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Overview:

This Design Review of the USCMS HCal IGLOO2 Mezzanine Card was requested on 29-Jan-2015. Information for the review was supplied by HCal management using the following link:

https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=12362

Information made available, and used to complete this review includes; a specifications document (last updated 6-Aug-2014), an Excel workbook version of the Bill of Materials (last dated 25-Nov-2014), a .pdf version of the Card schematics (dated 25-Nov-2014) printed circuit board gerber data (date 1-Oct-2014) as well as the Altium files used to generate the schematics and gerber data.

Notes on observations made during this review were entered into this Findings Report as the review progressed. The observations listed below are posted in chronological order, without respect to the relevance of the observation – if the review didn’t find a problem, the observation is still listed.  Keep this in mind when examining the observations.  The conclusion is listed before the observations to minimize time spent looking for major findings.

Scope of the Review:

The design was primarily examined for the safe delivery / distribution of power.  In the process, inconsistencies between the layout, as described in the gerber data, and the net list as generated by the layout software were also observed.  Occasional examination of the routing of interesting trace also occurred.

Conclusions:

· It was not clear from the electrical component datasheets found on-line that all the components are sufficiently radiation tolerant for the environment that they would expect to be exposed to in the CMS detector hall.  If radiation exposure tests have not already been performed on components used in the design, it’s recommended that these tests be performed.
· The cross-sectional area for the trace delivering 1.2V power to the FPGA is too narrow based on IPC-2221A guidelines. 

Observations:

►Gerber data for the Mezzanine Card is examined to provide more details that can be found in the schematic. The connections detailed in the gerber data, and associated plated through-hole drill data, can be combined in the gerber data viewer into a net list.  When available, an IPC-D356 net list generated from the original schematic is also imported into the gerber data viewer and compared to the generated net list.  Typically this comparison results in no errors (mis-matches in nets found at outer layer pads).  The IPC-D356 net list file for this design was not included in the package of data provided in the link.  Since the Altium files were included, an IPC-D356 net list file was generated locally.  Comparing this net list with the one generated by the gerber data viewer resulted in several hundred errors.  This is a cause for a little concern, as this comparison verifies that the connections illustrated in the schematic are actually realized in the layout.  Inspection of just some of the errors (shorts and opens) didn’t reveal any obvious problems though.  Stephen Goadhouse  (who was conveniently visiting Fermilab with a couple of Mezzanine Cards) confirmed that the Cards he had were in fact of the same design as those represented by the gerber data and that they seemed functional (the severity of the errors suggested by the net list comparison would have rendered the Cards inoperable).  Using a copy of the Altium data for the Mezzanine Card, a second set of gerber, drill and IPC-D356 files were generated locally.  Net list comparison for this set of files resulted in similar numbers of errors.  Again, inspection of a small number of errors did not reveal any obvious problems.  A layer-to-layer comparison of each gerber file from both the locally generated data and the data provided in the link resulted in the realization that each similar named layer is identical – the net list generated locally should have matched with the net list generated in the gerber viewer.  Until further inspection, it will be assumed that the importation of the IPC-D356 net list file was flawed and the review will continue without this step.

►Power is delivered to the Mezzanine Card through two parallel connections.  One presumes that second (external) connection is to allow operation of the Card while it’s not installed on a CMS HF ngCCM.  Two voltages are required by the Card; 2.5V and 3.3V.  

Power from the ngCCM is delivered to the Card via a samtec QTH-120-06-L-D-A connector.  A mating connector is located on the ngCCM.  This connector pair is advertised as a high-frequency impedance controlled connection.  Reference planes are located in the center two rows of signal contacts.  Four such planes or ground contacts are present in the connector used on the Card.  Each ground contact is connected to the printed circuit board via four surface mount connections.  Data from samtec indicate that a ground contact is capable of carrying 25A for a 30C rise in temperature.  

External power is delivered to the Card via two sets (one for 2.5V, one for 3.3V) of two-pin 0.100 inch center headers.  These are indicated to be samtec TSW-102-23-L-S headers. Data from samtec indicate that each pin is capable of carrying 5.2A for a 30C rise in temperature.

The power connections and distribution for both 2.5V and 3.3V are very similar.  Unless otherwise noted, the power connection for the 3.3V net will be described.  

The schematic for the Card indicates the presence of two fuse holders, but does not indicate the value of the fuses to be installed.  There is no reference in the Bill of Material for the value of the fuse.  Such information should be present in both documents as well as the upper silk screen. 

Three components are found between the fuse and the parallel connections that deliver power to the Card; two 330uF capacitors and a 6V / 38A transient voltage suppressor.  Typically Fermilab guidelines would have located these component on the other side of the fuse – failures of either capacitor, or and over-voltage condition causing the voltage suppressor to operate would cause the fuse to open, protecting the circuitry down-stream.  In conjunction with the dc-dc converters found on the ngCCM, this situation is less worrisome:  The stated maximum current output (4A) from the AMIS5MP dc-dc converters used on the ngCCM to generate power for the Card is not significant considering the current carrying capacity of the ground contacts in the connector and not expected to result in safety issue should any of these components fail.

Power distribution for the 3.3V and 2.5V nets on the Card after the fuse is via copper planes on inner layers and deemed sufficiently large in cross-section given the limitations of the dc-dc converters.

Both 3.3V and 2.5V power planes are connected to single contacts on 2 three-pin headers (J6 and J7) via 4.7µH surface mount inductors.  Presumably these headers, used in conjunction with a two-contact shunt, are used to select which voltage is used to provide the input voltage for the LHC4913PDU adjustable voltage regulators used to generate 1.2V and 1.5V on the Card.  Note that the LHC4913PDU datasheet suggests a minimum input voltage of 3V.  The Bill of Material does not identify the manufacturer of these headers.  A search of literature for these type of headers suggest current carrying capacities ranging from 2A to 4.3A for use with mating shunts.  The specific choice of the header / shunt combination appears to be the predominant factor in selecting the value of fuses to install on the Card.

The data sheet for the LHC4913PDU suggest a typical value of 3.8A for ISHORT.  The Bill of Materials suggest that optional resistors that could be used to modify the ISHORT current for these devices are not to be installed.  Three components, suggested to be jumpers in the Bill of Material, are in series with the connection from each regulator and the associated copper pour area found on an inner layer used to deliver power to the FPGA. Should resistors be installed in these component locations, one should ensure that power dissipation is calculated and power ratings of the resistors (including a safety cushion) are not exceeded.  The width of the copper pour area for the 1.2V for the FPGA core appears to be deficient:  A 0.0734 inch wide trace connects the last jumper to the region under the FPGA where this voltage net connects to the FPGA.  Examining the quote from Sierra Circuits suggests that all inner layer copper thicknesses are1OZ.  The expected temperature rise for such a trace would be approximately 45C when carrying 3.8A.  Increasing the width of this trace to 0.114 inches would reduce the expected temperature rise to 20C, a 0.196 inch wide trace results in an expected 10C rise.  

Notes on the schematic suggest that holes, presumably for securing a heat sink, be placed along the two non-leaded edges of each of the LHC4913PDU footprints.  Examination of the gerber data did not reveal the existence of these holes.

The number of power return connections from the Card back to the ngCCM is sufficient.
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