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1 .  Background

The University of Minnesota (Minnesota) intends to procure 12-fiber optical fanouts (“short fanouts”), 12-fiber optical jumper ribbons (“long ribbons”) and optical adaptors connecting them (“intermediate adaptors”) for use in the on-going CMS ECAL project at CERN, for which Minnesota and CERN have the responsibility of providing the 0.8 Gb/s digital optical data link system.

The short fanout, intermediate adaptor and long ribbon form the middle of the optical link fiber chain for ECAL sub-projects ECAL Endcap and ECAL Preshower.  (The third sub-project ECAL Barrel employs “standard fanouts” [3] in place of these three items.)  The short fanout carries light from a MU-SR adapter to the intermediate adaptor.  The long ribbon carries light from the intermediate adaptor to an MF-B2/MF-B3 adaptor (“MFS adaptor”; Diamond proprietary).

The place of the short fanout, intermediate adaptor and long ribbon within the optical link system is shown in Figure 1.

[image: image1.wmf]
Figure 1.  Block diagram of the CMS ECAL optical data link system.
Approximately 600 short fanouts, long ribbons and intermediate adaptors will be procured for ECAL.  They will be required to operate with perfect reliability throughout their lifetime of approximately 10 years, subjected to a harsh environment of radiation and high magnetic field.  All will be inaccessible once ECAL is assembled.  Approximately half will operate at ‑10(C; the rest will be maintained at +18(C.

A diagram of the short fanout and long ribbon showing dimensions is shown in Figure 2.

[image: image2.wmf]
Figure 2.  Diagram of the short fanout and long ribbon.

2 .  Possible Construction Sequences

There are two possible sequences for the manufacturer to construct the short fanout and long ribbon, described below.  In the case of Sequence A, it is possible that one manufacturer could produce the short fanout while another produces the long ribbon. 

2.1   Sequence A: Construction from free-issue harnesses and ribbon

In Sequence A, each short fanout is to be constructed from half of a free-issue “harness” [
].  The harness is assembled by Sumitomo from Ericsson ribbon [
].  The long ribbon is to be constructed from the same type of free-issue Ericsson ribbon [2].  This sequence is illustrated in Figure 3.

In the case of Sequence A, this document describes the production of the intermediate fanout termination (one termination), both long ribbon terminations (two terminations), and the intermediate adaptor.

2.2   Sequence B: Construction from free-issue long fanouts

In Sequence B, a short fanout and long ribbon are to be constructed from a free-issue “long fanout”.  (A long fanout would be identical to the standard fanout described in Reference [3] except that the non-naked ribbon section would be approximately 25 meters long.)  This sequence is illustrated in Figure 4.

In the case of Sequence B, this document describes the production of the intermediate fanout termination and the intermediate ribbon termination (two terminations), and the intermediate adaptor.

2.3   Intermediate connectors and adaptor

Significant specifications yet to be defined are the choices of intermediate connector types and intermediate adaptor type.  These will be either MPO or MFS.  They will be chosen by Minnesota/CERN.

[image: image3.bmp]
Figure 3.  Diagram illustrating Sequence A of production of the short fanout and long ribbon.


Figure 4. Diagram illustrating alternate Sequence B of production of the short fanout and long ribbon.

3 .  Short Fanout Specifications

The following specifications must be satisfied by all 12 channels of the short fanout.

All specifications are for assemblies at 25(C unless otherwise noted.

Specifications in italics apply to the free-issue fanout or harness assemblies, described in Section 2 and References [1,
].  Many of these specifications are drawn directly from those documents.  The manufacturer is not required to test specifications in italics in this procurement.

3.1   Operational Specifications

	#
	Operational Specification
	Min
	Typ
	Max
	Units
	Note

	9.1.1
	Number of channels
	12
	
	

	9.1.2
	Operation wavelength
	1310
	nm
	

	9.2.1
	Connector type on MU-SR adaptor end
	MU Simplified Plug (sMU)
	
	IEC 61754-6

Insertion orientation shall be marked

	9.2.2
	Number of mating cycles
	20
	
	
	
	sMU connector

	9.2.3
	Random mate insertion loss1
	
	
	0.6
	dB
	sMU connector

	9.2.4
	Random mate return loss1
	45
	
	
	dB
	sMU connector

	9.3.1
	Intermediate fanout connector type
	MPO or MFS (TBD)
	
	To be determined by Minnesota/CERN.

