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Context of this update to dRICH meeting:

• Preparing for dRICH review (5th July), eRD submissions (7th July) and INFN 
budgeting (2024 + multi year) various refinements in progress 

• Several meetings among groups working on electronics held since last dRICH
discussion on DAQ + interim presentation at DAQ WG (June 1st), since 3rd May 
presentation at dRICH meeting

Outline of this communication:

• What to present at dRICH review about DAQ
• Share information update on costs, components, radiation levels

Yellow boxes are not for dRICH review slides but to prepare discussion for dRICH review

https://indico.bnl.gov/event/19652/contributions/77158/attachments/47980/81436/20230601-DAQ.pdf
https://indico.bnl.gov/event/19343/contributions/75999/attachments/47345/80315/20230503-DAQ-dRICH.pdf
https://indico.bnl.gov/event/19343/contributions/75999/attachments/47345/80315/20230503-DAQ-dRICH.pdf


Where we were (few weeks ago)
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RDO made with two cards:
- slave RDO (1 for 1 FPU) (4 piggy backs
- a master RDO (aggregating 4 slave RDO)

RDO “plugged”
horizontally

The need of a two-tier hierarchy of FPGAs descends from PIN I/O requirements

Not fo
r dRICH review
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Readout of dRICH PDU

• RDO in the middle of FEB maximizes (smal) area available: RDO is 4 x 9 cm: still challenging but no show stoppers for 
the moment

• The dRICH electronic - burger : 

dRICH PDU: Photosensor Detector Unit
• 4 8x8 matrix (3x3 mm2 SiPM) à 256 sensors
• each FEB (4) hosts 1 ALCOR64
• 1 RDO reads 4 ALCOR64

FEB

FEB

FEB

FEB
RDO

Realize a RDO 
demonstrator in 2024 
is key milestone 
toward TDR



PDU FEB

1 ALCOR64

RDO

1 FPGA
1 opt link

1252 5008 1252

1252
optical links

I level 
DAM

How many ?

II level 
DAM

180
optical links

30

dRICH readout organization

(15) 3

These numbers are not the “standard” ones declared so far
in some GoogleSheets. What about the review? 

6

48 links: 42 inputs / 6 outputsWhat they
have?

4 8x8 SiPM
matrix

Key features:
• strong modularity (“1 PDU has all”)
• hierarchy of DAM used as data concentrator (input got from DAQ WG)
• Big data reduction happens at DAM-L1 using interaction tagger (input from EIC project). Throughput is modelled 

assuming an interaction tagger signal can reach dRICH DAM with max 2 us latency
• Data available @ DAM-L2 are per sector at FPGA level à potential for further algorithms for data reduction
• DAM-L1 might be eventually stored inside hall (in rack enclosure)



6

to 2 FEBs

side view

14/06/2023 dRICH meeting RDO & DAQ - dRICH

dRICH RDO conceptual design
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Not on scale, not a placement! RDO prototype foreseen in 2024
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dRICH readout modeling For dRICH review we can expose a subset of all this…
Basic number is input sensor rate… the rest follows…

Message to give:

Throughput under control!

From 2.2 Tbps (at DAM-L2)
at 67 Gbps (at DAM-L1)
@500 kHz sensor

Do we need a slide for this?



Why?
• We get rid of any hardware development for intermediate DAM (“more firmware, less hardware” 

approach)

• Space is a big challenge à this approach saves space inside readout box
• Cost à to be done full assessment, but scenario with 312 links is not for free (and it entails, however 6-7 

DAMs, 312 medium-size FPGA medium size, etc.) àback of the envelope computation is approx. +600 k$ 
(just fresh money but if you keep in mind salaries balance is different!)(*)

• PDU very modular

• Less power consumption inside readout box
• We add cables, materials inside readout box
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This slid
e NOT for dRICH reviewFPGA cost estimate 

(small qty) EU
XCAU10P-
2FFVB676E

100-250

XCAU15P-
2FFVB676E

300-350

MPF200T-
FCVG484E

300-350

MPF200T-
FCSG536I

400-485



Preparing 2024 RDO plans (in second semester 2023)
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During 2024 we need to build a prototype RDO card (”close to final”) where we demonstrate:

• We can fit within space
• We start talking with ePIC DAQ (“FELIX based”)
• We are able to serve 2023 electronics (old ALCOR32/old FEB with FireFly connectors)
• We operate test beam 2024 (October) with optical link readout and RDO

The exercise must aim:

