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CMS Tracker Optical Links                                       
  Lot acceptance
          DIAMOND    Terminated Fibre Ribbon


Terminated Multi-Ribbon cable
Lot acceptance Report

e3
26 January 2005
1  Overview

In this document we report on the lot acceptance tests carried out on the 5 sampled multi-ribbons. The samples were delivered as batch e3. Table 1 shows the sample history and Table 2 the list of the delivery cable number.
	Batch

delivery
	Delivery Date
	Quantity

Delivered
	Length
	Quantity Sampled
	Diamond Cable ID
30201210000XXX

	e3


	31.Dec.2004
	10
	45 m
	10
	151, 152, 153, 154. 156
157, 158, 159, 160, 170


Table 1: sample history

	Cable number:
	30201210000XXX

	1
	159

	2
	154

	3
	156

	4
	158

	5
	160

	6
	170

	7
	153

	8
	151

	9
	157

	10
	152


Table 2: cable number/ID

2 Production tests and results
The procedure for production qualification is described in document CMS-TK-QP-0012. The sequence followed for this acceptance test is illustrated in Figure 1. The specifications tested are shown in Table 3. 

[image: image10.wmf]The 8 selected terminated fibre ribbons underwent visual inspection, geometrical tests and optical tests
.
Fig.1:  Flow chart of the procedure.
	#
	Specification to be tested
	Test Specifications
	CERN Testing

	
	
	Min
	Typ
	Max
	Units
	Production Acceptance

	3.1
	Number of channels
	96
	
	(

	3.2
	Operation Wavelength

	1310
	nm
	

	3.3
	Connector type (In-line)
	MFS12-B1
	
	(

	
	MFS12 guide pins
	Non-removable, ceramic
	
	

	3.4
	Number of mating cycles
	20
	
	
	
	

	3.5
	Random mate insertion loss
	
	
	1.2
	dB
	(

	3.6
	Return loss
	50
	
	
	dB
	(

	
	Connector type (Back-end)
	MPO 12
	
	(

	
	MPO12 guide pins
	Non-removable, standard
	
	(

	3.4
	Number of mating cycles
	20
	
	
	
	

	3.5
	Random mate insertion loss
	
	
	1.2
	
	(

	3.6
	Return loss
	50
	
	
	
	(

	3.7
	Tensile load on connector 
	
	
	10
	N
	

	3.9
	In-line ribbon section length LRinline
	600 (+40/-0)
	mm
	(

	
	Multi-ribbon cable length LCable
	45 (+0.5/-0)
	m
	

	
	Multi-ribbon cable length LRBackend
	As per drawing (+-15)
	mm
	(


Legend:



( Visual Inspection
( Geometrical measurement
( Optical Test

Table 3:  Validation Programme overview.
2.1 Visual inspection
- All items are properly packaged.

- The QR labels were properly attached according to the specification and could be read without trouble. 
- Cable marking: the figure 1 shows the specifications for each connector-type. 
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Fig. 2: cable marking
- All cables are the same type:  0407 GAY GQBD

- All QR codes ID are as specified. 

- Ribbon 1 always longest on MPO side

- Fibre 1 always on the same side for all ribbons and all cables.
The rest of visual inspection is described below for each cable. The summary is shown in Table 4.
Naked ribbon length measurement: 
Length for MPO ribbon has been measured as illustrated on figure 3, included the 3.70cm of the furcation element.
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Fig. 3: ribbon length measurement

Cable ID 30201220000151

- Cable mreading_mfs:  1673
Diamond:  1674



- Cable mreading_mpo: 1630
Diamond:  1630



- Naked ribbon length:  


	

	MFS
	MPO

	Ribbon 1
	65.0 cm
	85.5 cm

	Ribbon 8
	61.5 cm
	55.0 cm



- Cable marking and ribbons orientation: 
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Cable ID 30201220000152

- Cable mreading_mfs:  1679
Diamond:  1679


- Cable mreading_mpo: 1723
Diamond:  1723




( m-marker: inverted MFS/MPO

- Naked ribbon length:  


	

	MFS
	MPO

	Ribbon 1
	62.5 cm
	88.5 cm

	Ribbon 8
	61.0 cm
	55.0 cm



- Cable marking and ribbons orientation: 



     MPO

       
  MFS

            


Cable ID 30201220000153

- Cable mreading_mfs:  2030
Diamond:  2031

- Cable mreading_mpo: 1987
Diamond:  1987

- Naked ribbon length:  


	

	MFS
	MPO

	Ribbon 1
	63.0 cm
	87.0 cm

	Ribbon 8
	62.0 cm
	55.0 cm



- Cable marking and ribbons orientation: 





