complexing agent.
The concentration of abrasive has an effect on CMP results. Fig. 1 shows the effect of
abrasive concentration on Cu removal rate (RR) and profiles. As shown in Fig. 1, the
abrasive concentration has different effects for different polishing condition. At high
down force (3psi) (Fig. 1(a)), the RR of the wafer edge increased with the increase of
abrasive concentration, however, the RR of the wafer center changed a little. Such RR
profiles may caused by the thermal effect. At the wafer center, the local temperature was
high. The chemical reaction between Cu wafer and slurry was accelerated by the heat.
The RR was dominated by chemical reaction. While at the wafer edge, the local
temperature was relatively low, the mechanical removal with abrasive was needed to help
the chemical dissolution. Therefore, RR at wafer edge dropped as the abrasive
concentration was halved. However, the abrasive concentration has a consistent effect on
wafer center and edge at low down force (1psi) (Fig. 1 (b)). It was because the pad
temperature was low due to moderate polishing condition, the abrasive participated in the
material removal on both wafer edge and center. So the RR decreased with the decrease
of abrasive concentration. Moreover, the RR drop percentage was higher than that on
wafer edge at high down force.

(a)

Normalized RR@3ps

2
0.5[A] w t% abrasive

[A] w t% abrasive
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2
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Figure 1. RR and profiles as a function of abrasive concentration. (a) 3psi (b) 1psi
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Fig. 2 is the Tafel plots for copper in slurry with different abrasive concentration
at room temperature. The corrosion potential (Ecorr) and corrosion current (Icorr)
extrapolated from Tafel plots are listed in Table I. The data show that the abrasive
concentration had virtually no influence on corrosion resistance, that is, no influence on
chemical action during CMP. It proved that the RR, especially RR at low down force,
increases with abrasive concentration just because of the increase of the mechanical
action.

TABLE I. Abrasive concentration effect on corrosion potential
and current.
Abrasive
concentration
Ecorr (V)
Icorr*105 (A)
(wt %)
0
0.348
5.070
0.5[A]
0.340
5.000
A
0.345
4.688

Figure 2. Tafel plot for slurry with different abrasive concentration

(a)

Normalized RR@3ps

2. Abrasive mean size
The abrasive mean size effect on RR profiles was also investigated. As shown in
Fig. 3, the abrasive particle mean size has no obvious effect on RR profiles at 3psi, while
the RR at 1psi increased with particle mean size, especially at wafer edge where the local
temperature is the lowest. Such RR profiles proved the thermal effect and abrasion effect
of the abrasives again, as mentioned above. The large particle provided high mechanical
abrasion for Cu removal at 1 psi, which results in higher surface roughness comparing
with smaller particle (Fig. 4).
1.5
110nm

1.25
1
0.75
0.5

Normalized RR@1ps

-95

(b)

95nm
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95

1.5
110nm
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95nm
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-95
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Figure 3. RR and profiles as a function of abrasive mean size. (a) 3psi (b) 1psi
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Ra=0.611nm

Ra=0.305nm

(a) Particle size: 110 nm
(b) Particle size: 95 nm
Figure 4. Post polishing Cu surface roughness as a function of abrasive mean size.
3. Abrasive surface area
Fig. 5 shows the effect of abrasive surface area on RR at 1 psi. The RR increases with
abrasive surface area. The contact area between wafer and abrasive increases with the
increase of abrasive surface area, the mechanical actions then increased and result in
higher RR.
1.5
Normalized RR

1psi
1.25
1
0.75
0.5
52

54

62

69

78

surface area (m2/g)

Figure 5. RR as a function of abrasive surface area
4. Friction
In advanced Cu CMP, the friction force needs to be lowered to prevent delamination.
In this experiment, a friction reduction additive (FRA) was added into the slurry to
investigate the effect of friction on RR. The results were shown on Fig. 6. RR at both 3
psi and 1 psi decreased with the addition of FRA. But the RR drop at high down force (3
psi) is more obvious. It was caused by the synergistic effect of mechanical action and
thermal effect. In Cu CMP, the passivation film is actually removed by the friction
between the polishing pad, abrasive and wafer. The friction decreased with the addition
of FRA, at the same time, the pad temperature dropped due to low friction, which led to
lower chemical action. The latter effect on RR at high down force was obvious because
the RR was more chemical dependent as discussed in previous section. The combination
of low friction and chemical action results in lower RR.
In order to verify the function of FRA, we evaluated the corrosion resistance of the
slurry with or without FRA by electrochemical technique. Fig. 7 is the Tafel plots for
copper in slurry with or without FRA. The corrosion potential (Ecorr) and corrosion
current (Icorr) have no obvious change with or without FRA (Table II). It means that the
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FRA itself does not react with Cu ion but only decrease mechanical action during
polishing.
3psi

5

1psi
Normalized RR

4
3
2
1
0
0

0.25

1

FRA concentration (normalized)

Figure 6. Friction reduction additive (FRA) effect on RR

TABLE II. FRA effect on corrosion potential and current.
FRA (wt %)
Ecorr (V)
Icorr*105 (A)
0
0.343
4.969
0.25
0.350
5.002
1
0.347
4.778

Figure 7. Tafel plot for slurry with and without FRA
5. Process condition
In Cu/low-k CMP, low down force is preferred. In this paper, pressure effects on
removal rate profile were considered. As shown in Fig. 8, the RR increases with the
increase of polishing down force. Moreover, the RR profiles change with the polishing
down force. With the increase of polishing down force, the pad temperature increase,
especially at the center of the wafer, so the RR on wafer center increase more than on
wafer edge.
Fig. 9 is the RR profiles for various rotation speeds. The RR and profiles have
significant change with the rotation speed at high down force (Fig. 9(a)), while they
change little at low down force (Fig. 9(b)). These again are caused by the thermal effect.
The RR and profiles can be easily tuned by process tuning.
6
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Figure 8. Down force effect on RR
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Figure 9. Rotation speed effect on RR

Conclusions
In this work, the effects of abrasive, friction, and process conditions on Cu removal
rate and profile were investigated. It was found that the abrasive concentration, particle
mean size and surface area have more obvious effect on RR at low down force than at
high down force. However, increased abrasive concentration and particle mean size can
increase edge RR at both condition. Decreased friction by an additive will decrease RR
especially at high down force. The electrochemical analysis results show that there is no
corrosion resistance change with various abrasive concentration and friction reduction
additive concentration. The process conditions including polishing down force and
rotational speed have much bigger impact on RR and profiles.
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In this study, the effect of pad micro-texture on frictional force,
removal rate, and wafer topography during copper CMP process
was investigated. 200-mm blanket copper wafers and Sematech854
patterned wafers were polished and pad samples were taken after
wafer polishing. Pad contact area and surface topography were
analyzed using a laser confocal microscope. The Mitsubishi
Materials Corporation (MMC) 100-grit TRD disc generated much
larger flat near contact areas that corresponded to conditioning
debris and fractured/collapsed pore walls. The conditioning debris
and fractured/collapsed pore walls partly covered the adjacent
pores, making the pad surface more lubricated and rendering a
lower coefficient of friction and removal rate compared with the
3M A2810 disc. The mean summit curvature generated by the
MMC disc was larger than the 3M disc during patterned wafer
polishing, indicating sharper pad summits contributed to higher
dishing for the MMC disc.
Introduction

Chemical mechanical planarization (CMP) has been widely used in the integrated circuit
manufacturing industry to achieve local and global surface planarity through combined
chemical and mechanical means. During polishing, the pad carries the slurry and delivers
it to the wafer surface. Moreover, it contacts the wafer surface directly under an applied
pressure to mechanically remove chemically-modified wafer surface layer. Therefore, the
polishing pad plays a critical role in CMP processes and it impacts process performance
such as material removal rate, within-wafer non-uniformity, wafer-to-wafer nonuniformity, step height reduction efficiency and defects (1).
In this study, the effect of pad micro-texture on frictional force, removal rate, and wafer
topography during copper CMP process was investigated. 200-mm blanket copper wafers
and Sematech854 patterned wafers were polished and frictional force was measured in
real-time during polishing. 3M A2810 diamond disc and Mitsubishi Materials
Corporation (MMC) 100-grit diamond disc with triple ring dot (TRD) design were used
to condition an IC1020 M-groove pad with Suba IV sub-pad under the conditioning force
of 6 lb during wafer polishing. Pad samples were taken after blanket wafer polishing, as
well as after patterned wafer polishing. Pad contact area and surface topography were
analyzed by laser confocal microscopy. Pad surface near contact areas were compared
between the 3M and MMC discs to illustrate their effect on the coefficient of friction and
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removal rate during blanket wafer polishing. In addition, mean summit curvature was
compared between the two discs to demonstrate its effect on dishing during patterned
wafer polishing.
Experimental
200-mm blanket copper wafers and Sematech854 patterned wafers were polished on an
Araca APD-500 polisher with Hitachi Chemical HS 2H635-12 slurry. 3M A2810
diamond disc and MMC TRD disc were used to condition an IC1020 M-groove pad with
Suba IV sub-pad under the conditioning force of 6 lb during wafer polishing. For each
diamond disc, eight blanket copper wafers and four Sematech854 patterned wafers were
polished at 1.5 PSI and 1.2 m/s to confirm the experimental reproducibility. Pad samples
were taken after blanket and patterned wafer polishing. For each sample, pad contact area
and surface topography were analyzed on an area of 3.6 x 0.45 mm using a Zeiss LSM
510 Meta NLO laser confocal microscope. Detailed description of pad contact area and
surface topography measurement procedures can be found elsewhere (2).
Results and Discussion
Figure 1 shows the coefficient of friction (COF) collected during blanket wafer polishing.
The filled triangle points represent the average COF of eight wafer runs and the unfilled
circle points represent the COF for each individual wafer run. The average COF for the
3M disc (0.59) is significantly higher than that for the MMC disc (0.51).

Coefficient of Friction

0.65

0.6

0.55

0.5

0.45
3M A2810 Disc

MMC TRD Disc

Figure 1. Coefficient of friction collected during blanket wafer polishing.
Figure 2 shows the removal rate collected during blanket wafer polishing. The filled
triangle points represent the average removal rate of eight wafer runs and the unfilled
circle points represent the removal rate for each individual wafer run. The average
removal rate for the 3M disc (3,415 A/min) is significantly higher than that for the MMC
disc (2,457 A/min).
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Figure 2. Removal rate collected during blanket wafer polishing.

Figure 3. Pad surface contact area image for pad sample conditioned by the MMC disc.
Figure 3 shows an example of pad surface contact area image for the pad sample
conditioned by the MMC disc during blanket wafer polishing. There are large flat near
contact areas (indicated by zebra patterns) in the image. Figure 4 shows the SEM image
that includes the pad surface area analyzed in Fig. 3. Comparing Figs. 3 and 4, it is found
that the large flat near contact areas shown in Fig. 3 correspond to conditioning debris
and pore walls that has been fractured and collapsed. The conditioning debris and
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fractured/collapsed pore walls partly cover the adjacent pores, making the pad surface
more lubricated and rendering a lower COF and removal rate for the MMC disc.

Figure 4. Pad surface SEM image for pad sample conditioned by the MMC disc.

Figure 5. Pad surface contact area image for pad sample conditioned by the 3M disc.
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Figure 5 shows an example of pad surface contact area image for the pad sample
conditioned by the 3M disc during blanket wafer polishing. Compared with Fig. 3, there
are no large flat near contact areas for the 3M disc. Instead, the 3M disc generates solid
contact areas as indicated by the dark black areas in Fig. 5. Figure 6 shows the SEM
image that includes the pad surface area analyzed in Fig. 5. Compared with Fig. 4, there
are less conditioning debris and fractured/collapsed pore walls that partly cover the
adjacent pores, leading to a higher COF and removal rate for the 3M disc.

Figure 6. Pad surface SEM image for pad sample conditioned by the 3M disc.

