Tell40:
an ATCA readout board for LHCb

%mzm
Institut national de physique nucléaire

et de physique des particules




Outline

- Upgrade motivation and challenges
- Preliminary R&D developments
- Tell40 architecture



LHCb Upgrade

Motivation

@ Current system expected to collect [Z~ 5 fb-! in the next 5 years of operation.

@ After that time, statistical precision of measurements increases very slowly.

Goal is to augment the statistical power to study new physics by:

@ Increasing the instantaneous luminosity from 2x1032 to 1033 cm-2s-1
@ Improving the trigger efficiency for hadronic channels
-+ Collect [#= 50 fb-"



Detector Upgrade

VELO TRACKING RICH CALO + MUON
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Replace nearly all the front-end electronics + DAQ network

More details in Ken Wyllie presentation
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Radical change of trigger concept

Current architecture

v

L0 electronics

LO trigger
L0 derandomizer

{}

0 latency bujfer

Upgrade architecture

Front End

’ . Buppressg

Derandomizing

-

Zero

Readout L0 Hardware
Supervisor Trigger =
|
L1 electronics Qo
Input buffer Output buffer
Data link 2 kHz
Zero " 1Gb
""""" _Suppress_ HFormattin Ethernet —m Network
1 MHz
Tell1
Readout Interaction
Supervisor Trigger
Network
LO trigger Back End Slice
Input buffer Output buffer
Data link
--------- p- | — Formatting-{ 10 CP 20 kHz
40 MHz Ethernet
1t0 40 Network
MHz Slice

Tell40

S



LHCDb read-out requirements
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Preliminary developments



Design and test of basic building blocs
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AMC board and mezzanine
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MCH board
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Measurements at 4.8 Gbits/s

Serial link at 4.8 Gbits/s with GBT protocol » Measured jitter at 10-12

~ i | Total : 40 ps (p to p)
A

- -/

Random : 2.4 ps
Deterministic : 7.8 ps

+ Estimated error rate :
much less than 10-16

L J-L P ¥ § o
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Measurements at 8 Gbits/s

Serial link at 8 Gbits/s with GBT protocol

* Measured jitter at 10-12
Total : 73 ps (p to p)
Random : 3.0 ps
Deterministic : 33 ps

+ Estimated error rate :
10-16 without pre-emphasis nor
equalization

+ Closure of eye diagram: inter
symbol interference due to
attenuation of high frequencies




Generic board set
for LHCD



Single board for several
requirements ?
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Generic AMC board

Replace 2 stratix IV GT by one Stratix V GX
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Generic ATCA board

Input:
96 GBT links

Output:
48 10GbE links

110 boards
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readout
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ATCA + AMC — Many Configurations
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Exemple of clustered architecture

Backplane star topology

1 or 2 crates per sub-detector
of ECS control vs ACQ control

Adjustable ratio
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Detailed architecture
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Summary

@ Flexible architecture relying on ATCA powerful connectivity

@ Design of a generic board addressing most needs for
readout, slow control and time distribution

@ Quick customization and upgrade by designing simple optical mezzanines
@ Design starts now

@ Full prototype begining 2012
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