Industry Goals for Particle Measurements 

in UPW and Liquid Chemicals

Problem definition

The sensitivity limit of particle counters for UPW and liquid chemicals has not kept pace with decreases in the critical particle size. Currently, particle concentration measurements are made at sizes slightly larger than the critical particle size.  Particle concentrations at the critical particle size are estimated based on assumed 1/d3 projections.  Particle measurements are often made at or near the background level of the particle counter. Low particle concentrations, small sample volumes and background influences can result in large sample-to-sample variability. 

· As of 2005, the highest sensitivity particle counter commercially available for UPW is 0.05 microns and for liquid chemicals is 0.065 microns.  The critical particle size is 0.040 microns for 2005 (Table 1.).  

· The current small sample volumes rates (volume of chemical measured per unit time) limit the precision of the measurement and decrease the reliability of the projected concentration at the critical particle size.

· The background level of a particle counter represents the minimum concentration that the counter is capable of measuring.  Background levels are caused by cosmic ray interference.  Various methodologies have been employed to reduce this effect in UPW counters but not in counters for liquid chemical counters. 

· Particle Counter Performance and ITRS Target Tables

· Particle counter performance is highly dependant on the number of particles counted per unit time.

· The number of particles counted per unit time determines the precision of the measurement. The precision is predictable based on particle counting statistics.

· The number of particles counted per unit time is dependent on: the sensitivity of the particle counter and the volume of chemical measured.  

· Particle measurements (with reasonable precision) at a specific particle size combined with the knowledge of particle distributions in liquid chemicals can be used in predicting particle concentrations at another size. 

· Particle size distributions in continuously filtered liquid chemicals systems are usually between 1/d 2.5 to 1/d 3.5 with 1/d3 being typical. While a particle size distribution can be estimated from any sample, it is more accurate to use a large number of samples and a large number of instruments in making this determination.  

· Elimination or minimization of background counts due to cosmic rays is necessary to ensure that the measured particle counts represent real particle events.

· Tables 1 through 3 show calculated target values for less sensitive particle counters based on the ITRS critical particle size and concentration.

Table 1.  ITRS targets at the critical particle size and calculated target concentrations at 0.065 um based on size conversion factors with a 1/d3 distributions.

	ITRS Year
	DRAM 1/2 pitch, nm
	Critical particle size, um
	ITRS target at critical particle size, p/ml
	Size conversion factor to 0.065um
	Calculated ITRS target for a 0.065um LPC sensitivity, p/ml

	--
	--
	0.065
	10
	--
	10

	2003
	100
	0.050
	10
	2.2
	4.6

	2004
	90
	0.045
	10
	3.0
	3.3

	2005
	80
	0.040
	10
	4.3
	2.3

	2006
	70
	0.035
	10
	6.4
	1.6

	2007
	65
	0.033
	10
	8.0
	1.3

	2008
	57
	0.029
	10
	11.9
	0.8

	2009
	50
	0.025
	10
	17.6
	0.6

	2012
	35
	0.018
	10
	51.2
	0.2

	2015
	25
	0.013
	10
	140.6
	0.1

	2018
	18
	0.009
	10
	376.7
	0.0


Table 2.  ITRS targets at the critical particle size and calculated target concentrations at 0.05 um based on size conversion factors with a 1/d3 distributions.
	ITRS Year
	DRAM 1/2 pitch, nm
	Critical particle size, um
	ITRS target at critical particle size, p/ml
	Size conversion factor relative to 0.05um
	ITRS target based on 0.05um LPC sensitivity, p/ml

	2006
	70
	0.035
	10
	2.9
	3.4

	2007
	65
	0.033
	10
	3.6
	2.7

	2008
	57
	0.029
	10
	5.4
	1.9

	2009
	50
	0.025
	10
	8.0
	1.3

	2012
	35
	0.018
	10
	23.3
	0.4

	2015
	25
	0.013
	10
	64.0
	0.2

	2018
	18
	0.009
	10
	171.5
	0.1


Table 3.  ITRS targets at the critical particle size and calculated target concentrations at 0.03 um based on size conversion factors with a 1/d3 distributions.
	ITRS Year
	DRAM 1/2 pitch, nm
	Critical particle size, um
	ITRS target at critical particle size, p/ml
	Size conversion factor relative to 0.03um
	ITRS target based on 0.03um LPC sensitivity, p/ml

