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The International Technology Roadmap for Semiconductors (ITRS) is a set 
of documents produced by a group of semiconductor industry experts. These 
experts are representative of the sponsoring organizations which include the 
Semiconductor Industry Associations of the US, Europe, Japan, South Korea 
and Taiwan. 

Semiconductor Equipment and Materials International (SEMI) is a trade 
organization of manufactures of equipment and materials used in the 
fabrication of semiconductor devices. Among other activities, SEMI acts as a 
clearinghouse for the generation of standards and guidelines.

American Society for Testing and Materials (ASTM), is an international 
standards organization that develops and publishes voluntary consensus 
technical standards for a wide range of materials, products, systems, and 
services for all industries.
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ITRS Requirements for 2011 and Beyond
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SEMI F63’s Recommended UPW Specifications
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Low 
risk

High 
risk

Process Risk Calculation for each 
Individual Ion or Metal

Severity of Deposition

1 unlikely, 2 minor, 3 moderate, 4 major, 5 severe

Occurrence

1 yearly, 2 quarterly, 3 monthly, 4 weekly, 5 daily

Detection

1 continuous, 2 hourly, 3 daily, 4 weekly, 5 monthly
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SEMI F63’s Recommended UPW Specification for 
Ions and Metals
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ASTM Standard Guide for Ultra-Pure Water Used in the Electronics and 
Semiconductor Industries



Fluid Measurement Technologies 8

SEMI F63’s Recommended UPW Specifications
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ITRS Requirements for 2011 and Beyond
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Light‐Scattering Event Monitors
 (also called Optical Particle Counters, OPCs)

 

Light‐Scattering Event Monitors
 (also called Optical Particle Counters, OPCs)

For two decades the semiconductor industry has relied on OPCs

 

to detect 

 
particles in UPW and chemicals

OPCs

 

have always had limitations:
A Particle Counter’s response is based on how it measures white, spherical, 

 
PSL (plastic) beads.
Different manufacturers use different wavelengths, different angles of 

 
collection and different definitions of illuminated area. Two OPC’s

 

rarely 

 
agree with each other.
All Particle Counters measure an equivalent optical Diameter.

The current detection limit is 50nm, with the possibility of 40nm and 30nm 

 
in the near future

OPCs

 

have little chance of meeting the future requirements of the ITRS 

 
Roadmap.
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The counting efficiency for 50nm rated Optical Particle Counters 
is only a few percent at best at 50nm (data courtesy of Particle 
Measuring Systems)
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Task Force Rational:

• Optical Particle Counters (OPCs) have reached a practical 
measurement limit of 40 nm, with a counting efficiency of only a few 
percent at this size.

• The ITRS Roadmap has a critical particle size of 25 nm for 2011.
• Lack of particle metrology and marginal filtration efficiency at 25nm 

substantially increases the risk to the next generation of the wafer 
manufacturing technology.

• UPW ITRS has suggested a risk mitigation strategy based on off-line 
validation of the filter performance. Until the particle metrology gap is 
solved, this approach mitigates risks and gets users closer to ITRS 
requirements.

• Current methods of filter performance characterization using 50-200nm 
PSL spheres and OPCs, and extrapolating performance to 5-15nm is 
inadequate for guaranteeing filter performance at the extrapolated size. 

• A new method of quantifying filter performance is required for filters 
with a pore size of 5-15 nm.
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Methodology: Three Phases of Sieving 
 Filtration

• Initial
– Retention of an un‐loaded filter

• Loading
– Retention decreases as smaller pores in the filter are selectively 

 
clogged

– Retention begins to decrease almost immediately
• Cake filtration

– When filters are sufficiently loaded the retained particles begin to 

 
retain smaller particles

– This is expected to increase the differential pressure
– Does not occur until the filter is heavily loaded

• Based on historical data, UPW filters do not show increase in the 

 
differential pressure => unlikely to occur
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Retention of different 30nm particles 

 types by a commercially available UPW 

 filter cartridges
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•Each filter was tested with a sequence of 

 
particle types.
•Si particle curves display sieving mechanism
•In all cases the challenge concentration was 

 
2E8/mL.

Particle chemistry can have a significant effect on measured filter retention
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PSL is no longer mono-sized at 30nm

Colloidal gold particles are as mono-sized at Si, but require surface modification 
to reduce capture by absorption
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Particle type comparison

Particle 

 
Type

Sizes 

 
Available “Real World”? Sieving only?

Cost of 

 
particles per 

 
gram

PSL Yes No Can be achieved by adding 

 
surfactant. $1,800

Colloidal 

 
Gold Yes No Can be achieved by surface 

 
modification. $23,000

Colloidal 

 
Silica Yes Yes Yes ? $0.08

Colloidal silica appears to be the best choice.
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Typical end uses for colloidal silica include coatings for 
corrosion control, ink receptive papers, metal casting, refractory 
products, and catalysts.

Commercially available colloidal silica were never intended as a 
standard for particle counters.

There is no such entity as a NIST or AIST traceable colloidal 
silica standard, and there probably will not be for the 
foreseeable future.

Colloidal Silica
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New Particle Counter being Developed by CT Associates and TSI
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Only when a particle experiences an equal force from the electric field and the drag due 
to the gas flow, can the particle exit through the Monodisperse Slit.
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Schematic of Condensation Particle Counter
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New Particle Counter being Developed by CT Associates and TSI
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Particle size distributions for Ludox® colloidal silica suspensions
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Colloidal silica mean size 18nm
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Particle Challenge Test Skid built at Pall Corporation
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Filtrate and challenge PSDs 3.5 hours into 3E9 challenge
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Filtrate and challenge PSDs 14 hours into 3E9 challenge
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Retention of different sized silica particles - 3E9 challenge

Particle Diameter (nm)
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ITRS Requirements for 2011 and Beyond
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Voltaire's Dictionnaire
 

Philosophique
 

(1764)

“The pursuit for perfection becomes the 
 enemy of good enough”
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Conclusions:

• The Task Force has made significant progress in just 12 months

• The boundary conditions for testing nanometer pore size filters 
with a 5-15nm challenge have been established

• A draft filter test protocol has been written

• A filter test skid has been built at Pall Corporation and the first 
filters tested

• A draft of the test method has been written and will be submitted 
for SEMI ballot this month.
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