Minutes of CMS FED Design Meeting
Wednesday November 6th 2002

Location: R25 Training Room.

Present

Adam Baird, John Coughlan, Chris Day, Ed Freeman, Rob Halsall, James Salisbury, Saeed Taghavirad

Agenda

FED Board Final Review 

------------------------------------------------------------------------

Minutes & Actions

The meeting was devoted to the final internal review of the FED schematics, netlists and layouts prior to go ahead for manufacture.

Adam Baird acted as the internal reviewer.

Latest schematics and layouts were reviewed (Electronic versions exist on web).

Note: FE Module schematics were dated 22.08.02 and BE schematics were dated 04.09.02

Meeting started with a brief review of current week by week schedule.

Current schedule foresees tape out next week #46..

Netlist

Check for single nets. 
Action John
Following were identified : 

FED_SYSFAIL
U107.B12

FED_SYSRST
U107.A13

IRQ1#

PL17.148

IRQ2#

PL17.143

IRQ3#

PL17.138

IRQ4#

PL17.133

POR_TEST#
U111.74

RESP#

PL17.51

SERA

PL17.103

SERB

PL17.108

All are correct. Mostly unused VME signals.

Schematics 

Were examined page by page.

Major comments and changes are indicated.

FED TOP LEVEL:

CFG signals PROGB, INIT#for FPGAs are long chains to all FPGAs (have cuttable links just in case).

Verify in System ACE manual
Action Saeed
Confirmed that FE FPGA Dones and BE FPGA Done are brought out to VME FPGA.

CHANNEL:

Comment that if we were to use spare signals to recover faulty i/o lines we would need multiple versions of FPGA firmware.

Re-check ordering of Opto signals and VREF to ADC sub-modules
Action Saeed
Non-linear numbering on sheet to cope with top and bottom components.

OPTO:

Pull ups on OptoRx control buffers X1,X2 are missing. Needed to get defaults before FPGAs are loaded.

=> CHANGE: Add pull ups to Schematics 
Action Saeed
Question whether OptoRx coupling is sufficient. This has been simulated. We have done the best we could given uncertainties in OptoRx design. Can only be verified with OptoRx on board.

Resistors on LM82 address lines may not be absolutely necessary.

Diode lines are not tracked differentially. Probably ok.

Peaking capacitors must be clearly marked as Do Not Fit in Assembly Instructions. Action Saeed
ADC SHEET 1:

Reversing inputs of OpAmps has been tested on board. Ie Should be symmetric.

Verify at ADC inputs.
Action James
Output Resistors on OpAmps 47 Ohm (for protection) could be reduced to increase Bandwidth if necessary. Probably ok.

ADCs use internal references. Ok.

LSB from ADCs are brought to same Resistor package. To keep these signals shortest.

Comment to avoid tracks under cuttable links eg DFS to ADC. Probably ok.

ADC SHEET 2:

Clock pairs from FE -> Delay FPGA are not LVDS (no termination). But lengths have been kept same. Ok

Check floating signals to FPGA eg VBATT and other NCs
Action Saeed
Note FPGA Config signals have cuttable links in case we have problems with System ACE.

Discussion which is better cuttable links or 0 Ohm resistors. Our choice is Ok.

ADC FPGA:

Need to check netlists against schematics Action Saeed/John
Query whether 6K8 resistor too much on M1 pull down to Gnd. Probably ok.

BE FPGA 1:

I/O signals to QDRs must be 1.5 V bank. Ok

Note QDR I/O voltage 1.5V is less than Core voltage 2.5V (may change in later models).

Decoupling values have been checked. Low/Mid/High ranges are Ok. Seems a lot of components but they are the minimum quantity recommended.

(Note Some designers are now recommending using a greater spread of capacitor values).

Query: Do we need cap on divider chain to gnd on BNK6/7 VREF. No. Just keep close to FPGA. 

Query: Full flags are Open Collector. Ok.

BE FPGA 2:

Resistors on divider chain TMS, TCK are wrong. 

=> CHANGE: Increase R values to 150 Ohm or closest part 
Action Saeed
BE FPGA 3:

Query: 680R on QDR ZQ are recommended values.

Comment by adjusting clocks to QDR could we improve Bandwidth?

Query: Is DCI termination on just Data lines or on Address as well.  Verify 
Action Saeed
BE FPGA 4:

TTCrx can’t be on JTAG chain.  Bypass with 0 Ohm.

Should be not be marked Do Not Fit? 
Verify 
Action Saeed
TRST present on TTCrx but not used on FPGAs.

Query: Filtering on True Light diode. Follows TTCrx test board design.

TTCrx grounding improved in BGA to achieve low jitter (100 ps?).

Different named GND signals.

Keep VCC and associated GNDs close together. Action Chris/Saeed
Need good grounding under TTCrx.
Action Chris/Saeed
BE FPGA 5:

Resistor value giving BIAS VCC is wrong.

