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The end point of oxide chemical mechanical polishing (CMP) have determined by polishing
time calculated from removal rate and target thickness of oxide. This study is about control of
oxide removal amounis on the shallow trench isolation (STI) patterned wafers using removal
rate and thickness of blanket (non-patterned) wafers. At first, it was investigated the removal
properties of PETEOS bianket wafers, and then it was corapared with the removal properties and
the planarization (step height) as a function of polishing time of the specific STI patierned
wafers. We found that there is a relationship between the oxide removal amounts of blanket and
patterned wafers. We analyzed this relationship, and the post CMP thickness of patterned wafers
could be controlled by removal raie and removal target thickness of blanket wafers. As the result
of correlation analysis, we confirmed that there was the strong correlation between patterned and
blanket wafer (correlation factor: 0.7109). So, we could confirm the repeatability as applying for
STI CMP process from the obtained linear formula. As the result of repeatability test, the
differences of calculated polishing time and actual pelishing time was about 3.48 seconds. If this
time is converted into the thickness, then it is from 104 A to 167 A. It is possible to be ignored

because process margin is about 1800 A.
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1. INTRODUCTION

Shallow trench isolation (STI) is an enabling
technology for the fabrication of advanced Sub-0.25
micron integrated devices.[1, 2] Requirements for STI
planrization are much more severe than those for inter-
layer dielectric (ILD) planarization. Chemical
mechanical polishing (CMP) has been accepted in recent
years as a critical step in mainstream IC fabrication
technology, and has enabled the fabrication of the muiti-
level interconnect up to 5 or 6 metal levels. However, for
STI planarization, CMP is “essential”, but typically
insufficient by itself in meeting all the requirements. As
the devices scale down, the trench filling becomes more
difficult due to its high aspect ratio, thus the key issues
are the optimized thickness control.

For the most of oxide CMP process, end point

detection (EPD) has been depend on the polishing time.
It could be calculated from removal oxide thickness
divided by removal ratef{3,4]. Because of continually
changeable process condition according to consumable,
for example, polishing pad quality, the removal rate of
the blanket wafer which have linear characteristics must
be constantly monitored and applied during CMP
process [5,6]. To apply the removal rate of the blanket
wafer for calculating polishing time need to analyze
correlation of polished oxide amount between the
blanket and the pattern wafer. [7, 8] In this work, we
investigated the correlation between blanket and STI
patterned wafer to ensure STI CMP process conditions,
such as effective thickness condition and accurate
polishing time. So, the removal target oxide of blanket
wafer can be determined by using analyzed result. The
post CMP thickness is converted into removal target
oxide of blanket wafer, and the converted removal target
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oxide is used for detemmining the polishing time to
control the target of post CMP thickness. The difference
between calculated polishing time and actual polishing
time was 3.48 second.

2. EXPERIMENTS

The polishing experiment was performed on an IPEC
472 chemical mechanical polisher with optimized
process conditions. The VERTEQ A2S cleaning system
were used for the post CMP cleaning. Also, the
polyurethane based polishing pad and silica based slurry
were used for the polishing. The plasma enhanced
chemical vapor deposition (PECVD) tetra-ethyl ortho-
silicate (TEOS) wafers and specific STI pattem wafers
of 200 mm were used for the experiments. The oxide
thickness was measured before and after CMP as
polishing time using a film thickness measurement tool,
NANO M8000. The step height and total indicated range
(TIR) were measured on pattern wafers as polishing time
using a Tencor P30 Profilermeter. Below items are
summarized for each experiments.

2.1. Oxide removal property as a function of
polishing time

The blanket wafer with PECVD TEOS of 16000 A
and two STI patterned wafers were polished in good
order at intervals of 20 second. The polished oxide
thickness of the blanket wafer was measured with 49
points with 7 mm edge exclusion at intervals of 20
second, and that of field oxide trench and moat nitride
(SisNy) of pattern wafer were measured and analyzed.
The step height and TIR on 120 pum large trench in the
middle of 7 x 7 pm dummy moat array of the pattern
wafer.

