AIDA FEE64 card commissioning report July10
Since Texas  ( 24th May ) and the subsequent list of things to do =>
Things to do and discuss.( from the Texas report ) 

· Power supply  re-think – Linear or Switch mode. Deferred until the internal power supply structure is redesigned.
· Investigate maximum allowable temperature for the FPGA. 125oC

· Readout of ASICS sequence of handshake to stop the slip of data relative to the channel number. Deferred until after the new card manufacture has started.
· Change the test input system and investigate the problems with saturated inputs feeding back into the test network. No work done on this area.
· Why does location 0 in the internal peripheral get cleared at power-up. Deferred until after the new card manufacture has started.
· FADC triggering – more complex options perhaps using a chipscope ILA as the source.  Not yet required.
· FADC channel to ASIC input mapping needs to be investigated for clarity.  Implemented in MIDAS.
· HEC + delayed pulser – why are there 2+ peaks from the pulser in the LEC range. Why do they go if the delay is >10mS. No work done on this area.
· Design the earthing structure into the mechanics. Waiting for the new power supply structure design. Review of the existing grounding structure will be carried out as part of the pcb design.

· Transfer the modified TCL from the server to the NPG systems. Done.
· Investigate and propose solutions for the apparent effect of different routing of the buffered preamp outputs having different noise performance. Perhaps change the relative position of the buffers and ADCs. This has been investigated. See the later narrative in this document.
· Why does the FADC signal range not cover the full ASIC output swing. Under investigation and subject of proposed changes to the board design.
· Why does the discriminator readout system stop working at high rates. Deferred until after the new card manufacture has started.
· What is the true maximum specified input rate for the system. Deferred until after the new card manufacture has started.
· Send the broken TTi power supply back for repair. Not completed.

· Investigate the Ethernet differential operating speeds problem. Problem solved. See later narrative.
· Re-try the water cooling. Also with two modules in place and powered up. Deferred until the internal power supply structure is redesigned.
· Try out the effect of an isolating transformer as a method of noise reduction in conjunction with Linear and Switch mode supplies. Deferred until the internal power supply structure is redesigned.
Investigation of the variability of Gbit Ethernet response.
The eight boards manufactured for the LYCCA and AIDA projects have all got a variety of ability to load the Linux software at boot time over the network. 

One of the worst offenders was investigated.  Vic Pucknell (VP) has generated a software test that transmits data from a PC running Linux to the FEE64. The data is a simple incrementing value that is checked at the receiver. The number of blocks received per second can be calculated from the displayed information. The transfers use the TCP protocol which will attempt to recover from data format errors by requesting re-transmission of missed or broken packets. 
The initial conclusion was that the errors most likely occurred between the Marvell PHY chip ( this connects the FPGA to the copper wires ) and the FPGA. There are two separately clocked busses, transmit and receive. The receive bus signals were looked at with a scope to see how the clock and data timing and stability matched the expected from the data sheet. The clock, 125Mhz, was found to have a major disruption (about one clock cycle missing )  occasionally.  This was found to be due to the fast switching edge of one of the DC-DC convertors used to generate a 5.5v power supply. 

The DC-DC convertors use FETs to control current flow into an inductor to convert the 30v input to 5.5v most efficiently. The most efficient method is to operate the switch with the fastest possible transition which in this case was <2.5ns. It was possible to trigger the ‘scope from the clock disruption and see that it matched exactly the switching edge of the DC-DC. After discussions with the applications engineer for the DC-DC device a method of slowing down the switching edge to about 5ns was implemented on the convertor. The clock disruption disappeared. 
Subsequent software tests and experience at boot time have shown that this was the problem. The software test is carried out on each board as it is modified and the results show a consistent 10MB/s rate. This is fine for the requirement of this direction of the link. 

Investigation of problems calibrating the FADC serial links.

The VHDL and software for calibrating the serial data link from the FADCs to the FPGA has been developed successfully but was unable to reliably work on all the channels all of the time. Investigation of the signals from the FADC to the FPGA found that they were also disrupted by the DC-DC convertors switching edge. The FADC could be programmed to send a pattern of 14 ‘0’s followed by 14 ‘1’s. This looks like a square wave at 25Mhz and is easy to observe on a ‘scope. 
The same modification carried out on the 5.5v supply which solved the problems of the Gbit was done on the remaining two supplies of the same type and the problem was alleviated.

