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1 .  Background

The University of Minnesota (Minnesota, U.S.) and CERN (European Organization for Nuclear Research) intend to procure 8-ribbon, 12-fiber optical multi-ribbon cables terminated in MPO connectors and MPO optical adaptors (“in-line adaptors”) for use in the on-going CMS ECAL project at CERN, for which the University of Minnesota and CERN have the responsibility of providing the 0.8 Gb/s digital optical data link system.

The MPO multi-ribbon cable and in-line adaptor form part of the optical link fiber chain for two ECAL sub-projects: ECAL Endcap and ECAL Preshower.  (The third sub-project ECAL Barrel employs MFS-MPO multi-ribbon cables and MFS in-line adaptors [
] in place of these two items.)
The place of the multi-ribbon cable and in-line adaptor within the optical link system is shown in Figure 1.
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Figure 1.  Block diagram of the CMS ECAL optical data link system.
A total of approximately 106 MPO multi-ribbon cables and 260 4-way MPO in-line adaptors will be procured for ECAL.  They shall be required to operate within specifications throughout their lifetime of approximately 10 years, subjected to a harsh environment of radiation and high magnetic field.
2 .  MPO Multi-Ribbon Cable

The following description and comments from Reference [1] apply to the MPO multi-ribbon cable as well: 
“The dense multi-ribbon cable consists of a bundle of eight 12-way ribbons protected by a low smoke, zero halogen sheath reinforced by two lateral strength-members. At both ends, the cable breaks out into 8 naked ribbons to be terminated with MT-based connectors. On the in-line patch-panel side, connectors must be non-magnetic of [type MPO12] without guide pins. On the backend patch-panel side, connectors shall be of the MPO12 type, with guide pins. The length of the assembly will be approximately 60m. Once installed, the cable will cross the concrete shield separating the detector volume from the counting room. It will be pulled manually across a cable duct and should thus withstand standard installation and operation conditions. 

The dense multi-ribbon cable is specified in part 4.1 (Reference [
])…and the back-end patch-panel in part 8 of the CMS Tracker Optical Readout Link specification document.”
A diagram of the terminated MPO multi-ribbon cable is shown in Figure 2.
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Figure 2.  Diagram of the terminated MPO multi-ribbon cable.

The free-issue multi-ribbon cable has length markings in meters running in a line down the outside of the sheath.  The backend part of the assembly shall be performed on the cable end having the lower meter-marking value on the sheath.
The assembly of the terminated MPO multi-ribbon cable includes:
breakout and termination of ribbons on both ends

re-placement of the Ericsson clips which prevent ribbon stack rotation

placement of dust covers on all 16 connectors

assembly of the flexible protective sleeve on the backend

fixation of one plate-type QR code label on each end of the Ericsson sheath
gluing of one die-type QR code label on each backend connector
A detailed diagram of the flexible sleeve assembly over the broken-out ribbons at the backend is shown in Figure 3.  The sleeve material is fixed with sturdy heat-shrink tubing, over the sheath of the raw Ericsson cable on the sheath end, and over a brass ferrule on the bare-ribbon end.  A short piece of thin tubing is placed around the ribbon stack to keep it from separating inside the flexible sleeve.
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Figure 3.  Breakaway view of the flexible sleeve assembly at the backend of the MPO multi-ribbon cable.
3 .  Dust Covers for Connectors and Adaptors
The manufacturer will furnish each MPO connector with one dust cover in place, and each adaptor with one dust cover in place. 
4 .  Technical Alternative for the In-line adaptor
The University of Minnesota and CERN reserve the right to require the manufacturer to substitute the 260 4-way MPO in-line adaptors and dust covers with 1,000 1-way MPO adaptors and dust covers.

5 .  Materials Required and Free-Issue Materials

The following materials are required to assemble one MPO multi-ribbon cable.  Items which will be free-issued by CERN are noted as such.

· one length of raw multi-ribbon cable (free-issue, in pre-cut lengths)

· four Ericsson clips to prevent ribbon rotation (free-issue, already in place)

· one length of flexible sleeve material (free-issue)

· two pieces of sturdy heat-shrink tubing

· one brass ferrule

· one length of thin tubing

· materials necessary to assemble eight MPO/APC/F connectors and eight MPO/APC/M connectors

· sixteen dust covers for MPO connectors
· two plate-type QR code labels (free-issue)

· eight die-type QR code labels (free-issue)
The raw multi-ribbon cable is specified in part 4.1 (Reference [2]) of the CMS Tracker Optical Readout Link specification document.  The flexible sleeve material is AWAG (Reference [
]) article no. 24.45.0052:  Hahn HPP 14/16 8.5-18 mm.
6 .  Suggested Manufacturing Sequence
The following manufacturing sequence is recommended.  The manufacturer remains responsible however for the suitability of the manufacturing sequence employed.
1. Orient the length of raw multi-ribbon cable so that the backend will be assembled on the end having the lower meter-marking value on the sheath.

