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what s it?

FC7 (FMC Carrier — Xilinx Series 7)

- flexible, uTCA compatible card
for generic CMS data
acquisition/control uses

- suitable for production systems
or prototyping/benchtop use

- collaborative effort between
CERN & UK

- evolution of existing board
designs (CERN GLIB & Imperial
MP7)



overview

overview of requirements/specifications

- UTCA AMC implemented as a generic dual FMC carrier
- Xilinx series 7 FPGA to support line rates up to 10Gbps

- simple solution, minimise risk and reduce development time to maturity by basing
design on existing hardware

CERN GLIB

Imperial MP7

. . merge - -
L e W'th_ 106D & GLIB FMC layout/schematic expertise
advanced services
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example uses

TCDS (trigger, control & timing distribution) upgrade

- the FC7 will satisfy the role of both Local Partition Manager and Partition Interface
boards using different FMC mezzanines
- system (70 boards) to be assembled over next 6-12 months

Phase | Pixel FED/FEC prototype

- development to begin in 2014
- could possibly satisfy role as final production board



development history

March 2014 70pcs ordered for TCDS

February 2014 Pre-production batch #2 received (2 pieces)

January 2014 Pre-production batch #1 received (10 pieces)

Informal Price Inquiry

November 2013 Pre-production series submitted with two manufacturers

Re-spun prototypes received (2)
September 2013 Design validated, one minor design issue
Serious manufacturing issues uncovered

August 2013 Re-spin submitted

First prototypes received (2)
July 2013 Majority of design validated, no major issues
Begin assembly of test system & firmware

First (incomplete) prototype submitted

November 2012 Spec approved 5
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FC7: top view
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FC7: FPGA

XC7K420T
. ) e % 35mm x 35mm
- high rang-e Kintex 7 part k| i 416,960 logic cells
pin compatible XC7K420T or EEE 30MIb total block RAM
! 22l 40010, 32 GTX MGTs

R G C L LU ED £ 66 G or
RRRRARARDRIRDNN S

-2" speed grade — MGTs support
10Gbps (10.3125Gbps max)

|/O operates up to 3.3V signalling
- supports legacy FMCs




supports LPC mezzanines with

extended functionality
- a total of 20 multi-gigabit lines

FC7: FMCs

7 FMC1

& 136 user 10 to the front panel

..........
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FC7: oscillators

uCRESE

CPLO | K7

PROGRAMMABLE
SWITCHES

tassesssensaestatseses

A ARARRTSR

Ob BOARD
N/CERN 2013 |

programmable clock generator
& jitter cleaner (required for
LHC/TCDS/GBT applications)

125MHz (GbE-system clock)
156.25MHz (SRIO clock)
40.08MHz (LHC clock)
programmable (not mounted)
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FC7: configuration

CPLD JTAG header & switched »
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FC7: bottom view
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FC7: bottom view
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FC7: DDR3 SRAM
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RAM required for buffering
short term event information,
statuses, low rate event data
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XC7K420T supports a max DDR3 rate of
1066MT/s per pin (533MHz)

design specified to 480MHz - 30Gbps
maximum bandwidth (R+W)
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FC7: clocking tree
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supports virtually any MGT protocol to FMCs
- either natively or via an on-mezzanine source
- fully compatible with GBT link operation (via a
dedicated mezzanine)
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FC7: backplane links
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compatible with both Ports 12-15 LVDS I/O
uTCA for CMS and
AMC.[1,4] standards Ports 17-20 unused
""" FCLKA AMC13-TTC or PCle clocks

TCLKA/TCLKC telecoms clock inputs
supports range of MGT / p

protocols to backplane telecoms clock outputs




FC7: board services
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serial line to microcontroller for uC
bootloading or user data transfer

microSD card for storage of multiple
firmware images, calibration constants,
persistent data
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AMC power (MMC) management,
peripherals communication, FPGA
configuration/firmware loading
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batch #1: reception testing

FMC and backplane connectivity

- tests on all general 10 lines to/from
FPGA (single ended)

- loopback FMCs (AF-101) & loopback
AMC test board (SMA Ultra-9000)

- marching ‘1’s test at 40MHz
demonstrate full connectivity

@ Waveform - DEV:0 MyDevice0 (XC7K420T) UNIT:0 MyLAO (ILA)
7 468 460 470D 471 472 473 474 AF5 476 A7 478 470