Table I. Dishing comparison between 3M A2810 disc and MMC TRD disc
Diamond Disc

3M A2810 Disc

MMC TRD Disc

Wafer Number
1
2
3
4
Average
1
2
3
4
Average
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Dishing (A)
740
790
760
780
768
380
360
370
380
373
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Table I shows the dishing analysis on 100-micron pitches of the Sematech854 wafer
center die for the 3M and MMC discs. It should be noted that as the MMC disc generates
a lower removal rate than the 3M disc during blanket wafer polishing, the polishing time
on the Sematech854 wafer for the MMC disc (6 minutes) is longer than that for the 3M
disc (4 minutes). The polishing time ratio on the Sematech854 wafer between the MMC
and 3M discs (1.50) is close to the inverse ratio of their removal rates on the blanket
wafer (1.39) to minimize the influence of polishing time on dishing. Table I shows that
the MMC disc generates about 2X dishing compared with the 3M disc.
For pad samples collected after Sematech854 wafer polishing, large asperities or summits
are identified and the curvature of each summit at the highest point is analyzed during the
pad surface topography analysis. The mean summit curvature for the MMC disc (2.13
μm-1) is large that for the 3M disc (1.80 μm-1). This indicates that the MMC disc
generates sharper asperities than the 3M disc, contributing to higher dishing during
Sematech854 wafer polishing. This is consistent with the previous study on STI CMP,
which shows the MMC disc generates sharper asperities than the 3M disc causing higher
dishing and erosion during SKW3-2 wafer polishing (3).
Conclusions
In this study, the effect of pad micro-texture on frictional force, removal rate, and wafer
topography during copper CMP process was investigated. During blanket wafer polishing,
the MMC disc generated much larger flat near contact areas that corresponded to
conditioning debris and pore walls that had been fractured and collapsed. The
conditioning debris and fractured/collapsed pore walls partly covered the adjacent pores,
making the pad surface more lubricated and rendering a lower COF and removal rate
compared with the 3M A2810 disc. The summit curvature analysis indicated that the
mean summit curvature generated by the MMC disc was larger than the 3M disc during
patterned wafer polishing. Consistent with the previous study on STI CMP, sharper pad
summits also contributed to higher dishing for the MMC disc during copper polishing.
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This study explores the effect of pH and abrasive concentration on
the chemical mechanical polishing of blank Ge2Sb2Te5 (GST) film
using the colloidal silica-based slurry. High polishing rates were
observed at low pH values and material removal rate (MRR)
appears as a linear function of abrasive concentration. To better
understand the effect of abrasive concentration on the material
removal, MRR per abrasive particle was calculated and on-line
coefficient of friction (COF) test was also conducted. Experimental
results show that MRR per particle decreases along with abrasive
concentration and COF increases linearly according to the abrasive
concentration, which indicates that polishing efficiency per
particles decreases linearly and MRR is strong related to COF
respectively, during the CMP process.
Introduction
Phase change memory (PCM) is considered to be one of the major candidates for nextgeneration nonvolatile memories 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 crystalline phases that strongly
differ in resistivity (2). Chemical mechanical 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) fabricated a damascene array
structure of PCM with the CMP method. Zhang (4) used collidal silica for GST CMP.
Zhong (1), Park (5-6) and Wang et al. (2) investigated the effects of abrasive property
and chemical additives such as H2O2, alkaline, acid and surfactant on the GST CMP to
obtain a better control in chemical effect. However, there is still lack of basic research of
GST CMP, especially in mechanical effects. In this paper, we studied the effect of pH
and abrasive concentration on the CMP of GST film using the colloidal silica-based
slurry. In situ COF measurements are used to detect the mechanical effects in GST CMP.
Experimental Methods
The colloidal silica solution synthesized through an ion-exchange method (7) was 30
wt% and possessed a mean particle size of about 30 nm. 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 of the slurry in the pH 3~11 range. In the abrasive concentration test, de-
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ionized (DI) water was used to adjust the solid concentration to desired values and the
prepared slurries was kept constant at pH 9 by adding diluted KOH. In this experiment,
the concentration of colloidal silica is changed form 2 wt% to 30 wt%.
GST thin film deposition was performed with  200 mm SiO2/Si substrates using a
Unaxis LLS EVO tool (produced by Oerlikon Balzers Ltd., Liechtenstein). Deposition
conditions were as follows: target GST, 127×381 mm (99.999 wt %); substrate, 1400 nm
SiO2/Si; radio-frequency power, 0.2 kW; argon pressure, 0.27 Pa; and deposition
temperature, room temperature.
Oxide wafers 2.5×3 cm with 500 nm GST films were polished using a CMP tester
(CETR CP-4) with an Politex pad (Rohm and Hass). The polishing process 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 conducted at room temperature.
The material removal rate (MRR) was measured using the same method as reported
by our previous research (8-9). The MRR shown were the mean average of at least three
polish runs of 3 min duration each.
Results and Discussion
Effect of pH on GST CMP
The following comparison experiments were designed to evaluate the extreme of
polishing conditions to confirm the chemical effect on the polishing of GST. As shown in
Fig. 1, MRR increases as the pH was raised or lowered from neutral in the polishing of
GST without abrasive using only pH adjusted DI water and pads. These results come
from the chemical reaction between pH-adjusted water and GST and mechanical abrasion
between the GST and pad asperities. But these chemical effects such as pH-determined
dissolution may play an important role in the polishing of GST. In addition, GST
polishing as a function of pH using colloidal silica-based slurry was shown in Fig. 2. At
start of polishing, the pH of the slurries was set at a selected value, and pH was not
adjusted during the polishing. With increasing pH, the MRR increases to a critical point
at pH 5 after which it decreases linearly, and then increases with a transition at pH 9. It
was found that the trend for GST CMP versus pH using only pH adjusted DI water
appears different from that for using colloidal silica-based slurry, which suggests that the
mechanical effect of silica particles have a strong influence on MRR. To determine the
mechanical effect of silica particles, the mean particle size of silica particles and COF as
a function of pH were measured and the results were shown in Fig. 3 and Fig. 4,
respectively. According to Fig. 3 and Fig. 4, the COF which represents mechanical effect
and mean size have the similar trend with the variation of pH excluding pH 11. The
solubility of silanol (Si(OH)4) in water is significantly increased at a pH of more than
10.0 (10). When the pH reaches 11.0, the dissociation of surface silanol groups
approaches 100% (11) which may account for the decrease of COF at pH 11. According
to above analysis, the MRR as a function of pH using colloidal silica-based slurry can be
divided into four regions: 3~5, 5~7, 7~9, 9~11. 3~5 and 7~9 were the mechanicaldominant regions, however, the regions of 5~7 and 9~11 were the chemical-dominant
process.
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Fig. 1 MRR as a function of pH using only pH adjusted DI water and pad

Fig. 2 MRR as a function of pH using 30nm colloidal silica-based slurry

Fig. 3 Mean particle size of silica particles as a function of pH
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Fig. 4 COF as a function of pH using 30nm colloidal silica-based slurry
Effect of abrasive concentration on MRR
Fig. 5 shows the removal rates as a function of abrasive concentration by using
30nm colloidal silica-based slurry. The removal rates appear as a linear function of
abrasive concentration. There dose not appear to be any threshold abrasive concentration
in the range of 2 wt%~30 wt%.

Fig. 5 MRR as a function of abrasive concentration
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 abrasive particle is influenced by abrasive concentration (12). As D. Tamboli et al.
reported, material removal rate per particle is calculated as follows:
MRR per particle = MRR / [WF / (1/ 6π d 3 ρ )]

[1]

In the above equation, 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 polishing pad. Lee et
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al. (13) added the polishing pad effect to Eq. (1) and suggested the new equation for
calculating the MRR per particle as shown in Eq. (2).
MRR per particle = [ MRRtotal − MRR pad only ] / [WF / (1/ 6π d 3 ρ )]

[2]

where, MRRtotal and MRRpad only are the total material removal rate and the material
removal rate by pad, respectively. As can be seen form Fig. 1, when the abrasive
concentration is 0 wt% at pH 9, the MRR is 1.72 nm/min. The MRR by only pad
asperities is lower than the MRR using abrasives, because the polishing pad is composed
of polyurethane which has viscoelastic property (13). As shown in Fig. 6, the calculating
MRR per particle decreases along with the abrasive concentration. During the CMP, the
glass substrate might be in contact with the pad asperities or active abrasives. More active
abrasives that interact with glass substrate can induce higher MRR. However, the
pressure applied to a single abrasive might be reduced with increase of active abrasives
during the CMP due to the increase of the contact area between the glass substrate and
abrasives, which reduces the MRR. Nonetheless, a higher material removal rate might be
achieved with a higher number of active abrasives in this study (13).

Fig. 6 MRR per particle as a function of abrasive concentration
Effect of abrasive concentration on frictional characteristic
Fig. 7 shows the average COF values during the CMP as a function of abrasive
concentration. It was found that the average COF is increased with the increase of
abrasive concentration. The average COF for the abrasive concentration from 2 wt% to
30 wt% is changed from 0.16 to 0.32. From the Fig. 5 and Fig. 7, removal rate
dependence on COF is obtained as shown in Fig. 8. It shows that the MRR is strong
related to COF for the change of abrasive concentration, which is agreement with Lee’s
study (13).
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Fig. 7 COF as a function of abrasive concentration

Fig. 8 MRR as a function of COF
Conclusions
This study focused on the effect of pH and abrasive concentration on the material
removal rate and coefficient of friction in the GST CMP using 30 nm colloidal silica
based slurry. The trend for GST CMP versus pH using colloidal silica-based slurry
appears different from that using only pH adjusted DI water, which is primarily due to
mutual effect of mechanical and chemical. Even though MRR per particle decreases
along with the abrasive concentration, the total material removal rate and COF were
enhanced as the abrasive concentration increases. It is likely that MRR strong related to
COF with the variation of abrasive concentration.
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High Productivity Combinatorial Analysis of Cu Post-CMP Cleans:
Corrosion Protection and Queue Time
Jeff Barnes, Jun Liu, Steve Medd, Cuong Tran, David Yin and Peng Zhang
ATMI, Inc., 7 Commerce Drive, Danbury, Connecticut 06810, USA
High Productivity Combinatorial (HPC) technology was used to
evaluate post-CMP clean chemistries and their impact on copper
surface corrosion protection and queue time performance. Cleaning
formulations at low pH and high pH, both with and without
functional additives, were used to produce a wide range of surface
conditions in semiconductor processing.
Introduction
As feature sizes shrink, cleaning takes on an increasingly critical role in device
reliability and performance. For the Cu CMP module, post-CMP clean chemistries that
have been extended to each successive node are reaching their limit. The copper surface
can be easily oxidized when exposed to typical processing conditions. Cu oxides that are
chemically and mechanically unstable can impact adhesion, roughness, yield and
reliability. A smoother Cu surface is required to mitigate electron surface scattering.
With the incorporation of porous low-K dielectrics, queue time requirements between
CMP and dielectric layer deposition have become increasingly important. A more stable
Cu surface without oxide formation over time has been directly correlated to device
reliability measures. This paper reports on the use of High Productivity Combinatorial
(HPC) technology to evaluate post-CMP clean chemistries and their impact on the Cu
surface stability over time. XPS/Auger is used to identify surface oxides. SEM is used to
monitor patterned wafer test structures as a function of queue time. Grazing-angle FT-IR
is employed to characterize organic residue removal as a function of formulation
concentration.
Experimental
XPS/Auger
Silicon wafers with ECD Cu were used to perform XPS testing. Six post-CMP
cleaning formulations were applied to ECD Cu wafer pieces diluted at 30:1 and treated
for 60 seconds. The high pH solutions were all greater than 11.5 and the low pH
solutions were 2.3 at this dilution. After treatment the samples were rinsed for 60
seconds with deionized water and, blown dry with nitrogen. The first set of samples were
placed in the XPS (Scienta ESCA 300 using an aluminum source at 1486.6 eV, a
magnification of 1e+037, and a resolution of 150) immediately after treatment, together
with an untreated sample. Survey scans and high resolution scans of oxygen (O1s),
carbon (C1s), copper (Cu 2p3, Cu Auger LMM) were completed at 90°. Survey scans
and high resolution scans of oxygen (O1s), carbon (C1s), copper (Cu 2p3) were also
completed at 15°. The second set of samples were allowed to stand in the ambient
atmosphere for 20 hours and the same sets of XPS scans were completed. The XPS and
Auger scans were evaluated using CasaXPS software1.
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In Auger analysis, copper, copper (I) oxide, and copper (II) oxide control peak
shapes were used for determining the molar percentage of the capture volume. The peak
locations of the components were constrained to the differences between peaks shown in
Table I to ± 0.1 eV of BE (binding energy). This was done because each of the Auger
regions is slightly shifted away from standard accepted values (Table II) by a slight
amount of binding energy due to sample charging. The FWHM (full width half
maximum) of the peaks were constrained to 1.0 to keep the individual peak shapes
constant. A Shirley background was used for analysis and the area under each synthetic
curve was used to determine molar percent. An example of this method is shown in
Figure 1. This method gives a reasonable estimate of the copper; copper oxide species on
the surface. It does not account for the other copper (I) and copper (II) species that may
exist on the surface and contribute to the Auger peak.
Table I. Auger copper species peak separation
Distance Between
Spiecies
Peaks eV
Cu to Cu2O
1.90
Cu to CuO
0.80
CuO to Cu2O
1.10
Table II. Auger copper LMM standard peak positions for aluminum source at 1486.6 eV

Copper Species Cu LMM Position
Cu2O
569.9
CuO
568.8
Cu
568
a

b

c

Figure 1. Curve areas from the low pH sample D at 20 hour test sample a. Cu (II) oxide
area, b. Cu(I) c. Cu

Electrochemistry
A Solartron 1284 potentiostat was used for open circuit potential measurements.
Rectangular coupons (112 mm x 67mm), cut from a 300 mm blanket Cu electroplate
wafer, were used as the working electrode. Fifteen circular reaction wells, each with 2.01
cm2 of Cu exposed at the bottom, were created on the coupons. The wells allow site
isolation of each cleaning formulation. During the measurement, the electrolyte (0.1 M
HNO3) covers the area of only one well (a 2.01 cm2 Cu disc). The Ag/AgCl reference
electrode was immersed only in the electrolyte in this well. The Cu film coupons were
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stored in the same laboratory between measurements. Five post-CMP cleaning
formulations were used in these experiments. The cleaning solutions were diluted by
30:1 with nanopure water just before use. Exposure time was 60 seconds.
Grazing-Angle FT-IR
ECD Cu coupons were pre-cleaned with acetic acid for 5 minutes and dipped in
0.1M BTA solution for 5 minutes to grow BTA film. Such samples were then treated
with various post-CMP cleaners to evaluate BTA removal efficiency. Thermo gold
coated microscope slide was used as the FT-IR background which was taken within 100
minutes before sample scan to eliminate drift. Typically 128 scans were used and the
scan resolution was 4.
Results and Discussion