• To fully define specs of RDO (possibly by December 2023)
• To select FPGA candidate (and it might include some radiation test)
• To define ancillary services on RDO, we will work out within dRICH electronics the divison of work (LV, watchdog, 

communication, … à conversations on-going) 
• Several studies / collection of material in progress

This slid
e NOT for dRICH review



Additional information for dRICH meeting
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None of the following for dRICH review
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Optical transceiver: VTRX+

Slide from A. Kluge, ALICE Electronics coordinator

Note lpGBT not an option for EIC, but VTRX+ is a miniaturized opt. transceiver (rad hard) that might be interesting
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Slide from A. Kluge, ALICE Electronics coordinator

EIC project has been informed
(by us) that a decision is needed quickly
(Jeff reported the issue at last TIC)
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Other optical transceivers for RDO?

Samtec FlyOver (used in many PCI cards) might be a possibility
Ø To be checked under radiation
Ø Dimensions should be similar to current Samtec FireFly (copper):

2.5 x 1 cm not so different w.r.t. to VTRX+ but big heat-sink
Ø Cable to minipod connectors for patch panels… etc.
Ø All to be studied!
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Radiation levels

See other presentation (if time allowed)
Short summary:

- more precise data coming from background WG. Magic conservative numbers for dRICH:

TID = 0.2 krad (10 years at max. lumi)
F (n 1-MeV neq) = 7 1010 (10 years at max lumi) / cm2

f (h>20 MeV) = 20 /cm2 s-1 (at max lumi)

- trade-off between a Flash technology and RAM to be studied
- several key irradiation tests will be needed in 2024 (plus the study of literature, when available)



Building a plan
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• define FEB-RDO specs!!! à by December 2023 at the latest worked out internally dRICH
• Production RDO + breakout-boards: first semester 2024
• @test-beam 2024: read 8 PDU using CONET IPCORE and 2 PCIe CARD A3818 from CAEN 

(all hardware + know-how available from ALICE
• Some radiation tests of key component @TIFPA to be planned for 2024 à eRD109

• Test/Development of ePIC DAQ link on a pair of Zynq ZCU102 (1 available, 1 from project)

• No FELIX available from ATLAS/BO: we will use VC709 as main “FELIX” development 
platform

à ATLAS provides FW for VC709 operating it as a “mini-FELIX”

dRICH World

ePIC World

Davide/Pietro part of a small sub-DAQ WG to define specs of DAQ link
These cards will be used to define specs. We might play already with RDO when
existing (clock transmission etc). Since Fall 2023

à we need to collect more information about FELIX, the project expects to “release” 
FELIX in 2025, following shutdown of sPHENIX



Backup
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First FPGA candidate: Xilinx Artix Ultrascale+ family

`
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Xilinx Artix Ultrascale+ family
VCCINT = 0.850 V
VCCAUX = 1.800 V
VCCO = 1.140 – 3.400 V for HD I/O banks
VCCO = 0.500 – 1.900 V for HP I/O banks

LVDS DC specifications (HP I/O banks)

HP = High-performance I/O with support for I/O voltage from 1.0V to 1.8V. 

HD = High-density I/O with support for I/O voltage from 1.2V to 3.3V. 

GTH and GTY transceiver line rates are package limited: SFVB784, 
SBVB484, UBVA368, and UBVA292 to 12.5Gb/s

14/06/2023 dRICH meeting RDO & DAQ - dRICH
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FPGA

19 mm

19 
mm

SBVB484

FPGA

27 mm

27 
mm

FFVB676

On-scale drawings
(scale factor = 1.5)

Choosing a Xilinx Artix Ultrascale+ 
requires both:
• a QSPI Flash
• a Microchip FPGA performing 

scrubbing
14/06/2023 dRICH meeting RDO & DAQ - dRICH
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Second FPGA candidate: Microchip Polarfire family
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Microchip Polarfire packages

VCCINT = 1.0 V

HSIO DC IO supply:
1.2V, 1.35V, 1.5V, 1.8V

GPIO DC IO supply: 1.2V, 
1.5V, 1.8V, 2.5V, 3.3V

14/06/2023 dRICH meeting RDO & DAQ - dRICH
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Differential DC output levels

Differential DC input levels
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FPGA

16 mm

16 
mm

FCSG53684

FPGA

19 mm

19 
mm

FCVG484

On-scale drawings
(scale factor = 1.5)

it would also allow to save on 
the QSPI Flash (not needed)
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VTRX+

VTRX+: 20 x 10 x 2.5 mm3
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