
June 9, 2010    -  Issue 1, Volume 1

How can I best utilize today’s particle monitoring technologies to e! ectively detect 
cleanroom contamination events while minimizing labor and equipment resources 
that are better used elsewhere?

This question gets to the heart of particle monitoring strategy.  The best solution 
would be to monitor continuously for all particle sizes in all locations; unfortunately, 
that is neither a cost-e! ective or practical solution.  Strategically, it must be decided 
by contamination control experts how to maximize coverage (both from a particle size 
standpoint and a physical area covered) while balancing other considerations such as 
monitoring budgets and labor availability.       
Generally, the " rst priority for ensuring particulate contamination control in cleanrooms 
is to always detect, reduce, and eliminate large particles.  Regardless of industry, large 
particles kill yields; they don’t discriminate because the " nal product is an integrated 
circuit, # at panel display, hard disk drive, or a critical aerospace optical component; if large 
particles are present, consistent and high yield levels are di$  cult to maintain.  
Read more....page 2
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FIXED LOCATION PARTICLE MONITORING STRATEGY

PRODUCT SPOTLIGHT

APPLICATION OF LOW COST FIXED LOCATION PARTICLE MONITORS

TESTING VALVES FOR PARTICLE GENERATION

Relative to the cost of maintaining a contamination-free cleanroom, the cost of 
" xed-point monitoring is trivial.  Consider the costs incurred in the pursuit of 
minimizing or preventing particle contamination within a cleanroom: 

• Large particulate “bag-" lters” are used upstream of make-up air handling systems.
• Fine particulate " lters are installed on both make-up and recirculated air handling 

systems.
• HEPA " ltration is installed in the overhead ceiling.
• Laminar # ow is maintained to minimize turbulence which may incite particle formation 

and accumulation. 
• Employees, prior to entering cleanrooms, put on smocks or gowns to cover nearly 

every part of the body.    Read more....page 3

Industry standards continue to push toward cleaner processes, and valves have always 
been notorious for generating particles.  Over the years, Particle Measuring Systems (PMS) 
has been asked to recommend a particle-free valve for speci" c processes.  PMS has not 
de" ned a speci" c valve or manufacturer that meets particle-free operation, but we have 
developed guidelines for testing particle contamination generated by valves.  This paper 
will discuss those guidelines.    Read more....page 4

Airnet® II Particle Sensor

Continuous low-cost particle counters are available in various styles 
and with many di! erent features.  Featured products include the 
Airnet 201 and the new Airnet II 301.  A quick comparison of the 
Airnet 201 and the Airnet II 301 shows the capabilities available for 
low-cost particle detectors.  Read More...page 3
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FIXED LOCATION PARTICLE MONITORING STRATEGY

FIXED LOCATION PARTICLE MONITORING STRATEGY

Particle Monitoring Strategy
This question gets to the heart of particle monitoring 
strategy.  The best solution would be to monitor 
continuously for all particle sizes in all locations; 
unfortunately, that is neither a cost-e!ective or 
practical solution.  Strategically, it must be decided 
by contamination control experts how to maximize 
coverage (both from a particle size standpoint and 
a physical area covered) while balancing other 
considerations such as monitoring budgets and labor 
availability.      
 
Generally, the "rst priority for ensuring particulate 
contamination control in cleanrooms is to always 
detect, reduce, and eliminate large particles.  
Regardless of industry, large particles kill yields; they 
don’t discriminate because the "nal product is an 
integrated circuit, #at panel display, hard disk drive, 
or a critical aerospace optical component; if large 
particles are present, consistent and high yield levels 
are di$cult to maintain.  

This implied requirement to detect all large particles 
in advanced technology manufacturing works in the 
favor of those same manufacturers, considering the 
spectrum of particle counting equipment available 
today.  Simple laser-diode based instruments are 
available for detecting large particles (≥ 0.3 µm) 
which are extremely small and can be deployed in 
nearly any location.  These particle counters operate 
continuously and due to their low-cost, can be 
implemented in signi"cant quantities throughout 
the cleanroom or manufacturing facility and within 
process tools.  On the opposite end of the spectrum, 
however, are more advanced particle counters which 
detect extremely small particles sizes ( ≤ 0.1 µm), 
are much larger (which limits locations they can be 
placed), generally don’t run continuously, and may 
take a more sophisticated user to operate.    

Recently, advanced technology manufacturers have 
been adopting particle detection strategies which 

incorporate large numbers of low-cost continuous 
aerosol particle counters in "xed locations in 
cleanroom process bays or within process speci"c 
tools in order to immediately detect any large particle 
event.  Bene"ts from this strategy include:

Low cost
Given a "xed budget, more units 
can be installed allowing for greater 
area coverage with minimal capital 
investment.

Continuous
These "xed aerosol monitors will 
immediately identify those particles 
which are guaranteed killers, namely 
large particles greater than 0.3 µm.

Footprint
A compact size allows for placement in 
nearly any location.

Predictive

It is well known that environmental 
particles tend to follow a nearly 
1/r2 distribution (r = particle 
radius).  Detecting larger particles 
in the immediate environment also 
provides an extrapolative mechanism 
to estimate the concentration of 
smaller particles within the same 
environment.

The requirement for monitoring smaller particles is 
not eliminated; small particle detection still remains 
essential as part of an e!ective overall particle 
monitoring strategy.  However, ensuring detection 
of large particles as a “"rst line of defense” is proving 
a reliable means for ensuring processes, equipment, 
and cleanrooms are well controlled.