	9.3.2
	Number of mating cycles
	20
	
	
	
	Intermediate fanout connector

	9.3.3
	Random mate insertion loss1
	
	
	1.2
	dB
	Intermediate fanout connector

	9.3.4
	Random mate return loss1
	50
	
	
	dB
	Intermediate fanout connector

	9.5.1
	Tensile load, end-to-end
	
	
	10
	N
	Operation and installation

	9.5.2
	Rotation (on ribbon axis) of intermediate fanout connector with respect to MU-SR adapter
	
	
	0.5
	Turns
	Operation and installation


1Insertion loss and return loss are defined in Reference [3].

3.2   Geometric Specifications

	#
	Geometric Specification
	Min
	Typ
	Max
	Units
	Note

	9.4.1
	Overall fanout length Lfanout
	
	
	
	
	Not used: Lfanout is constrained by specifying Lfs and Lfr.

	9.4.2
	Single-fiber section length Lfs
	30
	50
	100
	cm
	Lfs to be distributed in standard lengths with tolerances +3cm/ -0cm.  Protected by 900μm loose tube.

Set of standard lengths: 30cm, 40cm, 50cm, 60cm, 70cm, 80cm, 90cm, 100cm TBD.

	9.4.3
	Ribbon section length Lfr
	128
	130
	133
	mm
	Approximately 30% of short fanouts (“Preshower type”) have length 130mm +3mm/-2mm.

	
	
	1
	2
	4
	m
	Remaining 70% of short fanouts (“Endcap type”) are to be assembled with Lfr distributed in standard lengths with tolerances +5cm/-0cm.  Set of standard lengths: 1.0m, 1.15m, 1.3m, …in 0.15m steps until …3.85m, 4.0m TBD.

	9.4.4
	Naked ribbon section length Lfn
	0
	mm
	With sheath extending into connector shell1

	
	
	100
	
	Lfr
	mm
	Alternate possibility at the discretion of the manufacturer.

	9.4.5
	Furcation element size
	25 x 10 x 5
	mm
	


1 Sheath extending just up to the connector is not acceptable.  The sheath and connector boot or shell must provide relief from sharp localized ribbon bending, or else the naked ribbon length must satisfy 100mm < Lfn < Lfr.
3.3   Environmental Specifications  

	#
	Environmental Specification
	Min
	Typ
	Max
	Units
	Note

	9.6.1
	Magnetic field
	
	
	4
	T
	Parallel to any axis

	9.6.2
	Hadronic fluence1
	
	
	1x1014
	cm-2
	Integrated over lifetime2

	9.6.3
	Gamma radiation dose1
	
	
	1.5x105
	Gy (Si)
	Integrated over lifetime2

	9.6.4
	Temperature
	-10
	-10 or 18
	70
	°C
	Operation and storage

	9.6.5
	Operating humidity
	
	TBD
	
	
	


1Component resistance to radiation will be verified under the sole responsibility of Minnesota and CERN.
2Foreseen operating lifetime:  nominal 10 years.
3.4   Safety Specifications

	#
	Safety Specification
	Min
	Typ
	Max
	Units
	Note

	9.6.6
	Material composition
	Halogen-free, flame retardant material
	
	CERN IS41, see reference [
]


3.5   Other Characteristics

3.5.1   Intermediate Fanout Connector

Connector color
TBD

Ribbon orientation
Index on connector side shall indicate fiber no. 1.  Numbering according to Bellcore color code (fiber 1: dark blue).

Connector boot
To be determined by Minnesota/CERN.

Dust protection
Connector to be protected with dust cap.

Labelling
Free-issue QR-code die to be fixed on connector body.

3.5.2   Test documentation and traceability

Test file to be delivered at least in electronic form.  File to include at least serial number (if different from QR-code), QR-code numbers (2 values, one for each assembly end), fiber number (1-12), insertion loss (12 values), nominal lengths Lfr (1 value) and Lfn (1 value), label showing nominal length Lfr (1 value, in meters) at intermediate fanout connector end of the assembly.

3.5.3   Shipping and storage requirements

Shipping
Packaged in cardboard box with appropriate protection of connectors, single-fiber and naked ribbon sections.  

Storage
According to best practice.