     MPO

       
        MFS

            


Cable ID 30201220000154

- Cable mreading_mfs:  2132
Diamond:  2132

- Cable mreading_mpo: 2089
Diamond:  2089


- Naked ribbon length:  


	

	MFS
	MPO
	MPO length Diamond

	Ribbon 1
	62.0 cm
	85.5 cm
	

	Ribbon 8
	63.0 cm
	56.0 cm
	53.2 cm



- Cable marking and ribbons orientation: 






  MPO

                      MFS
Cable ID 30201220000156

- Cable mreading_mfs:  1834
Diamond:  1834

- Cable mreading_mpo: 1876
Diamond:  1876




( m-marker: inverted MFS/MPO 


- Naked ribbon length:  

	

	MFS
	MPO
	MPO length Diamond

	Ribbon 1
	64 cm
	82.5 cm
	83.5 cm

	Ribbon 8
	61 cm
	52 cm
	51.5 cm



- Cable marking and ribbons orientation: 




     MPO

             MFS

            



Comments: ribbon n04: ferrule broken. See Figures below:

Cable ID 30201220000157

- Cable mreading_mfs:  1934
Diamond:  1934


- Cable mreading_mpo: 1978
Diamond:  1978




( m-marker: inverted MFS/MPO


- Naked ribbon length:  


	

	MFS
	MPO

	Ribbon 1
	64.5 cm
	86.0 cm

	Ribbon 8
	64.0 cm
	55.0 cm



- Cable marking and ribbons orientation: 






      MPO

        MFS

            


Cable ID 30201220000158

- Cable mreading_mfs:  1883
Diamond:  1883


- Cable mreading_mpo: 1927
Diamond:  1927




( m-marker: inverted MFS/MPO


- Naked ribbon length:  


	

	MFS
	MPO
	MPO length Diamond

	Ribbon 1
	65.0 cm
	86.5 cm
	83.2 cm

	Ribbon 8
	63.5 cm
	56.5 cm
	51.5 cm



- Cable marking and ribbons orientation: 









MPO

       
     MFS

            





Cable ID 30201220000159

- Cable mreading_mfs:  2081
Diamond:  2080


- Cable mreading_mpo: 2038
Diamond:  2038


- Naked ribbon length:  


	

	MFS
	MPO
	MPO length Diamond

	Ribbon 1
	63.5 cm
	86.0 cm
	82.9 cm

	Ribbon 8
	62.5 cm
	55.5 cm
	



- Cable marking and ribbons orientation: 







MPO
        MFS

            





Cable ID 30201220000160

- Cable mreading_mfs:  1782
Diamond:  2080


- Cable mreading_mpo: 1825
Diamond:  2038




 ( m-marker: inverted MFS/MPO

- Naked ribbon length:  


	

	MFS
	MPO
	MPO length Diamond

	Ribbon 1
	113 cm
	85.5 cm
	83.8cm

	Ribbon 8
	112 cm
	55.0 cm
	



MFS length: 111.1 cm in order to arrange the 900 turned fiber

- Cable marking and ribbons orientation: 






MPO
   MFS

            





Comments: ribbons no 1 and 2 were twisted of 3600 on adapter side.
Cable ID 30201220000170

- Cable mreading_mfs:  1775
Diamond:  1776


- Cable mreading_mpo: 1732
Diamond:  1732


- Naked ribbon length:  


	

	MFS
	MPO

	Ribbon 1
	63.0 cm
	116.5 cm

	Ribbon 8
	61.5 cm
	86.0 cm



- Cable marking and ribbons orientation: 





MPO

       
       MFS



Summary:
	Cable ID
	N0 Cable
	(mreading_mfs) -(mreading_mpo) 1
	Stack orientation
	Nacked Ribbon length (cm)

	
	
	
	MPO
	MFS
	MPO 
ribbon1
	MPO
ribbon8
	MFS

ribbon1
	MFS

ribbon1

	151
	8
	43
	1800
	1800
	85.5
	55
	65
	61.5

	152
	10
	- 44
	900
	1800
	88.5
	55
	62.5
	61

	153
	7
	43
	1800
	1800
	87
	55
	63
	62

	154
	2
	43
	√
	√
	85.5
	56
	62
	63

	156
	3
	- 42
	900
	1800
	82.5
	52
	64
	61

	157
	9
	- 44
	1800
	√
	86
	55
	64.5
	64

	158
	4
	- 44
	1800
	√
	86.5
	56.5
	65
	63.5

	159
	1
	43
	450
	1800
	86
	55.5
	63.5
	62.5

	160
	5
	- 43
	450
	1800
	85.5
	55
	113
	112

	170
	6
	43
	√
	√
	116.5
	86
	63
	61.5


Table 4: visual inspection summary
1: - mean inverted MFS/MPO length marker.
2.2 Optical measurements
Optical properties were measured using the setup shown in Fig.4 and 5 for respectively MFS connectors’ measurement and MPO.  For measurement, single MFS connection in adaptor has been used.

