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1. Introduction
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One of the general purpose detectors for the new Large Hadron Collider (LHC) at CERN is the Compact Muon Solenoid (CMS) [1]. The CMS Hadron Calorimeter [2] consists of three parts (fig. 1) – Barrel Calorimeter (HB), Endcap Calorimeter (HE) and Forward Calorimeter (HF). The HF calorimeter has two identical parts (HF1, HF2), located on both sides of the interaction point at about 11 meters. The base of each part is a large copper block used as absorber. The embedded quartz fibers in this absorber (parallel to the beam direction) constitute the active component of the detector: particles incident on the front surface of the HF detector produce showers in the copper/quartz matrix and a part of them generates Cherenkov light in the quartz fibers. Because of relatively low magnetic field in this region of the CMS, Photomultipliers (PMTs) in permaloy shielding can be used as photodetectors of this Cherenkov light. 
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      The total number of   PMTs in both HF1 and HF2 subdetectors is 1728. For such a huge quantity of PMTs the classical high voltage power supply with individual resistive voltage dividers was unacceptable – too much power losses and evolved heat as well as too many high voltage channels.


A new approach to the problem (originally suggested for HF by Dr. David Winn from Fairfield University) was applied. First of all the PMTS are selected in 24 groups of 72 PMTs with very similar gain on supply voltage characteristics. Then the PMTs of each group are mounted on 9 printed circuit boards (PCBs) – 8 PMTs on one PCB, supplied by a specific way (fig. 2): the first 6 dynodes and the cathode are supplied from one HV channel (UK) by means of a common resistive divider because of the relatively low current through them; one separate HV channel (UD7) is foreseen for supplying the eight D7 dynodes of the PMTs and another (UD8) – for their D8 dynodes. In this way, the highest dynode currents are taken directly from the corresponding HV channels, ensuring high D7 and D8 voltage stability and drastically decreasing the power losses in intermediary resistors.
The nine PCBs with PMTs of one and the same group are distributed between the nine read-out boxes (robo-xes) of one quadrant. Thus in each robox there are three PCBs with PMTs of 3 groups (fig. 3) providing the necessary 24 measuring channels.
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As a result the nine roboxes of each quadrant, containing all together 216 PMTs, can be supplied by only 9 HV channels (3 clusters of 3 channels). These channels as is described below are housed in one HV power supply module. In such a case only 4 HV power supply modules are required for each HF as well as one 16-wire cable with a length of about 150 m (3 extra wires are added for both LED control and Interlock circuits) and nine 16-wire cables of about 15 m are necessary for each quadrant (8x150 m and 72x15 m for whole system).

2. Power Supply System

The 4 HV power supply modules of each HF are housed in a 19” 6U Eurostandard crate together with one crate controller module, one crate power supply module and a monitor and control unit. The operating organization of the crate (fig. 4) is very similar to that of the crates in the HCAL HPD power supply system [3]. 
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Four trimmer potentiometers are installed in the monitor and control unit for presetting the upper limit values as follows:

· one potentiometer for the output voltages of all channels; really only the upper limit for UK of all three clusters (A, B, C) is adjusted, while the voltage limits for the remaining 6 channels are derived from UKlim as 0,4UKlim for UD7 channels and 0,2UKlim for UD8 channels;  

· three potentiome-ters for the upper limits of the output currents in each three homonymous channels (Ilim1, Ilim2, Ilim3). 

These settings are common for all HV modules in the crate and are distributed to them by 4 analog lines of the crate back plane local bus. 

The crate controller provides data and instruction communication between the host computer and the crate via an RS485 interface. The internal interface with the HV power supply modules is implemented by the crate local bus using a custom protocol [4].

     
The crate power supply module generates all voltages required for normal operation of the modules – +5 V, +8 V, -8 V, +40 V. They are readout by the crate controller and displayed on the host computer main monitoring window (see fig. 9). An alarm signal is generated if any of supply voltages exceed the preset admissible limits.

A photograph of the power supply crate with the crate controller, the crate power supply unit and four HV power supply modules is shown in fig. 5. 
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3. HV Power Supply Module
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The block diagram of the HV module is shown in fig. 6. As mentioned above it contains 3 clusters (A, B and C) of 3 channels. The output voltage of first channel in each cluster (A1, B1 and C1) is intended to supply the resistive dividers in the robox PCBs and can be regulated from 0 to -2000 V. The second channel produces the voltage for the D7 dynodes and can be vary from 0 to -800 V. The third channel generates the D8 voltage – from 0 to                -400 V. Each high voltage channel includes one 12-bit serial digital-to-analog converter (DAC), a DC-DC converter [4] and two comparators (CMPs) for overvoltage and overcurrent protection.