Bussignal k10 TR I N A R Y B
= /112 p_16_00_cs oooo1| ooooal  oodnt ¥ponnzion
¢ fcs.112 p 33 17 s o0000| o0o01{00000 {00001 ¥00002 400004400008 400010 00020400040 4D00804001 00
Jes.112_p_33_17_cs<0> [T
fes.112_p_33_17 cs<l> [ 1
Jes.112_p_33_17_ce<a> ]
Jes.112_p_33_17 cs<i> [

[

fos.l12_p 33 17 _cs<d-

fca.112_p_33_17 _cs<5>

fos 112 p 33 17 cs<d6r

fc5.112_p_33_17_cs<7>

o o o o o o o o o
o 0o 0o o o o o o +

"~ = | FMCloopback (AF-101)

foa.112_p_33_17_cs<8>
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batch #1: reception testing

FMC and backplane connectivity

- tests on all high speed differential
lines to/from FPGA

- IBERT bit test firmware to test serial
(GTX) transceivers to backplane (5Gbps)

and FMCs (10Gbps) in loopback

@ IBERT Console - DEV:0 MyDevice0 (XC7K420T) UNIT:1_0 MVBERT K7 GTX1_0{IBERT K7 GTX)

MGTIBERT Sefiings | DRF Seftings | PortSeffings | RiMargin Analysis |

| omoave | omioa | emeovz || omexov: | omoaove | emexovs | emexovs || eTxovr |
MGT Link Status 10.0 Ghps 10.0 Ghps 10.0 Ghps 10.0 Ghps 10.0 Ghps 10.0 Ghps 10.0 Ghps 10.0 Ghps
PLL Status QPLL LOCKED QPLL LOCKED QPLL LOCKED QPLL LOCKED QPLL LOCKED QPLL LOCKED QPLL LOCKED QPLL LOCKED
Laophack Made [Mone [«] [rone [=] [Mone [=] [Mone [=] [Mone [=] [Mone [=] [Mone [=] [Mone [=]
Channel Reset Reset Reset Reset Reset Reset Reset Reset Reset
THIRX Reset T Resel|R¥ Resel | X Res..|R¥Re..|TXRes.| RXRe..| TXRe..|R¥Re..|| TXRe.. |R¥Re.. |Tx Reset|RX Res..|| TA Re.. | X Re.. TXRe..|R¥Re..
T Palarity Invert [m] m] [m] = [} O =] =]
T Error Inject Inject Inject Inject Inject Inject Inject Inject Inject
T DIff Output Swing (850 v (110, = | [B50 v i1, [w] [B50 mv 11, || [BE0mmv (1. w] [B50 v (1. =] 50 1. |w] [E50mv .. =] [E50 v (11..]v]

TH Pre-Cursor [1.67 dB (001 [ ]| [1.67 dB 00 [+] [1.67dB (00|« | [(67dB 00 |+ | [167dB(00 || [{67dB (00 |w| [T67dB(0 || [1.67dE 00 []
TH Post-Cursar |0.68 dB (000...|w | [0.68 dE (00 [+ | [0.68 dE (00 || [0.68 dE (00w | [0.68 dE (00..[w| 068 dE (M0 [w| [0BEdE (0. [w| [068dE (MO0 [w]
Rt Polarity Irvert O O ] ] O O | =

Termination Voltage  [Programma... [w] [Programm... [«]| [Programm.. [w ] [Programm.. (=] [Frogramm.. (=] [Frogramma.. =] [Programm.. (=] [Programm.. [« ]
RX Common Mode  [S00 mv [=] [800mY [=] [300mY [] [800mY [~] [300mY [~] [300mY [+] [B00my (] [800mY [+]

¢ BERT Settings

TX Data Patterm [PRES 31-bit_|w| [PRES #1-bit [w]| [FRES 31-bil |+ | [PRES 31-hil | w | [PRES 31-hit |w | [PRES 31-hit

[~ | [PRES 31-hit [+ [FRES 31-bil [+

R Data Fattern [PRES 31-bit_|~| [PRES #-bit [+ [FRES 3-6i |+ | [PRES 31-hil |+ [PRES 31-Ak |+ [PRES 31-Bi

