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Introduction

This paper compares test time optimization methodologies proposed by Agilent and Rhode & Schwarz presented during the T1RF # 19 meeting in Berlin.  It was shown by [1] that Poisson distribution and Chi Squared distribution are equivalent when parameters are selected accordingly.  It was also agreed that Chi Squared distribution be used as the mathematical tool for test time optimization.  Beyond the statistical tool, no decision could be reached.  This paper compares the proposal by Rhode & Schwarz and Agilent to allow T1RF to reach a decision.

To keep the discussion simple, this paper only explicitly discusses BER case.  The discussion is equally applicable to BLER case.

Before we continue with the specifics of the two proposals by Rohde & Schwarz and Agilent, let’s examine the Chi Squared distribution closer.  In figure 1, we can make the following observations:

1) For early pass region, higher confidence limit curves are below lower confidence limit curves.
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For early fail region, higher confidence limit curves are above lower confidence limit curves.
Figure 1.  Confidence limit 

Table 1:  Comparison of proposals contributed by Agilent and Rhode & Schwarz.

	
	Agilent’s Proposal
	R&S’s Proposal
	comments

	Statistics


	Chi Squared Distribution


	Chi Squared Distribution
	

	Normalized BER limit (early pass)
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	Degree of freedom differs by 2.

Factor M relaxes test limit.  See [2] and [3]

	Normalized BER limit (early fail)
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	Factor M tightens test limit.

	Confidence Limit, C
	95%
	99.8%
	Different test limits

	Test requirement
	BER (early pass)

1.5BER (early fail)
	1.51BER (early pass)

BER (early fail)
	This is the result of the application of the factor M as show in row 2 and row 3 for R&S and Agilent, respectively.

	In the event that a DUT does not meet the early-pass or early-fail with the specified confidence limit, the following method applies

	Maximum Test time
	200,000 samples
	161,000 samples
	

	Maximum number of errors
	200
	200
	

	Test limit  

(measured at maximum test time)
	1.2*BER (at maximum test time and early fail) 
	BER (for early fail)

1.24*BER (for early pass and maximum test time)
	BER as specified in core spec.

1.2 vs 1.24 was due to rounding.

	Test requirement

(at maximum test time)
	1.5BER
	1.51BER
	Difference due to rounding

	Confidence limit 

(at maximum test time)
	99.8%
	99.8%
	


Table 1 lists the details of the latest proposals from Agilent Technologies and Rhode & Schwarz.  Both proposals use Chi Squared distribution as a statistical tool to optimize test time.  The differences lie in the following area:

1) Degree of freedom of the Chi Square distribution.

2) The value of the confidence limit

3) Application of the factor M.  

4) Maximum test time or samples and

5) Test limit at maximum test time.

We examine each of these differences closer in the following sections.

Degree of freedom
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Figure 2

Figure 2 shows the effect of the difference in degree of freedom as used in the normalized BER equations between Rohde & Schwarz and Agilent’s proposals.  For the same DUT, to meet a given confidence limit, the extra degrees of freedom require longer test time.  However, Rhode & Schwarz already agreed that the degree of freedom be 2k instead of 2[k+1].  Therefore, no further discussion is necessary.

The value of the confidence limit and Application of the factor M, early-pass

Figure 3 shows the confidence limit curves for the early pass case in the two proposals.  The red curve is given by equation 1 and is proposed by Rhode & Schwarz.  The black curve is given by equation 2 and is proposed by Agilent.  Note that degree of freedom in both equations has been modified to be the same. 
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equation 1


[image: image6.wmf])

2

,

1

(

2

'

2

k

C

k

p

p

A

-

=

c





equation 2

Recall from Figure 1 that for early-pass, curves of higher confidence is below curves of lower confidence.  In general, we can observe that the confidence limit curve proposed by Rhode & Schwarz is above the confidence limit curve proposed by Agilent.  Therefore, we can infer from the observation that although CRS is 99.8%, 
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 may result in lower confidence than 95% because it is compared to a loosen pass test limit.
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Figure 3

The value of the confidence limit and Application of the factor M, early fail

Figure 4 shows the confidence limit curves for the early fail case as given in the two proposals.  The red curve is given by equation 3 and is proposed by Rhode & Schwarz.  The black curve is given by equation 4 and is proposed by Agilent.  
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equation 4
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Recall from Figure 1 that for early-fail, curves of higher confidence is above curves of lower confidence.  In general, we can observe that the confidence limit curve proposed by Agilent is above the confidence limit curve proposed by Rhode & Schwarz.  Therefore, we can infer from the observation that although CA is 95%, 
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 may result in higher confidence than 99.8% because it is compared to a tighten fail test limit.  

