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The LHCb Upgrade
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Increasing readout rate
Mo oall ™ nn all

This requires sommain changes:

A Replace many sutietectors:

A New Tracking System
(VeLo, UT, SciFi)

A Partially new Particle ID System
(RICH1 + RICH?)

A Replace of ALL the electronics:

A No more hardware trigger
A Event selection in software
A Completely new DAQ system
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The Online DAQ System
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But how does the
data get there?

Event Builder
Metwork
(InfiniBand 200G)

Sub Detector

164 servers: DAQ + event builder + event filter first pass {(on GPGPUs)
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Event filter second pass (~4000 servers)
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Design and Commissioning of the first 32 Thit/s event-builder.
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https://indico.cern.ch/event/1109460/contributions/4893313/
https://indico.cern.ch/event/1109460/contributions/4893313/
https://indico.cern.ch/event/1109460/contributions/4893312/
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A LHC beams are divided in bunches that
cross in synchrony with a clock signal

~40MHz = 25ns / cross

SciFi RICH2

Tracker —

A Not all bunches are filled Y no collision
We need to select which
bunch crossings to save

A Particles arrive at different times
depending on the subdetector
We need to phase-align the clocks
per subdetector and have fixed latency
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TheTFC System: A Rdame Architecture

AGeneratesliming andrastCommands

All cards are PCle40s with
different firmwares?

LHC Cloék

AProvides clock with fixed and deterministic latency  supervisor =SODIN —
ADistributes them to all the detector electronics Control = _SOL4 e
_ _ _ DAQ =TELL4 GBT data links
A BackEnd cards via TPON Project linR .
A FrontEnd modules via GBHrdject lin PON GBT ctrl links
Splitter DA
To all DAQ/Ctrl electronics! ) DAQ
PON Control e
42  Control cards splitter] | — — .
480 DAQ cards — ] | ——]] | CBTdaalinks
2000 FEE ctrl links Readout — ] — ‘
Supervisor—| |[— 3 -
— — .
LHC clock clock .'"[ — -
' grlgtcek T — GBT ctrl links ,
LHC orbit orbit - -
g :_E TFC links I‘ FrontEnds
-

August 04, 2022 Mauricio Fée m.feo@cern.ch 5/19


https://gitlab.cern.ch/TTC-PON/official_release
https://espace.cern.ch/gbt-project/default.aspx
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GBT Project: The GigaBit Transcelver

GBT 1

+ I
Versatile Link
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A The GBTProjectprovidesa radiation =~ "™ ® '"99%% —
hard chipsetfor handlingcontrol and Q
DAQ S

dataacquisitionon frontend boards

r_’Timinl_:l & Trigger
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Slow Contro \, ’ : \_’ Slow Control
|
A Designedat CERNt is widely used Custom ASIES i ’xq /
: : On-Detector Off-Detector
onthe upgradeof Its experlments Radiation Hard Electronics : Commercial Off-The-Shelf (COTS)
120 bits
A It also provides a firmware [ :
component (GBTFPGA)that allows 4bks  2bis  2bis e a2 pis
FPGAdo0 interface directly with the — HEHC — - - - o ! 1
GBTxchip. GBTFrame r—l—\ [ : ) [ | ) . ) | : ) [ : \
\ 1 )
Y Y
One e-Port: 3 groups of 8 outpute-Ports

For more info:
GBT Project linfkequires CERN login)
The GBT5erDes ASIC prototyifublic paper)

+ Fixed cata rate 80 Mb/s
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2 groups of 8 input/output e-Ports (operating as outputs)
5 groups of 8 input e-Ports.

Number of data e-links (excluding EC e-Link):

* 40 input

* 40 output
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https://espace.cern.ch/gbt-project/default.aspx
https://iopscience.iop.org/article/10.1088/1748-0221/5/11/C11022

TheTTCPON Project

A]ming,'_l‘rigger andControl for A Master Followerarchitecture ac [ ,

PassiveOptical Networks A OLT = Master Gl oo || Trigser Unit

(Link to projecy A ONU =Follower =
.

