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Integration of the Front-end ASIC with LHCb

● Control and TFC (EDMS document released)

● Data acquisition (EDMS document)

– Information from the front-end data

– Back-end board expected rates

– Front-end to back-end connection

– Firmware overview

Overview
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ECS & TFC
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VELO Upgrade 2 TFC & ECS
EDMS document
● Defines the ECS & TFC interfaces between

 VeloPix2 ASIC and LHCb
ECS & TFC architecture will be similar to
current detector
● Versatile Link (VL) will be upgraded to Versatile 

Link + (VL+)
– VTRx, GBTx and SCA => VTRx+ & lpGBT

● VL+ main specs:
– LpGBT ↔ SOL:

● Downlink @2.56 Gbps. (available is 1.28Gbps = 32b @ 40MHz) 
● Uplink @5.12 Gbps or 10.24 Gbps

– LpGBT ↔ VeloPix2
● Downlinks (ECS+TFC) @80Mbps, 160Mbps, 320Mbps
● Uplinks (ECS) @ 160Mbps, 320Mbps, 640Mbps, 1.28Gbps

● 1 lpGBT should control 2 or 3 VeloPix2 ASICs

https://edms.cern.ch/document/3215176/1
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ECS 
LpGBT GPIOs
● Connected to VeloPix system reset

- Avoid unwanted resets if the SOL40 link is lost temporarily
- VeloPix requires single ended CMOS input

● Control LV power supply
LpGBT ADC
● Connected to VeloPix DACoutput
Slow control 
● Point to point between lpGBT e-ports and VeloPix2 
● We should operate at higher speed than in the current VELO. 

160MHz or 320MHz
- Speed up detector configuration
- LpGBT downlink can run from 80MHz but uplink from 

160MHz. Hence, no gain in bandwidth in the uplink 
by running lower than 160MHz

● Write & read SPI protocol similar to the current detector (SLVS)
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TFC
• TFC commands

– BXID reset. Reset the 12b 25ns internal counter of the VeloPix2
– Sync command. Sends a configurable pattern over the DAQ links in 

order to synchronize FE-BE (ASIC ID, 12b BXID, etc)
– FE reset. It resets the datapath of the ASIC
– Calibration. Sends Test Pulses over the DAQ
– Shutter to control data acquisition

• 8 bits(5 commands + 3b header), 320Mbps
• Broadcast the commands (SLVS)

– LpGBT mirror function. Replicates the same command in 
up to 4 eports

– Explore the possibility of making hardware fanout. ASIC 
should allow external termination of the line

• Under implementation by F. de Benedetti (link)

https://indico.cern.ch/event/1475311/contributions/6213873/attachments/3000716/5288106/TFC%20VELO%20UII%20FE%20Implementation.pdf


7

DAQ



8

Scenario

• Middle scenario 1·10³⁴ cm ²s ¹ and 1333 tracks per ⁻ ⁻
BXID (See D. Thomson presentation)
– Max avg particle rate per ASIC ~34
– Pixel rate ~89

● Timing per hit <50ps. (40ps Sensor, 30ps ASIC) 

Average particle rate of ASIC in station 19. 

Pixel rate in station 10. 

More details on D. Thomson slides
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Front-end serializer & protocol

Two optical readout alternatives open
● Silicon Photonics & Versatile Link + transceiver (VTRx+)
● Hardware agnostic serializer protocol

– Same serializer in the front-end ASIC
– Same firmware for decoding VTRx+ and Silicon Photonics

Hardware
● VTRx+ readout, compatible with Versatile Link+ Back-End. Running 25% 

higher speed (12.8Gbps)
● Silicon Photonics, Not compatible with MM conventional transceivers (like 

current design of PCIe400). 
It requires SM fibres, CWDM, 2 optical fibres = 4 links of 25.6Gbps. 
Options:
– Add conversion layer
– Change Back-End board

Low level interface
● Similarly to Upgrade I, VELO will have a different FE serializer protocol 

(SPRINT) 

VeloPix 2

lpGBT VTRx+
SOL400

TELL400

Optical 
convert

Optical 
convert

Data link

VTRx+
12.8 Gb/s

< 100 m – MM 
fibre

VeloPix 2 PIC

lpGBT VTRx+
SOL400Optical 

convert

ELS

Ring modulator
temperature control

Data link

TELL400
CWDM

up to 1 km – 
SM fibre

4 x 25 Gb/s

SiPh based DAQ

VTRx+ based DAQ
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Front-end data information

Packets
● Data output

– Spacial information. Pixel/cluster address
– Time information. 