A LOCAL CONTROL block in the module [4] receives all output voltage set values from the crate local bus in serial mode sent by the crate controller. This block transfers them to the DACs that provide the reference voltages for each output. The data are stored only in the DAC output register of the corresponding channel.

All analog signals corresponding to the output voltage and load current values are fed consecutively through a multiplexer (MUX) to an 12-bit analog-to-digital converter (ADC) in order to be read (in serial mode) by the local control block. These signals are also sent to the individual channel comparators (CMPs), where they are compared with the corresponding voltage or current limit values received by the crate local bus. In case of overvoltage or overcurrent in any channel its comparator sends an alarm signal to the local control block, which immediately clears the DACs in all three channels of the corresponding cluster, dropping the output voltage to zero. An alarm signal is also sent to the crate controller. 

As was shown in fig. 3 the output high voltages of each module are fed by one long cable to a HV distributor from which 9 short cables transfer the supply voltages to the roboxes. In order to control the integrity of all HV lines a daisy chained interlock circuit is added in the cables. At any interruption of the interlock circuit the local control block immediately disables all HV channels, activates the module front panel LED (INTERLOCK) and communicates the interlock error condition to the crate controller.

Ten LEDs (1 in the HV distributor and 9 in the roboxes) indicate that at least one group of HV channels is on and high voltage is fed to the roboxes.
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A photograph of the HV power supply module is shown in fig. 7. All high voltage circuits are covered by an aluminum shielding.

4. Crate Controller Module and Monitor and Control Unit
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The internal structure and the principle of operation of the crate controller module and the monitor and control unit (fig. 8) are the same as in the HCAL HPD power supply system [3]: standard RS 485 interface is used for the link with the host computer; the same control logic block realize the data exchange with the HV modules and the monitor and control unit; the unit displays the status of the system using again 7 front panel LEDs. 

The new firmware has been developed which is now capable to control both HPD and HF PMT power supply systems recognizing the different type of modules by their unique ID number.
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A small change in the monitor and control unit is that only one trimmer potentiometer is used for the voltage limits setting (see chapter 2) and other three serve for the current limits adjustment.    

5. Power Supply System Software

Basically the same software package as in the HPD power supply system is used [3]. The main difference is in the client program, which controls and monitors the whole system, providing the display of the basic system parameters. Now it watches and displays the parameters of nine channels, as shown in fig. 9.
6. Basic Technical Parameters
	PARAMETER
	CHANNELS

A1,B1,C1
	CHANNELS

A2,B2,C2
	CHANNELS

A3,B3,C3

	Max. operating voltage, V

Voltage adjustment step, V

Ramp rate, V/s

Voltage ripple, mVp-p 

Voltage monitoring inaccuracy, % 

Long term instability, % 

Max. output current, mA

Current monitoring inaccuracy, % 

Special
	-2000

0.5

5 – 500

      < 100

< 0,1

< 0,1

 0,8

 < 1

Floating 

output
	-800

0.2

2 – 200

< 40

< 0,1

< 0,1

0,8

< 1

Floating 

output  
	-400

0.1

1 – 100 

< 20

< 0,1

< 0,1

0,8

< 1

Floating

output
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The basic technical parameters of the system confirmed during the tests are shown in Table 1. 
7. Conclusion

A very economical multichannel power supply system for the Photomultipliers in the CMS forward hadron calorimeter was developed. A special power supply module, containing three clusters of three high voltage channels is designed for it. The long term test of a part of the system with the program package shows its reliability and stability.
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Fig. 8. Block diagram of the crate controller module with the monitor and control unit
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Fig. 4. Block diagram of one crate








Fig. 3. One quadrant HV system structure





Fig. 2. Photomultiplyer PCB electrical diagram
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Fig. 1. CMS and HCAL structure
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Table 1





Fig. 9. Main window of the monitoring tools
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Fig. 7. HV power supply module








Fig. 5. High voltage power supply crate (back view)
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Fig. 6. Block diagram of the HV module
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