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LHCb

Covering about 4% of the solid angle in the forward region,

the detector captures 40% of the beauty cross-section
Time resolution At: 30-50 fs
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e Beam crossing rate 40 MHz
e 10° beauty pairs per second

e Selection of interesting events is mandatory
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VELO

e Vertex Locator (VELO) for the e LHCb has triggerless readout - full
upgraded LHCb detector detector readout @ 40 MHz
e Silicon pixel modules around the LHC
beam interaction region
e 50fb~! integrated luminosity for
LHC Runs 3 & 4
e Very high radiation environment
e maximum fluence approx. 8x10%
MeV - ngq/cm?

e In vacuum and under active cooling LI Virs [Larern
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VELO OPEN

Detector Active area = 0.12 m?

Sensor temp. = < —20°C
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VELO CAD

HIGH SPEED FLEX TAPES
& LV CABLES

FRONT-END HYBRIDS

Vacuum
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(VAcuum FEEDTHROUGH BOARD)

OPB
(OPTO & POWER BOARD)

6/28



VELQO Electronics

1 GBTx + 2 VP Hybrids OFF-DETECTOR
(half module shown) <1m 1 X OPTO & POWER BOARD ELECTRONICS
< > (remote)

3 data links
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VELO Electronics Lab

High Speedrl;;ata 'Fapes

E‘T - & HV Powe

6ptical L
Fibresiage
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VELO in Numbers

Feature
Sensors Pixels
# of modules 52
Detector Active area 0.12 m?
~41 M pixels
Technology electron collecting
200 pm thick
Max fluence 8 x 101 MeVneq/cm 2
HV tolerance 1000 V
ASIC Readout rate 40 MHz
Total data rate 2+ Tb/s
Total Power consumption 2.2-2.3 kW
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High Speed Pathways

ECS - Experiment Control System

e Bi-directional with GBTx ASIC
e 48 Gb/s

e Use of GBLD as electrical line driver (emphasis and amplification functionality)

ECS Path
Down link @)
<] <]
Long Flex Tape + VFB CTLE GBLD
GBTX VTRx Optic fibres PCle40
5| GBLD | CTLE I(Jc;nl?nl;lex Tape + VFB @)

CTLE - Continuous Time Linear Equaliser
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GBT - ECS interface

The GBTX chip is a radiation tolerant chip for LHC experiments
e GBT Protocol can utilise three logical data paths

e Trigger and Timing Control (TTC)

e Slow Control (SC) - via companion SCA chip

e Data Acquisition (DAQ) - (NOT used for VELO)

All three logical paths can be encapsulated on a single physical interface

GBT GBT
Versatile Link —

Back-End Board

/-»Timing & Trigger

DAQ

.\r Slow Control

1
1
1
1
1
\

Slow : 2
Control N, .’ Versatile

_________________________ Transceiver

On-Detector Off-Detector
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High Speed Pathways

DAQ - Data Acquisition

e Uni-directional (from VeloPix to back-end)
e 512 Gb/s

e VeloPix has some internal emphasis

DAQ Path

VeloPix CTLE VTTx PCle40
Long Flex Tape + VFB Optic fibre

Similar electrical transmission lines for ECS and DAQ - expect similar performance.
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VeloPix ASIC

e Front-end ASIC driving the design of the VELO data
acquisition system
e Operates at LHC clock rate ~ 40MHz

e Designed for high radiation tolerance and low power
consumption

e Custom output serialiser - Gigabit Wireline Transmitter
(GWT)

e Slow control via SLVS protocol ASIC

(VeloPix) (VeloPix) (VeloPix)

e 12 VeloPix chips per module

e 20 readout links (more links for hotter chips)
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VeloPix ASIC

e Readout is data driven - only read out

when they have “hits above threshold”
(a.k.a. zero-suppression)

e Binary readout © 40 MHz
e VeloPix is optimised for high speed

readout
Peak hit rate 900 Mhits/s/ASIC
Max data rate 19.2 Gb/s
Total VELO 2.85 Tb/s
e Power consumption < 1.5 W-cm™2 T T S
e Radiation hard 400 Mrad, and SEU -20 0 20 40

x [mm)]

tolerant
Data rate [Gbit/s] for hottest module.

