Cable and Connector Selection Criteria for the SNS DTL Beam Position Monitors
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The beam position monitors for the SNS DTL are built into the drift tube assemblies.  Four coaxial cables must connect the lobes to the output cables on the exterior or the DTL tank.  These cables must last for the entire lifetime of the facility without maintenance, and they cannot be replaced without replacing the entire drift tube assembly.  Such a procedure would be expensive and require on the order of two weeks to perform. 

Selection Criteria

The criteria used in the cable selection are: 1) radiation hardness, 2) flexibility, and 3) electrical characteristics.  Of these, the radiation hardness is the most significant constraint. We have estimated the total radiation dose to be approximately 50 Mrad over a projected 40-year lifetime.
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Table 1.  The radiation resistance of rigid thermoplastics based on data from CERN. One Gy = 100 Rads.

A table of the radiation hardness of various dielectric materials is shown in Table 1 [1].  Note that the units of radiation dose are Greys in this table from CERN. Though a number of insulation materials are usably at these dose levels, we have to use a standard cable product to meet our funding and timeline requirements.

Cables

From the radiation-resistance viewpoint, there are three types of cables that are commercially available with large-dose capability.  These are the mineral insulated, polyethylene (PE) insulated, and Polyimide (KAPTON) insulated types.

The fabrication procedure for the drift/BPM assembly requires that the cables be routed through the drift tube stem before the connectors are attached.  Connectors are added and the cables are attached to the BPM sub-assembly.  The BPM sub-assembly is then inserted into the drift tube assembly and laser-welded in place.  Flexible cables are required that can be terminated in the field.  This eliminates the possibility of using the mineral-insulated, semi-rigid cables having very stiff stainless steel jackets. These must be welded to the connector in a moisture-free environment, also.

The only remaining coaxial cables that are commercially available are the standard braided-shield polyethylene coaxial cables as well as a KAPTON version.  Unfortunately, no manufacturers of copper jacketed semi-rigid cable using PE insulation could be found which meet our time and cost constraints (normal semi-rigid is PTFE insulated).

The cable selection was narrowed down to two possible candidates, Times Microwave LMR-100A, and Caburn-MDC, Inc. KAP50-5.  The LMR-100A is a PE insulated RG-174 type cable that has a foil shield over the dielectric to improve the electrical isolation.  KAP50-5 is a KAPTON insulated version of RG-174 with a standard braided shield.

The electrical characteristics require are: 50-ohm impedance, ≥60 dB isolation, and a phase stability and drift of less than a few degrees, all measured at 402.5 and 805 MHz.  The loss for our rather short length of about 24 inches is not critical, but should be less than 1 dB or so (the Heliax output cables will have a 6.6 db loss).

Both LMR-100A and KAP50-5 were tested for their electrical characteristics in regards to our requirements (2).  Since both of these cables pass all of our requirements, I recommend we use the KAP50-5 cable due to its radiation resistance being 100X that of the PE cables.

Connectors

Both of the cables considered use standard RG-174 connectors. Most standard connectors have PTFE dielectric material that is not suitable for this application.  We have decided to machine our own dielectric parts for standard connectors out of polyethylene.  Polyethylene was selected over KAPTON due to its lower dielectric constant, which more closely matches that of PTFE, and its softness, which is similar to PTFE.  The dielectric parts of the connectors are press-fitted into the connector bodies. The harder KAPTON would require very tight mechanical tolerances.  The additional rad-hardness of KAPTON seems to be outweighed by the electrical and mechanical properties of the PE.  The PE is rated for 10- to 100-Mrad for satisfactory use, and its mechanical properties are less unimportant once the cable is attached to the vacuum feedthrough connector.  The outside connector may be replaced without removing the assembly from the DTL tank, if required.

We acquired about a dozen different connectors from various manufactures and inspected them for ease of machining the dielectric parts. The final pieces selected were Amphenol No. 901-9511-3 SMA male for the lobe-end of the cable and Amphenol 901-9610-3 SMA bulkhead female for the outside-end.  Both of these are gold plated with a crimp-on shield.

Conclusions

The most appropriate cable type is Coburn-MDC Inc. KAP50-5 utilizing polyimide (KAPTON) insulation.   Numerous connectors are suitable as long as the dielectric is replaced with polyethylene of polyimide. We have chosen Amphenol PN 901-9511-3 and PN 901-9610-3 and SMA connectors with PE dielectric inserts and gold plating.
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