   Testing

	#
	Specification to be tested
	Manufacturer
	Minnesota/CERN

	
	
	Product
Qualification
	Lot validation

(before delivery)
	Pre-production

Qualification
	Lot Acceptance

	9.1.1
	Number of channels
	♦
	♦
	♦
	♦

	9.1.2
	Operation wavelength1
	♦
	♦
	♦
	♦

	9.2.1
	Connector type on MU-SR adaptor end
	
	
	♦
	♦

	9.2.2
	Number of mating cycles (sMU)
	
	
	
	

	9.2.3
	Random mate insertion loss2 (sMU)
	
	
	♦
	♦

	9.2.4
	Random mate return loss2 (sMU)
	
	
	♦
	♦

	9.3.1
	Intermediate fanout connector type
	♦
	♦
	♦
	♦

	9.3.2
	Number of mating cycles (interm. conn.)
	♦
	
	♦
	

	9.3.3
	Random mate insertion loss2 (interm.)
	♦
	♦
	♦
	♦

	9.3.4
	Random mate return loss2 (interm.)
	♦
	♦
	♦
	♦

	9.5.1
	Tensile load, end-to-end
	♦
	
	♦
	

	9.5.2
	Rotation (on ribbon axis) of intermediate fanout connector with respect to MU-SR adapter
	♦
	
	♦
	

	9.4.2
	Single-fiber section length Lfs
	
	
	♦
	♦

	9.4.3
	Ribbon section length Lfr
	♦
	♦
	♦
	♦

	9.4.4
	Naked ribbon section length Lfn
	♦
	♦
	♦
	♦

	9.4.5
	Furcation element size
	
	
	♦
	♦

	9.6.1
	Magnetic field
	
	
	♦
	

	9.6.2
	Hadronic fluence
	
	
	♦
	

	9.6.3
	Gamma radiation dose
	
	
	♦
	

	9.6.4
	Temperature
	♦
	
	
	

	9.6.5
	Operating humidity
	♦
	
	
	

	9.6.6
	Material composition
	♦
	♦
	
	


1Wavelength to be used for testing is ~1310 nm.
2Insertion loss and return loss are defined in Reference [3].


3.6   Implementation

The final manufacturer engineering drawing(s) is/are to be inserted here.

 .  Long Ribbon Specifications

The following specifications must be satisfied by all 12 channels of the long ribbon.

All specifications are for assemblies at 25(C unless otherwise noted.

Specifications in italics apply to the free-issue fanout assemblies, described in Section 2 and Reference [3].  Many of these specifications are drawn directly from that document.  The manufacturer is not required to test specifications in italics in this procurement.

3.7   Operational Specifications

	#
	Operational Specification
	Min
	Typ
	Max
	Units
	Note

	10.1.1
	Number of channels
	12
	
	

	10.1.2
	Operation wavelength
	1310
	nm
	

	10.2.1
	Intermediate ribbon connector type
	MPO or MFS (TBD)
	
	To be determined by Minnesota/CERN.

	10.2.2
	Number of mating cycles
	20
	
	
	
	Intermediate ribbon connector

	10.2.3
	Random mate insertion loss1
	
	
	1.2
	dB
	Intermediate ribbon connector

	10.2.4
	Random mate return loss1
	45
	
	
	dB
	Intermediate ribbon connector

	10.3.1
	Connector type on end opposite the intermediate ribbon connector
	MF-A2
	
	Diamond proprietary2

	10.3.2
	Number of mating cycles
	20
	
	
	
	MF-A2 connector2

	10.3.3
	Random mate insertion loss1
	
	
	1.2
	dB
	MF-A2 connector2

	10.3.4
	Random mate return loss1
	50
	
	
	dB
	MF-A2 connector2

	10.5.1
	Tensile load, end-to-end
	
	
	10
	N
	Operation and installation

	10.5.2
	Rotation (on ribbon axis) of one connector with respect to other, near connector terminations
	
	
	1
	Turns/m
	Operation and installation


1Insertion loss and return loss are defined in Reference [3].
2In the case of Sequence B (described in Section 2.2), the manufacturer does not need to test specifications 10.3.1 through 10.3.4 in this procurement.

3.8   Geometric Specifications

	#
	Geometric Specification
	Min
	Typ
	Max
	Units
	Note

	10.4.1
	Overall ribbon length Lribbon
	15
	25
	35
	m
	Lribbon to be distributed in standard lengths with tolerances +10cm/ -0cm.  

Set of standard lengths: 15.0m, 15.2m, 15.4m, …, 34.8m, 35.0m TBD.

	10.4.4
	Naked ribbon section length Lrn
	0
	mm
	With sheath extending into connector shell1

	
	
	100
	100
	300
	mm
	Alternate possibility at the discretion of the manufacturer.


