
VACUUM APPLICATIONS

L
aboratory characterization of chemical mechanical polish-
ing (CMP) slurries provides valuable information on opti-
mum handling and filtration essential to maintaining slurry
quality or health during the slurry consumption cycle [5–7].

Accelerated handling and filtration experiments were conducted
at the R&D Laboratory of BOC Edwards’ Chemical Management
Division to determine the effects of vacuum-pressure dispense
system (VPDS) and bellows-pump recirculation on the long-term
stability of Levasil 50CK/30%-V1 CMP slurry from H.C. Starck in
a bulk delivery environment [8].

Levasil 50CK/30%-V1 is a colloidal silica-based, ready-to-use CMP
slurry for metal polishing and post-metal buffing in IC manufac-
turing as well as surface finishing of hard disks. During accelerated
handling evaluations in VPDS, the slurry passed through valves, sud-
den and gradual expansions/contractions, orifices, bends, and fit-
tings. In these tests, the slurry was also exposed to humidified nitrogen
and vacuum, as expected in a real fab environment. The slurry was
recirculated using a BOC Edwards P2200 vacuum-pressure dispense
slurry delivery system [3] in a 200 ft, 3/4-in. PFA tubing
global distribution loop for 162 hr (~2770 turnovers @
17.1 turnovers/hr). In a second test, the slurry was recir-
culated in a Nippon Pillar PE-20MAN double-bellows
pump for 42 hr (~2520 turnovers @ 60 turnovers/hr).
Therefore, the VPDS and pump tests were continued for
a comparable number of turnovers. The point-of-use
(POU) and global loop filtration experiments were con-
ducted with the extensively handled slurry in the VPDS
toward the end of the accelerated handling test.

The main objectives of this study were:
1. Measure the comparative effects of extensive slurry

handling using a VPDS and bellows pump on the
typical slurry metrology/health parameters.

2. Identify the sensitive measurement param-
eters to monitor and control the blend ratio
of different constituents in the slurry, and to
detect DI water fab leak.

3. Determine required minimum flow velocity
to maintain abrasive-particle dispersion.

4. Observe loop shutdown and ease of abra-
sive-particle redispersion.

5. Define stirring/redispersion requirements
for the source drum/pail and the daytank.

6. Develop POU and global-loop slurry filtration recommen-
dations for large-particle management.

7. Determine cleaning and preventive maintenance requirements
for the slurry delivery system.

This study showed that accelerated slurry-handling evaluations
can provide useful insights for optimizing CMP slurry metrology and
quality management [9–12],and also help identify a compatible slurry
blending and distribution system (see Table 1 for test system specs).

Evaluations were conducted with Myron L.Co.’s Ultrameter Model
6P to measure pH, oxidation-reduction potential (ORP), conduc-
tivity, and total dissolved solids (TDS); a Mettler Toledo AG204
analytical balance with Lindberg/Blue M Model G01330A gravity
oven to evaporate 2ml slurry sample to dryness (for 2 hr at 105°C)
for weight percentage of solids (wt% solids) determination; a volu-
metric flask (50ml) with analytical balance to measure slurry den-
sity; a Brookfield Model LVDVI+ viscometer with Spindle-ULA (S00)
at 60rpm to determine viscosity; and Particle Sizing Systems’ Accu-
Sizer Model 770A for measuring large particle counts (LPC).

Handling and filtration evaluation of a

colloidal silica CMP slurry
Maintaining CMP slurry quality is critical for low defectiv-

ity in complex CMP processes [1–4]. Consequently, slurry “health” param-
eters are key considerations in distribution and dispensing systems.
Accelerated aging and handling evaluations were conducted to determine
the effects of extensive slurry handling using a vacuum-pressure dispense
system and bellows pump for bulk delivery. Filtration tests also were con-
ducted with the extensively handled colloidal silica-based slurry to develop
recommendations for point-of-use and global distribution-loop filtration
in production environments.
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P2200 VPDS w/ mostly PE-20MAN bellows-pump
3/4-in. piping size slurry recirculation loop

Flow (in 3/4-in O.D. 2.85 ft/sec velocity 4.0 ft/sec velocity 
PFA tubing) (10.8lpm or 2.85gpm) (15.1lpm or 4.0gpm)

Slurry volume 37.85 (10.0) 15.1 (4.0)
[liters (gallons)]