Table III shows the list of post-CMP cleaning formulations investigated.
Commodity-chemical, low pH cleaning solutions are still in use for 65-nm technologies,
however many IC manufacturers are switching to high pH formulations for advanced
technology nodes. Some alkaline-based post-CMP cleaning solutions have been shown
to allow for longer queue time than acidic-based cleaning formulations. M. Eissa, et al.
noted that Cu corrosion began almost immediately after acid cleans and proceeded at a
rapid rate. Onset of corrosion was “clearly delayed” when a basic Cu cleaning chemistry
was used2. The cleaning formulations listed in both pH categories for this study have one
relatively simple formulation and at least one formulation that is modified for improved
performance. For the high pH formulations a direct comparison can be made between
HA, HC and HD, where the only change is in the inhibitor: from no inhibitor to inhibitor
1, and then 2. For the low pH formulation LB represents the simple form, while LA
contains a chelating agent and surfactant.
Table III. Post-CMP cleaning chemistry sample differentiation
Sample
Identification
HA
HB
HC
HD
Complexing ag High
Low
High
High
Inhibitor 1
None
Low
High
None
Inhibitor 2
None
None
None
High
Surfactant
None
None
None
None
pH Designation High
High
High
High
L A and L B are the same concetration of the same organic acid

LA
None
None
None
Yes
Low

LB
None
None
None
None
Low

XPS analysis is used to baseline the surface composition. The calculated molar
percentages of Cu, Cu2O and CuO are shown in Tables IV and V. The changes in the
copper oxide concentration as a function of delay time for the two different pH
formulations were significantly different. Both pH treatments lowered the CuO content
significantly. However, the low pH treatment removed more of the Cu2O and the
simplest low pH solution, LB, almost removed all of the Cu2O. The high pH solutions
did not affect the Cu2O concentration. After 20 hours delay, there was a significant
growth of Cu2O with the low pH samples. Notably, the high pH chemistries had less
oxide increase but they also started with more Cu2O on the surface. The most stable of
the high pH solutions was formulation HD with inhibitor 2. The low pH treated surfaces
starting with lower oxide content may react more rapidly.
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Table IV. Auger results for high pH treatments
Sample
Species
Cu
Cu2O
CuO

Untreated
Control
26.43
50.07
23.49

HA
0 hr
41.54
47.34
11.12

HA
20 hr
37.3
51.63
11.07

HB
0 hr
41.4
49.84
8.754

HB
20 hr
48.46
35.57
15.97

HC
0 hr
41.23
50.53
8.236

HC
20 hr
33.37
54.12
12.52

HD
0 hr
51.68
42.95
5.37

HD
20 hr
47.8
42.94
9.26

Table V. Auger results for low pH treatment
Sample
Species
Cu
Cu2O
CuO

LA
0 hr
61.75
25.53
12.72

LA
20 hr
46.12
36.51
17.37

LB
0 hr
77.79
4.124
18.09

LB
20 hr
56.79
23.03
20.19

In order to optimize the component effects of post-CMP cleans on Cu corrosion
over time, HPC methods are being developed to allow rapid testing of a large chemical
formulation space. The method relies on three critical aspects: parallel processing,
throughput matched characterization and informatics for experimental design, integration
of processing and metrology results, and data management. Electrochemical analysis
lends itself to high throughput and rapid characterization. With the XPS data as a
baseline, electrochemical analysis was performed for Cu films exposed to the same postCMP cleaning formulations. The results are in excellent agreement with the XPS results.
Of interest is the open circuit potential, E, of the Cu surface at T=0 seconds. An
electroplated Cu wafer annealed at 100C for 3 minute serves as a control for the open
circuit potential for a surface that is primarily CuO. The XPS results indicate that
treatment with formulation LB yields the surface with highest Cu content. These results
serve to border the spectrum of results from the other post-CMP cleans as shown in
Figure 2. Formulation LA results in a surface with the next highest Cu content.
Formulation HA has the highest level of CuO for all the high pH cleans. Treatment with
formulation HC and HD result in a surface that is most similar to the as received Cu film.
Scatter Plot

0.08

CuO
Cu annealed at 100ºC, 3 min.

0.06

HA

0.04

HC, HD, as received Cu
0.02

Cu

LA

0

LB
0

50

100

150

200

250

300

T(Seconds)

Figure 2. Open circuit voltage immediately after cleaning (0 hr queue time).

Figures 3 shows the results for Cu treated with the same clean formulations but
with a queue time delay of 20 and 48 hours before electrochemical testing. The results
clearly show that treatment with the low pH formulations leaves an active copper surface
that oxidizes, and continues to oxidize over the 20-48 hour time window, while the high
pH solutions leave a more stable surface that oxidizes slightly and then is passivated. In
agreement with the XPS results, high pH formulations HA and HD are the most stable.
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Formulation HA appears to oxidize the copper upon treatment (no additives), but the
oxide formed is very stable. Formulation HD results in less oxide formation and a slower
growth than HC over time.
Scatter Plot

Scatter Plot
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0
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0
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100

150
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0

50

100

150
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0
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0
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Figure 3. Open circuit voltage measurements for high pH and low pH clean treatments
after 0, 20 and 48 hr queue time.

Correlation of surface composition with SEM observations links the post CMP
clean chemistry to typical device manufacturer metrology methods and possibly to
reliability. M. Eissa associated increased defectivity after acidic post CMP cleans with
increased leakage and a decrease in the electrical breakdown field2. Using an HPC
system, formulation libraries were designed for an array of 5x3 reactor cells. The
solutions were delivered to a patterned test wafer surface simultaneously using multi-tip
dispense. After timed exposure, the solutions were simultaneously removed, the cells
were rinsed with DI water and the wafer was dried. A subset of the results for a library of
eight formulations, showing varying degrees of corrosion with accelerated queue time is
shown in Figure 4. Formulation HC has a rough surface, while formulation HD (the most
stable formulation from XPS and electrochemical analysis) is smooth and unchanged
from an untreated control sample. Formulation LA shows severe corrosion which may be
associated with rapid oxide growth.

(a)
(b)
(c)
Figure 4. SEM images of patterned wafers cleaned with three different clean chemistries
(a) high pH clean HC (b) high pH clean HD (c) low pH clean LA, immediately after
clean (top row) and after 1 week at 80-90% RH (bottom row)
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Infrared spectroscopy is a method of analyzing samples by measuring how much
infrared light is absorbed by the sample at different wavelengths. Grazing angle means
that the light hits the sample at 80 degrees from the surface. Figure 5 shows the spectra
for Cu surfaces pre-treated with BTA film growth, followed by Formulation HB postCMP chemistry processing at various dilution ratios.
Lower concentration of
Formulation HB leaves more BTA on Cu surface, indicative of a less efficient BTA
cleaning capability. The CuO peak is barely detectable in the spectra, due to the baseline
correction issue. Cu2O generation at higher concentration levels is favorable for a better
queue time effect, which is in agreement with the previous findings.

Figure 5. Grazing-angle FT-IR spectra on Cu-BTA surfaces treated with Formulation HB
for 1 minute at various dilution ratios.
Conclusion

In the process of developing a rapid screening and optimization process for postCMP cleaning solutions, various post-CMP cleaning solutions were evaluated for Cu
surface stability as a function of queue time with both electrochemical and surface
analytical techniques. The high pH cleaners appear to generate a more stable Cu surface,
in particular, the formulation with a novel corrosion inhibitor. In comparison, after the
treatment with low pH cleaners, the Cu surface undergoes more oxidation, indicating
shorter queue time with this type of cleaner. Additional work is needed to develop
electrical test structures and methods that are sensitive to the observed changes in copper
surface composition.
References

1. Fairley, N. and Carrick, A., The Casa Cookbook, 45-48, Acolyte Science.
2. Eissa, M. et al., Conference Proceedings AMC XX 2005, Material Research
Society.

618

ECS Transactions, 27 (1) 619-624 (2010)
10.1149/1.3360684 © The Electrochemical Society

NOVEL POST CLEANING SOLUTIONS FOR NEXT GENERATION CU CMP
APPLICATION
Lennon Ko*, Jesse Chen*, Vincent Liu*, K.C. Wu**
Epoch Material Co., Ltd.*, Cabot Microelectronics**
An effective post CMP cleaning process has become a crucial
technology to determine whether CMP technology can be successfully
applied in semiconductor industry. As semiconductor fabrication
technology advances and a variety of new applications emerge, there is
an increase in demand on apply CMP and post-cleaning technology to
new materials. It is challenging to develop a clean chemistry
compatible with various applications. In this study, the cleaning
solution design concept for advanced Cu CMP process is discussed
and a novel alkali clean chemistry is proposed. The performance of the
new clean chemistry was investigated and compared to industry
benchmark products. Based on the data of inorganic particle removal,
organic residue removal, Cu etching rate, roughness, Cu corrosion and
defectivity on Cu/ULK wafers, the proposed clean chemistry showed
promising performance in advanced applications.
Introduction
With continuous advancement in Ultra-large-scale integration (ULSI), lower power
consumption, superior electric characteristics, shorten response time and enhanced
reliability are all essential requirements and all accompanied by its own intrinsic
challenges[1]. Device dimension shrinkage, design rule optimization, introduction of
advanced manufacturing paradigm and novel material revolution are all critical
components in achieving the lofty goals depicted earlier.
Among these technical challenges, Cu-interconnect metallization and carbon
contained dielectric materials converged as a common material choice of selection
compared with traditional Al-interconnect metallization with SiO2 based dielectric
materials [1] owing to the lower resistance and dielectric constant which in turn result in
rapid response time. Also, Chemical Mechanical Planarization (CMP) process gains its
popularity as the ultimate process of choice for not only excessive material removal but
also device fabrication in these advanced nodes. Accompanying with dimension
shrinkage and new materials introduction, the surface condition after process become the
pivoting factor for device integrity and post CMP cleaning plays overly important role in
retaining robust device performance.
Common challenges associated with post CMP surface conditions include foreign
particle, organic residue, surface corrosion and boundary related roughness. This paper
will provide direct access to real life example of developing an optimized post CMP
cleaning solution to tackle all these commonly arisen issues and enhance overall device
performance.
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Description and Discussion
Owing to the electrostatic surface charge and covalent bonding properties of SiO2
abrasive and Cu metal, there would be a large amount of SiO2 abrasive left on Cu
surface after acidic or neutral pH slurry polish,.As shown in Figure 1, large amount of
SiO2 particles are found on 0.25 um Cu dense line array post acidic barrier slurry
polishing. In order to minimize the particle residue, a series alkali cleaning solutions with
high pH were developed to create sufficient electrostatic repulsion force between SiO2
particle and Cu or other material surface., in addition, a tailored CuxO/Cu etching rate are
designed to further reduce the chance of residue attached to Cu surface. Figure 2
illustrates the particle remove ability of Cu surface after soaking with various cleaning
solution for 100 seconds. We can see the impact of pH value of cleaning solution on the
particle cleaning, after cleaning with commercialized acidic cleaning solution, Cu line
still covered with large amount of SiO2. In contrary, when wafer is cleaned through
alkali cleaning solutions, named 8153D, 8155 and 8155T, most SiO2 particles are
removed with Cu line integrity secured. A commercialized alkali cleaning solution and
8155T 1:50 dilution were also tested and both testing conditions demonstrated
insufficient particle cleaning capability with some particles remained, this may due to
non-sufficient CuxO/Cu etching rate inherited to the testing conditions.
As Figure 3 shows, 8155, 8153D, and 8155T in 1:30 dilution ratio with high CuxO
etching rate and moderate Cu etching rate which can help to clean up the particle well
and keep Cu surface a good roughness. Besides, the corrosion worsen behavior on Cu
line suggest a uniform etching on 0.25um Cu dense line of EPL series cleaning solutions
which are better than commercialized alkali cleaning solution.
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Figure 1. The attraction and repulsion relation between SiO2 and various films. (A) the
zeta-potential of SiO2 and various films ; (B) SiO2 abrasive remain on Cu line after
acidic barrier slurry polished ; (C) FESEM picture to show lots of SiO2 abrasive left on
Cu lines.
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Acidic clean-1 1:30
pH 2.1

DIW

8155 1:30
pH 11.3

Acidic clean-2
pH 3.7

8155T 1:50
pH 12.13

8155T 1:30
pH 12.45

8153D 1:30
pH 12.42

Alkali clean 1:30
pH 11.3

&X[2HWFKLQJUDWH $PLQ

Figure 2. The comparison of particle removal ability using various post cleaning
solutions.
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Figure 3. CuxO/Cu etching rate and roughness of various cleaning solution in 1:30
dilution ratio.
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EPL8155 1:30
Uniform etching

EPL8153D 1:30
Uniform etching

EPL8155T 1:30
Uniform etching

Alkali clean-1
Non- uniform etching

Figure 4. The Cu accelerateing corrosion test withvarious cleaning solutions, the
polished pattern wafers dipped into 40ഒ diluted cleaning solution for 10 minutes.
In the current Cu/low-k or ULK damascene process, post-CMP cleaning has faced
much more difficulty than before. One of concerns are organic residues, especially BTA
or it’s derivative is frequently used as corrosion inhibitor [2]. However, the strong
interaction between BTA and Cu also cause the difficulty to remove the BTA. The Table
1 exhibit the ESCA analysis of BTA removal, two kinds of resolve angle 30r and 90r
represent the detect depth 25Å and 50Å, we can find obvious nitrogen atom signal from
25 to 50 Å depth which indicate the BTA passivation layer is larger than 50 Å with
1000ppm BTA treatment. After soaking a series alkali cleaning solutions for 1 min, BTA
remove percentage can reach 90~99% and emerge fresh Cu, the complete removal can be
achieve by means of brush clean or megasonic clean. The results suggest higher pH value
and CuxO/Cu etching rate can get higher BTA remove amount.
Cu Condition

pH

post treatment

Resolve
angle

Cu(%)

N (%)

N/Cu

BTA thickness
(Έ)

BTA remove
(%)

Fresh Cu

N/A

EC 10min

30

98.76

1.34

0.013

N/A

N/A

Fresh Cu

N/A

EC 10min

90

99.51

0.49

0.004

N/A

N/A

BTA worsen

N/A

1000ppmBTA Soak
10min

30

38.72

61.2

1.58

N/A
>50 Έ

BTA worsen

N/A

1000ppmBTA Soak
10min

90

53.42

46.57

0.871

BTA remove by
8155

11.3

8155(1:30)
Soak 1min

30

87.23

12.76

0.146

<25 Έ

90.74

BTA remove by
8155T

12.45

8155T(1:30)
Soak 1min

30

98.19

1.80

0.018

<<25 Έ

98.83

BTA remove by
8153D

12.42

8155T(1:30)
Soak 1 min

30

95.49

4.50

0.047

<<25 Έ

97.02

N/A

Table 1. ESCA analysis of BTA removal ability using alkali cleaning solutions
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Defectivity plays the most important role in the successful integration of Cu and
ultra-low k (ULK). In this work we examine the defectivity of alkali cleaning solutions
on the Cu blanket wafers, ULK blanket wafers, and ULK pattern wafers. From Figure 5,
8155T shows the least defect count in Cu wafers which may contribute to the fast and
uniform etch of CuxO/Cu ; the defect count of ULK blanket and pattern wafers can
significantly reduce when using 8153D compare to commercialized product.
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Figure 5. The AIT-xp scans for defects > 0.16um after 1:30 diluted alkali cleaning
solutionscleaning.(A) 200mm Cu blanket defectivity ; (B) 300mm ULK blanket
defectivity ; (C) 300mm ULK pattern defectivity.
Summary
In this study, a series novel alkali cleaning solutions has demonstrated the superior
clean ability in inorganic/organic residue cleaning. The results suggest a high pH value
and relatively high CuxO/Cu etching rate of cleaning solution with higher residue
removal efficiency. The basic performance summary of novel alkali cleaning solutions is
list in Table 2. The novel clean chemistry showed promising performance in advanced
applications.