	2006
	70
	0.035
	10
	0.6
	15.9

	2007
	65
	0.033
	10
	0.8
	12.7

	2008
	57
	0.029
	10
	1.2
	8.6

	2009
	50
	0.025
	10
	1.7
	5.8

	2012
	35
	0.018
	10
	5.0
	2.0

	2015
	25
	0.013
	10
	13.8
	0.7

	2018
	18
	0.009
	10
	37.0
	0.3


1) Goals for UPW and Liquid Chemical Particle Counters:

2) Improvements in sensitivity

3) Increases in the volume of fluid sampled per unit time

4) Improvements in background levels by elimination or reduction of background counts due to cosmic rays

Improving Sensitivity

For particles less than 0.2 microns, scattering efficiency shows a relationship of 1/diameter6 when compared to particle size.  Large improvements in a particle counter’s signal-to-noise performance provide only slight improvements in its sensitivity to detect smaller particle sizes. For example, to improve detection capability from 0.065 to 0.05 microns, a 5X improvement in signal-to-noise is needed. 

Increases in particle counter sensitivity can be accomplished by increasing the laser power, improvements in the beam shaping optics, and improvements in the detector technologies. 

Some of these solutions have significant cost implications.  In addition, high cost solutions do not necessarily guarantee a production worthy metrology tool.  High initial expense coupled with increased cost of ownerships impact the viability of higher sensitivity instruments being the complete solution.

Improving the Sample Volume

In order to predict particle concentrations at sizes below the sensitivity of the particle counter, a high degree of confidence is desired in those particle counts that are measured. The confidence in the measurement is largely dependant on the total number of particles counted.  Higher measurement precision provides higher accuracy in projected concentrations.  

Improvements in sample volume also inherently improve the background level.  Even with no correction schemes employed, a factor of two improvement in sample volume decreases the background by a factor of two.
 Improving the Background in Liquid Chemicals

There are multiple ways to improve the background including increases in the sample volume as mentioned above.  Other methods include electronic rejection circuitry and algorithm correction schemes. These methods have been successfully applied in the past to the measurement of UPW and only require their implementation to the analysis of liquid chemicals.

Specific Industry Goals:

Improve Sensitivity to 0.045 nm for Liquid Chemicals

The size conversion factor for use in 2006 would be 6.4 for a 1/d3 distribution (Table 1). A sensitivity improvement in particle counter technology to 0.045 nm would maintain the size conversion factor below 6 through 2009 (Table 4).

Improve sample volume by 5x for UPW and Liquid Chemicals

A 5x increase in sample volume will improve the precision by a factor of 2.  Higher precision is needed in order to accurately project the concentration at the critical particle size. Higher sample volume will also reduce the influence of cosmic rays on the analysis.

Improved Background levels for Liquid Chemicals:

Provide a means to lower the backgrounds counts such that the background specification is similar to state-of-the-art UPW particle counters:  < 50 counts/liter.

Increase measurement times:

Typical measurement times should be increased to provide better data reproducibility.  A minimum detection of at least 20 particles per sample interval is desirable.  

Table 4. Projected size conversion factors to the critical particle size based on the availability of 0.045 nm sensor

	ITRS Year
	DRAM 1/2 pitch, nm
	Critical particle size, um
	ITRS target at critical particle size, p/ml
	Size conversion factor relative to 0.045um
	ITRS target based on 0.045um LPC sensitivity, p/ml

	2006
	70
	0.035
	10
	2.1
	4.7

	2007
	65
	0.033
	10
	2.7
	3.8

	2008
	57
	0.029
	10
	3.9
	2.5

	2009
	50
	0.025
	10
	5.8
	1.7

	2012
	35
	0.018
	10
	17.0
	0.6

	2015
	25
	0.013
	10
	46.7
	0.2

	2018
	18
	0.009
	10
	125.0
	0.1