=> CHANGE: Increase R value to get 3.3V.
Action Saeed
=> CHANGE: Move one de-coupling cap close to BIAS VCC circuit.
Action Saeed
Query: Whether VME buffers can be used in transparent / non-clocked mode.  Verify Action Saeed
Comment: Need to specify 3.3V switching on VME backplane.

VME 1:

OSC disable is not shown on schematic. Thru hole part. Ok.  Disable is not used.

=> CHANGE: Move or add decoupling to OSC.
Action Saeed
Checked that OSC works on 3.3V.  Ok.

Note There has been no pin swapping on VME or BE FPGAs since last review.

VME 2:

Query on Resistor values on JTAG signals. Probably ok.

Query Resistors on CFG signals from System ACE.

=> CHANGE: Put Resistors on both sides of Jumpers PL13,14.
Action Saeed
POR reset jumpers. Keep for flexibility.

Comment: Can only reprogram VME FPGA from EPROM. And can only program EPROM via JTAG test chain (i.e. external cable).

Need to consider in-situ programming option for VME FPGA in next iternation.

VME 3

Comment JTAG chain (buffer arrangement) should work but it may not be optimised for speed.

Test section has netlists. Verified ability to see JTAG chains and components.

Comment: Important that JTAG tests should test unconnected pins for shorts etc.This was done on H1.

 ie NCs should not be ignored. 

Verify this can be done by Test section
.Action Saeed
Can only program FPGAs via JTAG chain. Driven by either System ACE or Test connector.

=> CHANGE: Resistor values to be doubled on divider for TMS, TCK
.Action Saeed
Note: Some VME signals on buffers were moved to satisfy signal length requirements (< 1.5 “ for VME64x) eg. DS0,DS1.

Re-check VME signals
Action Saeed/John
Query: Do we need ferrites on AS , DS ? as mentioned in VME Handbook? Probably not.

POWER 3

Add part number for FETs

Action Chris
Confirmed that unused half of Hot Swap Controller does not interfere.

C3402 is not fitted to stop slowing down ramp. Ok.

POWER 2

Comment: -5V is not monitored by ADM. Have to live with this.

Query: Should we have Vprecharge pins separate from other 5V supply pins?

No. We need all 5V pins available.

Note 5VSUP is behind fuse. 

Query: What happens if board is partially in with only Precharge contact. Does full 5V board supply get drawn through precharge pins? No it just powers up buffers and power monitor circuitry. Ok since we require other power supplies eg 3.3V to be present in order to turn on full power to board. That implies full insertion of board.

Comment: These boards will NOT be released publically as being Hot Swap or Live Insertion capable.

Query: Is potential voltage drop on 1.5V from DC-DC at back to FPGAs at front of board acceptable. FPGA tolerance on 1.5V is between 5-10% only.

=> CHANGE: Track sense to centre front of board before connecting to plane. Connect using holes.
.Action Saeed/Chris
POWER 1

Query: Can we bypass some of the power protection circuitry to get minimum power for JTAG testing? (eg if missing -+12V)

Probably possible.

LEDs won’t work.

=> CHANGE: Connect all LEDs to GND. Except TSHDOWN connect to 5V

.Action Saeed

Implies LEDs are now ON when supplies are OK.

Comment: In order to test protection features of Power circuitry we should assemble a 3rd board with just this circuitry (ie without expensive components). This is planned for next year.

FRONT PANEL

LEDs are all Green. Not VME spec. We can live with it.

General Comments:

Only minor corrections were found. Mostly changes to Resistor values. Check new components if any with Bob Thompson.
Action Saeed/John
Next revision of Schematics need fuller titles and consistent dates on all sheets. Action Chris
Make full list of changes to schematics.

Action Saeed
LAYOUT ; POWER & GROUNDING

Priority to route critical signals:

Clocks : Route as LVDS pairs.

FE->BE data links (12 per FE Module). Avoid vias in middle of tracks. Keep groups of 12 same length (within 5%).

SLINK : Route as LVDS pairs. Check which ones
Action Saeed
QDR to BE-FPGA. Keep as short as possible.

This should be achievable with 8 signal layers.

It will need hand routing.

It may also require some pin re-arrangements on BE FPGA. Verify 
Action Saeed/Chris
Could remove some spare FPGA test points if necessary.

 (NB It is highly unlikely to do be able to do routing in 6 signal layers, especially given our tight schedule). 

Hot spot is around BE-FPGA.

Problem is top and bottom layers are limited by components (mostly de-coupling).

Default is 12 layer board (2mm).

Currently using 8 signal layers (top and bottom + 6 internal).

This leaves only 4 for Power & Ground.

Strong recommendation to use 2 Ground Planes. 

This leaves just 2 for Power.

We need planes for 5V, 3.3V and 1.5V.

Could share –5V with one of above if necessary.

