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Introduction

« Past VELO U2 workshop:

Module Flavour, Module electronics.

Power consumption, voltage supply,

radiation damage, bandwidth, ...
SiPh, VTRx+, KCU, Felix, Online,

reconstruction.

R&D Path towards a Module

. Spidr4 compatible |

Objective:

« lIrradiation
of sensors.

Tasks:

* PCBsre-
design to
be
irradiation
compatible.

External
[Selellgle]

cooling

Objective:

Cooling test

Tasks:

PCBs re-
design to
include
cooling.

Objective:

+  Cooling
test.

Tasks:

» PCBsre-
design or
adapt to Ti,
MC block

Control

Electronics

Objective:

*  IpGBT
control
(HW/FW/S
oft)

Tasks:

« PCB (allin)

design.

Fw/Soft

develop

Readout

Irradiation,
Cooling...

Control

Objective:

*  Readout
and data
processing

Tasks:

+ PCB (allin)
design.
(VTRx+)

+ FW/Soft
develop.

Objective:

* Readout
and data
processing

Tasks:

+ PCB (allin)
design.
(SiPh)

+ Fw/Soft
develop.

Objective:

«  Control for
Validation.

« IpGBT
control
(HW/FWIS
oft)

Tasks:

« PCB designs.

« Fw/Soft
develop

Details

B 5copina Document
Velopix2 Specs
ASIC R&D prototypes dev

Objective:

+ Readout
and data
processing

Tasks:

« PCB design.

Objective:

* Readout
and data
processing

Tasks:

« PCB design.

(SiPh)

+ Fw/Soft

develop.

All boards could be used for vacuum, temperature and

magnetic field compatibility tests.
Use standard DCDC bPol12.
PCB technology and distance for 10 and 25 Gbps

signals.

Module pre-production PRR]
Module Production
Cooling R&D: interface, fluid, temperature
R o FTSH i oat substate choco
PRR Prod of Substrate
Construction of cooling plant
DAQ R&D { Do | D1 | D2 |
|
'ASIC+DAQ+CTRLs integration
Det+DAQ Valid.
RF Shield R&D RF box or
RF-Shield Desian
RF shield Production
I I T R RSie choice
2023 2024 2025 2026 2027 2028
qazs Module proof of principle using timepixd - single chip - cooling proof of principle quzs [0l evaluation of cooling substrates
iz Single Picopix based madule ez choice of cooling technology
qar27| Tile-based, double sidded Velo layout compatible module qa27 (W choice of cooling substrate

atr25[E0 Sensor prototype submission
aiizs M Sensor prototype reception
26|31 hybridization — bump bond to ASIC prototypes

qunsfCEI| Sensor prototype review - collect all results before tle production

425 LA PicoPix Submission
226 LY Ml Ignite ER Submission

qan2s [Le 3 ASIC decision

3 04l01 02 03'@4lo1 02 03 @4]a1 02 03 aslar a2 a3

I Validation
Production

_ Tile Production and Testing
layout compatible module desian read _

contingency

u

Full slice tests

Detector Assembly

qi27 .74 Electronics module with integrated PIC - PIC validation
q427 15| Decide which readout board technologies including PIC vs VTRx.

q225{ L1 Decide VTRx max distance from ASIC.
a1i26)14 | Full speed prototype backend ready

ozl vacuum barrier technology / geometry
e[ Decision on layout approach

qasf[ER Detector mechanics engineering design review

a2s| | RF boxes or cylinder
@325, | RF shield technology review

Optical fiber

2032 2033 2034 2035
2 03 04101 Q2 Q3 @401 a2 03.04lq1 02 03 a4
N 4 L s 4

Full system tests

Installation
Commissioning

2033

1 HV PS & temp mon |

DCDC
(4x0.9V [¢
1x1.2v
1x2.5V)
>
S (anous Optical fib
B |LpGBT|| VTR plcalfber
Control & Monitoring of the module
sk o
IATFC (fanout) Optical fiber
Seesacrio) LpGBT|| VTRx+
: A
DCDC
(4x0.9v

1x1.2V

1x2.5V)

Optical fiber
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https://indico.cern.ch/event/1476094/contributions/6233559/attachments/2969446/5225458/ModulesFlavour-1.pdf
https://indico.cern.ch/event/1459997/contributions/6238188/attachments/2976936/5240892/VELO%20Module%20electronics.pdf

Hardware electronics

 PCBs under design for MO (Tpx4) (Milestone MOQ).
« Rad hard chipboard. (Bas Van Der Heijden (Nikhef)). Ongoing

« VTRx+ + [pGBT board that adapt to Nikhef rad hard chipboard (Stefano Riboldi
(Milano)). Under discussion.