e Non-uniform radiation dose
Average data rate
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Hybrids

e VeloPix Hybrids
e 20 high-speed data links @ 5 Gb/s
e 4 hybrids per module (2 per side)
e GBTx Hybrid

e Timing and control signals
e GBLD as a line driver
GBT - http://cern.ch/go/6rsK
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Hybrid, Cables, Feedthough

e High speed flex tapes e Vacuum Feedthrough board
e Stripline tech. 200 pmtrack & gap, e bringing all LV, HV, data, control
175 pmPyralux signals to/from modules in vacuum

e length 550, 561, 575 mm

SCd
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Opto-Power Board

e Situated on VELO tank exterior

e Connects to Vacuum Feedthrough Board
e Fibres to counting room at surface (~ 300 m)

e Interface for data, control, monitoring signals
and powering for VELO modules
e FeastMP DC/DCs for power
e Voltage monitoring

e Optical transceivers (VT Tx/VTRx) for driving
to/from backend

-
-
e
-

e Control via GBTx and SCA

<
M
vs}

GBT-SCA - http://cern.ch/go/Zcc9
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VeloPix Data readout

-———128 double columns (14.08 mM) ——————p»

Pixel data is aggregated into groups of 2x4
called SuperPixels

SP62 SPg2
PixelHit
Process.

e 30% reduction in data size

Data is sent out-of-time = timestamp stored

10-bit ToA @40 MHz.

in SuperPixel data packet

°
Super pixel

Custom serializer - Gigabit Wireline
Transmitter (GWT)

e Low power - 60 mW
e 5.12 Gb/s line rate

GWT protocol

e scrambled data

~—— 256 rows (14.08 mm)

2.3 mm

Frar

o 5 .
[ ] pal’lty Check, Nno error recovery [127:O]‘OXA,4bparlly ‘ Packet 0 ‘ Packet 1 ‘ Packet 2 ‘ Packet 3

e = minimise bit error rate Packet

[29:0] [ Acress 130 | Timesmmpsb | Htmapen |
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Backend DAQ and Slow Control - PCle40

e Single control and readout board for the
entire experiment

e Can be used for TFC, SC, or DAQ or all

e Common hardware, shared firmware
components

e PCle Gen3 x16
e Intel Arrial0 FPGA

(10AX115S4F45E3SG)
e High power consumption - up to PCle40 - http://cern.ch/go/HQ6P
SO [PPE, el e e 438 bi-directional links (or 96
e up to 4 PCle40 per chassis (ASUS uni-directional) @ ~5 Gb/s
ESC4000-G3, 2x X 3 GHz, 8x 8 GB .
DDR4) X aeen o e Output bandwidth 100 Gb/s

(measured).
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LHCb/VELO Firmware

Common PCle hardware allows for software-like firmware design

e Custom components in a global framework

Common build and simulation environment

Gitlab allows for continous integration/deployment
e Automated Versioning and tracability
e Automated testing
e Issue tracking
o User extensible

Same hardware deployed to labs/institutes with timing, control and DAQ in one
box
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x10

—— VeloPix GWT data
—— ECS
- TFC

r

A 4

Data Processing

Router

- BXID sorting
- BXID alignment
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\!
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Data Processing

Router
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- BXID alignment
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'
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Control Software

e Software for configuring the electronics and readout
e Siemens WinCC-OA & Joint COntrols Project @ CERN (JCOP)

Mon 18-Nov-2019 14:55:54

Device State
Modulel OPB READY rN

‘Opto & Power Board ‘

~SCA Control ————————————————— - Configuration Settings Resistor Settings
rsca A Control Current. Change Input Analogue (680 | 68 | 22 Change Values
VIADC @ | WIADC @ | pecerors DC/DC 255 Set Apply
Input Digital v
71GBLD & | ¥ GBLD & o : put Digital (750 | 100 Pre-Series v1
Voo @ | Wapio ® | | ResetBH 979919FFFFFFO4 set Apply Velorix Analogue (33 56 [ 10 v
VTR
YIVTIRC & | VIVIRx & || pocerpy I X |979919FFFFFFO4 set Apply VeloPix Digital 220 | 300
VVITx @ | v VTTx @ VTTx
Rx Tx RxDV EIESIEEREERECS et Apply 1.5V Components 00 | 220
Apply Apply
©Coe Dateiite 2.5V Components 00 | 100 Unit = hecto Ohm
~DC/DC Power Converter: Laser Driver Settings Mirrored Photo-Current
VTRx OFB
Input OPB [5.0842 Volt VPO--CLI  Analogue 1.3137 Volt GBLD BH GBLD FH 0276 ine
BH Analogue Digital % BH |-0.0032 ma
9ue 5.9646 Volt off | on g 1.2893 volt 97991 9FFFFFFO4 979919FFFFFFO4
tal5.8929 volt e ¢ 421
- ol VP1—NLO  Analogue 1.3331 Volt VTRx BH VTRx FH
FH Analogue 5,961 volt
° off | on | Digital 1.3194 Volt O/ Disable | [o79910FFFFFFOa O/ Disable| [970910FFFFFFOS
FH Digital |5 8410 Volt
VP2—Ns|  Analogue 13361 voit
VITx1 R |87DOLFFFFFFFO4 VITx& R 87DO1FFFFFFFO4
off | on Glgfizl 1.3236 Volt
©| Disable | L |87D91FFFFFFFO4 ©|Disable | L |87D91FFFFFFFO4
LHCb V| g ennessy. J 23 /28




