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Lot Acceptance Programme

This is an internal lot acceptance report for the Terminated Multi-Ribbon Cable supplied by Diamond SA under the terms of CERN Contract F 473/EP/CMS. The acceptance procedure consisted of evaluation tests described in “Multi-Ribbon Cable Quality Assurance Procedure” (Document ID: CMS-TK-QP-0012).

1.1 Lot Acceptance programme workflow

Batch E17b contained 40 terminated multi-ribbon cables, 70m length, consisting of the final production-grade dense multi-ribbon cable produced by Ericsson Network Technologies.  A single 60m cable was chosen at random to pass through the lot acceptance procedure: cable ID125.
The lot validation programme flow is shown in Figure 1. The figure shows the tests to be carried out as described in the test procedure for terminated multi-ribbon cables (CMS-TK-QP-0012
). The test target specifications are extracted from the technical specification for delivered terminated multi-ribbon cables (CMS-TK-ES-0014
).  All tests were carried out at room temperature.
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Figure 1:  Flow chart of lot acceptance procedure.

2 Technical Validation

2.1 Compliance with technical requirements

Table 1 shows the specified performance of the terminated multi-ribbon cables against which the received samples were tested. The table also gives a summary of the results obtained in comparison with the specifications.

Table 1:  Specification test targets taken from the technical specification.  Cells in gray indicate parameters not measured during lot acceptance.

	#
	Specification to be tested
	Test Specifications
	CERN Acceptance Results

	
	
	Min
	Typ
	Max
	Units
	Min
	Max
	Accepted?

	4.1
	Number of channels
	96
	
	96
	96
	YES

	4.2
	Operation Wavelength
	1310
	nm
	
	
	

	4.3
	Connector type (In-line)
	MFS12-B1
	
	MFS12-B1
	YES

	4.4
	MFS12 guide pins
	Non-removable, ceramic
	
	Ceramic, fixed
	YES

	4.5
	Number of mating cycles

	20
	
	
	
	
	
	

	4.6
	Random mate insertion loss MFS
	
	
	1.2
	dB
	0.01
	1.14
	YES

	4.7
	Random mate Return loss MFS
	50
	
	
	dB
	>72
	61.5
	YES

	4.8
	Connector type (Back-end)
	MPO12
	
	MPO
	YES

	4.9
	MPO12 guide pins
	Non-removable, standard
	
	Standard, fixed
	YES

	4.10
	Number of mating cycles
	100
	
	
	
	
	
	

	4.11
	Random mate insertion loss MPO
	
	
	1.2
	dB
	0.05
	0.79
	YES

	4.12
	Random mate Return loss MPO
	50
	
	
	dB
	65.8
	50.5
	YES

	4.13
	Tensile load on connectors MPO/MFS
	
	
	10
	N
	
	
	

	4.14
	In-line ribbon section length LRinline
	600 (+40/-0)
	Mm
	640
	640
	YES

	4.15
	Multi-ribbon cable length
 LCable
	70 (+0.5/-0)
	M
	704.3
	704.3
	YES

	4.16
	Multi-ribbon cable length LRBackend
	As per drawing
 (±15)
	Mm
	Tolerances met in all cases
	YES

	4.61
	Magnetic field
	
	
	4
	T
	
	

	4.62
	Hadronic fluence
	
	
	1×1012
	cm-2
	
	

	4.63
	Gamma radiation dose
	
	
	100
	Gy(Si)
	
	

	4.64
	Temperature
	-20
	
	70
	°C
	
	
	

	4.65
	Operating humidity
	
	
	60
	%
	
	
	

	4.81
	Material composition
	Halogen-free, flame retardant material
	
	
	
	


2.2 Lot Acceptance Results

2.2.1 Visual Inspection

Visual inspection consists of the following sequence:

1. Unpacking the sample from its transportation container.

2. Carefully inspecting the samples for connector type, label position and legibility, colour and other macroscopic defects.

2.2.1.a Acceptance Criteria

1. All samples shall be properly packaged – OK
2. Labels shall be legible and properly attached to the connector - OK
3. Connector type and colour shall be as specified - OK
4. All samples shall be free from visible defects - OK.
2.2.2 Geometrical Measurement

Geometry is checked in the following way:

1. The sample is laid flat with low tension (cable-end is fixed to a suitable surface to allow free ribbon-ends to lie flat).

2. The in-line ribbon length and the back-end ribbon length are measured.

3. The overall optical path length of the cable is measured using a photon-counting OTDR.

2.2.2.a Acceptance Criteria

1. The ribbon lengths must be within the specified range for the particular sample.  Lengths falling outside this window will fail.

OK: Naked ribbon lengths measured at MFS-end of cable all within specifications.

OK: Naked ribbon lengths measured at MPO-end of cable correspond to production drawing.


OK: m-marker on cable matched to MPO and MFS cable-end.

Overall cable length calculated from physical measurements of cable ends and meter markers in agreement with OTDR measurements. 
All the lengths pins on MPO connectors are <3mm.

Protection tube diameter meets specifications (<12.5mm).
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Figure 2: CERN measurements of length of MPO-end naked ribbon.  The error-bars represent the specification window shown on Diamond Production Drawing 1BX-284-001.

2.2.3 Optical Test A

Optical properties are checked in the way described below.

1. Random mate insertion loss (all fibre channels).

The insertion loss (IL) is defined as the Log of the ratio of optical powers measured before (P0) and after (P1) insertion of the device under test (DUT).  The launch patch-cord is a randomly selected fanout.  The optical power (P0 and P1) is measured with a large area detector in a receptacle.

Insertion loss:  
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2. Return loss (all fibre channels)

The return loss (RL) is defined as the Log of the ratio of the reflected optical powers measured during referencing (Pref) and after (P1) insertion of the device under test (DUT).  

Return loss:  
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2.2.3.a Acceptance Criteria

Data measured on terminated fibre ribbon samples must meet the following criteria:  

1. MFS and MPO connectors must have an insertion loss smaller than 1.2dB.

2. MFS and MPO connectors must have a return loss higher than 50dB.

3. The insertion loss measured before, during and after the repeated mating test must remain smaller than 1.2dB

If a connector doesn’t meet one of the above criteria it will be re-cleaned, visually inspected and re-tested. Connectors with consistently out-of-spec performance will fail the test. 
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Figure 3:  Insertion and Return Loss data measured at CERN.
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Figure 4: Comparison of Insertion Loss Histograms of CERN and Diamond data.
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Figure 5: Channel-by-channel comparison of Insertion Loss measured at CERN and Diamond.
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Figure 6: Return Loss Histograms for MFS and MPO connectors measured at CERN.

3 Conclusions

Delivery E17b meets the technical specifications and is thus accepted by CERN.







































� Terminated Multi-Ribbon Cable Quality Assurance Procedure, v.1.0, 2 june 2004


� CMS Tracker Optical Readout Link Specification, Part 4: Terminated Multi-Ribbon Cable Version 3.5, 05 December, 2002


� Mating cycles are carried out as part of MFS Adaptor Validation/Qualification.


� Physical length of cable sheath (optical path length will be different from the sum of 4.14 + 4.15 + 4.16).


� Diamond manufacturing drawing 1BX-284-001


(1) Formula valid if using a reference with perfect glass-air interface.
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