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HV System for the CMS ECAL End Cap VPT’s

1.  Introduction.

1.1  The following notes and comments are intended to aid the debate in selecting the most appropriate HV system for use with the EE VPT’s. It should be noted that this is one area where there is no similarity in specification of requirements between the EB and EE. In addition to the following considerations the final arrangement chosen must also take into account detector operating and control considerations and any constraints introduced by physics considerations. This input should come from the experimental community.

2.  Technical and operational requirements.

2.1  All VPT’S in the EE will be operated at the same voltage levels on the anode and dynode electrodes. Typical values are Va = 800V and Vd = 600V.

2.2  Currents drawn by the VPT units are extremely small. Typical values expected are almost zero at no load rising to 5nA at full operating load.

 2.3  Overall voltage stability requirements are modest and are specified as 1V on both anode and dynode electrodes.

2.4  Given the above operating conditions it would be possible at least in theory to operate the EE using a basic arrangement consisting of a central HV power supply system for all of the EE anode and dynode electrodes with HV cables brought back to the central power supplies from all Super Crystals. In this arrangement it is possible to disconnect a faulty Super Crystal from the system thus allowing the opportunity to carry out fault diagnostics or possible re- connection to a separate power supply allowing operation outside the normal conditions set for the other Super Crystals. This basic arrangement would be flexible in operation and minimise the cost of the HV power supply system. The cost of the HV cables would however be very high and space for routing the cables and making connection through the ring flange would raise many practical problems.

2.5  Assuming the above system is not possible the modularity selected for the HV power supplies and the numbers of distribution cables employed will be strongly influenced by the operational requirement to maintain performance at some level in the EE  if some of the VPT’s develop short circuits between electrodes.

2.6  The HV distribution and filter arrangements proposed previously ( TB-0002-051-B ) allows some degree of flexibility in coping with short circuit conditions.

2.7  For example in the above mentioned scheme the maximum value of the fault current per channel in the event of a short circuit between anode and cathode would be limited to 50(A by the two 10M ( R21/22 ) series resistors. Power loss locally in the faulty Super Crystal would be limited to 50mW. All of the other VPT’s in the faulty Super Crystal would experience a volt drop of 50V on the anode electrode due to the 1M ( R11 ) series resistor in the common filter line. This volt drop would place the other channels outside the normal operating regime ( this may still be a stable condition ). Similar limits and conditions apply for a dynode to cathode short circuit. The existing circuit arrangement is less tolerant however in the event of a short circuit between anode and dynode electrodes. This type of fault will reflect into the power supply circuits resulting in the dynode HV power supply closing down and the dynode and anode electrodes being operated at the same voltage level ( Va ) . Some modification to the existing filter arrangements will be necessary to cope with an anode to dynode short circuit.

2.8  In the above scheme the load regulation on the power supply and HV cable for 50(A should be much less than 1v and all other Super Crystals powered from this source would be unaffected by the short circuit condition. 

2.9  Modularity consideration for the power supplies will be strongly influenced by the allowable number of short circuit VPT’s per module. ( Cost and redundency are other considerations )

2.10  The cost and space requirements for HV coaxial cables plus the interconnect cost are among the main considerations in selecting the modularity of the HV distribution scheme.

2.11  If as proposed previously we distribute the HV at the level of two Super Crystals then we will need 160 cables per Dee which must be connected through the ring  flange. Space in this region is extremely limited and some method of reducing cable numbers would be of great advantage.

2.12  The use of local potential divider circuits to limit the number of HV cables to connect between the control room and the EE has also been considered in some detail. This approach has some advantage regarding safe operation during start up and shut down in normal operation since the anode and dynode electrode voltages would always track consistently with the set ratio. This approach requires the use of a large number of additional components ( space and reliability problems ) which introduce local power dissipation ( cooling problems ).  No advantages are gained under fault conditions and overall this approach was considered to be inappropriate for the EE application.  Note some consideration should however be given to the use of dual output HV power supplies in order to retain the advantage gained by tracking the electrode voltages.

3.  New Proposal

3.1  The alternative HV distribution system shown in Fig1. offers the possible modularity of the HV power supplies  coupled with the reduction of HV cables and connections ( especially through the ring flange ).

3.2  In this scheme the modularity of Super Crystals powered from a common power supply is chosen to be N. The choice of the value of N need not be uniform throughout the EE since it could be adjusted to take into account optimum service route layout and other operational constraints.

3.3  Only two HV cables per group of N Super Crystals are required between the control room and the ring flange.

3.4  A new level of HV interconnect ( Local HV Distribution Box ) is introduced on the back plate to facilitate the common connections for N Super Crystals and to allow connection to the ring flange. Only two HV cables are required to connect between the Local HV Distribution Box and the ring flange connection. The number of cables and interconnections required at the ring flange in this scheme is small ( dependent on the choice of the modularity  ).

3.5  This scheme also offers advantages in making HV connections during the installation of the Super Crystals since no work is required near the ring flange.

3.6  The scheme could be implemented using 3mm diameter HV coaxial cables and low cost coaxial connectors. 

3.7  One operational problem foreseen using this scheme is how best to cope with a short circuit on the 10nF ( C11/C12 ) common filter stage. In this eventuality the short circuit current is at present limited only by the 1M ( R11/R12 ) series resistor giving a fault current of 1mA which would be unacceptable and would require the power supply to the module to be switched off thereby closing down all N Super Crystals. This problem will be investigated further to obtain a suitable alternative circuit arrangement.

4. Conclusion.

4.1  The selection of the most appropriate HV system for the EE requires the investigation of many optional choices and further discussion will be required before a final decision can be made.