Items
Inorganic remove
Organic remove
CuxO etching rate
Cu etching rate
Roughness
Cu defectivity
ULK defectivity

8155
Best
Good
Medium
Medium
Best
Good
N/A

8153D
Best
Best
fast
fast
Good
Good
Best

8155T
Best
Best
fast
fast
Best
Best
N/A

Alkali clean-1
Good
N/A
fast
slow
Medium
Medium
Medium

Table 2. The basic performance summary of alkali cleaning solutions
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Copper seed process optimization for pits defect improvement
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The defect performance becomes more and more
important as the semiconductor industry scaling down. It
impacts chip yield and impacts device reliability. This
paper discusses one of the post CMP (chemical
mechanical polishing) defect which observed in both
90nm and 65nm node. Although it appears after copper
CMP, solutions can be achieved by controlling the copper
seed deposition and electroplating condition. Copper seed
deposition with resputter approach demonstrates its better
overhang performance as well as better copper orientation
for defect formation.
Introduction
As the semiconductor industry keeps scaling down, copper tends to replace aluminum as
the interconnection material in advance technology to reduce the metal line resistance.
However, in spite of the low resistance advantages, copper has some disadvantages need
to be overcome. One of the disadvantages is that copper is not easily to be etched. So it
requires interconnects should have so called damascene structure for copper to fill in,
then the redundant copper is removed by copper CMP. Defect cases often reported in the
copper processing integration. One case described in this paper is random distribution of
pits defect is observed after copper CMP in both 90nm/65nm logic products. The pits
locate in large metal area, and always to be found at grain boundary with the size around
0.1~0.2 um. This kind of pits defect could be potentially impact the yield and device
reliability. Investigation shows that there is correlation between the pits counts and the
queue time between ECP (electro chemical plating) and CMP (chemical mechanical
polishing). Longer the ECP to CMP queue time, more the defect counts. Copper is facecentered-cubic metal which naturally have <111> crystal orientation due to the lowest
Gibbs free energy and is preferred in copper metallization for its good EM resistance (1).
In this paper with XRD (X ray diffraction) analysis we discover that the copper seed
orientation is also one of the dominant factors for the pits formation.
This paper reveals that the Cu plane <111> intensity plays a very important role in the
pits generation during copper grain recrystalliztion process. Copper seed with deposition
+ etch back approach could be a promising solution for seed layer <111> crystal
orientation improvement as well as improvement of step coverage and overhang
elimination.
Experiments
This paper studied the copper crystal orientation of copper seed layer only which
deposited by Applied Materials (self ionized plasma) Encore™ II copper seed chamber
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and the seed layer followed by electro plating which finished in Novellous™ Sabre™ ECP
system system. Encore™ II copper chamber is a PVD based chamber which sputter
copper atoms from target to wafer substrate. Main differences between Encore™ II PVD
chamber to traditional PVD chamber are the high metal ionization rate and long distance
between target and wafer by which good step coverage and wafer edge deposition
symmetry could be achieved.
Blanket wafer XRD study
P type <100> crystal Si wafers are used for sample preparation. 8000A SiO2 by plasma
enhanced chemical vapor deposition by Applied Materials Producer™ SE chamber
followed by 50A Tantalum Nitride and 50A Tantalum by Applied Materials Encore™ II
barrier chamber to simulate the real production wafer condition in blanket wafer study.
The wafers are separated to two groups. The 1st group keeps copper seed deposition only
and the 2nd groups also followed by ECP. Two factors are considered for the effect to
grain orientation study, one is the bias power, the other one is seed chamber with and
without resputter function comparison. (Figure 1 shows the sample list) Then wafer
samples are sent for XRD analysis by Riguku. As the copper will still experience a grain
recrystalization process even after post ECP anneal and normally the recrystalization
takes several days(2). In order to have the comparable data, the samples were kept 48hrs
then for XRD analysis.
Wafer No Barrier
1 TaN/Ta
2 TaN/Ta
3 TaN/Ta
4 TaN/Ta

Group 1
Seed condition
ECP
300w bias
None
600w bias
None
1000w bias
None
600w bias dep + 1000w bias etch 5s None

Remark
Seed bias matrix
Seed bias matrix
Seed bias matrix
Dep + resputter

Wafer No Barrier
1 TaN/Ta
2 TaN/Ta
3 TaN/Ta
4 TaN/Ta

Group 2
Seed condition
ECP
300w bias 1500A
7000A
600w bias 1500A
7000A
1000w bias 1500A
7000A
600w bias dep + 1000w bias etch 5s 7000A

Remark
Seed bias matrix
Seed bias matrix
Seed bias matrix
Dep + resputter

Figure 1 sample list for grain orientation study

Production wafer study
Barrier layer, seed layer, Copper electro plating and copper CMP is sequentially
performed. KLA-Tencor defect scan tool 2351 is used to check the pits defect
performance. Figure 2a shows the traditional pits defect observed and Figure 2b shows
pits distribution over wafer.
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Pits
at
the
intersection
of
grain boundary

Figure 2a pits defect in red cycle
grain boundary marked in blue cycle

Figure2b pits defect distribution

Result and discussion
A. ECP to CMP queue time study on pits formation
Figure 3 shows the correlation between ECP to CMP queue time. The longer the queue
time, the more pits like defect could be scanned. So we assumed that the pits might
generate during the ECP Copper post ECP anneal and self anneal stage is called a grain
recrystallizatoin. During recrystallization, both the physical and electrical properties
greatly change. The grain size increases by about an order of magnitude, accompanied by
a ~20% resistance reduction. Typically, face-centered-cubic (FCC) Metal films have
grain structures with strong <111> crystal orientation, and the strong <111> texture has
been shown to be desirable for improving the reliability of metal. However, the texture
of Cu films has been found to exhibit more complex behavior than that of aluminum
films due to the anisotropic nature of copper. The texture is sometime not <111>
preferred and the presence of otherwise oriented grains is frequently observed. This is
because that there happens a grain orientation transition during copper film
recrystallization. Copper grain orientation with the lowest surface energy is <111> while
that with the lowest elastic strain energy is <200>. The texture of Cu films can transform
to high <200>/<111> ratio during the grain recrystallization with grain growth and grain
boundary recombination.(grain growth induced stress), or through thermal annealing
(thermally induced stress) (3) (4) (5). Just assume that there are no pits after ECP. While
there is organic or inorganic staff inside the copper film, and some of them close to
copper grain boundary. During anneal or self-anneal, grain orientation changes and grain
boundary also merges, these kind of staff vaporized or move to other location, and could
left a vacancy in grain boundary, that is exactly what is called pits. Less queue time
between ECP and CMP could minimize the recrystallization effect to grain orientation
change and grain merge, so it could result in good pits performance.
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Queue time
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Figure 3 Defect counts correlated to ECP to CMP queue time

B. Seed layer bias power impact to grain orientation
The most preferred grain orientation for copper is <111> in order to minimize the surface
energy. Figure 4a shows the as-deposited copper seed film with different deposition bias,
all seed only samples appear more like single crystal, only <111> grain orientation could
be observed.
All the samples with difference bias show almost same level <111>
intensity. The minor difference could be thickness variation because of the resputter
effect.
Seed layer bias matrix with ECP

Seed layer bias matrix


14000



Intensity(A.U.)

600w seed
1000w seed

Intensity

600w+ECP

10000





1000w seed+ECP

8000
6000
4000
2000



0
42.50 43.50 44.50 45.50 46.50 47.50 48.50 49.50 50.50 51.50 52.50



 

300w+ECP

12000

300w seed



 

 

 

 

 

 

Scan angle

 

Figure 4a Different bias power
seed only XRD result

 

 

 

Scan angle

Figure 4b Different bias power seed
followed by ECP XRD result

Figure 4b is the XRD result of seed followed by ECP. The <111> grain orientation is
still the dominant grain orientation, while <200> orientation is also promoted because of
the film demand of strain energy release. It looks that lower the deposition bias, stronger
the <111> orientation, while it is not a big difference. And from customer inline defect
experiment, the real defect counts are still comparable with difference deposition bias.
So although lower deposition bias could promote <111> orientation, it is not a significant
tuning knob to improve the pits performance.
C. Seed layer with resputter effect to cooper orientation
As the critical dimension scales down, challenge for conformal with better step coverage
seed layer is required. So in beyond 45nm technology a kind of copper seed deposition
with resputter approach is introduced. Such kind of approach including 3steps
deposition+etch+flash to minimize the overhang concern and increase the line-of-sight to
achieve good coverage. Figure 5a shows the XRD comparison between standard seed
process and seed layer with resputter. Figure 5b shows the post ECP XRD comparison
between standard seed process and seed layer with resputter. It was found that both
samples with resputter seed layer show either high <111> intensities or <111> to <220>
ratio. It may indicate that the resputter process after 1st deposition cycle, not only simply
etches the copper atom from the as deposited surface, but it also densifies the copper
films, changes the grain orientation as well.
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Comparison between w/resputter and w/o resputter
16000
14000

Intensity

Intensity(A.U.)

seed w/resp
12000

600w seed

10000
8000
6000
4000
2000
0
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Figure 5a seed only with and
without resputter XRD result

Comparison between ECP with and without seed resputter
20000
18000
600w+ECP
16000
14000
Seed with
12000
resputter+ECP
10000
8000
6000
4000
2000
0
42.50 43.50 44.50 45.50 46.50 47.50 48.50 49.50 50.50 51.50 52.50
Scan angle

Figure 5b seed with and without
followed by ECP XRD result

Table 1 shows all sample <111>/<200> intensity ratio, from the result seed with resputter
followed by ECP show high <111> to <200> ratio compared to other samples.
Condition
300w+ECP
600w+ECP
1000w+ECP
Seed w/rept+ECP

<111>
<200>
<111>/<200>
11997
1672
7.18
11290
1766
6.39
9640
1501
6.42
18601
1732
10.74

Table 1 samples with different seed layer condition
<111> to <200> ratio comparison

With this kind of positive result, several samples are prepared for inline defect check.
Table 2 shows the defect performance comparison between std seed process and resputter
process. The defect performance is really improved by resputter process.
Queue time

Seed condition

Pits defect(A.U.)

