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A printed circuit board review was held on August 29, 2019, for the 1 GSPS VME-VXS Damper Controller board.  This module is a prototype of a controller that will be used for active feedback damping of a number of instabilities in the Fermi Booster accelerator.  Future work on this project is being planned into the PIP-II project as necessary accelerator improvements [1]. The designer of the board, Alexey Semenov, was present to describe the design and answer questions.  Alexey gave a short presentation to describe the features and functions of the board.  
The 1 GSPS VME-VXS Damper Controller board is intended to provide four 250 MHz ADC digitization channels and four DAC analog signal generating channels with update rates of 1 GSPS.  The board uses an Intel Arria V FPGA.  The board implements VME, VXS and Ethernet interfaces that could be used for data transfer and control with a higher level processor connected to the accelerator control system.  The board also provides for an XMC style daughter board that may support a fiber data link in future applications.
In this design, each of the four ADC channels employ 4 JESD204b high speed differential data links to the FPGA.  There are 16 of these links total for the ADCs expecting to run at 1 Gbps for a sampling rate of 250 MSPS.  The four DAC channels employ 16 total JESD204b high speed links expected to run at 5 Gbps for an update rate of 1 GSPS.  There are better than 20 other differential signals associated with the DACs and ADCs.  RAM memory on the board is expected to support 6 G writes per second.

Reviewer Findings and Comments
We classify the findings and comments into three categories.  These are things important to fix, recommendations, and suggestions.  Application notes from component vendors are listed at the end of the document.
Important to Fix
1. Each of the high speed differential signal pairs needs to be laid out on a layer adjacent to a reference plane, if the signals are on the top or bottom layers of the board (microstrip), and with an adjacent reference plane on both sides if the pair is routed on an internal signal layer (stripline of dual stripline).   Section 1.4.2 of the Intel FPGA application note [2], as well as sections of the other references [3],[4] describe these design considerations.  The reference planes should be connected to the ground used by the transmitter and receiver of the differential signal.

2. The high speed differential signal traces should not be routed across gaps or signal traces in the adjacent reference planes.

3. The differential pairs should not have vias or islands of copper between them.  Blind vias could be used or alternate routing of the signals on the vias.

4. Unconnected islands of copper resulting from the ground pours on each layer should be deleted since they provide no benefit but could cause signal coupling issues.

Recommendations

5. The power requirements of this board are substantial, and care should be taken to keep power planes wide and regulators close to the components that they supply power for to avoid I*R voltage drops during peak demand intervals.

6. A contingency plan should be made to add heat sinks to the FPGA, ADCs and DACs since the wattage for these parts will be high and the sensitive nature of Booster damper control.

7. The spacing between signal traces and pairs of differential traces should be maximized.  Texas Instruments [2], recommends spacing between pairs to be 5x the trace width.  They also recommend ensuring that the signals are routed > 90 mils from the edge of the reference plane in the adjacent layer.

8. The Texas Instruments application note [2], also recommends a minimum of 50 mils separation of high speed clock and other periodic signal form other signals.

9. If layers are added beyond the current 16 to accommodate more reference planes, ensure planes, fill and traces are not routed where the edge thickness would have to be milled back to the 62 mil card guide requirement.  Also consider the through hole connector pin lengths to ensure the pins connect to their associated signals.

10. Consider recommendations from pages 23-27 of the Texas Instrument JESD204B Physical Layer High Speed Converter Training presentation [5].  Recommendations include via stitching and use of blind vias.


Suggestions

11. It was noticed that the planes come to the edge of the board at the VME connectors but have a normal pull back on the other three sides.

12. Silkscreen orientation and size could be more consistent. 

13. Consider eliminating support for VXS and VME.
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