2.2. Repeatability test and correlation analysis

Each thickness data, strictly speaking, polishing
amount of blanket and STI pattern wafer was collected
with 85 lots that were polished on the same polishing
condition. And, the repeatability test of 50 lots
performed to confirm the analyzed result,

3. RESULTS AND DISCUSSION

3.1. Oxide removal property as a function of
polishing time

Figure 1 shows the thickness reduction as a function

of polishing time in the PECVD-TEOS blanket wafer of

16000 A. As the polishing time increases, the oxide

thickness linearly decreases. Figure 2 and Figure 3

shows the reduction of the field oxide thickness and

moat nitride thickness in the pattern wafer, respectively.
The thickness was slowly reduced in the polishing time
between 0 second and 40 seconds (step 1), and then the
thickness was little abruptly reduced to 60 seconds (step
2), again slowly reduced in the polishing time between
60 seconds and 100 seconds (step 3). The step 1 of
Figure 2 means that shook (shark’s fin) structure in the
edge of field oxide was polished. Because the measured
points are in the center of field oxide, the thickness
change looks like a little bit. The step 2 of Figure 2
means the real polishing step. The removal rate of step 3
was again reduced because the polishing step meets to
Si3N4 of moat region. The removed nitride amount in
step 1 of Figure 3 is the smaller than other steps which
contact to moat nitride film directly. The mechanical
removal effect in this step is very small because there is
no any touch directly between polishing pad and wafer.
There is a only chemical effect in this step 1. The moat
nitride thickness reduced rapidly in the polishing time of
above 60 seconds (step 2 and 3), because of dishing
effect. Figure 4 shows the step heights as a function of
polishing time in the STI patterned wafers. The step
height was rapidly decreased to polishing time of 40
seconds. The lowest step height was observed in the
polishing time from 40 seconds to 60 seconds. Figure 5
and  Figure 6 shows the cross sectional SEM
photographs in pre- and post-CMP planarization,
respectively.
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Fig. 1. Thickness reduction as polishing time in 16000 A
PECVD TEOS blanket wafer.
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Fig. 2. Field oxide thickness reduction as polishing time
in STT pattern wafer.
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Fig. 3. Moat nitride thickness reduction as polishing time

in STI patterm wafer.
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Fig. 4. Step height as a function of polishing time.

3.2. Repeatability test and correlation analysis

As the polishing time is increased, the oxide
thickness of the blanket wafer is linearly decreased
. (See Figure 1), but the thickness reduction of STI
patterned wafer didn’t show the linear change (See
Figure 2 and 3).

Thus, we carried out repeatability test of total 85
lots to analyze the correlation for oxide removal
amounts between the blanket and STI patterned wafer.
Figure 7 shows the analyzed correlation for oxide
removal amounts between the blanket and STI
patterned wafer. It has a strong correlation (correlation
factor : 0.7109). And this correlation formula can be
shown with linear function as follows;

Y = 0.9871 x X + 1649.7 (R=0.7109)
Where, X is the required removal oxide target

amount in the pattern wafer, Y is the removal oxide
amount target in the blanket wafer.
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Fig. 5. Pre-CMP planarization, {a) profiling at 0 [sec] of
polishing time, (b} cross sectional SEM photograph.
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Fig. 6. Post-CMP planarization, (a) pProfiling at
100sec of polishing time, (b) cross sectional
SEM photograph.
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Fig. 7. Correlation analysis graph for polished oxide
amount between blanket and STI pattern wafer.
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Fig. 8. Difference between caculated and actual
polishing time.

Finally, we did the reproducibility test with total 50
lots. There is a little difference in between calculated
polishing time and actual polishing time. Figure 8 shows
the difference in between calculated polishing time and
actual polishing time. The time difference is 3.48
seconds for 50 lots. If this time difference is converted
into the thickness, then thickness is 104~176 A. It is
possible to be ignored because the process margin is
about 1800 A.

4. CONCLUSION

The removal properties for the blanket and STI pattern
wafer were analyzed to conmtrol accurate post CMP
thickness in the pattern wafer. As a result of this analysis, in
manufacturing STI CMP process, we could use the removal
rate of the blanket wafer which was changed by linear
reduction as polishing time because of using the two data of
the pre and post CMP thickness. In addition, the removal
target oxide of the blanket wafer could be obtained by the
linear fitting formular induced through the correlation

analysis between the blanket and pattern wafer. Finally, the
polishing time could be calculated from removal rate and
removal target thickness of the blanket wafer, and the
difference is 3.48 second for time and 104~167 A for
thickness. It is possible to be ignored because the process
margin is about 1800 A.
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