Slurry turnovers 17.1 times/hr 60 times/hr

Storage tank 55 liters 55 liters
(or daytank) size

Recirculated slurry Levasil 50CK/30%-V1 Levasil 50CK/30%-V1

Sampling times (hr) 0, 0.083, 2, 24, 48, 0, 0.033, 0.083, 2, 18,
72, 140, 162 24, 42

Table 1.   VPDS and bellows-pump evaluation system specs
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In a typical production-scale fab, slurry will cir-
culate through a bulk slurry-dispense system and
fab piping approximately 100 times before being
consumed. This number is based on typical fab
slurry consumption, storage tank size, and flow rate
through a global distribution loop (see Table 2).

Evaluation results
Typical CMP slurry health and quality monitor-
ing and control parameters include wt% solids, vis-
cosity, density, and LPC distributions. These
parameters are presented for the VPDS and pump
handling tests in Figs. 1–3, respectively. In general,
extensive handling of this silica slurry in a VPDS
showed insignificant changes in the normal slurry-
health parameters during the typical turnovers slurry
sees in fab operation (i.e., ~100 turnovers). It is
important to note that in the VPDS tests presented,
these turnovers were completed in the initial ~6
hr handling. There was no visible settling or thick-
ening of the slurry in VPDS accelerated handling
tests, despite having 26 times more turnovers than
a typical fab operation.

Wt% solids variation in Fig. 1a shows a slight
increase during the 162 hr test, due to the limited
quantity slurry exposure to repeated vacuum and
possible evaporation without any slurry usage
and replenishment. The increase is within experimental error for the
initial 24 hr (~400 turnovers) continuous handling in VPDS. Simi-
larly, the viscosity and density in Fig. 2a show consistent behavior dur-
ing this test. Also, a very small increase in the cumulative LPC was
observed (Fig. 3a) in the initial 24 hours of the VPDS test. This LPC
behavior suggests that Levasil 50CK/30%-V1 slurry should not
generate large particle agglomerates during VPDS handling turnovers
expected in normal fab operation. When slurry is handled over an
extended period without usage, it is possible to generate large parti-
cle agglomerates (i.e., an increase in LPC) and changes in the
slurry’s mean particle size.

Similar to the VPDS test, the slurry recirculation in a bellows-
pump loop showed insignificant changes in pH, ORP, conductivity,
TDS, wt% solids, viscosity, and density (Figs. 1b and 2b). The pump
test had a duration of 42 hr, compared to 162 hr in VPDS. The results
did not show any significant change in the wt% solids,or in the slurry’s

settling or thickening.
Similar to other silica slur-
ries with high wt% solids
abrasive content, this
slurry does show sensitiv-
ity to shear and agglom-
eration due to repeated pump handling over an extended period of
time. The increase in the cumulative LPC for the pump test (Fig.
3b) was much higher when compared with the VPDS system (Fig.
3a) for similar turnovers.

Levasil 50CK/30%-V1 and DI water blend tests indicate that con-
ductivity, TDS, and wt% solids (or density) are good indicators to
monitor and control the blend ratio in applications using diluted
slurry [8]. Conductivity and TDS may not be used to monitor the
blend ratio, however, as they are not controlled in the supply slurry
of different lots.Also, pH, ORP, and viscosity do not vary significantly
with blend ratio and would not be good indicators of blend change.
Wt% solids and/or density may be used to monitor and control the
slurry and DI water blend ratio (Fig. 4). These tests also suggest that
wt% solids, density, conductivity, and TDS would be good indicators
to detect a DI water fab leak, but viscosity, pH, and ORP would not.

The slurry was recirculated at different flow velocities in the
simulated global loop. As with other colloidal silica slurries, Levasil
50CK/30%-V1 has very slow settling characteristics [8].A minimum
flow velocity of 0.5 ft/sec in 3/4-in. tubing (~0.5gpm, ~2 liters/min)
was sufficient to maintain total wt% solids variation within ±0.2%.
If the slurry must recirculate over extended periods in a complex loop,
it may be desirable to maintain a minimum flow velocity of 1.0 ft/sec
(~1.0gpm, ~4 liters/min) and to implement periodic recirculation
when the slurry is not used or replenished to limit total slurry turnovers
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Figure 1. Wt% solids variation during handling of Levasil 50CK/30%-V1 in a) a VPDS and b) a bellows-pump 
recirculation loop.
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Figure 2. Viscosity and density variation during 
handling of Levasil 50CK/30%-V1 in a) a VPDS and
b) a bellows-pump loop.
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Figure 3. LPC distribution during handling of Levasil
50CK/30%-V1 in a) VPDS and b) bellows-pump loop.