◦BXID
Internal 12b counter, synchronized from TFC. 
For bandwidth reduction 9b could be transmitted with the data

◦Fine time
LSB <30ps
Counter of at least 7b (~3ns)

– Charge
◦At least information for the pixel with highest charge within a 

cluster should be transmitter
◦For data reduction it could be encoded in 4 thresholds (2b)

● Synchronization
– A TFC synchronization command should 

trigger a special packet 
● High speed Link characterization

– PRBS patterns, Clocks, fixed pattern.
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Front-end data information

Data reduction                       
● We should reduce number of DAQ links

– Fit data output in 1 PIC
– Minimize number of VTRx+

● Front-end data reduction is required for p-p operation
– Pixel aggregation

◦Superpixels (like current VELO) could be sufficient
◦Desired option is clustering

– Other data reduction methods could be explored. (It should be 
possible to enable or disable them by a register)
◦Veto large events (for example larger than 5x5 pixels)
◦Create “event like” packets, will reduce transmit redundant information (BXID)

– Event sorter

Data reduction from pixels to superpixels in the current VELO. 
More details D. Thomson presentation.
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Back-end
From scoping document. 3 readout boards per station (4 modules of 6 ASICs)

Back-end data rate estimation

● Considering similar particle rate for cluster or SPP

● 3 data packets
– Cluster/SPP with 42b: 16b address (13b address +3b master), 2b ToT, 7b ToA, 9b BXID, 8b cluster/hitmap

– Cluster/SPP with 46b:  16b address (13b address +3b master), 6b ToT, 7b ToA, 9b BXID, 8b cluster/hitmap

– Cluster /SPP with 90b:  13b address, 48b ToT (6b*8pixels), 14b ToA (2 highest pixels), 6b stamping the highest 
pixels, 9b BXID 

Average data rates per station and total number of SiPh /VTRx+ needed Input links per back-end card required, and average output bandwidth of the back-end card
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Back-end
Hardware interconnection 

● VTRx+: Similar to current VELO
– Aggregation of 12.8Gb/s links from VeloPix into VTRx+

– Intermediate patch panel 

– Back-end board with 4x12 or 5x12 input optical links

● SiPho: 
– Every fron-end ASIC is connected to a PIC (4 serial links @25.6Gb/s)

◦ Not all serial links will be connected to the back-end
– Back-end board reads a multiple of 12 serial links (FireFly). 
– Samtec can manufacture a custom cable assembly with FireFly

connectors on one end and QSFP sockets on the other end (CWDM receiver)
● 1 FireFly to 3 QSFPs for inner ASICs. (could be combined with the optical aggregator presented 

by D. Thomson)
● 1 FireFly to 12 QSFPs for outer ASICs

Average data rates per ASIC in station 19

Assembly of FireFly to QSFP

https://indico.cern.ch/event/1535317/contributions/6460100/attachments/3080534/5453246/U2_backend_LHCb_Upgrade_Electronics_mini_workshop_light.pdf
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Draft of VELO Upgrade II DAQ BE firmware
p-p

Combined

Pb-Pb
& calib

P-p minimal processing:
● Reconstruct 12b BXID
● Flag FE origin
● Order events consecutively
● Create event fragments

Ion minimal processing:
● Sort packets (similarly to current 

VELO)
● Flag data origin
● Create event fragments

Firmware output
● FE ASIC identifier
● 12b BXID
● >7b of fine timing
● Cluster
● Master pixel
● Hitmap (shape)
● ToT at least 2b. 
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Summary

● Described general specs for a front-end ASIC to be integrated in LHCb and VELO readout and 
control architecture

– Not linked to any specific ASIC design
● Documents

– Link ECS

– Link DAQ 

– Note that: these documents are just a baseline, any feedback is wellcome

● Looking at how to interconnect front-end and back-end

https://edms.cern.ch/document/3215176/1
https://nubeusc-my.sharepoint.com/:w:/g/personal/antonio_fernandez_prieto_usc_es/ETXLOmVnO7FHkCUEVZD5bpEBu3-zbXZYBmV0AAPXFEbCsA?e=nzvRJE
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Thank you

Questions?
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Control Back-End to Front-End information
Downlink 

A) 160 Mb/s

B) 320 Mb/s

Uplink 

A) 160 Mb/s

B) 320 Mb/s

TFC 
broadcast

TFC point to point is also described in the document as a backup. 
If we use point to point TFC, ECS maximum speed is 80 Mhz (As the current VELO)
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Resources for Back-End  SiPh transceiver
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Courtesy of S. Baron

https://indico.cern.ch/event/1535317/contributions/6460100/attachments/3080534/5453246/U2_backend_LHCb_Upgrade_Electronics_mini_workshop_light.pdf
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