[~ [PRES 31-bit [+ [FRES 31-61 [+

R Bit Errar Ratio B.0G4E-016 B.0G4E-016 B.0G4E-016 B.0B5E-016 E.DB5E-016 6 0BSE-016 6.0B5E-016 B.0BEE-016
R Received Bit Count 1.648E015 1.649E015 1.648E015 1.649E015 1.648E015 1.648EMM5 1.648E0M5 1.648E015
R Bit Errar Count 0.000E000 0.000E000 0.000E0O0 0.000E000 0.000E000 0.000E00D 0.000E000 0.000E000

FMC loopback (AF-101)

ERsRr My
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batch #1: reception testing

FMC and backplane connectivity

- tests on all high speed differential
lines to/from FPGA

- IBERT bit test firmware to test serial

(GTX) transceivers to backplane (5Gbps) full connectivity demonstrated
and FMCs (10Gbps) in loopback

@ IBERT Consaole - DEV:0 MyDeviced (XC7K420T) UNIT:1_0 MVBERT K7 GTX1_0 {IBERT K7 GTX)

MGTIBERT Sefiings | DRF Seftings | PortSeffings | RiMargin Analysis | a" tra nsceivers Working at

[ | emoave | omoon | emeoov: | omoxov: | omowve | eTexovs | emexovs || eTxovr |

o po o
MGT Link Status 10.0 Ghps 10.0 Ghps 10.0 Ghps 10.0 Ghps 10.0 Ghps 10.0 Ghps 10.0 Ghps 10.0 Ghps S pecrfl Ed I ine rates
PLL Status QPLLLOCKED ~ OPLLLOCKED  QPLLLOCKED QPLLLOCKED OQPLLLOCKED  OPLLLOCKED  QPLLLOCKED  QPLL LOCKED

Laophack Made [Mone [«] [rone [=] [Mone [=] [Mone [=] [Mone [=] [Mone [=] [Mone [=] [Mone [=]

Channel Reset Reset | Reset | Reset Reset Reset | Reset Reset Reset ‘

THIRX Resel T Resel|RX Resel Tt Res..| RiRe .| heRes. | RiRe. | TeRe. | Re. ][ DRe. | RiRe.. [t Reset Rx Res. | T Re.. | RiRe.. TeRe. | RiRe.]

T Polarity Invert O m] [m] [m] (] O | [m]

. ] 15 ]
TX Errer Inject | omeet | omest | meet | et | mest | meet | met | met | 0 blt errors in >10 transmlttEd
XD Output Bwing (G50 MV A0, || [B50 M 7., [ ] (G50 elT.. | =] [BE0mv (11w [50mv il =] [0y el =] (850 (. = [B50mv il =]

bi 10-14) usi S-31
T Pre-Cursor [167 B (01| w]| [167dB(00_|w| [167 B 00 |w| [1.67 dB(00_|w | [T67 dB0_|w]| [T67 a5 00 |w]| [167 a8 _|w] [T67 dB@0_|v] ItS (BER< - ) USIng d PRB -

TH Post-Cursar |0.6B dB (000 |w | [0.6B dB (00 [w| [0.6B dB (00 || (0.6 dB (00 |w| 0GB dB (00 || [0EB8dB (00 |w| [0EBdB (0. |[w| [0EBdE (00| d
R Folarity Invert | | ol ol | | | | ata pattern

Termination Voltage  [Programma... [w | [Proaramm.. [« ]| [Programen.. (=] [Prooramm.. [« ] [Programm.. [« | [Programma.. [« | [Programem.. [« ] [Programm.. [«

RX Common Wode  [500 mv [=] [200 mv [=] [500 my [=] [200 Y [+ [@00 v [+] [300 v [+] @E00my =] [@00mv =)
¢ BERT Settings

TX Data Pattam [FRES 31-bit || [FRES 31-bit |w| [FRES 3-bit || [FRES 31-bit |+ [FRES 31-hit |+ | [FRES 31-bit |+ [FRES 31-hit |+ ] [FRES 3-hil [v]

R Data Pattern [FRES 31-hit [w| [FRES 31-hit [w]| [PRES 31-bit [« | [PRES 31-hit [» | [PRES 31-hit |« | [PRES 31-bit |[w | [PRES 31-hit [« | [PRES 31-hit [« ]

R Bit Errar Ratio B.OG4E-016 B.064E-016 B.O64E-016 B.O65E-016 B.0B5E-016 6.0B5E-016 6.065E-016 B.OBEE-016

R Received Bit Count 1.649E01E 1.649E015 1.649E0146 1.649E015 1.649E015 1.B45E015 1.649E015 1.649E015

R Bit Error Count 0.000E000 0.000E000 0.000E000 0.000E000 0.000E000 0.000E000 0.000E000 0.000E000
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batch #a: reception testing

other connectivity

DDR3 RAM -> early testing indicates good operation (no
R/W errors) at 480MHz using a pre-built Xilinx traffic
generator

clocking logic -> no issues detected with clocking
scheme, oscillators or programmable clock generator so
far, difficult to cover full phase space!