A FPGABased System for TFC A slow Control Implemented

distribution with fixed latency A Everything controllable

from the master

A 9.6 Gbps downstream with FEC Q

(8.0 for the user)

8b

BC period (25ns)

] o _ _ ONU ONU ONU
A 2.4 Gbps upstream 8b10@ ime Division Multiplexing) : -
I : off-detector
[ A .. ONU2 P A - e i ig——
o W —— [(eBn] (Ceex ] (GBI J

HDR ] sse
Cu XEOGEC == ) ecnip| [recnip) (recmp]  [rechip

Total: 80b (100b with 8b10b)

OLT: Optical Line Terminal / ONU: Optical Network Unit
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https://gitlab.cern.ch/TTC-PON/official_release

TTCGPON: Clock Recovery

AThe TTGPON firmware managesclock and data recovery, OLT TX
making use of the FPGAtransceiversand an external SFP+ CLOCK T L L L
module STROBE/ | [ B
DATA_ ] dataq \ datay [

A TheOLTsetsthe beginningof the transmissionof a new word
from a strobe pulseprovidedby the user

A The ONU identifies the header position in the serial stream &b

andgeneratesa strobe pulsephasealignedwith the header* BC period (25ns)
A Therecoveredclockcanbe generatedfrom the ONURXstrobe O N U RX
*This is achieved by using the FRGAY y 3 OxSlidedbshiEfudctionality to shift CLockf Lf Lf LfLf LfLfLfLfLfLfLfLf
the recovered parallel clock until it is aligned with the header. For more details: STROBE/ [\ [
Achieving Picosecond-Level Phase Stability in DATA_] it \ ol _

Timing Distribution Systems With Xilinx
Ultrascale Transceivers

Eduardo Mendes™, Sophie Baron, Member. IEEE, Csaba Soos, Jan Troska ™, and Paolo Novellini

TheTxand Rxwaveformslook the same but:
— : Onthe Tx,the strobedefinesthe positionof the dataword
https://ieeexplore.ieee.org/document/8967127 Onthe Rx,the dataword definesthe positionof the strobe
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https://ieeexplore.ieee.org/document/8967127

TTCGPON: Integration into the Firmware

AThe TTGPON firmware managesclock and data recovery,
making use of the FPGAtransceiversand an external SFP+

module
At providesan abstractionlayerto the user SFP+
DATA
A . _ o TX >
Theuserstill needsto handlethe configurationand calibration
of the transceiver,provide the interfacesof the TTCPONCcore DATA TT
to the transceiverandthe external SFP-moduleand providea :>': TTePONICONTRY Q)
way of accessinghe TTCPONregisters core E N <
T STROBR ]
iy
A The strobe pulsésan input to the OLT . Ry | 2ATA
and output from the ONU

A The SFP+ control signals differs from
the ONU and OLT = ~wmrmmmeee et

’ Simplified diagram of the TIRON core
integrated into the firmware
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TFC System: Clock Distributiorf<ens

A The TFC System uses the TTGPON firmware component to
distribute the clockbetweenthe Supervisorand Controlcards,and
betweenthe Controland DAQcards

A In the Controlcard, the strobe pulseusedby the OLTis generated
from the 40MHz clockrecoveredfrom the ONU Thisway the clock
propagateddownstreamto the DAQcardsis phaselockedwith the
onereceivedfrom the Supervisorcard

TheBackEndirmware usesinstancesof the GBTFPGAore

A TIEclockto the FrontEndelectronicsusesinsteadthe GBTprotocol
A TheFrontEndboardsusethe GBTXASIC

Supervisor Control DA
PON PON
OLT »| ONU |- OLT » ONU
clock T :
- .......... GBT <_>GBT GBT
"|_Froa ASIC FEE
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