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The purpose of this document is to give the guideline for use of the hexadecimal values read back from Router for both monitoring and interlock purposes. We make reference to Giovanni Anelli’s document “ Verification of the temperature monitoring system for the MCMs installed in the DSF” to assume as follows:

· The IAPILOT current value about 240 uA.
· The IAPILOT  value for both PT1000 chain and NTC sensor is same.
· The IAPILOT spread about 2% for same batch.
· No grounding path or others leakage current problems present on IAPILOT.
· The LSB of the ADC is (1925 mV – 513mV) / 1024 == 1,379 mV/dig.
Thanks to both the hexadecimal temperature values read from Router and the Thermo-camera temperatures taken during the sectors test, has been possible to calculate, for all half-staves mounted into barrel, both the resistance values of the PT1000 chain and the IAPILOT by the following formulas:

Equation 1
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Equation 2
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Since the current injected in the PT1000 and NTC are same, from the IAPILOT values has been possible to calculate both the resistance and the temperatures measured by NTC sensor presents on the MCM, by the formulas:

Equation 3
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Equation 4
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Where the VDIG_BUS and VDIG_MCM are respectively the Bus and MCM decimal values read back from Router. 
The IAPILOT statistical distribution evaluated for the all half-staves is shown below:
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Figure 1. IAPILOT distribution
From this numerical distribution is clear that only a part of half-staves 8/120 needs to more accuracy measurements because the IAPILOT values are outside the statistical distribution (a list of these modules is reported at the end of  this document), the distribution of the IAPILOT  is close to a Gaussian distribution. In this approach we are assuming that an unique spread is present on IAPILOT but, for an accurate evaluation, we must take into account also the spread due at the PT1000 tolerance about 1%, the solder resistance of these on the bus, the lowest value of the ADC range that can vary a bit from 513mV, etc. Following is shown the distribution of IAPILOT around to the mean value.
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Figure 2. IAPILOT distribution details

The mean value = 0.245uA and STD=0.002 with a spread less that 1% these data are close to the measurement done during the MCM characterization at Cern by MPT card and therefore without PT1000 chain. This confirm us that the PT1000 tolerance and the solder effect are negligible respect to IAPILOT spread.

Given that the IPILOT spread is not so large, we have evaluated also the error between the real temperatures (measured by thermo-camera) and the calculated temperatures assuming a current constant value equal to mean value “0.245uA”. The distribution of this is shown following:
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Figure 3. Gaussian distribution of the temperature errors evaluated with a constant IAPILOT

The mean value of the error distribution is equal to 0 °C  with a STD about 2.33°C. This shows that if we assume to default a IAPILOT equal to the mean value, the error in the temperatures measurements is not so excessive.
To complete this first studies the MCM temperatures distribution evaluated during the test phase with cooling ON is shown below.
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Figure 4. MCM temperatures distribution.
Threshold evaluation for Router interlock

In this subsection, a numerical method for the evaluation of the threshold value put into Router register for interlock, will be shown. This approach can be used for half-staves with IAPILOT both within and external the statistical distribution, the procedure consists in:

1. Calculation of a RPT1000 (Equation 1) by thermo-camera measure, we are assuming tolerance and solder resistance negligible.

2. Calculation of the IAPILOT (Equation 2), we are assuming both lowest value of ADC equal to 513mV and ADC factor conversion ==1.378 mV/dig.

3. Calculation of  the threshold value by the following formula:
Equation 5
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Where are indicated with IAPILOT the current injected into PT1000 chain, evaluated at step 2, Tlimit threshold temperature over that the interlock must be set. Finally the Dig_BUS is the digital value of the threshold that must be set into Router register after a proper hexadecimal conversion. The numerical distribution of the hexadecimal threshold value for modules with IAPILOT within statistical distribution is shown below.
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Figure 5. Hexadecimal threshold distribution evaluated with a limit temperature set to 35°C
If the IAPILOT is not evaluated because is unknown the real temperature of the module, we can take to default the mean value evaluated previously and equal to 0,245uA for a first approximation for the digital threshold evaluation. 
List of Half-Stave with a IAPILOT outside the statistical
This modules need to accurate measurements or a different threshold setting because they have shown an enlarge value of the IAPILOT.
	Sector
	Half-Stave
	IAPILOT
(uA)
	HEX Threshold (Tlimit=35°C)

	3
	A_1
	0,25187
	2AB

	4
	C_1
	0,23544
	266

	4
	C_4
	0,18912
	1A4

	4
	A_4
	0,25185
	2AB

	8
	C_2
	0,24911
	2A0

	8
	A_1
	0,25021
	2A4

	8
	A_5
	0,26015
	2CE

	10
	A_5
	0,28015
	322
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