Quality Assurance

e |V curves, power consumption

. . Velo Module: Electrical Testing Checklist
monitoring, voltage drops

Kristof De Bruyn

e Band Gap Calibration - best estimate e

hitps:/ /www overleaf.com /8979545 T89%csvucljkyyid
Of sensor tem peratu re 1 Setup of Opto-& Power Board

* The latest stable firmyare to use is 1cb_daq_firmware_ve1_20190406_1_stp.working. sof
aad s 6 GBT and 20 GWT links. Coninect the optial bres to the VT sockets acording

e VeloPix equalisation and Noise scan e o i (005 1

o
w

Link| 0 [ 1[2[s]da[s[6[7][s 8 |w[n
MPO 0: Fibre llJ 6 |24 [s|w|u[o] 7|5 |31
OPB | BH | FiL IR |IL| 2R | 2L 3R | 3L

70

IR | 4L | 5R | 5L

MPO B Fibre®d | 2 [ 4 [ 6 [s[w|12z[un|o] 7 |5 |31
Slot | 6R | 6L | 7R | 7L | 8R | &L | 0R | oL | 10R | 101

|
e Testpulse data taking over high speed }> T Ti s a0 em
links \

|
5.!1‘

[ b Launch the MiniDAQ configuration panel using the alias weend or wecopb. (see Fig. 2)

uit) settings for the MiniPod and Subdetector Type match the fibre

e Bandwidth saturation tests of HS links

sbdetector | OPB

e All full module tests compared to

[ d: Click the buttons Set Polarity and Set Defector. The vellow squares should turn green

[ e: Launch the OPB configuration panel using the alias uccopb. (see Fig. 3)

individual component tests 01

* Step 1: Click the two activate buttons. Al five boxes in the /2 column should get ticked and
the three LEDs showing T & R Ready should become green,

/GBLD, Linkt, Link2 and the tiles you wish
s should switch from red (off) to green (on)

O g: Step 2: Click the Pouer On button for 05’
to power; or use the Al On button. The LI
and the displayed voltages should be non-zero,

=}
=

+ Step 3: Click the Al Config button. The LEDs should switch from yellow (Not Set) to green
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QA of High speed links

e PRBS test for high speed readout

e Slow control communication tests
with OPB and VeloPix
e Timing and fast control checks .,
VeloPix Communication
rmmHymeaTxi -~ Back Hybrid GBTx vomoRoE AL e e
Front Hybrid Back Hybrid
VPO - Asic 0 'VP1 - Asic 2
3 3
o z
~VPO-Asic1l ~VP1-Asic1
VPO - Asic 2. VP1 - Asic 0

VP2 - Asic 0—-VP2 - Asic 1~ VP2 - Asic 2
LHCb VELO Readout —Nﬂvel’wbe{ 18, 2019 — K. Hennessy
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Testbeam Q4 2018

e Performed at CERN just prior to the
Long Shutdown of SPS

e VeloPix and sensors had been tested
in previous beam tests, but never with
full high-speed readout, and
complete LHCb slow control and
DAQ chain

e Synchronised with Timepix 3
telescope. Allows to check time

alignment < 1ns
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Testbeam Q4 2018

VeloPiX MOGOVP2 s st
2,

e Successfully took high-speed data

¥ tmm)
=

2

. . - S
from VeloPix synchronised between 3 L VeePCHodve2 G
E E
E ' 600
module planes o m .
VeloPix_Mod2vP2
. [l S —— i 400
e HV scans, Time-over-Threshold scans, s 5
TD" ¥ 200
Ikrum (Krummenacher current) scans w
i
e Synchronisation tests : O
. 4[)7 JETR TR O PP
e Integrated with LHCb PCle40 AL

firmware and software

e Several other testbeam and irradiation
campaigns to qualify VELO sensors
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Conclusion

e Vertex Locator with high-speed readout in
vacuum

e Leveraging many rad-hard components
developed at CERN and within the
collaboration

e VeloPix culmination of many years of rad-hard

ASIC development for tracking

e Common readout platform for LHCb - with
VELO customisations

e Good performance of high speed links with full
module control and readout chain