Maximum test time or samples and Test limit at maximum test time

Both proposal introduce the factor of 1.5 (1.51) to derive a relax test requirement.   Agilent’s CR proposal [5] Table F.6.4-1 indicates that maximum target number of samples is 200,000.  It also indicates that the maximum target number of errors is 200.  This leads to a test limit of 0.1% conflicting with the indicated test limit of 0.12% (1.2BER).  Table F.6.4-1 is reproduced below for convenience.  Note that if with 200,000 samples the measured BER is less than 0.12%, we are 99.8% confidence that DUT passes the relaxed BER requirement of 0.15%.  Rhode & Schwarz proposes a maximum test time of 13.2 sec and maximum target error number of 200 [4].  At 12.2 kbps, the maximum target number of sample is 161,000.  Again, note that if with 161,000 samples the measured BER is less than 0.124%, we are 99.8% confidence that the DUT passes the relaxed BER requirement of 0.15%.  Table F.6.1.8 is reproduced below for convenience.  Equation 5 and equation 6 calculates the number of samples and the test limit, respectively.
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equation 5
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equation 6

Table F.6.4-1: Test conditions for BER tests

	Type of test
	Test conditions
	Test requirement (BER) [%]
	Test limit (BER) [%]
	Target number of samples
(Target number of error samples)
	Prob. that good unit will pass [%]
	Bad unit BER

[%]
	Risk that bad unit will pass [%]

	Reference Sensitivity Level 
	-
	0,1
	[0,12]
	200000(200)
	[99,8]
	[0.15]
	[< 0,1]

	Maximum Input Level
	-
	0,1
	[0,12]
	200000(200)
	[99,8]
	[0.15]
	[< 0,1]

	Adjacent Channel Selectivity
	-
	0,1
	[0,12]
	200000(200)
	[99,8]
	[0.15]
	[< 0,1]

	Blocking Characteristics
	-
	0,1
	[0,12]
	200000(200)
	[99,8]
	[0.15]
	[< 0,1]

	Spurious Response
	-
	0,1
	[0,12]
	200000(200)
	[99,8]
	[0.15]
	[< 0,1]

	Intermodulation Characteristics
	-
	0,1
	[0,12]
	200000(200)
	[99,8]
	[0.15]
	[< 0,1]


Table  F.6.1.8: Test conditions for BER/BLER tests

	Type of test
(BER)
	Test requirement (BER/BLER)
	Test limit (BER/BLER)= Test requirement (BER/BLER)x TL

TL 
	Target number of error events

(time)
	Minimum number of samples 
	Prob that good unit will fail
= Prob that bad unit will pass
 [%]
	Bad unit BER/BLER factor M

	Reference Sensitivity Level 
	0.001
	1.24


	200

(13.2s)
	Note 1
	0.2
	1.51



	Maximum Input Level
	0.001
	1.24
	200

(13.2s)
	Note 1
	0.2
	1.51

	Adjacent Channel Selectivity
	0.001
	1.24
	200

(13.2s)
	Note 1
	0.2
	1.51

	Blocking Characteristics
	0.001
	1.24
	200

(13.2s)
	Note 1
	0.2
	1.51

	Spurious Response
	0.001
	1.24
	200

(13.2s)
	Note 1
	0.2
	1.51

	Intermodulation Characteristics
	0.001
	1.24
	200

(13.2s)
	Note 1
	0.2
	1.51


Conclusion/recommendation

For early-pass case, increasing the confidence limit and simultaneously relaxing the test requirement by the factor M does not result in a measurement with increased confidence when compare to the original test requirement.  Therefore, the factor M should not be applied for the early-pass case.  The normalized BER for early-pass case is then given by equation 7 with confidence limit equal to 95%.
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equation 7

For the early-fail case, increasing the test requirement by the factor M resulted in tightening of the test requirement ensuring that a DUT is early-fail with increased confidence.  Therefore, the factor M should be applied for the early-fail case.  The normalized BER for early-fail case is then given by equation 8 with confidence limit equal to 95% and the tightening factor M = [1.5].
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equation 8

In the event that after a maximum test time has been reached and neither early-pass nor early-fail can be satisfied with the specified confidence limit, the measured BER is compared directly to a new test limit, TL= [1.2BER].  No paradox occurs because for any given DUT, it will either early-pass, early-fail or pass/fail comparing to a new test limit (TL) when maximum test time is reach. 
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