Review of the PCB layout of the CONV-TTL-RS485 V4.0 board
Monday Novembre 13th, 2017
Attendees:
· Denia Bouhired
· Eva Calvo Giraldo
· Erik Van der Bij
· Evangelia Gousiou

1. Eva Gousiou
1.1. BOT side, around resistor R223 and inductors L5 and L6, the component names are not clear.
· Action: Proposed change has been implemented

1.2. Debug GPIOs, use same pin nomenclature on bottom side of board, so through holes are clearly labeled in BOT layer.
· Action: Proposed change has been implemented 
1.3. Why use TP, B and Debug GPIOs, all to designate test points?
· Action: The nomenclature for these different types of test points is dictated by CERN library footprints used.

1.4. Labels M0, M1 do not mean much. Add a more self-explanatory name.
These point to pins IO_L1N_M0_CMPMISO_2 and IO_L13P_M1_2 on the FPGA (M[1:0] Input Mode Select. Selects the FPGA configuration mode. UG380 p41)
They are used to select configuration of FPGA. In this case they are tied to 3.3V and GND through resistors R154 and R155, respectively. These should be sufficient to identify them.
· Action: Label on layout has been removed. No real need for it.

1.5. Boxes showing input and output circuits should be marked with IN/OUT and channel number together so for e.g.: IN 1, or OUT 1.
· Action: Proposed change has been implemented 
1.6. Some, not all, layers have meaningful names, rename mechanical 1, 2, 3, 13…
· Action: Layer names are standardized across the design office. They are used in scripts and identified within internal procedures. They cannot be modified.

2. Eva Calvo Giraldo
2.1. Try to prevent lines in two consecutive layers being parallel. Any transient signal in one, can eventually induce interference in the other one: crosstalk.
BEFORE  [image: C:\Users\ECALVO~1.CER\AppData\Local\Temp\Image.png] NOW          [image: ]
· Action: Most of these signals have now be rerouted to respect differential signalling directives. 	

2.2. Potential issue is that these lines cross a gap in their reference plane, what can also eventually induce some noise. In the worst case, the return current path of the signal in L4 plane will have to go about 25mm away to cross that gap.

  There is a power plane L5PWR separating L4 and bottom layer.
· Action: No change.

3. Spyridon Georgakakis (Comments sent via email)
3.1. [bookmark: _Ref498613738]Layout of the IC77 TPS5431. The layout of the IC generally does not follow the recommendations of the datasheet : http://www.ti.com/lit/ds/symlink/tps54316.pdf page 17.
It would also be advisable to take into account the thermal considerations proposed on the same page affecting via size and thermal relieves on the power pad.
Additionally the Boot capacitor c77 should be mounted on top layer. 
· Action: These are the actions that have been taken
- Additional vias at the ground side of the input (C73) and output filter (C64) capacitors. 
- Separate wide trace for the analog ground signal path has been added. Connect this trace directly to AGND (pin 1). Not connected directly to powerpad.
- Bias capacitor C70 connected to analogue ground trace. 
- Keep the boot capacitor C77 close to the IC and minimize the conductor trace lengths. Therefore has been moved to top layer.
BEFORE[image: ] 	NOW    [image: ]

3.2. Vref connection track to both DACs is quite narrow. A rough estimation with a tool (saturn pcb toolkit) indicates a voltage drop of 0.1V from source to the last DAC. If this is crucial you need to widen the track.
· Action: Proposed change has been implemented. Making a plane is the best way for reduce the voltage drop

Original calculation:
[image: ]



Target voltage drop:
[image: ]         [image: ]


3.3. On schematic Clocks&Monitor, Layout of IC29 :
The layout of the IC29 does not follow the recommendations for thermal dissipation of the IC : http://www.ti.com/lit/ds/scas871h/scas871h.pdf page 30
· Action: Additional vias have been added beneath the chip 
BEFORE [image: ]                                          NOW[image: ]
3.4. [bookmark: _GoBack]On schematic Clocks&Monitor, Layout of OSC1,OSC2,OSC3,IC44 + Layout of IC52 and IC53 :
OSC1,OSC2,OSC3,IC44 are also missing decoupling capacitors
There is no decoupling capacitor for both of IC52 and IC53 in the vicinity area. It is also recommended from the datasheet of the component http://www.analog.com/media/en/technical-documentation/data-sheets/AD5662.pdf page 20
· [bookmark: _Ref498597510]Action: There are now enough P3V3_clean to GND decoupling capacitors on sheet 4 for all ICs and oscillarors. They were added very close to IC52 and IC53.