-> more tests needed

o CAWINNTwsystem32vemd.exe

crate operation -> MMC functionality (board power
management, IMPl communication) verified,
communication over GbE on Port O (IPBus) works

-> sensor data reporting functionality to be added
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batch #1: performance testing

FMC SERDES

electrical transmission at 10Gbps on FMC MGTs using
XM104 (access to two channels)

electrical eyes are wide
open for both FMC slots

jitter measured to be ~20ps

channel to channel jitter
spread ~1.7ps

easily meets SFF-8431
specifications for SFP+
modules at 10Gb/s of 27.2ps



batch #1: performance testing

FMC SERDES

optical transmission at 10Gbps on FMC
MGTs using Faster Technology FM-S18
and SFP+ in loopback with variable
attenuator

running IBERT test in

-20 -18 -16 -14 -12 -10 -8 -6
loopback -
1.00E-03 -
initial testing (850nm MM) 1.00E04
indicates that the carrier 1.00E-05 —+—ROb M2CO (PRES31) ——
does not degrade 1.00E-06 ~——R0b M2C1 (PRBS31)
. 1.00E-07
performance of optical L ien
transceiver (<-11.1dBm) % oros AR
N\
1.00E-10
need more work to define a 1.00E-11 \“
systematic test stand (well L00E-12 =
characterised reference L00EL3
. 1.00E-14
FMCs, SFP+s and carriers) Optical Input Power [dBm]
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backplane SERDES

0 o e e TR0 Commtn 58 ) GHTIZ0T, PR ABRAT 7 GT18 05ERT 7 61

batch #1: performance testing

==

Seeew T
=

electrical transmission at 5Gbps on
AMC MGTs using SMA Ultra-9000 and
in the crate with the AMC13XG

excellent eyes at 5Gbps (~46ps jitter)

test of Port 1 (CMS DAQ link) between
FC7 and AMC13XG using IBERT bit tests
using PRBS-31 — no errors in >10*3 bits

RX bathtub curves on both AMC13 and
FC7 on Port 1 0.45Ul open




firmware/software

mature version of f/w for basic board control

available
https://svhweb.cern.ch/cern/wsvn/ph-ese/be/fc7

ph-ese - Rev 1564
(root)/beffc7 ftrunk/fc7 _r0/src/sys/

- very similar in structure & content to GLIB f/w

Revision Information

Last modification: |Rev 1562 - vichoudi - 2014-02-07 18:39:17 - Rev 1551
Log message:

-Separate user (CUStom) and SyStem (|PbUS & Last modification - Compare with Previous - View Log - Download - GE3
register space, clock & peripherals control) - Path |

O 3 bef
spa ces ] L“] amc_glib/
3 fc7/
[ branches/
. (] [ tags/
- available on SVN, much more to come (DDR3, 0| e
o =2 fc7_r0,
clock control, firmware loading...) a B
=} (3 src/
ll 3 syss
[ cdce/
[ fmc/
. . ]} 3 i2c/
software for basic board control available o B icany
o [ ipb_fc7/
t-?'_? |Zd;
[ prbs/
[T regs/
[ sys/
[ uck/
[ wb/
= usr/
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https://svnweb.cern.ch/cern/wsvn/ph-ese/be/fc7

First FC7 application: TCDS

Local Partition Manager (LPM) k o

e 2x10Gb/s <->DAQ
 8xTTC/TTS <-> TCDS fanout (PI)
* Backplane <-> AMC13

Plus m:m SHE - >
(IU’ CORHING W—m

—

Partition Interface (Pl)

 2x TTC/TTS<->LPM
 10x TTC/TTS <-> FEDs
e RIA5TTS  <->Legacy systems




summary

CMS (CERN/IC) board, merge between MIP7 & GLIB

Dual LPC FMC carrier
- w/ additional SERDES as in HPC

Successful preproduction
Mature FPGA firmware

First application (TCDS) already launched production

More to come!