2. Slide a length of flexible sleeve material and a length of heat-shrink tubing over the backend of the raw multi-ribbon cable.
3. Cut a hole in the outer sheath of the multi-ribbon cable.
4. Pull ribbon through the hole, being careful to avoid separation of the ribbon stack, rotation of ribbons relative to one another, or rotation of the ribbon stack within the remaining sheath.

5. Remove the Ericsson clips from the end of the sheath and cut off the excess sheath.

6. Replace the clips on the newly-cut end, being careful to avoid separation of the ribbon stack, rotation of ribbons relative to one another, or rotation of the ribbon stack within the remaining sheath.

7. Slide the thin tubing over the ribbon stack, being careful to avoid separation of the ribbon stack, rotation of ribbons relative to one another, or rotation of the ribbon stack within the remaining sheath.

8. Apply epoxy between the sheath and the sleeve and between sleeve and the heat-shrink tubing, and apply heat to shrink the tubing, thus fixing these three parts together (at the Ericsson-clips end).
9. Slide the brass ferrule over the thin tubing.
10. Apply epoxy between the ferrule and the sleeve and between sleeve and the heat-shrink tubing, and apply heat to shrink the tubing, thus fixing these three parts together (at the brass ferrule end).
11. Repeat steps 3 through 6 to break out the in-line end of the multi-ribbon cable.
12. Terminate the ribbons on both ends in connectors.

13. Apply the dust covers and the QR-code labels.
7 .  MPO Multi-Ribbon Cable Specifications

The following technical specifications must be satisfied by all 96 channels of the MPO multi-ribbon cable.
All technical specifications are for assemblies at 25(C unless otherwise noted.

Technical specifications in italics apply to the free-issue raw multi-ribbon cable, described in part 4.1 (Reference [2]) of the CMS Tracker Optical Readout Link specification document. The manufacturer is not required to test specifications in italics in this procurement.

7.1   Operational Specifications

	#
	Operational Specification
	Min
	Typ
	Max
	Units
	Note

	6.1.1
	Number of channels
	8 x12
	
	

	6.1.2
	Operation wavelength
	1310
	nm
	

	6.2.1
	Connector type on in-line patch panel end
	MPO12/APC/female
	
	IEC 61754-7 without guide pins

	6.2.2
	Connector type on backend patch panel end
	MPO12/APC/male
	
	IEC 61754-7 with guide pins

	6.2.3
	MPO12 guide pin length
	
	
	3.0
	mm
	non-removable

	6.2.4
	Number of mating cycles
	100
	
	
	
	all MPO connectors

	6.2.5
	Random mate insertion loss1
	
	
	1.2
	dB
	all channels, measured at both ends

	6.2.6
	Random mate return loss1
	50
	
	
	dB
	all channels, measured at both ends

	6.3.1
	Tensile load on connectors
	
	
	10
	N
	operation and installation

	6.3.2
	Torsion on connectors
	
	
	5
	turns/m
	installation

	
	
	
	
	1
	turn/m
	operation


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

7.2   Geometric Specifications

	#
	Geometric Specification
	Min
	Typ
	Max
	Units
	Note

	6.4.1
	Sheath section length Lsheath
	50
	60
	70
	m
	Lsheath  to be distributed in a set of no more than 10 standard lengths, with tolerances +30cm/-30cm.

	6.4.2
	Multi-ribbon cable orientation
	
	
	
	
	Backend shall have the lower meter-marking value on the sheath.

	6.4.3
	In-line ribbon section LRinline
	
	55
	
	cm
	Naked ribbon, tolerance +1.5cm/-1.5cm

	6.4.4
	Backend ribbon section LRbackend
	65
	
	235
	cm
	Naked ribbon;

28 cables will have LRbackend = 

235 cm. Remaining cables will have 

LRbackend distributed in a set of lengths staggered by 4.4cm:  ribbon 1 = 90.6cm, ribbon 2 = 86.2cm, …, ribbon 8 = 59.8cm.
The ribbon length tolerance: ribbon-to-ribbon =+0.5cm/-0.5cm; overall ribbon length= +1.5cm/-1.5cm


	6.5.1
	Flexible sleeve length LSleeve
	
	47
	
	cm
	Unstretched sleeve; 
Tolerance +2.0cm/-2.0cm

	6.6.1
	Brass ferrule length
	
	3.0
	
	cm
	Tolerance +0.2cm/-0.2cm

	6.6.2
	Brass ferrule inner diameter
	
	6.0
	
	mm
	Tolerance +0.2mm/-0.2mm

	6.6.3
	Brass ferrule outer diameter
	
	
	
	
	Not specified; the ferrule must have an outer diameter such that specification 6.6.4 is fulfilled. 

