6.8 Optical connectors & cables (HB/HE/HO-B/HO-E)


6.8.1 Connector and Cable Design


The major concern in designing the optical connectors is that we maximize the light transmission through the light guides that transmit light between the calorimeter tiles and the HPD decoder boxes. All the fibers, including calorimeter tile piggtails, clear optical cables and internal HPD Decoder Box fibers have 0.940 mm diameters. All optical connectors are designed with the same center to center fiber spacing  ( the pitch) so that the centers of all the fibers involved are aligned.


There will be two types of connectors, one on the ends of the optical cable(B) and one at the pigtail exit and HPD Box entrance (A). Fig 6.8.1.1 is a schematic of these connectors showing 18 fiber holes, the alignment pin holes, the dimensions w; the width, h; the height, d; the depth, and the location of mounting holes. The alignment of two joined connectors is maintained by two pin/screw elements within the alignment holes which bracket the 18 fiber holes.  The alignment holes are different sizes to allow connection in only one possible orientation.  We have chosen to number the fiber holes 1-18 and require pin 1 to be next to the largest of the alignment holes. The overall arrangement is sketched in Figure 6.8.1.2. With this arrangement the two ends of the optical cable are interchangeable.


Table 6.8.1.1 lists the dimensions for each of the HB calorimeter connectors. The connectors on the ends of the cable will use the mounting hole region for attachment to a strain-relief boot and a light tight cable jacket.


Similar optical connectors will be used for HB, HE, HO-B and HO-E calorimeters with only the channel count modified for HE and HO-E. The overall sizes of the connectors for the other calorimeters may vary according the the mounting needs, but the basic design of  the fiber holes and alignment holes will be the same.





Table 6.8.1.1


Dimensions of Optical Connectors for the  HB Calorimeter





�
Fiber Size�
Width�
Depth�
Height�
Pitch�
�
Type A - Calorimeter�
0.940 mm�
43 mm�
8 mm�
4 mm�
1.4 mm�
�
Type B - Optical Cable�
0.940 mm�
35 mm�
8 mm�
4 mm�
1.4 mm�
�
Type A- HPD Entry End�
0.940 mm�
43 mm�
8 mm�
4 mm�
1.4 mm�
�



Since over 14,000 connector pairs must be manufactured injection molding was chosen over maching for the production technique.  The material selected was acrylonitrile-butadiene-styrene (ABS) plastic which has a shrinkage during injection molding of less than 0.5%. Delrin, another possible candidate material, was found to have a shrinkage of 2% and was rejected.  


In order to injection mold this many connectors a stainless steel mold is required. Aluminum molds we have machined will not produce the required number of connectors. We found that alignment tolerances have been met for molded connectors as long as the molds are initially calibrated and monitored occasionally throughout production.  Sample measurements made on 1200 molded connectors (with 0.835-to-0.835 mm fiber matching), produced for the D0 preshower detector, determined light transmission to be 81% with s=3%.  An air gap was used between connectors during the test. Fibers were illuminated by green LED bargraphs with diffusers.  Light loss is dominated by a 9% transmission drop due the air gap.  Transmission through connectors have been monitored for two years and found stable to +/- 1%.


The fiber in the lightguides will be Kurary S-type fiber because it is more flexible, allows smaller bending radii and ages less than non S-type fiber.  Based on measurements from D0 Upgrade Central Fiber Tracker R&D, light loss due to a 1.3 cm bending radius is approximately 1% and shows no dependence on age.


6.8.2 Connector Production


The connectors will be injection molded from a mold made of steel. The useful life of an aluminum mold is about 1000 pairs of connectors.  The construction of the mold will be farmed out to an external vendor.  Production of the connectors can take place at the vendor. However, we are also investigating doing the production on an existing commercial quality molding machine located at UIC.


Fibers must be inserted in the connectors and then connector surfaces polished.  Independent of the connector  manufacture, ribbons consisting of 18 fibers will be packaged with a light tight coating  in Japan, as was previously done for the CDF.   The end 5 cm will remain  free of coating so that insertion of fibers into individual connector holes can be accomplished.  Consistent mapping  of fibers at both ends of the light guide will be checked via our computer controlled  LED and silicon photodiode test station.  Some ribbons which carry signals from tiles trapped behind the decoder box will have sections of their coating  replaced with a vinyl jacket to allow more freedom of movement  to snake around the decoder box.


Clear fiber ribbons will be held in place with BC-600 epoxy and then fly-cut using a diamond to polish the ends at the P3 facility at FNAL.  Approximately 10 connectors can be polished simultaneously in one twenty-minute run on the P3 facility.


6.8.3 Quality Control


Transmission depends on careful fiber-to-fiber alignment.  The holes for the fibers are fixed during creation of the mold and misalignment must be kept below 50 microns in order to keep the transmission high.  Initial alignment will be checked with measurement of the mold and measurement of the first molded pieces.  Several connectors will be assembled with clear multiclad fiber and the transmission directly measured.  Green LEDs are used as light sources and the output of silicon photodiodes are measured with a picoammeter.  These transmission measurements will also discover any variations in the attenuation length of fibers from roll to roll. 


Other quality factors which must be monitored include thin layers of plastic blocking holes and bubbles in the connector material which can affect strength and optical isolation characteristics.  Both are obvious upon visual inspection.


The entire production run of connectors can take less than a month in a commercial facility. Monitoring will occur throughout the production run and if a problem is discovered,  a new partial run can be performed.


6.8.4 Quality Assurance


We have produced injection molded connectors for the D0 Upgrade Central fiber Tracker and Preshower detectors.  We have the expertise in mold design and injection molding so connectors for the HCAL prototypes will be produced in-house.  However, commercial vendors with larger injection molding machines will be required for production runs for the final detector.
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