LHCb VELO Readout — November 18, 2019 — K. Hennessy 28 /28



Thank You




Backup




The need for an upgrade
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Due to the available bandwidth and the limited discrimination power of
the LO trigger, LHCb experiences the saturation of the trigger yield on
hadronic channels at around 4. x1032cm2s1,

With the upgraded detector it will be possible to increase the physics
yields by a factor 10 in the decays with muaons, a factor 20 for hadronics
channels, collecting ~ 50fb1 running at 1-2 x 1032 cm2s?1

10 times the current design luminosity but with increased complexity
(pileup greater a factor 5).
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Timing and Fast Control (TFC)

LHC Interfaces

e Single Readout Supervisor provides a clock and Readout
Supervisors | RN

timing commands to front-end and back-end SODIN
electronics

e BXID Reset, FE Reset, BE Reset, Sync, ...
e Interfaces with LHC
e TFC commands are fixed latency

e Data are NOT fixed latency

e For VELO, TFC synchronisation commands
form “special” GWT packets and sent
immediately from front-end

Readout Boards
TELL40

e (standard data packets are sent out-of-time)

10G PON network with optional feedback
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Architecture

Detector front-end electronics

UX85B

- Readout located on surface

o Distance between
FE and RO : ~350m

- ~15000 optical links

— | spuewiwod 3sey % 324D
» T
g an

lock &
-~ 500 readout boards
i i x500 Event Builders (PC + readout board) ‘CE%%W
- ~24 links in average on P
each board ; \\ throttle from

6 x 100 Gbit/s
A\

- ~100 kbytes per event 6 x 100 Gbit/s Event Builder network 8
- ~32 Tb/s aggregate bandwidth \ O
&) FS
switch ~~. 3 . _— w
-~ o=
S~o e 0
vy o s | v 2
=
o
o

Eventfilter Farm
~ 80 subfarms
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MiniDAQ - All in one solution

e MiniDAQ = PCle40 + server

e The MiniDAQ platform allows for controls, DAQ), and software all to run in a
standalone system

e The server is provided with the PCle40 installed, necessary programming cables
and OM3 fibres

e WinCC JCOP software comes pre-installed (a licence is needed)
e All necessary drivers and support software is installed

e With one server, one can control the front-end hardware and at the same time

read out its data.
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b-b pairs produced

bb pairs produced in some experiments:

ATLAS/CMS HL-LHC (?)

LHCb upgrade 100fb-! (Multiply by 20 for ccbar)

Belle II 50 ab-?

B-factories A

M M " bbar
1+109 5%1010 2%1012  2+101 ~1015% pairs

If the trigger challenge could be solved, high luminosity
ATLAS & CMS were hyper-flavour-factories
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LHCb facts

e New data centre being constructed (2 MW)
e 4000 U in 6 container modules

400+ Gb/s to CERN IT

Studying HPC - FPGA, GPU, ML. ..
Biggest/fastest readout system to date
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BXID Router

O Time—ordering SuperPier data 5 MSB (20 in x 32 out) 41LSB (32in x 32 out)

e O-bit router sorts data 1 bit at a time e

e Extensive simulation required - both to

maximise speed (;160 MHz) and minimise

FPGA resource usage

e Latency limit j 512 clock cycles

600000 Efficiency from
Simulation : 99.99% *

500000 noanalog pile-up

C—— [RERERE: included
400000 ;
300000

(highest hit rate
in SP 63)

9-bit BXID

(512 clks)

ici 1

200000 / sufficient!
100000 l

0 *0-¢
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ECS Software

Device Manager 2

Control system modelled with finite state machine tree

Mode O Operation @ Configuration
e commands propagate down; status propagates up

Running on: Systeml

e Integrates with SOL40, TELL40, SODIN Herdware | Logical | FSM
e Can integrate with COTS hardware (CAEN, ISEG, 'g%’smgm

. v @D paQ

Wiener. . . ) ~ D TELL40
» @ TELL40_Devl
e Rapid development :% WEr
e Oracle database backed . % QSE’E:EEI
= MiniDAQ_Runinfo

e Archiving, trending, alarm functionality. ..
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Micro-channel cooling

11.65cm

1  500 pm thick silicon substrate

Input restrictions:
» 60 x 60 um , 40 mm long
T » Dominant pressure drop

11.37 cm

» Prevent instabilities among
the channels

Main channels
| ASIC on front | | ASIC behind | » 120 x 200 pm
» [230, 290]lmm long

Increase in cross section between
the restriction and the main

channels triggers the boiling change in gas/liquid ratio

C. Bertella 17-October-2019 7
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» Heat is absorbed by the CO,:
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o GBT
e GBT-SCA
o PCle40
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