	6.6.4
	Outer diameter of finished assembly of brass ferrule + flexible sleeve + heat shrink tubing
	
	12.0
	
	mm
	Tolerance +0.5mm/-0.5mm

	6.6.5
	Thin tubing length
	
	5
	
	cm
	Tolerance +1cm/-1cm

	6.6.6
	Thin tubing diameter
	
	6.0
	
	mm
	Thin tubing must slide easily on ribbon stack but not allow stack to separate.  Thin tubing must also slide into brass ferrule.


7.3   Environmental Specifications  

	#
	Environmental Specification
	Min
	Typ
	Max
	Units
	Note

	6.7.1
	Magnetic field
	
	
	4
	T
	Parallel to any axis

	6.7.2
	Hadronic fluence1
	
	
	1x1014
	cm-2
	Integrated over lifetime2

	6.7.3
	Gamma radiation dose1
	
	
	1.5x105
	Gy (Si)
	Integrated over lifetime2

	6.7.4
	Temperature
	18
	25
	70
	°C
	Operation and storage

	6.7.5
	Operating humidity
	
	TBD
	
	
	


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

	#
	Safety Specification
	Min
	Typ
	Max
	Units
	Note

	6.7.6
	Material composition
	Halogen-free, flame retardant material
	
	CERN IS41; see reference [
].


7.5   Other technical Characteristics

Connector color
TBD, before contract placement.

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 University of Minnesota/CERN, before contract placement.

Dust protection
On in-line end: Adaptor shall be protected with dust cap.
On backend:  Connector shall be protected with dust cap.

Labelling
One free-issue plate-type QR-code label shall be fixed on each end of the multi-ribbon cable sheath (2 labels per assembly).
One free-issue die-type QR-code label shall be glued on each backend connector body (8 labels per assembly).

7.5.1   Test documentation and traceability

Test file shall be delivered at least in electronic form.  Data for each multi-ribbon cable assembly shall include:

· manufacturer serial number (if different from QR-code) (one number per assembly)
· plate QR-code number corresponding to the multi-ribbon cable (one number per assembly)
· multi-ribbon cable nominal sheath length Lsheath (one number per assembly)
· die QR-code number corresponding to the backend MPO connector (eight numbers per assembly)
· backend ribbon section nominal length LRbackend (eight numbers per assembly)
· fiber number (1-12) (96 numbers per assembly)
· from which end the measurement is taken (in-line or backend)

· insertion loss and return loss (2x96 insertion loss and 2x96 return loss numbers per assembly)
7.5.2   Shipping and storage requirements

Shipping
Packaged in free-issue Ericsson crate in which raw multi-ribbon cable length was received, with appropriate protection of naked ribbon sections.  

Storage
According to best practice.

7.6    Testing

	#
	Specification to be tested
	Manufacturer
	Minnesota/
CERN

	
	
	Product
Qualification
	Lot validation

(before delivery)
	Lot Acceptance

	6.1.1
	Number of channels
	♦
	♦
	♦

	6.1.2
	Operation wavelength1
	♦
	♦
	♦

	6.2.1
	Connector type on in-line patch panel end
	♦
	♦
	♦

	6.2.2
	Connector type on backend patch panel end
	♦
	♦
	♦

	6.2.3
	MPO12 guide pin length
	♦
	♦
	♦

	6.2.4
	Number of mating cycles
	♦
	
	♦

	6.2.5
	Random mate insertion loss2
	♦
	♦
	♦

	6.2.6
	Random mate return loss2
	♦
	♦
	♦

	6.3.1
	Tensile load on connectors
	♦
	
	♦

	6.3.2
	Torsion on connectors
	♦
	
	♦

	6.4.1
	Sheath section length Lsheath
	
	
	♦

	6.4.2
	Multi-ribbon cable orientation
	♦
	♦
	♦

	6.4.3
	In-line ribbon section LRinline
	♦
	♦
	♦

	6.4.4
	Backend ribbon section LRbackend
	♦
	♦
	♦

	6.5.1
	Flexible sleeve length
	♦
	♦
	♦

	6.6.1
	Brass ferrule length
	♦
	
	♦

	6.6.2
	Brass ferrule inner diameter
	♦
	
	♦

	6.6.3
	Brass ferrule outer diameter
	♦
	
	♦

	6.6.4
	Outer diameter of finished assembly of ferrule + flexible sleeve + heat shrink tubing
	♦
	♦
	♦

	6.6.5
	Thin tubing length
	♦
	
	♦

	6.6.6
	Thin tubing diameter
	♦
	
	♦

	6.7.1
	Magnetic field
	♦
	
	♦

	6.7.2
	Hadronic fluence
	
	
	♦

	6.7.3
	Gamma radiation dose
	
	
	♦

	6.7.4
	Temperature
	♦
	
	

	6.7.5
	Operating humidity
	♦
	
	

	6.7.6
	Material composition
	♦
	♦
	


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