48 hrs

600w bias

~800

48 hrs

with resputter

<10

Defect map

Pits image

Table 2 Pits count comparison between with resputter seed and without bias

D. Post seed deposition anneal
Post seed anneal before ECP processing also enhances final post ECP copper <111>
orientation. Figure 6 shows <111> intensity of baseline seed condition compared to seed
layer with different post annealing temperature. Obviously the copper <111> intensity
increases and shows proportionality to anneal temperature and gets peak at 200 ഒ
threshold. There is much concern that PVD Anneal may agglomerate the seed on sidewall
of via leading to poor gap fill. While high temperatures during seed deposition cause
agglomeration, a post deposition anneal at 250 does not agglomerate thin continuous
seeds. Agglomeration could be observed when the anneal temperature reached 400 ഒ
Figure 7 shows the copper surface overview with different anneal temperature. The key
is to guarantee a continuous seed.
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Post ECP copper grain orientation

<111> Intensity (A.U.)
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Figure 6 Post ECP <111> intensity by
different post seed anneal temperature

Figure 7 Surface wetting condition
comparison by different post seed anneal
temperature

So 200 post seed anneal could be a potential solution to promote seed <111> orientation.
Customer is also considering such approach. The information will be update in other
papers if any progress got.
Summary and conclusion
Pits kind of defect in 90nm/65nm product is reported. Copper seed layer grain
orientation is considered as one of the key knobs for the pits formation. By offline XRD
study for copper grain orientation of both seed only and seed follow by ECP, and inline
wafer defect verify. We believed that preferred <111> copper grain orientation will result
in better pits performance. And seed layer with resputter will promote <111> orientation
which indicates that the seed resputter approach will be a promising solution for not only
deep via/trench structure claim for better step coverage, but also blanket copper surface
defect generated during grain recrystallization.
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Abstract: This paper presents a novel post-CMP cleaning process
using the boron-doped diamond (BDD) film electrode as anode in
the electrochemical cleaning combined with non-ionic surfactant.
With wide potential window and high oxygen evolution potential
compared with other electrode materials, the BDD film electrode is
able to electrochemically generate super-advanced oxidation free
radicals, such as hydroxyl radicals, oxygen free radicals and so on,
the sub-product of which are ozone and hydrogen peroxide. And
the BDD film electrode electrochemically oxidation is an advanced
oxidation technology. Using the surfactant to remove particles
contaminants in the first step, the novel post-CMP cleaning process
can effectively remove organic as well as the adsorbed surfactant
on the surface. The experiments of cleaning Silicon wafer in point
are introduced in this paper, and the results indicated that the
effective cleaning process can meet the continuous development of
microelectronic industry cleaning needs.
1. Introduction

In the microelectronics field, the RCA cleaning technique is mainly designed for the
cleaning and is a well-established to remove the bulk of silicon surface contamination,
which has been widely used. However, manufacturing process of silicon is becoming
more and more sophisticated, it needs to develop a new cleaning technique urgently to
simplify the multiple steps of traditional cleaning technique, in order to reduce the use of
chemical reagents and deionized water, and ultimately to achieve compliance with
environmental management and the demand for cost-effective production. At present, the
new wet cleaning technique is the ozone cleaning spray technique, the cleaning step and
the use of chemical reagents and deionized water of which is less than the RCA cleaning
technique, and it can achieve better cleaning results. On the basis of the ozone cleaning
spray technique, it introduces a new kind of Boron-Doped diamond BDD film
Electrochemical Oxidation with the non-ionic surfactant cleaning techniques in this paper,
which is a more energy efficient environment-friendly cleaning technique.
1.1 Electrochemical Oxidation of diamond film electrode
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In recent years, due to the capability of BDD film in the electrochemical field, such as
very high electrochemical stability, low background current (1,2), high current efficiency
(current efficiency of the oxidation process can reach 75% (3), and wide potential
electrochemical window, it has successfully applied to analysis of electrical,
electrochemical degradation of organic waste water and preparation of technologyoxidants (4,5). It is regarded as the most promising electrode materials, and it has become
the current attention focus in the study of electrochemical applications.
BDD film anode electrode can degrade organic waste water and generate oxidants (6),
and the main reason is that BDD film electrode has very wide potential window
compared with other electrode materials, up to more than 3.5V; with high oxygen
evolution potential, it can generate a large number of oxidation of hydroxyl radical on the
anodic surface. So that diamond film electrode electrochemical technology is an
advanced oxidation technology. Certain organic compounds in the aqueous solution can
be oxidized not only directly on the surface of diamond film electrode, but also indirectly
by hydroxyl radicals. Hydrogen peroxide and ozone can be generated by the
electrochemical oxidation of diamond film electrode (7). Peroxide such as hydrogen
peroxide, with two key oxygen oxidation, which is more stable than free radicals, has
longer survival time in solution and strong oxidation ability. The used cleaning liquid can
possibly be resource recycling. So compared with the traditional RCA cleaning, the
Electrochemical Oxidation of BDD film has the advantages of energy saving and
environmental protection, which is user-friendly and can meet the cleaning requirements
in the following areas.
1.2 Non-ionic Surfactant

The non-ionic surfactant is preferentially adsorbed onto the polished silicon wafer,
formed a layer of protective film which can prevent the chemical adsorption and bonding
of the contaminated particle near the surface of polished silicon wafer. However, this
layer of protective film itself attributes to organic pollutants, and eventually need to be
removed. If combining The non-ionic surfactant with the BDD film electrochemical
oxidation cleaning techniques㧘it can remove organic and particle contamination at the
same time, as well as the adsorbed surfactant on the surface.

2. Experiment and Discussion
After CMP, the surface contaminants, in general including residual slurry of silica
particles, BTA, surface active agents and other harmful particles and organic residues, it
will produce great harm to semiconductor components. So the cleaning technique,
especially the post-CMP cleaning, is one of the key points to improve the surface quality
for the following process. The following two experiments show a novel post-CMP BDD
film electrochemical oxidation combined with non-ionic surfactant cleaning process,
which has better effect than the traditional RCA cleaning technique. In the experiments,
the oxidizing substance in the electrolyte produced by Electrochemical Oxidation of
diamond film electrode is call oxidizing liquid (the OL for short).
Experiment 1: The Effect of Removing Particles by Surfactant
The surfactant can efficiently remove particles on surface because it can significantly
reduce the surface tension of the liquid and interfacial tension. The molecule of surfactant
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has two parts, hydrophilic and hydrophobic. In many different types of surfactants, we
selected a non-ionic surfactant, fatty alcohol-polyoxyethylene ether . This non-ionic
surfactant has several advantages: it can’t be ionized, so without ionic contamination;(2)
non - ionic surfactant can be adsorbed on the general charged solid surface, so that the
stability of the material have been multiplied. The length of hydrophilic part of the
selected non-ionic surfactant is more than two thirds of the total length, which can form a
thick coverlayer㧘so that particles can be respectively segregated, and it is propitious to
improve the effect of particle removal. Non-ionic surfactant molecule has a strong
penetration, which can deeply penetrate and extend in the interface between the silicon
surface and the adsorbate, as a "wedge". The non-ionic surfactant molecules are adsorbed
on the silicon surface, which hold up particles, and formed adsorption layer around the
particles active agent (shown in Figure 4), to prevent particles being deposited on the
silicon surface (8).
The comparative experiment consists three parts:
1. Put the post CMP wafer in the OL, heated to 70 ͠, for 10 minutes, and then added
ultrasound with frequency of 80 kHz for 10 minutes, then washed the wafer thrice by
deionized water (DIW for short), added 80kHz ultrasound for 10 minutes each time. And
the last step, dried in nitrogen atmosphere.
2. Applying fatty alcohol polyoxyethylene ether as the surfactant, with the
concentration of 1% and 10% for two wafers, each wafer is soaked 20min, then added
ultrasound with frequency of 80 kHz for 10 minutes, and then washed the wafer thrice by
DIW, with 80 kHz ultrasound for 10 minutes each time. And the last step, dried in
nitrogen atmosphere.
The cleaned wafers are observed under the overall situation using optical microscope
with magnification of 500 times. The statistic of the particles number is shown as
following:
TABLE 1. The statistic of the particles number on the wafer observed under the overall situation using metallographic
microscope with magnification of 500 times
wafer #
particles number
1 # OL

non-ionic surfactant
10% non-ionic surfactant

58

2 # 1%

24

3#

67

Discussion
1# is for the OL cleaning, 2# is for the concentration of 1% surfactant and 3 # is for
the concentration of 10% surfactant. By the statistical data, it shows that the effect of
removal particles by the OL cleaning is not very good. With the concentration of 1%
surfactant, it receives the best cleaning effect; however, with the concentration of 10%
surfactant, it is ineffective to remove particles. When the surfactant concentration is too
high, it will produce micelles, shown in Figure 1. It shows the sheet micelles produced by
surfactant with concentration of 10%. Therefore, when using surfactant᧨ it needs to be
with appropriate concentration.
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Figure 1. The sheet micelles observed in optical microscope with magnification of 500
times
Experiment 2: Organic Matter Removal Comparative Experiment
The Electrochemical Oxidation of diamond film electrode can produce high-intensity
oxidizing substances in the electrolyte, and the concentration of oxides can be controlled
by electrical parameters. The oxidant is not only able to remove the organic pollution on
surface, but also the surfactant can be effectively removed. In order to verify the effect of
organic matter removal, the following comparative experiment is carried out.
1. The surfactant - OL cleaning
At room temperature, the post-CMP wafer is soaked in the non-ionic surfactant with
concentration of 1% for 20min, then added 80 kHz ultrasound for 10min. Then put them
into the OL at the temperature of 70 ͠ for 15min, then added 80kHz ultrasound for
10min Then washed the wafer by DIW, added 80 kHz ultrasound for 10 minutes. And the
last step, dried in nitrogen atmosphere.
2. The OL cleaning
Put a post-CMP wafer into the OL at the temperature of 70 ͠ for 15min, then added
80 kHz ultrasound for 10min Then washed the wafer by DIW, added 80kHz ultrasound
for 10 minutes. And the last step, dried in nitrogen atmosphere.
3. The traditional RCA cleaning
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Put the post-CMP wafer in the RCA (SC1) with the volume inverse proportion of
NH4OH(29%), H2O2 (30%) and H2O is 1 : 1 : 5, at the temperature of 80 ͠㧘 for10min,
and then added 80 kHz ultrasound for 10 min; then put in the RCA (SC2) with the
volume inverse proportion of HCl,H2O2 and H2O is 1 : 1 : 6, at the temperature of 70 ͠,
for 10min. And then added 80 kHz ultrasound for 10 min; then washed the wafer thrice
by DIW, added 80 kHz ultrasound for 10 minutes each time. And the last step, dried in
nitrogen atmosphere.
Make all experimental wafers dried in the nitrogen atmosphere, put it into clean
glassware separately, and seal in numbered boxes filled with nitrogen. Then sent the
boxes to the examination center to test organic content with the X-ray photoelectron
spectroscopy (XPS), and test results are as following:
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Figure 2. The XPS of wafers cleaned by the surfactant - the OL cleaning technique
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Figure 3. The XPS of wafers cleaned by the OL cleaning technique
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Figure 4. The XPS of wafers cleaned by the traditional RCA cleaning technique
TABLE 2. Relative atomic percentage content (atm.%) of elements on wafers cleaned by different technique
Element
the surfactant- OL
the OL
RCA
C1s
7.3
7.34
18.02
O1s
46.83
46.33
37.29
Si2p
45.87
46.32
44.68

Discussion
From the figures and data, they shows that the effect of organic matter removal
cleaned by the surfactant-OL cleaning technique and the OL cleaning have little
difference, and is much better than that by the traditional RCA technique. The surfactant
can make the adsorption of particles to be physical adsorption, which is easy to be
cleaned, so that the particulate pollution on surface is greatly reduced. The surfactant-OL
cleaning technique can effectively removing particles and organic matter at the same time.
There should be no concerns about the introduction organic pollution by the surfactant,
because the OL can effectively oxidize the organic contamination.
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Diamond disks are indispensable for dressing CMP pads.
However, due to the poor leveling of diamond tips, only a few
percents of diamond grits can penetrate the pad. As these few
crystals are worn out, the plastic deformation of the pad becomes
large relative to the amount of pad is cut. The polishing rate will
then decline; and the scratch rate, increase.
A novel technique has been developed to identify the cutting tips
and their dulling process. The cutting paths become widen and
shallow with more and more deformed pad material. Eventually,
fewer and fewer scratch lines are present with most touching
diamond pushing deformed pad around.
Because there are only a handful of diamond grits that are engaged
in cutting pad, the number of working crystals can increased
substantially by improving the leveling of diamond tips. This
improvement can increase the longevity of diamond disks that
paves the way for future CMP of 18 inches wafers scheduled to
make the debut in 2012.
Introduction
CMP is an interface art for polishing wafers. The extra material (e.g. Cu) on the
wafer surface is removed by the abrasive particles perched on the pad asperities. These
asperities are created by dressing the pad with a diamond disk (pad conditioner). A
diamond disk contains myriad (e.g. 10,000) diamond grits, but only a handful (e.g. 100)
are protruded high enough to cut the pad. Due to the shallow penetration (e.g. 10
microns) of pad, the wear of the diamond tips is barely noticeable. Consequently, an
used diamond disk appears new with almost all diamond grits seemingly intact. The
dulling disk is reflected by the reduction of dragging force. This is a phenomenon known
as glazing. The loss of grit will cause the rapid decay of wafer’s removal rate.
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Figure 1. The dulling of cutting tips prevents the penetration of pad, and the deterioration
of CMP performance.
Although there have been many papers discussing the sharpness of the diamond disk,
the dulling process of cutting tips on a diamond disk has not been fully revealed. Thus,
in this report we discuss the dulling phenomena of diamond disks. Moreover, we can
quantitatively define the sharpness of a diamond disk for achieving a desirable CMP
performance.
Sharpness
The CMP pad is made of polymer (e.g. polyurethane) that is much softer than the
superhard diamond grit. During the engagement of pad and diamond, the pad is
deformed first by elastic strain and latter by plastic strain. Eventually, the strain energy
in the deformed volume exceeds the bond energy density, i.e. hardness, of the pad, the
polymer is ruptured. Thus, the function of diamond grits is to dress pad by severing the
bonds in the polymer.
A sharp diamond tip can penetrate pad without deforming it excessively. In fact, the
sharpness of diamond can be defined inversely by the deformed volume before rupture,
the lesser the volume of deformation before cutting, the sharper the cutting tip. If the
diamond tip has a smaller radius, such as it represent a broken corner, the pad can be cut
cleaner without much deformation of pad. Consequently, an irregular shaped diamond
tip is sharper than an euhedral diamond corner that has an obtuse angle. The same is true
with a diamond corner compared with a diamond face.

Figure 2. The pad is deformed elastically and plastically before cutting (left). The
deformation is the least with the sharpest cutter (middle). The dullness of the cutter is
defined by the strain energy (colored area) before rupture.
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It is important to note that sharp tips can cut pad with less strains. A dull diamond
may not even cut pad due to the excessive strain energy required. As the tips of diamond
are worn, the contact areas increase, so are the deformation volume of pad. Due to the
insurmountable strain energy involved for pad to rupture, the number of diamond cutting
tips may decrease with the dulling process of diamond disks during CMP.
Performance
A typical diamond disk contains over 10,000 grits, but less than 100 are possible
cutting the tips. The rest are hanging there doing nothing. Moreover, the 10 most
aggressive grits can cut 50% of the entire pad consumed during dressing. In particular, a
killer diamond may remove for more than a quarter of the pad material. Such an uneven
distribution of work load can cause erratic CMP performance, such as uneven polishing
and scratch count.