* Full Tpx4 board. (Sara Al-Tawil (EP-ESE)). Schematic on review, Layout on going.
« PCB design for Picopix/Ignite should start soon (Milestone M1).

<Al (EE
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https://indico.cern.ch/event/1545889/

Hardware electronics

Quick thougth on power and voltage
drop.

« Upgrade I:

« Minimize voltage drops. Aim :
100mV @ 3A, i.e. total cabling
resistance < 30mQ.

« Current consumption of ASICs
varies <~30% when readout is
active. <30mV supply variation.

« Upgrade II:

« Power will be factor 2 and voltage
will from 1.2 Vto 0.9 V.

* So, keeping the same factor 100
mV -> 75 mV and 3A -> 6A. And 30
mQ ->12.5 mQ.

» Careful study of wirebond size and
number and power routing need to
be done.

\

DC/DC
source
resistance

1.8mQ 2.1 mQ
(AWG 12,  (AWG 14,
4mm2,35 2.5mm2,
cm) 25cm)

VFB + Hybrid:
OPB + . Long Short .
L in&out L J LH L ] +connector [ 1 Wire bonds
cables - - Slnes

8 mQ 58mQ 10 mQ 6 mQ 4mQ ?2<5mQ? 10 (supply) mQ
+8 GNDd mQ
J \ 25-28 mQ ] | I\ ]
| \ I | i
Goal <‘30 mQ
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Hardware integration

« Similar like Upgrade I:

» Electrical module need to be integrated
with the cooling. (external or embedded).

« Challenges due to Upgrade Il
conditions:

« Electrical test:
« CLK distribution of ps.
* High data rate.

« But not only electrically, module need to
be tested with:

« lrradiation.

« UHV.

« Low temperature and temperature cycle.
« Magnetic field.

« Documentation on specifications for
ECS, TFC and data rates integration In
LHCb. (Antonio (Santiago)).

y Edgar Lemos Cid
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Back-End

Hardware readout (links) G-

* Alot of work from CERN, Birmingham .

and Santiago: Link 1, Link 2, Link 3, 72
* More presentations/summaries
today/tomorrow.

« Data rates from simulation and SiPh
link optimization (Dan (Birmingham)
« Silicon Photonics optical links and

VTRx+ module outgassing test
(Carmelo (EP-ESE))

» Optical links demonstration using the
VTRx+ (Fran (EP-ESE)

« Some of the milestones D0-3 archived
or almost to be archive.

* No spoiling here.

y Edgar Lemos Cid
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https://indico.cern.ch/event/1503961/contributions/6330062/attachments/2999798/5286010/LHCb_VELO_upgrade_Links_21-01-2025.pdf
https://indico.cern.ch/event/1515943/
https://indico.cern.ch/event/1527144/
https://indico.cern.ch/event/1545888/

Firmware and Software // For control and for readout

« KCU and FELIX developments. Merge request on going.
 Towards a common development. More on Paolo talk.

Control & DAQ PC
PC

O-@ Chipboard VLDB+ with Edgar's adapter
Y Run control
mware 1
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https://indico.cern.ch/event/1510317/contributions/6356234/attachments/3008467/5303645/KCU%20electronics%20based%20on%20TPx4.pdf
https://indico.cern.ch/event/1533537/contributions/6454395/attachments/3042863/5375748/TPX4_FELIX_Readout.pdf
https://indico.cern.ch/event/1535317/

Conclusions

* Few developments towards the MO.
M1 ones should start soon.
« HW, FW and SW for MO could speed up the M1 developments.

« Common HW, FW and SW frameworks will allow better and productive
R&D and future detector operation.

Edgar Lemos Cid 8
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