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CHARACTERIZATION OF ENTEGRIS CSP-36 AMC 
FILTER PERFORMANCE FOR HVAC APPLICATIONS 

IN SEMICONDUCTOR MANUFACTURING FABS

APPLICATION NOTE

Summary
CSP-36 has been shown to significantly lower
ammonia (NH3) concentrations from the photo-
bay ambient, both in tests at Entegris’ full-scale
testing laboratory and in high volume manufac-
turing fabs.

Laboratory Testing
Tests were conducted at Entegris’ full-scale filter
testing facility in Franklin, MA. The facility is
equipped with air handling and conditioning
equipment to control the flow, temperature, 
RH and purity of air used during filter evalu-
ation. The testing facility utilizes both trap
sampling and an ExtractionTM System TMB-150
real-time monitor to measure the levels of NH3

during the tests. Particle and flow monitoring
equipment were used for those portions of the
filter characterization. Introduction of NH3 is
controlled to specified levels automatically 
from a gaseous source. A portion of the filter
testing facility is shown in Figure 1.

Figure 2 shows test data with a full size filter 
at 500 FPM (2,000 CFM, 3,398 m3/hr.) demon-
strating performance in a return air handler
(RAH). The data was generated with a chal-
lenge of 115 ppbv NH3. Figure 3 shows the 
same test data for two filters tested in parallel 
at 500 FPM to replicate the return air handler
performance and one filter at 125 FPM (500 
CFM, 850 m3/hr) to replicate the flow if the 
filter were placed directly above the HEPA filter 
in the ceiling grid or in a fan filter unit (FFU)
application. The data was used to extrapolate
performance at typical wafer fab NH3 levels,
shown in Figure 4.

Figure 1: Full size testing showing two sets of filters at Entegris’
Franklin, MA facility during a performance test.
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HVAC Filter Test CSP-36 Hybrid Media
CSP-36 ESI004797-06 

NH3=115 ppbv; Flow=500 FPM; Temp 21°C; RH 44%
Entegris Confidential Information
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Figure 2: NH3 test data from full size filter test at 500 FPM replicates
performance in a return air handler.
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During testing three samples were taken and 
analyzed for volatile anions. Data from the three
tests were averaged and shown in Table 1. All
measured anions were at the reporting limit. 
Figure 5 displays the pressure drop for CSP-36
filters at various flows.

When NH3 challenge testing was complete, a 
HEPA filter was introduced before the CSP-36
filter to protect it from upstream particles 
during the particle release test. Figure 6 shows
data from a PMS particle counter downstream
from the CSP-36 filter in the test tunnel fixture.
Particle release was recorded at 0.1 µm and
larger. The total particle count downstream of
the CSP-36 filter was approximately 200. The 
CSP-36 is recommended for use where a HEPA 
or ULPA filter is downstream from the filter.

Performance of CSP-36 in a photobay was
monitored for a year, with periodic sampling
combined with post-mortem testing of returned
filters. Figure 6 demonstrates the removal
efficiency of the filter and the effect of fil-
tration to lower the ambient NH3 levels in 
an open ballroom fab design where only the
photobay is filtered. Mixing of unfiltered air 
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CSP-36 Hybrid HVAC Filter Test: Real-Time Monitor Data
ESI004797-06, Avg. NH3 Challenge 115 ppbv; Temp. 21°C; RH 44% 

Flow=500 FPM, 125 FPM and 120/500 ppbv
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Figure 3: NH3 test data from full size filter testing at 500 FPM replicates
performance in a return air handler and 125 FPM replicating a fan filter
unit application. At 50,000 ppbv-hours the NH3 challenge was increased
for the low flow application to accelerate the test.

Re
m

ov
al

 E
ff

ic
ie

nc
y 

(%
)

Low Flow (125 FPM) 
@ 125 ppbv (challenge filters)

Low Flow (125 FPM)
@ 500 ppbv (challenge filters)

High Flow (500 FPM)
(Test filters)

1 ppbv

2 ppbv5 ppbv10 ppbv

CSP-36 Hybrid HVAC Filter
NH3 Performance

0 100 200 300 400 500 600 700

Days of Service at Various NH3 Challenges

Figure 4: Filter life in a return air handler application at 500 FPM (2,000 CFM,
3,398 m3/hr.) extrapolated using typical cleanroom NH3 levels.
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Table 1: CSP-36 filter downstream anions at 500 FPM during
a 120 ppbv NH3 challenge, Temp. 21°C, RH 44%. Values are
the average of three separate tests.

Flow (CFM) vs. ∆P (Pa) for CSP-36 Media HVAC Filter
Flow Range 150 CFM to 2150 CFM

(255 m3/hr. to 3,653 m3/hr.)
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Figure 5: CSP-36 filter pressure drop at various flows.

Figure 6: CSP-36 filter particle release data.
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CSP-36 Hybrid HVAC Filter Test: Particle Release Rate
PMS Particle Monitor Data 
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from adjacent bays limits the lower level of 
NH3 in the photobay. Measuring the filter inlet
and outlet demonstrates filter performance. 
Figure 8 shows data from post-mortem testing.
Returned filters are tested with a 50 ppbv NH3

challenge to measure initial removal efficiency,
followed by a 250 ppbv challenge to verify remain-
ing capacity. The two filters verify data from the
airborne sampling, with removal efficiencies >90%.

Additional characterization of CSP-36 was
performed for NMP removal. Because NMP is 
a molecular base, a mixed challenge was used 
with a ratio of NH3 to NMP of 5.5:1, which is
representative of photobays where NMP is used.

Figure 9 confirms the ability of CSP-36 to remove
NMP without degrading NH3 performance.

Conclusions
CSP-36 has been characterized both in Entegris’
filter testing facility in Franklin, MA and
installed in high-volume manufacturing wafer
fabs. Performance of the filter for control of NH3

and NMP shows initial removal efficiency >90%,
and life times of up to one year at >70% RE for 
a continuous challenge of 5 ppbv. CSP-36 filters
have been deployed to control photobay ambient
levels to prevent exposure tool optics and reticle
contamination, t-topping and extend exposure 
tool and coater/developer filter life.
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Figure 7: CSP-36 filter performance shows initial photobay
ambient NH3 levels of 11 ppbv dropping to 4 ppbv over a four
month period. Filter performance for the eight months is
maintained at 90% RE. The lower limit in the photobay is
defined by the filter performance and mixing with air from
adjacent process bays.

Figure 8: Post-mortem testing of used CSP-36 filters validate
field testing and laboratory performance for NH3 for removal
efficiency and remaining capacity.

Figure 10: CSP-36 filters in full and half-size format. Filters
are also available for header design air handlers and for
custom configurations and sizes.

RAH Application: Removal of Ammonia
Five Period Rolling Average
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Figure 9: Characterization of CSP-36 performance with a mixed
challenge of NH3 and NMP confirms performance is maintained.
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