AMS-note







2005-09-02

Modifications of ECAL, RICH and TOF High Voltage Power Supply QM design 
Marco Incagli – INFN Pisa

5 september 2005
This note describes the modifications applied to the QM2 version of the High Voltage Power Supply (brick), to be used by ECAL, RICH and TOF subdetectors. The modifications became necessaries in front of failures registered during thermal tests performed both by the supplying company (CAEN - Italy) and by the INFN-Pisa, responsible of the ECAL subdetector construction.
In this note we report (1) how the QM1 was constructed, (2) the failures observed, (3) the new design of the QM2 and the status of the tests necessary to validate the new design.
1 – Construction of QM1

The AMS brick is described in AMS note 2005-09-01 . 

In short, it is a modular structure providing the High Voltage (from 0.5kV up to 2.5kV) for the readout Photomultipliers (PMTs) used by the three subdetectors.

Three main components characterize the brick:

1. Controller Board communicating with the AMS electronics through the LeCroy slow control protocol and providing the low voltages to the DC/DC converters ;
2. DC/DC Converter generating the HV (up to 2.5 kV) from the 28V supplied by the International Space Station ;
3. Linear Regulators regulating the output voltage to the PMTs with a precision of V/1024, where V is the operative range of the readout .
The number of DC/DC convertors and Linear Regulators is different for the three subdetectors, as reported in AMS note 2005-09-01 .
The Linear Regulator consists of a main board, with approximate dimensions 5(20 cm2, on which 16 mini boards, actually performing the HV regulation for each channel, are soldered in the vertical position (see picture 1). The soldering is done through fork pins which are shown in figure 2. 
In the QM1, the fork pins had a straight shape, so that no strain relief was foreseen.

After soldering the 16 mini boards, all the Linear Regulator is filled with resin, both to limit discharges and to mechanically protect the electrical components. 

2 – Tests done on QM1

The different parts of two brick for ECAL and TOF subdetectors were mounted, and tested at CAEN and at INFN Pisa (ECAL brick, only). After thermal cycles between -20oC and +70oC (and after some trips from Pisa to CERN!) the two HV modules showed some malfunctioning channels. 
To investigate the problem, the TOF brick was dismounted and the Linear Regulators were carefully inspected. As a result, some of the SMD soldering of the straight pins were found to be broken, as shown in figure 3. According to CAEN, the failures were due to different thermal coefficient between resin and soldering material, generating a stress able to cause the connection rupture. 

To solve the problem, CAEN suggested to modify the pin shape.

3 – Modifications on the design and tests on QM2

The CAEN proposal for the new pin shape is shown in figures 4 and 5. With this new shape, the pins should act as a strain relief and decrease the stress generated on the soldering pads by the thermal expansion.
A test board has been constructed and tested at CAEN as follows:

1. burn-in for 8 hours with a temperature of 70oC ;

2. thermo-vacuum test with pressure of 0.1mBar, verifying the absence of discharges ;

3. thermal cycles (10 cycles in total between -30oC and +70oC, with a ramp-up rate of 4oC/min, down-ramp rate of 2oC/min and time of permanence at each temperature of 1 hour).
At the end of each cycle, all the channels were inspected. No problem was observed.

After these tests, a QM2 brick module, with 5 Linear Regulator boards and 1 DC/DC converter, was built to be tested by the RICH and ECAL groups. The tests will be performed in September 2005. Results will be reported in a following note.
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Picture 1 – side view of TOF Linear Regulator.
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Picture 2 – View of the single regulator mini board with closeup of the straight pins used used for the soldering of this component with the Linear Regulator main board.
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Figure 3 – Pictures of the pads where the fork pins were soldered.
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Figure 4 – New mini board with preformed pins(left). New shape of fork pins (right).
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Figure 5 – QM2 test board. Also the interconnection thread has been preformed. 
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