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Filling Technology of Insulating Layers by Phase Position Control.

Toshihiko NAKAHATA™, Kazuyoshi HASHIMOTO™', Harumasa YAMAGUCHI"',
Naoki TAKEDA™, Shouichi TAKAI"', Shinya NAKAMURA ™'

*'Semiconductor Equipment Division, ULVAC, Inc.,
1220-1 Suyama, Susono, Shizuoka 410-1231, Japan

When we use Radio Frequency (RF) generators in both Cathode and Stage bias, stage bias
effectivity is able to control from phase relation. We found it is able to understand by reading
voltage peak to peak (Vpp) trend with each Phase position.

3D-NAND Flash memory keeps increasing its layers and each layer are required to reduce process
height to keep total devise height. It is also required to reduce height for etching stop layer and
filling process is required for insulator materials. ULVAC had process knowledge about stable RF
sputtering process but it is not able to make enough filling performance. Stage bias process which is
used in ULVAC conventional technology like Highly Coverage Ionized Sputter (HiCIS) was known
as good candidate for filling process but it is only used for metal layers which have lower ionized
energy materials. We tried to mix both cathode and stage RF process but filling performance was
not stable and could not control RF process together. In order to solve this issue, we found phase
control is one of the key factors to use not only matching control but also control stage bias
effectivity. We can control filling performance when we select correct phase position for both
cathode and stage RF. It makes further possibility for sputter process applications.
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Fig.1 Image of chamber configuration and process power supply control. RF1 is connect to cathode electrode
which have Sputtering Target and RF2 is connect to stage electrode which has substrate. Each power
supplies are connected to Phase controller and wave point is controlled by phase. RF bias process are
controlled in matching box with impedance control for Tune (C1) and Match (C2).

Each RF wave are monitored by oscilloscope from pick up1 and pick up2. RF2 Voltage peak to peak (Vpp)
value is monitoring at out put point of matching box.
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Fig.2 Relationship of each RF wave and Phase position.
When phase position set to 100 degrees RF1 and RF2 wave are synchronized and it shows similar pattern.
We called it as In-phase pattern. At 260 degrees, RF1 and RF2 wave shows opposite pattern. We called it
as Anti-phase pattern. similar condition can see in 300 degrees too.
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Fig.3 Vpp trend with Phase position.
Vpp trend shows concave trend in phase 0 to 100 degrees area and convex trend at phase 240 to 360
degrees area. From process data, we call 80-100 degrees area as bias effective zone (region1), 290-310
degrees area as another bias effective zone (Region2) and 250 to 280 degrees as bias too effective zone
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Fig.6 SEM image for each filling conditions.
6 (a) is the initial pattern before sputter.
6 (b) is taken at 10 degrees (outside of Region1)
6 (0) is taken at 60 degrees (outside of Region1)
Both pattern shows seam on side wall of pattern and it will create big void in subsequence process.
6 (d) is taken at 90 degrees (Region1)
6 (e) is taken at 295 degrees (Region2)
Both pattern shows no void and still remaining enough opening area for subsequence process.
6 (f) is taken at 260 degrees (Region3)
There have no seam and good filling condition but also made facet on edge of original pattern.
6 (g) is taken with 2step depositions as first half deposition with Region2 and change phase position to
Region3.
It made best filling condition and also not damaged original pattern,
N S
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