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When:

Why:

How:

LHC Long Shutdown 2 (by 2022)
For Runs 3 & 4 (2022 ς2029)

To increase statistics
9 fb-1 (Runs 1-2) Ҧ50 fb-1 (Runs 1-4)

Increasing instant. luminosity
5x higher ҦLinst = 2x1033 cm-2s-1

Increasing readout rate
м aIȊ Ҧ пл aIȊ

This requires some main changes:

Å Replace many sub-detectors:
Å New Tracking System

(VeLo, UT, SciFi)

Å Partially new Particle ID System
(RICH1 + RICH2)

Å Replace of ALL the electronics:

Å No more hardware trigger
Å Event selection in software
Å Completely new DAQ system

NEW READOUT
ELECTRONICS



The Online DAQ System
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Sub Detector

CǊƻƳ CƭŀǾƛƻΩǎ ǎƭƛŘŜǎ όlink here)

Previous talks have covered:

the Event Builder, by Flavio (link)
the HTL Storage, by Pierfrancesco (link)

But how does the 
data get there?

https://indico.cern.ch/event/1109460/contributions/4893313/
https://indico.cern.ch/event/1109460/contributions/4893313/
https://indico.cern.ch/event/1109460/contributions/4893312/


ÅLHC beams are divided in bunches that
cross in synchrony with a clock signal

~40MHz = 25ns / cross

ÅNot all bunches are filled Ÿ no collision
We need to select which

bunch crossings to save

ÅParticles 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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The data path 
before the softwareFrom Collision to Memory

FrontEnd BackEnd

Sub Detector

Event Builder 

0ns 25ns 50ns
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The TFC System: A Real-Time Architecture

LHC clock

GBT data links

GBT ctrl links

TFC links

ÅGenerates Timing and Fast Commands

ÅProvides clock with fixed and deterministic latency

ÅDistributes them to all the detector electronics
ÅBackEnd cards via TTC-PON (Project link)

ÅFrontEnd modules via GBT (Project link)

All cards are PCIe40s with 
different firmwares

Supervisor =SODIN
Control =   SOL40

DAQ = TELL40

To all DAQ/Ctrl electronics!
42      Control cards
480    DAQ cards
2000  FEE ctrl links

LHC clock
Clock
crateLHC orbit orbit

PON
Splitter

PON
Splitter

https://gitlab.cern.ch/TTC-PON/official_release
https://espace.cern.ch/gbt-project/default.aspx


The TFC System in pictures
VELO

SCIFI-A

SCIFI-C

PON 
splitter
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GBT Project: The GigaBit Transceiver

ÅTheGBTProjectprovidesa radiation
hard chipsetfor handlingcontrol and
dataacquisitionon frontend boards

ÅDesignedat CERN,it is widely used
on the upgradeof its experiments

ÅIt also provides a firmware
component (GBT-FPGA)that allows
FPGAsto interface directly with the
GBTxchip.

For more info:
GBT Project link(requires CERN login)
The GBT-SerDes ASIC prototype(public paper)

https://espace.cern.ch/gbt-project/default.aspx
https://iopscience.iop.org/article/10.1088/1748-0221/5/11/C11022
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The TTC-PON Project
ÅTiming, Trigger and Control for 

Passive Optical Networks
(Link to project)

ÅFPGA-Based System for TFC 
distribution with fixed latency

Å9.6 Gbps downstream with FEC
(8.0 for the user)

Å2.4 Gbps upstream 8b10b

ÅMaster/ Follower architecture
Å OLT = Master
Å ONU = Follower

ÅSlow Control Implemented
Å Everything controllable 

from the master

(Time Division Multiplexing)

https://gitlab.cern.ch/TTC-PON/official_release
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TTC-PON: Clock Recovery

ÅThe TTC-PON firmware managesclock and data recovery,
making use of the FPGAtransceiversand an external SFP+
module

ÅTheOLTsetsthe beginningof the transmissionof a new word
from a strobepulseprovidedby the user

ÅThe ONU identifies the header position in the serial stream
andgeneratesa strobepulsephase-alignedwith the header*

ÅTherecoveredclockcanbegeneratedfrom the ONURxstrobe

*This is achieved by using the FPGA ǘǊŀƴǎŎŜƛǾŜǊǎΩ rxslide/bitslip functionality to shift 
the recovered parallel clock until it is aligned with the header. For more details:

https://ieeexplore.ieee.org/document/8967127

ONU Rx

OLT Tx
STROBE

DATA

CLOCK

STROBE
DATA

CLOCK

TheTxandRxwaveformslook the same,but:
Onthe Tx,the strobedefinesthe positionof the dataword
Onthe Rx,the dataword definesthe positionof the strobe

https://ieeexplore.ieee.org/document/8967127
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TTC-PON: Integration into the Firmware

DATA

DATA

CONTROL

Tx

Rx

TTC-PON 
core

SFP+

DATA

FPGA PCB

STROBE

Simplified diagram of the TTC-PON core 
integrated into the firmware

ÅThe TTC-PON firmware managesclock and data recovery,
making use of the FPGAtransceiversand an external SFP+
module

ÅIt providesanabstractionlayerto the user

ÅTheuserstill needsto handlethe configurationandcalibration
of the transceiver,provide the interfacesof the TTC-PONcore
to the transceiverandthe externalSFP+moduleandprovidea
wayof accessingthe TTC-PONregisters.

Å The strobe pulse is an input to the OLT 
and output from the ONU

Å The SFP+ control signals differs from 
the ONU and OLT
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TFC System: Clock Distribution

clock

Supervisor Control DAQ

ONU

GBT

PON PON

ÅThe TFC System uses the TTC-PON firmware component to
distribute the clockbetweenthe SupervisorandControlcards,and
betweenthe ControlandDAQcards

ÅIn the Controlcard, the strobe pulseusedby the OLTis generated
from the 40MHzclockrecoveredfrom the ONU. Thisway the clock
propagateddownstreamto the DAQcardsis phase-lockedwith the
onereceivedfrom the Supervisorcard

ÅTheclockto the FrontEndelectronicsusesinsteadthe GBTprotocol
ÅTheBackEndfirmwareusesinstancesof the GBT-FPGAcore
ÅTheFrontEndboardsusethe GBTxASIC

ONU OLTOLT

GBT
FPGA

GBT
ASIC

(external)

FEE