Storage tank size 800 liters

Slurry consumption rate 200 liters/day 
(one 200 liter drum/day)

Therefore, slurry life = 4 days

Global loop flow rate 13lpm (~3.4gpm)

Number of turnovers (Flow (lpm)/Consumption rate)×
1440 min/day

(13lpm/200lpd)×1440 min/day = 94

Number of turnovers ~100 before consumption

Table 2.   Typical slurry distribution loop in fab



in the global distribution loop before it is consumed.
This slurry may only need slow, intermittent mixing using a drum

mixer or 1–2 turnovers using a pump for the supply-slurry drum ini-
tial homogenization. High-speed, extended mixing, and exposure
to air should be avoided. Distribution recirculation should be suffi-
cient to maintain slurry homogeneity, while continuous or inter-
mittent slow mixing in the daytank is optional. No settling of the
abrasive particles was visually observed in the global loop after a 15
hr simulated fab shutdown.The wt% solids measurements confirmed
that there was no variation in the solids content, beyond experimental
uncertainty, during restart after the shutdown.

Global distribution loop and POU filtration characterization exper-
iments (Figs. 5 and 6, respectively) suggest that the Mykrolis Solaris-
03 POU filter (3µm nominal rating) can be used to reduce the
cumulative LPC in this slurry. The data show that the Solaris-03 fil-
ter reduced by ~70% the cumulative LPC ≥1.01µm with a POU
flow rate of 200ml/min.As expected, in-line global recalculation loop
filtration tests showed minimal large particle removal with a relatively
open Planargard CM11 graded-density depth media filter. CM11 was
used in our evaluation, considering the high wt% solids content
and the slurry’s extensively handled condition, and to get extended
filter lifetime in a limited-volume test. More retentive filtration with
Planargard CMP9 or CMP7 filters in the distribution loop can pro-
vide tighter retention and further reduction in large particle counts.

Conclusion
Accelerated handling testing of Levasil 50CK/30%-V1 colloidal sil-
ica-based CMP slurry in VPDS and bellows-pump loops showed
insignificant changes in the slurry-health monitoring parameters.
The slurry did not generate large agglomerates during the typical
turnovers expected in a fab operation. Similar to other silica slur-
ries, however, this slurry also showed sensitivity to shear and agglom-
eration when subjected to extended VPDS or bellows-pump handling
well beyond what is likely in production fabs. The increase in
cumulative LPC for the pump test was much higher than LPC increases
produced by the VPDS test.

The slurry POU filtration test with Mykrolis’ Solaris-03 filter
showed ~70% reduction in cumulative LPC ≥1.01µm. The global
loop filtration resulted in minimal LPC reduction with a relatively
open Planargard CM11 filter.More retentive filtration can be achieved
by using Planargard CMP9 or CMP7 filters in the distribution loop.

The slurry shows very slow settling characteristics and needs min-
imal mixing to maintain abrasive suspension and redispersion. Den-
sity and wt% solids can be used to monitor and control this slurry
blend with DI water and to detect DI water fab leak. This study shows
the suitability of a VPDS for handling Levasil 50CK/30%-V1 slurry
over an extended period while maintaining slurry quality. ■
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Figure 4. Wt% solids and viscosity for Levasil 50CK/
30%-V1 and DI water blends.
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Figure 5. Planargard CM11 distribution-loop filter cumulative
LPC results (slurry flow = 1.5gpm).
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Figure 6. Solaris-03 POU filter cumulative LPC results
(slurry flow = 200ml/min).



BOC Edwards provides integrated solutions for the silicon semiconductor, compound 
semiconductor and flat panel display industries. Partnering with fabs, foundries and process tool
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other developing process requirements.
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Through a global network of service centers, BOC Edwards provides a fully integrated supply
chain management process for most critical fab materials, spares and components. This
includes incoming materials supply management, logistics expertise, sub-fab system operations
and maintenance, tool design, layout and hook-up services and environmental impact 
management. By partnering with BOC Edwards, customers can outsource the management of
key fab operations to a sole supplier with proven capability in handling the associated 
challenges.
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