Options in order of preference:

(1) Go to 14 layers (ie. add 2 Ground planes).

Simplest solution. 14 layers is ok with 2 mm board.

Adding  2 Ground planes. Leaves 4 for Power.

Impedance will decrease. May need to change track thicknesses and QDR terminations?

We want 75 Ohm generally and 100 Ohm for LVDS.

Possibly can live with some impedance change.

Need to check with PCB company what impact this has on impedances. 
Action Chris

(2) Stay with 12 layers with 2 Power planes.

Need straps to bring split plane supplies to Front-End module.

Need to see if this is feasible. 
Action Saeed/Chris
(3) Stay with 12 layers with 3 Power planes.

Acceptable solution exists. Risk of using only 1 GND plane.

Other Instructions

Bolt down DC-DC converters before soldering.

Add to Assembly Instructions
Action James

Changes on board are Frozen as of Friday 8th.
------------------------------------------------------------------------------------------------

Epilogue

Day after the meeting following items came up:

Unconnected power pins:

+5VSTDBYIN

PL17.153

+V1


PL17.15

+V2


PL17.20

-12VIN


PL17.152

-V1


PL17.30

-V2


PL17.35

LHC Crate spec states that +5VSTDBYIN is connected to 5V on PSU, ie we can use it as another standard power pin.

=> CHANGE: Treat . +5VSTDBYIN as another 5VIN pin

.Action Saeed

JTAG on QDR requires 2.5 V rather than 3.3V :

=> CHANGE: Use voltage divider to derive 2.5V

.Action Saeed

Test requirements:

Comment: Another meeting to review the testing of the FED is required.

Power & Ground:

PCB company says 14 layers is possible.

Impedance will be 60 Ohm (and 100 Ohm for differential).  These values are acceptable.

Note: Track thicknesses are reduced (from 6 -> 4 thou). This should aid routing.

Propose to use 4 planes for power to avoid split power planes. This is simplest solution.

i.e. +5V/ +3.3V/ +1.5V/ -5V & 2.5V/

And we still have 2 GND planes and 8 planes for signalling.

------------------------------------------------------------------------------------------------

Actions

1. Delete two signals FED_SYSFAIL and FED_SYSRST on VME FPGA pins B12 and A13.


2. Add pull up resistors to 3.3V on signals X1 and X2.


3. Identify all peaking capacitors as DO NOT FIT on the Assembly Instructions.


4. Identify all components which are not fitted as DO NOT FIT on the Assembly Instructions.


5. Add 10nF Decoupling capacitors to VREF signals on BE_FPGA & QDR. These are added in parallel to R203, R205, R211 & R215.


6. Add pull-up resistors 4K7 to 3.3V on FULL_FLAG, HALF_FLAG & EMPTY_FLAG signals on BE FPGA.


7. The value of BIAS VCC resistors are to be changed to:
R1184 = 2K2, R1185 = 680R, R1186 = 0R, R1187 = 680R, R1188 = 2K7


8. Add decoupling capacitors 10nF and 2u2 to the 16MHz crystal.


9. All the internal pull-up resistors for Virtex2 and System ACE is typically 100K. Change following resistors to 100K value as well: R1193, R1194, R1195, R1196, R1197, R1168.


10. Change the values of the resistors on CFG_PROG_B & CFG_INIT# 
R303 = 1K0, R304 = 1K0.


11. Track the sense signals for 1.5V rail to the middle of the board.


12. Rename signal +5VSTDBYIN on J1 pin 31B to +51IN. This pin is connected to the +5V power supply of the crate as there are no batteries present on the crate.


13. If possible ferrite beads to be added to some signals eg: AS#, DS#, DTACK#


14. LEDs DS81, DS82, DS83, DS85, DS86 DS87 & DS88 must connect to GND instead of 5VSUP through the 2K2 resistors. 


15. LED DS84 stays connected to 5VSUP but it must be reversed.


16. The following DCI resistors must be changed to the value   xxxx :
FE Module: R31, R36, R33, R35, R43, R40, R53, R38, R63, R70, R67, R69, R75, R77, R82, R74, R97, R102, R99, R101, R107, R105, R104, R110, R56, R58, R57, R61, R55, R59, R90, R91, R88, R96.

BE Module: R186, R187, R188, R189, R190, R191, R192, R193, R194, R195, R196, R197, R198, R199, R200, R201

VME FPGA: R257, R258, R260, R261, R269, R270, R275, R278, R276, R277, R284, R285, R282, R283.


17. Change the value of DCI resistors R213, R214, R217, R218 to xxxx on the QDR memories.


18. The resistor values for TMS & TCK clock termination are 62R. This value will have to be re-calculated if the PCB is changed to 14 layers. The new value of xxx is used for the following resistors: R1144, R1145, R1146, R1147, R1199, and R1201.


19. Add potential divider to the JTAG chain for the QDR memories. The resistor values are 680R and 2K0.