1Sheath extending just up to the connector is not acceptable.  The sheath and connector boot or shell must provide relief from sharp localized ribbon bending, or else the naked ribbon length must satisfy 100mm < Lrn < 300mm.

3.9   Environmental Specifications  

	#
	Environmental Specification
	Min
	Typ
	Max
	Units
	Note

	10.6.1
	Magnetic field
	
	
	4
	T
	Parallel to any axis

	10.6.2
	Hadronic fluence1
	
	
	1x1014
	cm-2
	Integrated over lifetime2

	10.6.3
	Gamma radiation dose1
	
	
	1.5x105
	Gy (Si)
	Integrated over lifetime2

	10.6.4
	Temperature
	-10
	-10 or 18
	70
	°C
	Operation and storage

	10.6.5
	Operating humidity
	
	TBD
	
	
	


1Component resistance to radiation will be verified under the sole responsibility of Minnesota and CERN.
2Foreseen operating lifetime:  nominal 10 years.
3.10   Safety Specifications

	#
	Safety Specification
	Min
	Typ
	Max
	Units
	Note

	10.6.6
	Material composition
	Halogen-free, flame retardant material
	
	CERN IS41, see reference [4]


3.11   Other Characteristics

3.11.1   Intermediate Ribbon Connector

Connector color
TBD

Ribbon orientation
Index on connector side shall indicate fiber no. 1.  Numbering according to Bellcore color code (fiber 1: dark blue).

Connector boot
To be determined by Minnesota/CERN.

Dust protection
Connector to be protected with dust cap.

Labelling
Free-issue QR-code die to be fixed on connector body.

3.11.2   Test documentation and traceability

Test file to be delivered at least in electronic form.  File to include at least serial number (if different from QR-code), QR-code numbers (2 values, one for each assembly end), fiber number (1-12), insertion loss (12 values), nominal lengths Lribbon (1 value) and Lrn (1 value), label showing nominal length Lribbon (1 value, in meters) at intermediate ribbon connector end of the assembly.

3.11.3   Shipping and storage requirements

Shipping
Packaged in cardboard box with appropriate protection of connectors and naked ribbon sections.  

Storage
According to best practice.

   Testing

	#
	Specification to be tested
	Manufacturer
	Minnesota/CERN

	
	
	Product
Qualification
	Lot validation

(before delivery)
	Pre-production

Qualification
	Lot Acceptance

	10.1.1
	Number of channels
	♦
	♦
	♦
	♦

	10.1.2
	Operation wavelength1
	♦
	♦
	♦
	♦

	10.2.1
	Intermediate ribbon connector type
	♦
	♦
	♦
	♦

	10.2.2
	Number of mating cycles (intermediate ribbon connector)
	♦
	
	♦
	

	10.2.3
	Random mate insertion loss2 (intermediate ribbon connector)
	♦
	♦
	♦
	♦

	10.2.4
	Random mate return loss2 (intermediate ribbon connector)
	♦
	♦
	♦
	♦

	10.3.1
	Connector type on end opposite the intermediate ribbon connector (MF-A2)3
	♦
	♦
	♦
	♦

	10.3.2
	Number of mating cycles (MF-A2)3
	♦
	
	♦
	

	10.3.3
	Random mate insertion loss2 (MF-A2)3
	♦
	♦
	♦
	♦

	10.3.4
	Random mate return loss2 (MF-A2)3
	♦
	♦
	♦
	♦

	10.5.1
	Tensile load, end-to-end
	♦
	
	♦
	

	10.5.2
	Rotation (on ribbon axis) of one connector with respect to other, near connector terminations
	♦
	
	♦
	

	10.4.1
	Overall ribbon length Lribbon
	♦
	♦
	♦
	♦

	10.4.4
	Naked ribbon section length Lrn
	♦
	♦
	♦
	♦

	10.6.1
	Magnetic field
	
	
	♦
	

	10.6.2
	Hadronic fluence
	
	
	♦
	

	10.6.3
	Gamma radiation dose
	
	
	♦
	

	10.6.4
	Temperature
	♦
	
	
	

	10.6.5
	Operating humidity
	♦
	
	
	

	10.6.6
	Material composition
	♦
	♦
	
	


1Wavelength to be used for testing is ~1310 nm.
2Insertion loss and return loss are defined in Reference [3].
3In the case of Sequence B (section ), the manufacturer does not need to test specifications 10.3.1 through 10.3.4.


3.12   Implementation

The final manufacturer engineering drawing(s) is/are to be inserted here.
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