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dRICH DAQ: RDO and ePIC DAQ
2024 plans and beyond

P. Antonioli, D. Falchieri, R. Preghenella and L. Rignanese
INFN Bologna

Reference: previous major update at dRICH meeting was last 14 June 

https://indico.bnl.gov/event/19347/contributions/77584/attachments/47981/81438/20230614-DAQ-dRICHmeeting.pdf
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● RDO Overview
● Design elements and miscellanea updates toward RDO baseline/specs

○ Data bus considerations/design ALCOR BUS, SIPM Bus
○ VTRx+ update
○ Inputs from CMS Padova and ePIC DAQ
○ SEU rates + FPGA choice and baseline selections

● Baseline RDO design 
● Back-end information
● Rough cost estimates based on baseline options
● Plans
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RDO Overview

see previous presentation: 
RDO is as a component of dRICH PDU

basic RDO specs/numbers:
● provide interface to ePIC DAQ
● provide readout/config to 4 ALCOR64
● route HV to SiPM via FEB
● 1 optical link (TX/RX)
● “control” annealing (MOSFET setup)
● services (T sensors, current monitor, …)
● 4x9 cm2 surface available
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Need of high integration →  RDO/FEB/ALCOR teams working together
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RDO-FEB communication: ALCOR bus
● for each ALCOR64 (64 channels)

○ 8 DOUT signal (8 lanes per chip)
○ 1 CLKIN
○ 1 CLKOUT
○ 1 TP/SHUTTER
○ 1 RESET
○ 4 SPI 

● for each ALCOR Bus Connector (serving 2 ALCOR64)
○ 64 differential pairs → could be reduced (down to 48) adding buffers and sharing SPI but we try this 

way (64) as baseline
● I/O requirements for FPGA: 128 pins devoted to ALCOR
● can use SAMTEC SEARAY SEAF-20-06.5-S-04-1-A-K-TR

https://www.samtec.com/products/seaf-10-05.0-l-04-1-a-k-tr

32 differential pairs

Note:  fake-FEB/2024 will need to buffer some signals going to ALCOR32

https://www.samtec.com/products/seaf-10-05.0-l-04-1-a-k-tr
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RDO-FEB communication: SIPM bus

● for each SiPM matrix (64 channels)
○ 8x VBIAS lines  → “segmentation by 8”
○ 2x GND lines
○ 2x NTC lines  → temperature measurements
○ 8x ANN lines → I/O to drive MOSFET 

● for each SiPM Bus Connector (128 channels, 40 lines)
○ 16x VBIAS lines
○ 4x GND lines
○ 4x NTC lines
○ 16x ANN lines → 32 I/O on FPGA or use some I/O expander

● can use SAMTEC SEARAY strip connector
https://www.samtec.com/products/seaf-10-05.0-l-04-1-a-k-tr

this choice assumes SiPM annealing in forward bias

https://www.samtec.com/products/seaf-10-05.0-l-04-1-a-k-tr
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VTRx+ update
● remember: VTRx+ has a “compact and rad-tolerant” optical transceiver
● bandwidth: 10 Gbps TX, 2.5 Gbps RX
● in ePIC will be used by SVT and dRICH
● requested ePIC/EIC project to prebook 1500 VTRx+ for dRICH
● ordered via CERN/ALICE 20 VTRx+ for 2024/5 pre-production (pigtail 40 cm length with MTP connector)

note traditional LHC application is lpGBT + VTRx+
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Input from CMS Padova

CMS Padova realized for Drift Tube chambers readout a card with a 
Polarfire FPGA without using lpGBT (to send data)

● no problem connecting 
directly FPGA serializer 
to VTRX+

● however clock still 
reconstructed via 
lpGBT

clock recovery on 
PolarFire might be 

challenging
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Input from ePIC timing subgroup

● Context: ePIC timing subgroup is a subset of DAQ&Electronics WG
○ First tests from W. Gu (JLab)
○ J. Schombach (ORNL) testing lpGBT+VTRx+ clock 

transmissions 
○ Next meeting 16 Nov

● ePIC link protocol not yet defined
● default RDO should have ARTIX UltraScale+
● clock multiplier from 98 MHz to 396 MHz to be 

studied with care
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SEU rates + FPGA selection

● Artix Ultrascale+ AU15P-SBVB484 (see backup) good compromise between physical size 1.9x1.9 cm2, 
resources (5.1 Mb RAM), I/O pins (204)

● Smallest available Polarfire (MPF050T) as rad-tolerant scrubber seems effective choice (see later)

Xilinx declares 2.67 × 10-16 cm2/bit cross-section for CRAM bits
AUP15 has 42.8 × 10+6 configuration bits
dRICH flux (hadrons > 20 MeV): 20 cm-2s-1