3.5. [bookmark: _Ref500168276]Routing of differential signals on pins 5-6 (FPGA_MGT_CLK0_X): Differential line starts at Top layer, continues on L3 and near the FPGA changes on Bottom layer, is terminated on bottom layer and then reaches the FPGA. This could be a potential problem due to not uniform impedance, and due to not defined signal return path. 

The current situation can be solved with either using stitching capacitors every time the signals are changing reference layer, or by routing the differential lines on top layer and change the layer after the termination.

The same applies for signals on pins 2-3 and 31-32 

Capacitors were placed symmetrical to the differential pair signals as the vias on figure 11 of http://www.ti.com/lit/an/spraar7g/spraar7g.pdf. The pads for each capacitor were connected with vias to ground and the power planes. This will allow the return current to flow from the ground plane through the stitching capacitor to the power plane or vise versa.

· Action: This has technique has been used to all three differential pairs. 


3.6. [bookmark: _Ref499121608]On schematic communication, Layout of IC37E part of FPGA:
The same recommendations as in 3.5 apply for the differential lines to the SFP connector 
· Action: Capacitors not added for lack of space.

3.7. [bookmark: _Ref498615138]On schematic Input RS485, Layout of IC45 and IC30:
Regarding the routing of signals FPGA_RS485_INX_TTL_X the lines are routed closely together. There will be unavoidably some crosstalk between the lines. In the worst case scenario in terms of length coupling which is net RS485_RX_6_P it will be around 0.28V (calculation based for a 3.3 V signal on 13ns rise time, 128 mm (5039.37mils) coupled length , 0.325mm (12.795mils) spacing, and 0,1mm (3.937mils) conductor height from reference plane). It does not cross the 0,4V threshold of the logic level, but it might be a good idea to increase the spacing between nets so the crosstalk can go on lower levels.
· Action: Proposed change has been implemented

BFORE [image: ] NOW [image: ]

3.8. [bookmark: _Ref499121690]On schematic Output Unit RS485:
All differential signals on are not treated by layout practice as differential. Wrong orientation of components, wrong grouping Stubs created by vias, unequal lentghs, spacing between nets, clearance between differential pairs and no provision for return paths are are all potential problems. But since the design will work at very low speeds probably it will work. I have doubts though for the maximum speed defined by RS485 standard.
· Action: Signals are now treated as differential

3.9. Polygon FPGA_MGTAVCC can be moved to L5PWR
· [bookmark: _Ref499113130]Action: Proposed change has been implemented

3.10. [bookmark: _Ref500168253]Polygon PV5 on bottom layer can also be moved to L5PWR and be more effective since there will be no cut-outs due to nets (E.g. net RS485_OUT_EN is splitting polygon in two big areas.) 
· Action: Proposed change has been implemented. Solder pour removed from bottom layer, which is now a signal layer.
· 
3.11. The thermal relieves generally increase resistance and inductance. A balance must be found .My personal view is I would use them only on power and ground pins of through-hole components or trough-hole pins that are connected to copper pours.
Action: Themal relieves up to 0.5mm from 0.2
4. Pieter Van Trappen (Comments sent via email)
4.1. Traces leaving FPGA change from 6mils to 8mils on all layers (unwanted impedance change)
· Action: Proposed change has been implemented. All traces changed for 6mils (0.152mm) uniform along length of trace.
4.2. 10mils traces from lemo-00 are ~32Ohms, should be 50 Ohms
· Action: Proposed change has been implemented. Trace modified for 7.48mils.[image: ]

4.3. Avoid copper pour around the above 50Ohm traces (till termination), hard to manage impedance otherwise 
· Action: All copper pour has been removed from layer as per point 3.10 above.
4.4. Better to create a Net class (in the schematics) for the MGT signals, you can then attach a Rule for ‘matched length’ -> manual check OK
· Action: Same as point 3.5.
4.5. Why a 2M ESD discharge resistor and not a capacitor?
· Action: This is our standard design for guard bands. Nothing to do.
4.6. IC77 P1V2 buck converter, add a low value (100nF – 1uF) input capacitor cause high dI/dt at input rail
· Action: Extra 100nF capacitor has been added on the input V.
4.7. IC77, don’t connect AGND (p1) directly to (power GND) thermal pad, use separate via 
· Action: Same as point 3.1
4.8. RS485 signals lack ‘Differential Pair’ directive and will not be routed accordingly by Altium (although possibly manually, as has been done I suppose).Differential impedance of these traces doesn’t seem to be 100 Ohm but not far off 
· Action: See action on points 3.7 and 3.8 above.
5. Denia Bouhired
5.1. On IC62, add No ERC on NC pins
· Action: Proposed change has been implemented.
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