The FADCs could now be calibrated successfully. 

To further characterise the quality of the data link and to give a measure of success when modifications are made the “Eye diagram” was measured for the worst of the data links. This is where the data signal (differential LVDS ) is recorded on a persistence oscilloscope using the a clock edge as the trigger and when the serial link is transmitting a BERT sequence.  
These two diagrams are taken with differential probes and specially constructed test probes.
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EYE diagram before power supply modification.  Noise within the eye centre will cause data faults.
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After modification.

Problems with synchronising the FADC acquisition clocks

The clocks distributed to the 8 FADCs are generated from a single 200Mhz source and are designed to fan out to arrive at the FADCs at the same time. There are two devices to generate the 50Mhz clock from the 200Mhz source. They each fan out to 4 of the FADCs. They designed to synchronise their outputs to the same rising edge of the 200Mhz using a single signal from the FPGA.
The four clocks from each of these devices can be successfully synchronised and have the expected variation in arrival at the FADCs ( +/-100ps approx ). There is a problem synchronising the two devices to each other. A possible solution in VHDL and software has be thought through but not pursued at present. The problem is due to the way the 50Mhz is derived within the device using a PLL and a much higher frequency.
Investigation of the code spread and noise in the FADCs

The inputs to the FADC buffer stages were connected to ground using shorting jumpers on the test board. Software developed for previous projects by the detector development group, DDG, was used to check the operation of all of the FADCs and the noise performance.

The software captures a large buffer (4M points ) from the 8 channels of an FADC device  and then carries out a number of tasks to provide graphical display of the results. 

Histograms of the data showed that while some channels have a Gaussian,G, shape others had more of an M. The traces showed that the M channels had an oscillation of between 100 and 300Mhz. 
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FFTs of the data showed a number of distinct peaks in the M channels. These peaks also appeared in the G channels as well but with less amplitude.
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After investigation and simulation the capacitors that are in the feedback path of the buffers were removed in a couple of the worst M channels. The oscillation at their outputs stopped but they became much more susceptible to noise. The histogram changed from M to G but with a very wide base ( code spread ). To better understand the buffering the feedback resistors of one channel were change to 300R from 3k3. This brings the devices into the expected operating area as per the data sheet. They performed much as expected when this was done. The large signal response was tested using a square wave. There was no overshoot. With the 3k3 and no capacitors there was an overshoot of about 20%. Adding 2pF instead of the 10pF originally used caused the overshoot to be reduced but the oscillation came back. 
The best solution to this problem would be to buffer the ASIC preamp outputs on the mezzanine and run the ADC buffers in their expected mode with 400R feedback resistors. This will require a new version of the Mezzanine board and probably make the whole system longer to accommodate the changes.

The reference buffer ( 8031 ) is not fast enough to supply the current required and should be changed for an equivalent that can drive the combined impedance of all 16 buffer stages.

The power supply system redesign
All of the above investigations have tracked noise problems to the power supply system. The DC-DC convertors have very fast switched drives into inductors. The radiated and conducted noise from these has been visible throughout the analog system. The LVDO devices that filter the supplies for the analog appear to be successful in filtering the noise. 
The target of the power supply system is to have a relatively small power connector using a high voltage at a low current. The existing system uses 30v at 2A. 

A design is underway to replace the system with low EMI uModules. These modules have very low emissions and include all of the circuits to create very low noise outputs. The cost is efficiency and hence more power loss.

The first step is to create a new board with the required supplies and use this to supply the FEE64. The board will be mounted underneath the FEE64 as the majority of supplies can be accessed on the bottom layer.  The DDG are undertaking this design and manufacture. AIDA will purchase one or more of these boards to allow further investigations with the ASICs to be carried out. It seems highly likely the power supplies are part of the problem there too. The board will have a -5v convertor as well as the others to allow the final design to just use a single +24v supply. The DDG will then use this board as part of the first system they will deliver.

The AIDA FEE64 will be re-engineered to use the new uModules in place of the DC-DC convertors. This will certainly require more board space. 

Any re-engineering will not interfere with the routing and placement of the DDR memory or the FADCs, unless tracking faults have been identified. Minimal disruption of the Gbit system is also intended but here there maybe need to extend some tracks to allow the RJ45 socket to be accessible.