Problem Statement:
How can I best utilize today’s particle monitoring technologies to e!ectively detect cleanroom 
contamination events while minimizing labor and equipment resources that are better used elsewhere?
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PRODUCT SPOTLIGHT - AIRNET II

APPLICATION OF LOW COST FIXED LOCATION PARTICLE MONITORS

Continuous low-cost particle counters are available 
in various styles and with many di! erent features.  
Featured products include the Airnet 201 and the 
new Airnet II 301 (shown).  A quick comparison of the 
Airnet 201 and the Airnet II 301 show the capabilities 
available for low-cost particle detectors.

Airnet 201 Airnet II 301  
Size (l, w, h) 17 x 12 x 14 cm 14 x 9 x 10 cm
1st Channel Size 0.2 µm 0.3 µm
2nd Channel 
Size

0.3, 0.5, or 1.0 µm 0.5 µm

Max. Particle 
Concentration

1,000,000 / ft3 5,100,000 / ft3

Communication Ethernet, 
RS-232, 4-20mA

Ethernet, RS-232, 
4-20mA (opt.), 
OPC (opt.)

Relative to the cost of maintaining a 
contamination-free cleanroom, the cost of " xed-point 
monitoring is trivial.  Consider the costs incurred 
in the pursuit of minimizing or preventing particle 
contamination within a cleanroom: 

• Large particulate “bag-" lters” are used upstream of 
make-up air handling systems.

• Fine particulate " lters are installed on both 
make-up and recirculated air handling systems.

• HEPA " ltration is installed in the overhead ceiling.

• Process tools include speci" c particle " ltration 
with some tools having their own air recirculation 
systems.

• Laminar # ow is maintained to minimize 
turbulence which may incite particle formation 
and accumulation.  

• Employees, prior to entering cleanrooms, put on 
smocks or gowns to cover nearly every part of 
the body.  In addition, the process in which that 
clothing is donned is systematically chosen to 

minimize particle transfer.  Particles are blown 
o!  of the smocks and gowns using forced air 
immediately before employees can enter a 
cleanroom.

• Equipment entering cleanrooms receives multiple 
stages of wipe-downs in order to remove particles 
that may remain from the assembly and/or 
shipping process.

• Products and some support equipment are 
transported and stored in enclosed containers 
(FOUP’s, FOSB’s, Reticle pods, wafer stockers, etc.) 
designed to prevent particulate contamination 
from reaching the critical components inside of 
the enclosure.

Low-cost, " xed-point particle counters that are 
pervasively distributed throughout the cleanroom 
protect the products that the above investments are 
designed for.  If a HEPA " lter seal within a process tool 
develops a small pinhole leak that goes undetected 
due to a lack of particle monitoring, not only is the 
investment of that protection system lost, but the 

AIRNET II  -  APPLICATION OF LOW COST FIXED LOCATION PARTICLE MONITORS 
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Summary

Low-cost, "xed point monitors are increasing in 
popularity for wide area particle monitoring coverage 
of cleanrooms, as well as individual coverage of 
process tools. The Airnet and Airnet II products 
are an important initial technique when de"ning 
and executing an e!ective monitoring strategy 
for contamination control of aerosol particulates.  
When combined with speci"c technologies such as 
high sensitivity portable aerosol particle counters, 
manifold monitors and process gas particle detectors, 
a comprehensive particle monitoring program is 
achieved that protects critical products as well as the 
investments intended to ensure maximum yields. 

In the next few issues, we will continue to look at 
additional aerosol particle monitoring strategies and 
techniques that complement low-cost "xed point 
monitoring.

exposure of additional losses due to product yield 
loss from such a defect will far exceed the HEPA "lter 
investment costs.  

The bene"ts from such a strategy are exhibited 
in Figures 1 and 2.  In a CMP process bay, particle 
monitoring is normally covered by a single 0.1µm 
particle counter placed in the center of the room.  
However, product risk or exposure largely occurs only 
when the wafers are inside of the mini-environment 
or within the process tool.   To supplement the 
primary particle monitoring strategy, six low cost 
Airnet II 301 (≥  0.3 µm) particle counters were 
installed within each CMP process tool to detect 
large particles suspected of causing micro-scratches, 
dishing, and digs in an oxide planarization process.  
Subsequent via formation and deposition processes 
can "ll these defects with metal which cause die loss 
at electrical test with failures attributed to “opens” or 
shorting of the circuit by unintended metal bridging 
between neighboring vias.

The 0.1µm particle counter, and a 0.3 µm particle 
counter that was placed beside it within the center 
of the process bay did not indicate any signi"cant 
particle events in the process bay.  However, data 
from the Airnet II 301 within one speci" c CMP tool 
CP-XXX detected a signi"cant increase in large 
particle counts; the rapid increase indicated that the 
cause was very sudden and should be traceable to 
a speci"c action or condition that changed in the 
immediate environment.  

This particle source was identi"ed and corrected, 
however, wafers processed during this time were 
required to process through additional defect 
detection and electrical testing (100% inspection vs. 
random sampling), and additional equipment 
downtime was incurred as a result of servicing this 
process tool.  

APPLICATION OF LOW COST FIXED LOCATION PARTICLE MONITORS CONTINUEDAPPLICATION OF LOW COST FIXED LOCATION PARTICLE MONITORS CONTINUED
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Figure 1. Metal Bridge Caused by CMP Dishing

Figure 2. 0.3 µm Particle Counts (CP-XXX)

APPLICATION OF LOW COST FIXED LOCATION PARTICLE MONITORS CONTINUED
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