1 SEU every 4.3x106 s/FPGA

1 SEU every 3.5x103s/dRICH

1 SEU every hour in whole dRICH

● SEU rate if confirmed seems manageable
● A scrubber might not be strictly needed (no plans in ePIC as far as we know)
● RDO final design to be validated with a full irradiation test

https://docs.xilinx.com/r/en-US/ug116/SEU-and-Soft-Error-Rate-Measurements
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RDO Baseline (I)

components on scale excluding connectors
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RDO baseline (II)

● 14-16 layers min
● HV in shielded middle-layer”!
● the earlier we have a full 

schematics to begin the layout, the 
better it is !!
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RDO baseline (III): components
Component function Baseline option Comments

Main FPGA Xilinx AU15P-SBVB484

Scrubber FPGA Microchip MPF050T-FCS9325

QSPI Flash MT25QU01

VTRX+ CERN

SIPMbus connector Samtec Searay 40 pins

ALCORbus connector Samtec Searay 128/160 pins “think about spares”

ADC MICROCHIP MCP3550-50E/SN T measurements (VMIN=2.7V). We might use ADC in FPGA or uC

IO expander (I2C) Microchip MCP23017 likely needed: we save 32 I/O on FPGA

LDO

Temperature sensors AD7416AR3 10-bit digital T sensors

Current monitor

uC as voltage monitor AT-MEGA16L-8AU 8 10-bit ADCs available

Clock multiplier/clock jitter cleaner SkyWorks SI53xx important!
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RDO and ePIC DAQ

1248

● PDU:  1248
● RDO: 1248
● FEB:  4992

1248

I-level DAM (27)

● 47 links to PDU
● 1 link to II-level DAM

II-level DAM (1)

● 27 links to I-level DAM
● link from central ePIC [clock/trigger]

27

ePIC interaction tagger
able to reach our DAMS in 10 μs!

in exp. hall, rack mounted 1

1

27

PC with 4 FELIX each (??)
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dRICH has largest number of RDOs in ePIC

work (almost) done communicating dRICH numerology in ePIC
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Data throughput modeling (update)

● numbers passed to ePIC
● interaction tagger critical (not enough ePIC 

discussion on it)
● pressure transferred to budget 
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Preliminary (draft!) cost estimate (RDO+DAQ)

AU15P 250 $
MPF050T-FCSG32SI 125 $
VTRx+ 130 $
connectors        30 $
others (LDO, I2C registers, misc.)  50 $
PCB (prod. cost)                           400 $

 
FELIX2                                           30 K$ 
fibers   ?  

Aggregated cost: 1.5 M$ (RDO) + 1 M$ (DAQ) → 2.5 M$

dRICH needs:
● 1500/1600 RDO (incl. 20% spares)
● 28 DAM (not incl. spares)
● 2500 fibers (1248*2)

 ≅1000 $
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Additional notes/plans for 2024

● remember fake-FEB solution to speak with FEB/23
● remember RDO/24 will have ext. connectors for clock and spill 
● communication protocol: IPBUS over optical link
● ordered a DELL server with 8 Ethernet/SFP optical link

After RDO schematics is sent for layout:
● work on FW (IPBUS over SFP with KC705) 
● prepare for scrubbing (ALICE PD)

→ RDO by June  →  validate readout for Oct. test beam with RDO

After October 2024 test
● move RDO to ePIC protocol/clock distribution → VC709

[ VC709 is a Virtex evaluation board where miniFELIX FW is available. Can cover 
protocol developments. It might read out up to 8 PDUs (TBC) ]
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The big plan (just DAQ)

2024 2025 2026

● hardware effort
● RDO prototype as close as possible to final
● RDO readout of old FEB32
● initial ePIC link test with RDO (clock)
● input to TDR
● radiation tests

● integration with ALCOR64 in the PDU
● readout with VC709 & ePIC link 

(including clock)
● RDO rev. 2 final components
● possibly test in detector box
● (likely radiation tests again….)

● FELIX available in ePIC to groups
● use of DAM (FELIX2)
● crucial firmware development L1-DAM 

/ L2-DAM

2027 2028 2029

production assembly assembly in-situ
DAM deployment + commissioning

in parallel:
- someone has to build ePIC interaction tagger
- data reduction/calibration through L2-DAM FPGA or SRO to be integrated
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Conclusions

● ongoing effort toward specifications/requirements for RDO (at 60/70%)
● secured VTRx+ and defined FPGA baseline
● need of highly integrated development of RDO with other dRICH electronic components 

(→ BO-FE-TO )
● ePIC link protocol still not defined, we need to remain close to central ePIC DAQ
● at the forefront → designing first ePIC RDO (risk of later specs/surprises)
● ePIC interaction tagger is crucial to dRICH architecture → need to work with ePIC/EIC project
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Backup
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Xilinx selection
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ALCOR

FEB LV

256-channels RDO, 2+2 ALCOR-64 mezzanines
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