Figure 3. The avodance of killer diamond can allow uniform polishing of wafer. In the
above figure, MDD refers metallized diamond disks; and ODD, metal free organic
diamond disk.
Scratch Lines Test
Conventional transparencies were color printed to coat the surface with a colored
pigment. During the test, each transparency was placed on a flat surface with pigment
facing up. A diamond disk was pressed with a fixed load against the pigment. The disk
was then pushed laterally across the transparency. As a result, the few tall diamonds that
penetrated into the pigment could traverse to form scratch lines. As each diamond is
unsymmetrical in shape, the scratch profiles were different when traverse in different
directions. The pushing direction was intentionally altered to reveal grooves cut with
different engagement conditions underneath the diamond tips. The striations on the
colored transparency was observed under a microscope to reveal the pattern of scratch
lines.
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Figure 4. The scratch lines of different shapes revealed a stick slip mechanism of cutting.
Note that as diamond changes the direction, the width of the cutting path changes too. In
general, the narrower the scratch line, the sharper was the diamond tip that cut with less
deformation of pad.
As the diamond tips scraped off some pigment that adhered in front of the cutter, they
can be readily identified even with naked eyes. An optical instrument was used to
traverse the profile of the cutting tips. It was confirmed that these cutting tips with
coloring flakes were indeed higher than neighboring diamond tips that did not touch the
pigment.

Figure 5. The profile of diamond grits confirmed that the cutting tip was higher than
neighboring tips. Only a handful of diamond grits were engaged in dressing the
transparencies. The same is true for dressing CMP pads.
The Dulling of Diamond
Several diamond disks of different designs were tested with colored transparencies.
The number of colored tips were compared between new disks that were not used (0 hr)
and after accelerate dressing of a CMP pad with slurry (8 hr). As the tallest diamond tips
wore out, more and more less tall diamond tips began to drag on the coloring of
transparencies. Hence, the number of diamond that touches a CMP pad can increase due
to the wear of the few tallest diamond grits.
Table I. The increasing number of cutting tips after accelerated pad dressing.
Characteristics
Numbers
Numbers
Diamond Pitch (um)
600
600
Dressing Rate (um/hr)
85
97.3
Cutting Tips (0 hr)
203
179
Cutting Tips (8 hr)
533
332
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Although the number of touching tips increased with the dressing time of diamond
disk, the number of cutting paths actually decreased. This was because more and more
tips became dull so they could only deform the transparency without penetration.

Figure 6. The scratch patterns of two diamond disks (left and right) on colored
transparencies before dressing and after 8 hours accelerated dressing of pad with slurry
(top and bottom). Note that some scratch lines widened and eventually disappeared due
to the decrease of penetration depth after diamond tips became dull.
The comparison of tallest diamond tips before and after dressing revealed the
development of subtle flat areas. As most diamond grits did not even touch the pad, the
overall appearance of the diamond disk looked similar. However, the few tallest
diamond tips worn slightly. It was this subtlety that made the entire diamond disks dull
that may slow the wafer polishing process.

Figure 7. The sharp edges (top) of certain diamond grits were worn (bottom) to reveal
the rounding off appearance. The increase of contact area between the worn diamond
and pad may widen the groove. The increase of width in contact can cause excessive pad
deformation with minimal cutting. Because there are only a handful diamond grits
engaged in cutting, the entire diamond disk may loss the dressibility when the wear flat of
the tallest diamond enlarges to a threshold size.
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Conclusions
The effectiveness of CMP pad conditioning is determined by few tallest diamond
grits on the diamond disk. The dulling of these tips can increase the number of diamond
grits that touch the pad. However, the number of cutting grooves is reduced due to the
loss of sharp tips. As a result, most touching diamond grits are merely deforming the dirt
pad by pushing debris around. Consequently, the polishing rate of the wafer declines and
the scratch rate of the ICs increases.

Figure 8. The number of working crystals on a typical diamond disks are few, so the
room for improvement is big.

Figure 9. The life of a diamond disk is determined by the wear of tallest tips.
Consequently, the number of working crystals can be increased by better leveling of
diamond tips.
Because the cutting tips are a small fraction of the total diamond population, it is
possible to increase the number of working crystal significantly. This is particularly
meaningful for future CMP of 450 mm wafers. Although the pad size is greatly increased
for polishing such jumbo wafers, the diamond disk remains the same size. Consequently,
the number of effective cutting tips must increase in proportion of the pad area for
maintaining the same CMP performance.
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This paper presents an accurate, consistent and rapid novel method
for determining the dry coefficient of friction of conditioner discs.
The first part of the study dealt with characterizing 3 diamond
discs (i.e. two ‘known good’ and one ‘known bad’ diamond discs
with the same product number) on top of dry polycarbonate sheets.
Results showed that the coefficient of friction of the ‘known bad’
disc was significantly higher than the two ‘known good’ discs. As
further evidence, primary and secondary vibrational frequency
amplitudes from spectral analysis of shear forces showed the
‘known bad’ disc to have lower average values compared to the
two ‘known good’ discs. The second part of the study had to do
with determining whether dry coefficient of friction and total
surface area of the furrows generated by the active diamonds on
top of dry polycarbonate sheets could be correlated. Results show
that coefficient of friction increased with total surface area of the
furrows. For diamond disc conditioner manufacturers, this work
should provide useful information and rapid disc assessment for
improving existing manufacturing processes or for developing new
products. The work also underscores the importance of screening
diamond conditioner discs before being used in IC manufacturing
to improve productivity and COO in CMP modules.

Introduction
The effectiveness of a conditioner disc depends on the load exerted on the disc and the
number and level of the ‘aggressiveness’ of the active diamonds that actually contact and
abrade the pad. During pad conditioning, active diamonds abrade the pad with a certain
amount of shear force that depends on a combination of disc characteristics such as total
number of active diamonds, diamond grouping, diamond geometric arrays and patterns,
planarity and the overall topography of the disc as well as size and morphology of the
diamonds. The first part of the study is to characterize two ‘known good’ and one ‘known
bad’ diamond discs having the same product number. During high volume IC
manufacturing, the ‘known bad’ disc had shown significant reduction in removal rate
much before the expected IC-1010 pad’s end-of-life. In the meantime, the ‘known good’
discs had resulted in stable removal rate throughout the expected life of the pad. In the
diagnostic tests performed by our team, all experiments were performed on an Araca
DDD – 100 ® diamond dragging device equipped with the unique ability to acquire realtime shear force data for calculating the coefficient of friction. Furthermore, Fast Fourier
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Transformation (FFT) was performed to convert the shear force data from time to
frequency domain and to illustrate the amplitude distribution of the force as a function of
frequency. In the second part of the study our goal was to understand if any correlation
existed between dry coefficient of friction and total surface area of furrows generated by
the active diamonds on top of dry polycarbonate sheets.

Experimental Apparatus and Procedure
All experiments were performed on an Araca DDD – 100 ® diamond dragging device
equipped with the unique ability to acquire real-time shear force data for calculating the
coefficient of friction. Performing the tests involves pressing a diamond disc against a
polycarbonate material on top of dragging counter surface. Polycarbonate is chosen since
its material properties, such as ultimate tensile strength and Shore D hardness, are similar
to hard polyurethane pads. The compatibility of using polycarbonate as a pad substitute
material has been explained in detail elsewhere.1
The disc was secured by an automated arm for moving the disc along the dragging
counter-surface. To measure the shear force between the polycarbonate substrate and the
disc during the dry dragging process, a sliding table was placed beneath the dragging
counter surface. The sliding table consisted of a bottom plate held stationary by its
attachment to the steel table, and an upper plate that the dragging apparatus was placed
upon. When the disc and the polycarbonate substrate would become engaged, the upper
plate would slide with respect to the bottom plate in only one direction due to friction
between the diamond disc and polycarbonate sheet. The extent of sliding (in the form of
shear force) was then quantified by coupling the two plates to a load cell. The load cell
was attached to a strain gauge amplifier that sends a voltage to a data acquisition board.
The apparatus was calibrated to report the force associated with a particular voltage
reading. The device and the methods noted above have been described in detail
elsewhere.2
In these tests, the disc down force and dragging speed were kept constant at 6 lbf and 40
cm/min and dragging was conducted for 1 minute. The conditioner discs were tested at
multiple disc orientations to avoid (or to understand the presence of) any issues
associated with the direction of drag.
In the first part of the study (i.e. characterizing the ‘known good’ and ‘known bad’
diamond conditioner discs), the ‘known bad’ disc had shown significant reduction in
removal rate much before the expected IC-1010 pad’s end-of-life during high volume
manufacturing. In the meantime, the two ‘known good’ discs had resulted in stable
removal rate throughout the expected life of the pad. All three 100-mm diamond discs
had the same product number.
For the second part of the study, two different types of 100-mm diamond discs referred as
Disc 1 and Disc 2 were characterized by first measuring the ‘dry’ coefficient of friction
followed by stylus profilometry of the polycarbonate sheet to scan the furrows, in terms
of their depth and width) that were created due to the disc dragging process.
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Spectral Analysis
The measured total unidirectional force as a function of time, Fshear(t) can be broken up
into two components: the mean force of the system, Fshear, and the fluctuating force
component, f(t). For spectral analysis, the mean force, Fshear, can be subtracted from
measured force, Fshear(t), to extract the fluctuating component, f(t). FFT is then employed
to convert the time domain of the fluctuating component, f(t) into frequency domain.3,4
This method has been described in detail elsewhere.5

Results and Discussion
Characterizing the ‘known good’ and ‘known bad’ diamond discs
Figure 1 shows an example of coefficient of friction as a function of dragging time during
a test involving the ‘known good – 1’ diamond disc. Coefficient of friction (COF) is
calculated by dividing the shear force by the down force. This study is aimed to show that
a combination of analyzing average COF and spectral fingerprinting based on shear force
can be used to differentiate the ‘known bad’ and ‘known good’ diamond discs.

Figure 1. Coefficient of friction as a function of time during a diamond disc dragging test
Figure 2 summarizes the average coefficient of frictions of all three diamond discs.
Results indicate that the ‘known bad’ diamond disc exhibited consistently higher COF
values compared to the two ‘known good’ diamond discs by 16 to 25 percent. In
comparison, COF values for the two ‘known good’ diamond discs are similar.
0.8

COF

0.7
0.6
0.5
0.4
Known Bad

Known Good 1 Known Good 2

Disc
Figure 2. COF of the ‘known bad’ and ‘known good’ diamond discs
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For spectral fingerprinting, shear force data are converted from time domain to frequency
domain using FFT. Figure 3 shows an example of the spectral analysis of a ‘known good
– 1’ diamond disc. Spectral analyses are performed on data from all runs and results
indicate the presence of unique and consistent spectral fingerprints. There are two peaks
in the force spectra that dominate at 1 and 20 Hz; referred as primary and secondary
vibrational frequencies, respectively. Figure 4 summarizes the primary and secondary
vibrational frequency amplitudes of all three diamond discs. Confirmatory signals are
obtained in the primary and secondary vibrational frequency amplitudes that show the
‘known bad’ disc to have lower average values compared to the two ‘known good’ discs.
This study shows that a combination of analyzing average dry COF and force spectral
fingerprinting enable rapid and early assessment of disc-to-disc variability.

7.E-04

Secondary Vibrational
Frequency Amplitude

Primary Vibrational
Frequency Amplitude

Figure 3. A spectral analysis of ‘known good – 1” diamond disc
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Disc
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(a)
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Figure 4. (a) Primary and (b) secondary vibrational frequency amplitude
based on FFT of shear force data

Correlation between COF and total surface area of furrows
In the second part of the study, the relation between COF and total surface area of
furrows is explored. Previous studies have clearly shown that furrows on the
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polycarbonate sheet are generated by the active or working diamonds that make contact
and cut the pad during polishing.1
In the present work, a stylus profiler is used to scan the furrows formed on the
polycarbonate sheet at a certain longitudinal distance from a reference point. The
direction of profiling was kept perfectly perpendicular to the direction of drag. The raw
data from the stylus profiler is processed to account for the distortions in the shape of the
polycarbonate sheet. Figure 5(a) and (b) show examples of the surface height profile for
the two types of discs. It can be inferred that Disc 1 has more active diamonds in
comparison to Disc 2 since Disc 1 induced a greater number of furrows across the scan
distance. In addition, active diamonds of Disc 1 induced deeper furrows than those of
Disc 2. The total furrows surface area of Disc 1 and Disc 2 are 2,808 and 1,816,
respectively. Such results indicate that Disc 1 is more aggressive than Disc 2. It also
suggests that Disc 1 should induce a higher pad cut rate that Disc 2 during the actual
CMP process.

