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INTRODUCTION AND SUMMARY

S. V. GREENE

The purpose of this report is to address issues raised by the RHIC Safety Committee concerning the proximity of the PHENIX Pad Chamber readout electronics (ROCs) to the Ring Imaging Cerenkov Detector (RICH).  A subgroup of the committee formulated the following questions and requested that an independent analysis be performed to assess whether no single or double faults are likely to produce any of the following:

1. A spot temperature greater than 236 degrees C (1/2 spontaneous ignition temperature for ethane)

2. A spot energy greater than 3 kcal (1/2 the ignition energy of ethane)

3. Anything that can disintegrate under faults.

The analysis was performed by Sig Mosko, an engineer at ORNL, in collaboration with Glenn Young.  The basic protection circuitry is as follows:  

The ROCs are arranged in five rows of nine.  

Each row is powered by three voltages; 

one for the TGL ASICs, 

one for the DMU ASICs, and 

one for the RS485 transceivers.  

Each voltage feed has a current limiting device (LDO).  

In addition, there are two polyfuses overall: 

one before the LDOs feeding the TGL lines and 

one before the LDOs feeding the DMU and RS485 lines.  

Details and relevant values can be found in the report and in the FEM power and fusing schematic that follows.  The details of the calculations are contained in the actual report.  For your convenience the results are tabulated below.

1. Summary of Energy Analysis.  The failure modes assume all available energy is concentrated in a single ROC (worst case).  In all cases, the energy supplied to the ROCs is shut off and the heat dissipated long before 3 kcal has been delivered.

Fault mode

Time to deliver 3 kcal

Possible system response

normal operation
13.8 min (all ROCs)

n/a

I = LDO limit  
 
55 min (one ROC)

heat dissipated easily

I = polyfuse limit 
2.6 min (one ROC)

resistors fail and open in t<<2.6 s








ASICs fail/stop conducting in t<<2.6 s

               





ASICs fail/trip power supply in t<<2.6 s

2. Summary of Heating Analysis.  The worst case is when a circuit fault produces an impedance near that of the energy source, leading to local heating.  However, given the relative energy input vs. cooling rate, and the sharing of power along a ROC row, any scenario leading to a hot spot at 236 C is difficult to construct.  

Fault mode

Input Energy Rate

Possible system response

normal operation
70 mW



n/a

circuit fault – R=0
negligible


LDO prevents excess heating (see above)

circuit fault – R=7.3
4 W max


resistors open

heat dissipates,  preventing hot spots

3. Summary of  materials analysis.  The materials used consist of kapton, silicon, epoxy, receivers and transceivers, and standard passive components.  Data sheets are available for the kapton and epoxy.  None of these materials is subject to disintegration under either normal operating conditions or the fault modes described above.
Considering the results of this report, we believe that the ROCs can be operated safely in the vicinity of the RICH as proposed by the PHENIX collaboration.  

