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HBD High Voltage
Overview
    The HBD consists of two identical detectors, one on the West arm and one on the East arm. Each detector has 4 azimuthal sectors. Each sector has two detector elements.  So there are 8 detector elements per arm and 16 detector elements in total.

     Each detector element consists of a pad plane at ground potential, three GEMs and one entrance mesh all under negative HV. A three-branch resistive chain circuit with one single HV power supply (see description below) is used to power the three GEMs, and a second power supply is used for the mesh. So we need two HV power supplies per detector element, i.e. a total of 32 HV power supplies for the whole HBD. Figure 1 shows the entire HV diagram for one detector element.
Resistive Chain
The main advantage of the three-branch resistive chain is that if a permanent short occurs in one of the HV segments of one GEM, the two other GEMs will be totally  unaffected.

The resistors R2 are surface mounted on the GEM foils and are therefore located inside the HBD detector. All the rest of the resistive chain sits in a box outside the HBD.

The values of the various components are: R=5 MΩ, R1=1.2 MΩ, R2=20 MΩ and

C = 2nF.

The normal operating voltage across the GEMs to achieve a gain of 104 is almost 500 V per GEM. This corresponds to a total voltage of 3740 V and a total current of 300 A supplied by the power supply, or 100 A in each branch.

Under normal operation, there is no current and no voltage drop across the resistors R2. However, if a short occurs in a HV segment of one of the GEMs, then this GEM will have a lower voltage of only 451 V whereas the other two GEMs will remain at 500 V. This will result in a smaller overall gain of the detector by a factor of about 2.5.

One can restore the nominal gain either by increasing the HV on each GEM by about

15 V or by replacing the 5MΩ resistor of the shorted GEM with a 5.7MΩ resistor. 
The system must be protected against discharges. If a discharge occurs in one GEM, the corresponding power supply should ramp down (to avoid continuous discharges).  The associated mesh power supply should also ramp down simultaneously in order to avoid an excessive HV gradient between the mesh and the first GEM. The 
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Fig.1. Resistive chain for powering of three GEMs. R=5M, R1=1.2 M, 

R2=20Mand C=2nF

difference between the total current in case of a discharge in one GEM and the total

current in regular regime will be ~1.3 A. Thus the precision of the current monitoring in the power supply should be significantly better then this value to provide reliable tripping in case of discharge. 

All the above considerations fix the specifications of the require HV power supply:  l HV > 4000 V, I >  300 μA with a resolution much better than 1 μA, and spark protection. 
List of components, specifications and suppliers

The table below gives a description of, and specifies the quantities needed for, all the components in the HBD system. 

Items 1-3 should be ordered or prepared by BNL/SUNY.

Items 4-9  will be ordered directly by WI group. 
	Item
	Quantity
	Description
	Supplier and model number

	1
	1
	Universal multichannel high voltage power supply system
	CAEN  SY2527a

	2
	4b
	12 channel plug-in board, 6 kV output voltage,  1 mA current full scale,    100 nA current resolution  
	CAEN  A732

	3
	32 + 112c
	HV cable coaxial cable with SHV connectors
	Draka Multimedia Cable FRNC HTC-5-3-2 

SUHNER    11 SHV-50-3-1C

	4
	112d
	HV connector  bulkhead mounted, hermetically sealed
	SUHNER    22 SHV-50-0-3,

	5

	144e
	HV panel connector  
	SUHNER    22 SHV-50-0-2

	6
	2500
	20 MΩ surface mount high voltage chip resistors (SMD)
	Welwyn Components HVC2512-20M JTR

	7
	128
	1.2 MΩ High Voltage resistors
	RS Components 1648287,

	8
	336
	5 MΩ High Voltage resistors
	RS Components 1648366,

	9
	64
	2 nF, 6KV capacitors
	RS Components


Notes:
a. “CAEN Universal Multichannel Power Supply System (SY2527) allows the housing, in the same mainframe, of a wide range of boards with different functions, such as High/Low Voltage boards, generic I/O boards (temperature, pressure monitors etc) and branch controllers, where the latter are used to control other remote generators and distributors. The mainframe is housed in a 19”-wide, 4U-high euro-mechanics rack and hosts three main sections: the Board Section with 6 slots to house boards, distributors and branch controllers; the Power Supply Section; the CPU and Front Panel Section which includes all interface facilities. The User Software Interface features the usual friendliness of the previous CAEN systems, together with sophisticated overvoltage and overcurrent protections.”
b. We need a total of 32 HV PS i.e. less than 3 boards. We are proposing to have 1 spare if these units do not exist in PHENIX.

c. There are 32 HV long cables from the HV PS to the resistive box which will be located close to the detector and 112 short HV cables from the resistive box to the detector.

d. There are 112 hermetically sealed HV connectors located on the HBD (28 on the top and 28 on the bottom of each arm). 
e. There are 16 resistive boxes. Each one has a total of 9 HV connectors, two input and 7 outputs.