(a)

(b)

Figure 5. Sub-surface profilometry furrow data of (a) Disc 1 and (b) Disc 2
Figure 6 shows the relation between dry COF and total surface area of the furrows for
both discs. It is evident that dry COF increases with the total surface area of furrows
generated by active diamonds. Therefore, as a first order of approximation, average COF
information can be also used as early and quick assessment of disc aggressiveness.
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Figure 6. COF vs. total furrow surface area of Disc 1 and Disc 2
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Conclusions
An accurate, consistent and rapid novel method for determining the ‘dry’ coefficient of
friction of conditioner discs is presented. Results show that dry coefficient of friction
measured during the dragging test increases with total surface area of furrows generated
by the active or working diamonds. Results also indicated that the coefficient of friction
of the ‘known bad’ disc was significantly higher than the two ‘known good’ discs. As a
confirmatory signal, primary and secondary vibrational frequency amplitudes from shear
force spectral analysis showed the ‘known bad’ disc to have lower average values
compared to the two ‘known good’ discs. Our results indicated that for diamond disc
conditioner manufacturers, this work should provide useful information and rapid
assessment for improving existing manufacturing processes or for developing new
products. This work also underscores the importance of screening diamond conditioner
discs before being used in IC manufacturing to improve productivity and cost of
ownership in the CMP modules.
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Abstract:
There are a large number of dangling bonds on Silicon wafer surface during
processing, which tend to adsorb substance from surrounding environment to lower
their energy. In order to prevent the deposition, adsorption state of pollutants must be
controlled in physical adsorption. This paper analyzes the principle about pollutants’
adsorption on the silicon wafer surface, and the mechanism of how surfactants to
control the particles adsorption state and to prevent re-deposition of particles on the
silicon wafer, in addition, gives advices about how to choose the surfactants. It also
gets conclusions that composite polyether surfactants could lower the surface tension,
enhance the wettability and dispersion of the liquid, effectively improve the space
steric between particles and the silicon and prevent the secondary contamination.
Key words:

Silicon wafer; adsorption; particles; surfactants

Introduction
In the manufacturing process of ultra large scale integration (ULSI), the
contaminants on silicon wafer surface will greatly reduce the reliability and yield of
the device, seriously affect the characteristic of the circuit[1]. With continued
shrinkage of feature size, the wafer surface cleanliness requirements have become
more sophisticated, so contaminants on substrate surface after procedure will have a
fatal impact on the followed process. The widespread adoption of the current cleaning
method after polishing is to brush the wafer with double-sided wash machine rapidly
prior to the formation of chemical bonds to get a cleaner surface[2~3], but it is more
prone to secondary adsorption of pollutants, and easily scratches the surface of silicon.
Megasonic cleaning technologies those use the cavitations effect of acoustic
trillion cooperating with useful component in cleaning agent could remove the
pollutants from silicon wafer effectively.This paper mainly studies the roles of
surfactants in the process of removing the contaminants from the wafer surface by
trillion sound cleaning technologies.
Principle of Pollutants’ adsorption on the silicon wafer surface
Contaminants on the wafer surface can be broadly divided into three categories:
organic contaminants, metal contaminants and particles called in the field of
microelectronics. These pollutants have greatly restricted the perfection of silicon
wafer cleaning. There are a number of factors that influence the deposition of particles
on the silicon wafer. We will talk about the cause of these micro-pollutants on the
silicon wafer based on its’ micro-size and the change of physical and chemical
properties.
1. Size Effect
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As a result of the smaller size of the pollutants, there is a sharp increase in
surface area and surface chemical groups ,that make it more easily to be adsorbed on
wafer surface with dangling-bond and high-energy, because of the roles of hydrogen
bonds and other chemical bonds.
2. Distance Effect
Van der Waals force between small particles and silicon wafer is larger than
self-gravity of particles, so during collision course among particles as well as particles
and silicon wafer, the micro- pollutants are very easily to be adsorbed on silicon wafer
surface.
3. Surface Electronic Effect
The chemical groups on particle surface accumulate a large amount of positive
charge or negative charge, which are very unstable. and easily adsorbed on the silicon
wafer to tend to stable.
4. Capillary Effect
If there is liquid membrane in the space between particle and silicon wafer (it is
possible if relative humidity is above 65-percent) there will be capillary force. The
capillary force will greatly change according to the change of hygroscopic which
varies with the degree of particle surface hydrophobic. The main method to improve
the cleanliness of silicon wafer is based on the destruction of the combination
between contaminants and silicon wafer. A high-stress is needed in the system to
overcome the chemical bond between pollutants and silicon wafer, which help us get
a cleaner surface meet the fabrication requirements, and guarantee reliable operation
of devices and equipments.
The Role of Surfactants on Controlling Adsorption State of Pollutants
The opposite polarity -potential producing static gravity, theory and
experimental results show that the -Potential value on the silicon surface is negative,
so silicon wafer only adsorb positive -potential particles in water. In order to stop
particle deposition on the wafer, the most basic point is to make the wafer surface and
the particles’ surface keep the same -potential. The -potentials of particles and
silicon wafer are the main factor impacting particle deposition on wafer surface,
which can be controlled by adding surfactant in solution. Adsorption that can be
divided into physisorption and chemisorption is an interaction phenomenon between
the surface of particles and liquid molecular. The physical adsorption usually takes
place by molecular bond first, and further chemical adsorption occurs by chemical
bond in case the environment is suitable. Surfactant molecules are given priority to
meet the reducing energy requirements of the new breaking bond on mirror polished
silicon wafer to achieve steady state. Surfactant molecules can’t form chemical
bonding with the silicon wafer, which is difficult to disconnect. So it is an effective
method to control the state of pollutants on the silicon wafer surface.
When putting the silicon wafer in the surfactant solution, hydroxyl or ether bond
structure on the hydrophilic group of surfactant molecules will bond to the silicon
wafer by Siyyy O᧩H hydrogen bond[4] or Siyyy O physical bonding, and surfactants
molecules adsorbs on wafer surface. Multi-point adsorption will formed between
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polar hydrophilic and wafer[5]. With the increasing of surfactant density, it could form
a monolayer structure, bilayer structure and even the semi-micella structure on the
silicon wafer. Surfactant molecules will quickly spread by spreading wetting on the
surface of silicon wafer and the particles with the help of wetting, and form a dense
layer of protective coating. When moving on the silicon wafer, osmotic pressure
makes the free-parts of hydrophilic on free surfactant and adsorbed surfactant move
into contact gap between wafer and particle, which can attract and combine with the
remaining free keys on wafer and particle, reduce the keys between wafer and particle.
So the adsorption field is weakened continuously and the whole particle separated
from the wafer surface finally. Surfactant molecules form the dense protective layer
on wafer and particle surface, which can prevent the re-adsorption between particle
and wafer, so the desorption between particle and wafer is finished[6~7].
The Role of Surfactants on Dispersion of Pollutants
Wetting is the most basic condition to disperse solid pollutants. Surfactants in the
solid - liquid interface are adsorbed on the surface of solid particles by the
hydrophobic chain, and the hydrophilic group which dipped into the aqueous phase
rank directionally, so that the solid-liquid surface tension reduces. Nonionic surfactant
adsorbs on slot wall through Van der Waals force, which can rack walls, and can
produce the entropy repulsion and hydration penetration force, which can decrease
twisted strength of the microcracks among the particle groups, wafer and particles, so
it is in favor of the fragmentation of particle cluster and the separation between
particle and wafer. At the same time, surfactant adsorbing on the surface of pollutants
which increase the re-aggregation energy barrier between particles and silicon wafer.
Surfactant also reduces the interfacial tension of solid - liquid interface, increases the
thermodynamic stability of the decentralized system and is not prone to be
contaminated again.
Selection of Surfactants
First, we should choose such surfactants that could improve energy barriers
among particles and increase repulsion between pollutant and the silicon wafer.
Second, we should choose polymer or non-ionic surfactant, which can separate
pollutant from silicon wafer surface by steric effect. Third, when a single surfactant
can’t achieve the desired results, the mixed method is a good choice. The addition
polymerization of propylene oxide can generate propylene glycol, whose molecular
weight is 1000 ~ 2500. In the addition reaction with ethylene oxide or in the
copolymerization with ethylene oxide and propylene oxide, Polypropylene glycol
could become a type of ethylene oxide/propylene oxide block copolymers surfactant.
We can control the hydrophobicity and hydrophilicity of surfactants by adjusting of
their ratio between polyethylene glycol and polypropylene. As a Polyether surfactant,
it could effectively reduce the interfacial tension to a low concentration. It is Very
suitable for the cleaning of silicon wafer with a good dispersion and solubilization,
characteristics of odorless, non-toxic, non-irritating and good stability.
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Chemical mechanical polishing (CMP) is a powerful method for manufacturing the
infrared focal plane arrays structure. In order to achieve planarizing surface and high
polishing rate , the slurry prescription and polishing techniques for infrared focal plane
arrays are studied, which is based on the low mechanical and high chemical polishing
process, and the new point is put forward. The ingredient and prescription of slurry is
found, in which the smaller size (ranging from 15 to 20 nm) silica sols is chosen as
abrasive. The slurry with smaller abrasive and polishing technology effectively reduces
the roughness and thickness of the damaged layer resulting from abrasion. After more
research, the main ingredients, including oxidizer, complexing agent (organic-alkali
hydroxide multi-amine) and surfactant are chosen preferentially.

1. Introduction
The infrared focal plane technology plays more and more roles in the modern society
now. The manufacturing process of structure is shown as follow. First, the pillars of SiO2,
followed by a thin copper seed layer, are formed on the sapphire by etch SiO2 layer. Then
the copper is electroplated on the gap of SiO2 pillars, as shown in figures 1, 2, 3 and 4.
The copper and SiO2 are planarized using chemical mechanical polishing. The greatest
challenge in the manufacturing process of infrared focal plan is the control of wafer
surface planarization.
Chemical mechanical polishing (CMP) is employed as a viable method for
planarizing the surface globally [1-3]. In a typical CMP process, a rotating wafer is
pressed against a rotating polishing pad in the presence of slurry in between. The wafer
and the pad both of a circular shape rotate typically in the same direction, but
eccentrically. The slurry is an aqueous suspension of colloidal abrasive particles with
specific chemical properties depending on the needs. The chemical mechanical polishing
of wafer with certain slurries can be considered as a subsequential chemical formation of
a passivating layer and its removal by mechanical abrasion [4-6]. The effectiveness of
that process is correlated to balanced etch and passivation reactions. In order to improve
the selectivity and uniformity, various additives have been used within slurries such as
oxidizer, complexing agent and surfactant [7-9] .The combination of hydrogen peroxide
as an oxidizer and glycine as complexing agent in Cu/SiO2 CMP slurries has been studied
extensively. Hydrogen peroxide is a powerful oxidizer and can be effectively used in
various solutions in a wide range of pH values. CMP slurries require a complexing agent
to dissolve the abraded species and a corrosion inhibitor to form a passivative layer to
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protect the lower regions [10]. Glycine and H2O2 based slurries were also investigated in
alkaline regime where the pH was maintained by buffers [11].
In this paper, for efficient planarization of Cu/SiO2 surface, Slurry selectivity, the
ratio of Cu polish rate to that of pillars of SiO2, has been considered as one of the
important factors to control the planarization. So, the slurry prescription and polishing
techniques for infrared focal plane arrays are studied. The influence of pH adjustment,
abrasive size, pressure, relative velocity and flow of the polishing slurry, are also
discussed.
2. The theory and analysis
CMP is a complicated multiphase reaction process that includes the following two
dynamics process. First, the active component in polishing slurry reacts with the atoms of
wafer. The second step is the process of desorption, that is to say, the resultants gradually
separate from surface of wafer and fresh surface is exposed to polishing slurry.
According to the principal of low mechanical and high chemical polishing process, as we
know, in order to improve the total remove rate, the two following measures may be
adopted. One is to improve the chemical reaction rate, which can be provided by oxidizer,
complexing agent and organic alkaline; the other is to enhance the desorption rate of
resultants, which can by provided by surfactant. The chemical equation is as following:
Cu + O2 = 2CuO + OH- = 2Cu(OH)2 = Cu2+ + 2OHCu2+ + 2NH2RNH2 = [Cu(NH2RNH2)2]2+
R4NOH = R4N+ + OHSiO2 + 2OH- = SiO32- + H2O
2R4N+ + SiO32- = ( R4N+) SiO3
3. Experiment and discussion
3.1 Influence of abrasive
The silica sols are chosen as nanometer abrasives in alkaline, the TEM photograph of
silica sol is shown as figure 5.The abrasive size and dispersion was measured by
Zetasizer HSA3000 .The result is shown as figure 6. Variations in the polish rate were
observed under identical polishing conditions when the concentration of abrasive was
changed. The volume ratio of chemical agent used here is V㧔organic alkaline㧕:V
㧔peroxide㧕:V㧔surfactant㧕:V㧔complexing agent㧕=5:3:1:5
The polisher settings used is 60rpm/min of the relative velocity between the wafer
and the pad, 0.08MPa downward pressure and 160 ml/min slurry flow rate. The polish
rate with different abrasive concentration is shown as figure 7. The surface quantity is
shown as figure 8.
As shown in Fig.7 shows, the Cu/SiO2 polishing rate enhances with the increase in
concentration of abrasive. However, the wafer surface appears scratch with the increase
in concentration of abrasive shown in Fig.8 Considering both of polishing rate and
surface planarization, the concentration of abrasive is 50%.
3.2 The ingredient and prescription of slurry
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The experimental Cu/SiO2 wafer CMP is carried out on X 62815-1 polisher. The
wafer pressure is 0.08MPa. The slurry flow rate is 160 ml/min. The relative velocity is
60rpm/min. The oxidizer is H2O2. The complexing agent and the surfactant are organicalkali hydroxide multi-amine and FA/O, which are provided by Heibei University of
Technology, respectively. The ingredient and prescription of slurry are shown in Table 1
and the result is shown in Table 2.
Table 2 reveals Cu/SiO2 basically reached the same polishing rate when the number
of 1, 5 and 7 slurry is used.
However, the polishing rate is too fast to control the planarization because of the
structure of wafer. According to the industry demanding, the number of 1 slurry is chosen
preferentially.Fig.9 and Fig.10 show the local surface quantity respectively measured by
OLYMPUS Metallurgical Microscopy and NanoMap when the number 1 slurry is used.
The result is to meet industry needs.
4. Conclusions
In this work, Based on the low mechanical and high chemical polishing process, the
smaller size silica sols is chosen as abrasive .the slurry prescription and polishing
techniques for infrared focal plane arrays are found preferentially. The wafer surface
planarization was achieved that is the foundation for manufacturing the infrared focal
plane arrays structure.
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Fig.2 Seed layer Cu


Fig.3 The copper is electroplated

Fig.4 The process of CMP


%inclass

Size distribution(s)

30

20

10

5

10

50
100
Diameter (nm)

500

1000


Fig.5 TEM photograph of silica sol

Fig.6 Diameter test result of colloidal

Polish rate(nm / min)

1200

Cu
SiO2

1000

800

600

400

200
20

30

40

50

60

70

80

Abrasive Concentration(%)

658



ECS Transactions, 27 (1) 655-659 (2010)

Fig.7 Polish rate with different abrasive concentration
Table 1 Polish slurry
Compositions
1
2
3
Peroxide
1
1
1
Organic alkaline
3
4
5
Surfactant
3
2
3
Complexing agent
5
4
5
Note: Volume ratio of compositions

Table2 polish rate
Polising rate
v/(nm/min)
Cu
SiO2
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Fig. 10 The surface quality measured by NanoMap
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The cleaning of the surface of silicon after CMP
Yi Hu ,Yuling Liu , Xiaoyan Liu,Yanlei Li
Institute of Microelectronic Technology and Materials,Hebei University of
Technology,Tianjin 300130, China
Abstract
The cleaning of silicon after CMP(chemical mechanical polishing) in ULSI is studied utilizing
preferential adsorption knowledge. In the high-speed development of ULSI, the influence of
surface quality and rate of production of devices become more and more important.. There are
three kinds of adsorption, organic impurity, impurity particles and metal ion on the surface of
silicon. The mainly method which is used to clean the surface of the silicon after CMP is
double-side scrubbing . Although many companies apply this method to clean the surface ,the
method requires that the silicon wafers should be scrubbed and washed in 2h after polishing .The
disadvantages are inextricable, for example, high expensive equipment ,low efficiency and etc. In
this paper , on the basis of analyzing the adsorption state of the contaminated particles on the
surface of the polished silicon wafers ,a non-ion surfactant was chosen which is adsorbed onto the
polished silicon wafers.