Fig.4: Set up for optical measurement of MFS connectors.

Fig.5: Set up for optical measurement of MPO connectors.


2.3.1.
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.  The optical powers (P0 and P1) were measured with a large area detector in an optical head receptacle.

Insertion loss: 
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2.3.1.a
Acceptance criteria

The acceptance criterion is such that the insertion loss of the MFS connector shall be less than 1.2 dB. 
2.3.1.b
Results

The results are shown in Fig. 6 for MFS side and Fig.7 for MPO side. 
[image: image3.emf]1.2

0.8

0.4

0.0

I-loss (dB)

12 10 8 6 4 2

Connector channel

1.2

0.8

0.4

0.0

I-loss (dB)

12 10 8 6 4 2

Connector channel

1.2

0.8

0.4

0.0

I-loss (dB)

12 10 8 6 4 2

Connector channel

1.2

0.8

0.4

0.0

I-loss (dB)

12 10 8 6 4 2

Connector channel

1.2

0.8

0.4

0.0

I-loss (dB)

12 10 8 6 4 2

Connector channel

1.2

0.8

0.4

0.0

I-loss (dB)

12 10 8 6 4 2

Connector channel

1.2

0.8

0.4

0.0

I-loss (dB)

12 10 8 6 4 2

Connector channel

1.2

0.8

0.4

0.0

I-loss (dB)

12 10 8 6 4 2

Connector channel

1.6

1.2

0.8

0.4

0.0

I-loss (dB)

12 10 8 6 4 2

Connector channel

1.2

0.8

0.4

0.0

I-loss (dB)

12 10 8 6 4 2

Connector channel

ribbon number   1   2   3   4   5   6   7   8

cable 151

cable 152

cable 153

cable 154

cable 151

cable 152

cable 153

cable 154

cable 156

cable 157

cable 158

cable 159

cable 160

cable 170


Fig.6: Insertion loss of MFS connectors.
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Fig.7 Insertion loss of MPO connectors
On cable 160, 3 channels from ribbon 1 are higher than 1.2 db else all others cables are in specifications.
For these measurements, some values were higher than 1.2 dB time to time but after cleaning connectors, values were fine. 
Nevertheless for some ribbons, it was very difficult to get IL<1.2db on MFS side only: for 4 ribbons of different cables, almost 10 re-mates with cleaning have been necessary to be in specifications.



Figure on the left shows you an example of several re-mates on ribbon 1 of cable 160. Despite cleaning, there was no improvement for this ribbon.
On figure 8 and 9 is shown the histogram for all the MFS and MPO insertion loss values.
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Fig.8:  Histogram of IL values for MFS connectors
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Fig.9:  Histogram of IL values for MPO connectors
2.3.2.
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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2.3.2.a
Acceptance criteria

The acceptance criterion is such that the return loss shall be greater than 50dB. 



2.3.2.b
Results

The results are shown in Fig. 10 and 11; respectively for MFS and MPO sides. All devices were well within the specified limit.
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Fig.10: Return loss of MFS connectors.
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Fig.11: Return loss of MPO connectors.

3 Conclusions 

( Ribbon stack inverted 	(=1800)





( Ribbon stack inverted





Ribbon 1





( BAD orientation, 450





(Ribbon stack inverted





Ribbon 1





Cable-marking





( Ribbon stack inverted





( BAD orientation (900)





Reception





Ribbon 1





Cable-marking











Cable-marking








Cable-marking





( BAD orientation (900)





Ribbon 1





Ribbon 1





( Ribbon stack inverted





Cable-marking





( Ribbon stack inverted





( Ribbon stack inverted 








Cable-marking











Ribbon 1





( OK





( OK





Cable-marking





Cable-marking





Ribbon 1





Ribbon 1





( Ribbon stack inverted





( OK





Cable 160, ribbon1








Ribbon 1





Ribbon 1





(Ribbon stack inverted





(OK





Cable-marking





Ribbon 1





(Ribbon stack inverted





( BAD orientation, 450





Ribbon 1








Cable-marking





Ribbon 1 MPO





(OK





(OK








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