Introduction
Particles adsorbed on the surface of silicon after CMP are proposed[1-3]. This article introduces the
adhesive attraction that rubbing particulate adhere to metal Cu. The cleaning method can be
determined by using surface active agent and appending BTA as corrosion inhibitor, by regulating
pH value to find the best cleaning effect[1-3]. Experiments show that the selected surfactant can
remove particles effectively, so better cleaning effect can be achieved. Meanwhile, the

developing direction is forecasted.
Theory and analysis
Every atom of the surface of polished silicon wafer has many new rupturing
bonds,and in addition its force field is very strong .The force field makes thesurface of
a newly polished silicon wafer unstable ,and it may spontaneously adsorb some
substances from the surroundings to decrease th surface energe .The adsorption state
of the contaminated particle on the surface of the poblished silicon wafer varies over
time.At the beginning ,the adsorption state begins to quickly change into weak
chemical adsorption.Soon it becomes chemical adsorption and bonding occurs so it is
difficult to rinse and wipe the particles off on the surface of the polished silicon .
Abrasive particles on the surface, the first dispersion forces and van der Waals force is the
formation of physical adsorption, with the distance close to the gradual formation of tight
adsorption of the chemical bonding is difficult to remove.
When the particles adsorbed in the form of physical adsorption on the surface, with the
thermal motion of molecules in solution would be to make a small displacement , copper bond
will break the surface of particles continuously to attract and pull[4]. It is shown as figure 1 .
Corresponding author. Tel.: +86-022-60204914.
E-mail address:

breaker1001@sina.com
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This time to the solution by adding surfactants, wetting the role of active molecules and
the particle surface quickly spreads to form a dense layer of protective layer[5]. It is shown as

figure 2. Due to surfactant molecules on the surface of the multi-point adsorption, so that the
osmotic pressure of active agent molecules and the activity of the adsorbed molecules of the
hydrophilic group contacts with the gap between the depth, at any time particles appear on the
remaining free bond relative to attract, integration, and promote interactions between the
copper particles bond with the less and less separated from the surface of particles [6]. It is
shown as figure 3. The active molecules and particles formed on the surface of the particle
density protective layer to prevent the formation of secondary particles and copper adsorption,
which completed the desorption of particles from the surface.

Experiment and discussion
The particles are adsorpted on the surface after CMP. It is shown as figure 4. The surface
forms oxidation when surfactants clean silicon wafers in alkalescence condition.
Surfactants added BTA ,at the same time adjusting pH as abluent. Making surfactant and
deionized water as clean solution ,adjusting craft parameters.Clean the polishing
silicon wafers in the ultrasonic cleaners in 5min ,and then water cleans in 3min. On
the basis of surface states, adding BTA in the clean solution. ,we can observe the conditions
of wiping particles out by the OLYMPUS BX60M microscope.Then we can fix the best clean
solution.The result is as follows at table 1. From the Digital photo figure 5.
Conclusions
With new micro-fabrication technology and equipment developing and perfection
continuously, the IC chip becomes more and more minimum, high integration density and high
performance. CMP technology has turned into one of the most important technics in global
planarization after IC technology into 0.25 microns .With the rapid development of science and
technology, the integration improves fast and character sizes of devices dimish ceaselessly. The
demand of impurities on the surface after CMP is stricter .The surface state of copper and
cleanliness are the most important factors that affect the quality and reliability of devices. The

particles are adsorpted on the surface after CMP. The surface forms oxidation when
surfactants clean copper in alkalescence condition. Surfactants added BTA ,at the same
time adjusting pH as abluent.The effect of wiping particles out is very well.

adsorption
Surfactants

Fig.1 Active agent giant molecule in Cu surface
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Surfactants

adsorption

Fig.2 permeability of active agent wiping off chemiadsorption
Surfactants

adsorption

Fig.3 particulate surrounded active agent giant mole

Table 1

group

cleaning

agent

cleaning agent

pH

BTA
(wt0.01%)

a

cleaning agent

10.05

no adding

10.05

adding

8

no adding

8

adding

6

no adding

6

adding

4.5

no adding

4.5

adding

0.5%
b

cleaning agent
0.5%

c

cleaning agent
0.5%

d

cleaning agent
0.5%

e

cleaning agent
0.5%

f

cleaning agent
0.5%

g

cleaning agent
0.5%

h

cleaning agent
0.5%
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Fig.4

Digital photo of surface before cleaning

a

b

c

d

e

f

g

h
Fig.5

Digital photo after cleaning Cu duing to Table 1
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Study on Surface State Control Technique of InSb Material Ultraprecision
Machining
Niu Xinhuan, Tan Baimei, Xu Wenzhog, Zhao Haitao, Liu Yuling
Institute of Microelectronics, Hebei University of Technology, Tianjin, 300130,China
Indium antimonide is one of the important materials which can be
used to make semiconductor devices such as infrared detection
device. Due to the low hardness and great brittleness, the surface
scratching always appears and surface roughness is hard to lower
during surface preparation. So it should be increasing the InSb
surface quality during ultraprecision machining. In this paper the
InSb surface adsorption-control technology was introduced.
Through controlling surface roughness during chemical
mechanical polishing(CMP) and using preferential adsorption
during cleaning, the adsorptions of InSb surface were controlled.
Through experiments, the CMP optimal process parameters under
the alkaline conditions were gotten. Under such conditions, the
preferable surface statewere realized. According to the preferential
adsorption model, through using FA/O non-ionic surfactant the
polished wafer surface can be kept in physical adsorption and easy
cleaning state, so the wafer surface adsorption can be controlled
effectively and the clean surface was obtained.
Introduction
Since the middle of the last century, the infrared guided missile has displayed its’ ability
for the first time in the military application. From then, the infrared detector with good
performance has become to be the restrictive factor for improving the guidance accuracy.
And with the further study, the photoelectric materials are used to make infrared detector
such as indium antimonide, mercury cadmium telluride.
Indium antimonide, as one kind of the III-V compounds, has the characters of little
electron effective mass and high electron mobility. It is one of the important materials
which can be used to make photovoltaic detectors or photoconductive detectors. And
these kinds of detectors play an important role in the military applications. Due to the low
hardness and great brittleness, the surface scratching always comes along with the indium
antimonide surface preparation. And it is hard to reduce the surface roughness of the
indium antimonide. At the same time the surface state is the important factor which to
restrict the performance of the detector. So the ability of surface processing has become
the important influence factor on the detector making.
Surface adsorption theory analysis and control of InSb CMP
The high density dangling bond especially the new breakings of polishing process
for device wafer substrate has high energy, strong activity, so it can adsorb matters from
its ambience and perform chemical adsorption to lower surface energy and achieve stable
state. With the damage layer deeper and dangling bond density higher, the adsorption
matters are more and difficult to be removing, which seriously influence the device
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quality and yield. So how to control the polishing wafer to be clean surface is the more
important problem and urgently to be solved.
Theory analysis of surface adsorption
(1) Sorting of adsorption state
According to the adsorption matters properties and their influence on adsorption state,
the adsorption state can be divided two classes. (a) chemical adsorption, the adsorption
matters including inorganic salts with strong electric property, oxide particle, colloid
particle , InSb particle and so on. (b) physical adsorption, the adsorption matters
including covalent bond elementary substance and compound which can’t react with InSb.
(2) Controlling of adsorption state
According to the adsorption kinetics, we deduced the preference adsorption
mathematical model as following:
t=K r2/f1f2S, here t is adsorption time, f1 is surface field strength of adsorption body,
f2 is surface field strength of adsorption matters, r is space between adsorption body and
matters, S is the adsorbed area of matters, K is constant related with temperature and
medium properties. From this model it can be seen that the shorter adsorption time the
easier matters preference adsorption. In order to cleaning the adsorption matters easily we
must control the adsorption state as physical adsorption. So we should select such matter
as the environment main ones which can disperse in water and is one of non-ionized
covalent bond matters. Such matter can lead the new breaking bond on InSb polishing
surface to lower energy and be stable state, as the same time it can’t form chemical
adsorption.
In order to settle such problem, the selected matter should has the action of reducing
slurry surface tension, has stronger permeability to replace the adsorbed matters, realize
macromolecule preferential and more adsorption to protect polishing surface and has
good decentrality to enhance the mass transfer speed between reactant and produce.
According to the experiments and surfactant properties, we select FA/O surface active
agent as such matter.
Controlling of surface adsorption
The controlling of surface adsorption can be realized during CMP process and
cleaning process. During CMP, through decreasing surface roughness the surface
dangling bond density will be lowered and adsorbability will be weakened, so the solid
particles are difficult to be adsorbed. At the same time the used slurry should be added
surfactant and avoid inducing solid particle, metal ions and other contaminants. During
cleaning, according to experiments neutrality cleaning liquid and ultrasonic cleaning
were selected to removing the polishing wafer surface solid particles.
Experiments and analysis
During the CMP process, the abrasive is SiO2 sol which particle size is 40nm and
concentration is 20wt%. Oxidant is H2O2 .The FA/O surfactant is added in slurry. The pH
value is 10.37. The experiments are performed at room temperature. The polished wafers
are measured by using Olybus light microscope and AFM.
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Fig1. Wafer surface after polishing
without surfactant(×500)

Fig2. Wafer surface after polishing
with surfactant(×500)

Table1 Contrast CMP experiment results with surfactant and without surfactant
No.

1

2

3

4

5

6

Particle number/wafer

With surfactant

1

2

1

1

3

1

᧤0.5m᧥

Without surfactant

10

9

15

13

11

13

The contrast CMP experiment results with and without surfactant can be seen from
fig1, fig2 and table1. The particle number in table1 is the average value of six groups.
From the results it can be seen that surfactant can be selected to improve preference
adsorption and form physical adsorption state which can be easily removed.

Fig3. Wafer surface after polishing
without surfactant(×500)

Fig4. Wafer surface after polishing
with surfactant(×500)

In order to ensure the particles in physical adsorption state, during 20 seconds light
polishing the contrast experiments were performed with adding 5% and without
surfactant. The contrast CMP experiment results can be seen from fig3, fig4 and table2.
From the results it can be seen that 5% surfactant can improve the surface particles
adsorption state and form stable physical adsorption.
Table2 Contrast experiment results with 5% surfactant and without surfactant
during light polishing
No.
Particle number/wafer

1

2

3

4

5

6

With 5% surfactant

2

1

1

1

2

1

Without surfactant

12

14

10

9

15

13
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᧤0.5m᧥

During cleaning process, neutrality cleaning liquid was selected because InSb
material easily reacted with acid and alkali. Fig5-10 shows the the influence of ultrasound
temperature on InSb surface adsorption matters after CMP. From these figures it can be
seen that with temperature increasing the cleaning effect is better, after 70ഒ there has no
clear change. So the ultrasound temperature was selected as 70ഒ.

Fig5. T:30ഒᨺ32ഒ᧤×500᧥Fig6 T:40ഒᨺ42ഒ ×500᧥ Fig7 T: 51ഒᨺ53ഒ᧤×500᧥

Fig8. T:61ഒ ᨺ 63ഒ (×500 ᧥

Fig9. T:70ഒ ᨺ 71ഒ ᧤ ×500 ᧥ Fig10. T:79ഒ ᨺ 80ഒ

᧤×500᧥

Conclusion

In order to improving the polishing InSb wafer surface state, the surface adsorption
matters must be changed from chemical adsorption to physical adsorption. The
controlling of surface adsorption can be realized during CMP process and cleaning
process. During CMP, through decreasing surface roughness the surface dangling bond
density will be lowered and adsorbability will be weakened, so the solid particles are
difficult to be adsorbed. At the same time the used slurry should be added surfactant and
avoid inducing solid particle, metal ions and other contaminants. During cleaning,
according to experiments results neutrality cleaning liquid and ultrasonic cleaning were
selected to removing the polishing wafer surface solid particles at the cleaning
temperature of 70ഒ.
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