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dRICH RDO re-cap in two slides (I) (¢

PDU

dRICH status: M. Contalbrigo at April 2025 PID Review
dRICH SiPM status: R. Preghenella at April 2025 PID Review

RDO is inside dRICH PDU photo detection unit ALCOR v3

_

dRICH RDO requirements (from DAQ PDR review June 2024) e
RDO

4; FEB

* space: 40 x 90 mm area
* RDO not accessible: remote firmware upgrade must be possible

d1558|D) BSIA

8.2cm
3.2 inches

* RDO FPGA need high speed (“high performance”) 120 I/O pins to implement ALCOR bus towards FEBs

* RDO connector need high speed specs. and (minimum) 60 1/O pins each L~ 5
: o %§ S Oy
* RDO must implement clean clock multiplication (ALCOR @394 MHz, EIC clock 98.5 MHz) v /| SPEED B e

* RDO must reconstruct clock via optical link
*  RDO must produce clean clock (minimize jitter)

* opt. tranceiver must minimize space/power consumption + “rad hard” and bandwitdh up to 10 Gbps

September 4, 2025 Electronics and DAQ PDR


https://cernbox.cern.ch/index.php/s/yLXTJk7XZzELyN0
https://cernbox.cern.ch/index.php/s/TkVCTsrZOZ3J66a

dRICH RDO re-cap in two slides (I1) ePl&S

Main design choices _J °

[ ]
—

a performing RAM-based FPGA + scrubbing implemented via a Flash-based FPGA
devoted PLLs to manage clock (SkyWorks 5319 / 5326)

VTRX+ as optical tranceiver

a small uC acts as RDO power manager

Alcor bus
(high
density
connector)

LV connector

LDO

DOF puc

PLL PLL

TSMC 16 nm FinFET process

&

Artix

>

Ultrascale+ [

i

PolarFire
FPGA
(scrubber)

28 nm prdcess

P

VTRx+

programming
connector

(config memory is SEU immune)

Long and painful elaboration of exact RDO specifications
+ components selection + schematics preparation + layout time +
production time: design started January 2024

tronics and DAQ PDR
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dRICH RDO is finally getting real

dRICH RDO prototype

BEESEECCRIEL l 9.8 .0.82
2 = 8
| === (D
__ T~ 3 |
[e— o
L3

First two prototypes finally received July 24, 2025!

This report:

- updates/activities w.r.t. PDR 2024

_E as reference: dRICH RDO PDR 2024 presentation
—~ — ongoing debug / tests on first two prototypes
- plan (2025/2026)

1 L} N .
A ?\ Ny
w ¥
b R
o 0y, Oubads —BME .4 R LsLN ] L L&
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https://cernbox.cern.ch/index.php/s/oVnRAWsu8JNz4Gb

no longer 3D-rendering: some pics ePIg)
e custom card to adapt
FPGAs and uC programmers RDO+4 FEB dRICH \

front side: connectors to SiPM back side: HV/LV + link !

L

)

)

///////




from CAD to pics: the PDU

ALCORbus

September 4, 2025 Electronics and DAQ PDR
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Updates since 2024 PDR ePl&S

PDR
June 2024 Dec Mar Jun Sep 2025

design finalization

» PCB layout / verification

July 24

A

v

PCB production

A

v

prototypes validation

A

v

irradiation tests
of RDO components

firmware porting using ALINX AUX15P
analysis of RDO power consumption

VTRX+ tests (light leakage)

definition of VTRX+
pigtail length

back-end DAQ redesign (DAM)

A

v

September 4, 2025

Electronics and DAQ PDR Updates with links have details in backup
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VTRx+: light leakage studies + pigtail length ()

VTRX+ light leakage tests Test bench: black box + 1 SIPM
Context: LHCb colleagues told us VTRx+ has significant light
leakage (from the transceiver + fiber)

Fiber

-l , iy H\\\\\\“»@ﬁ&\\’

—_—

’T" | B e
= v £ /
A S

SR )

t

MT Ferrule

no cover of the fiber
SIPM in front of VTRX+ (not as PDU case, see next slide)
all leds of VLDB+ shielded with dark tape

“minimal” cover of VTRx+
(+ BNC adapter ;-) to keep it “tight”

R. Preghenella/S.Geminiani/A. Paladino

More details on PA's talk at DAQ-Electronics WG/eRD109 (March 2025)

September 4, 2025 Electronics and DAQ PDR


https://indico.bnl.gov/event/26973/contributions/103697/attachments/60385/103688/20250306-eRD109.pdf

. L] [ ] L] L] f
VTRx+: light leakage studies + pigtail length (Il) (s
0]0.6)] ®@ @@ + pow .
2 2. Rasoberny Pl power on huge leak of light from VTRx+
wr | t heer@ st * we will need to design an effective shield. CERN ESE-
[ 5. Chi t . . . . . .
I 6. Raspberry Pl power of VL+ is doing something similar (details).
I 7. VLDB+ power off . .
0| : - 1 * initial results (room temperature only) encouraging
0! o « and note after long discussion (Sep/Dec 2024) we
thee gctﬂis ig i . .
200| withths “coverage” s opted for 20 cm pigtail length
1003_ additional current!
1?5?39 e 17:26 ) ' 1813 " ) " 19.00 From 2024 ‘June FDR'
_— Comments
huge current seen by SIPM (bias=38.7 V, 0 OV = working as a diode = “current monitor”) I = VTRX+ pigtail lengths must be defined at least 6 months in advance of VTRX+
. . production. The mechanical designs of both sub-systems are well on track to allow this
Additional VTRX+ plastic box + Thorlabs masking tape definition on schedule.

-> No measurable extra-current: just 5 nA! \

Going shorter and avoid dangling?

We considered several options but for each of them the number of cons

With oscilloscope and measuring DCR (VLDB+ ON/OFF) we finally see: largely exceeds the pros. And if too short we can't come back. We don't have
any convincing option for such scheme.

- moved to 2.7 OV

(400.0 +- 1.8) kHz. VLDB+ ON

(398.4 +- 2.7) kHz VLDB+ OFF .
How to proceed? We go baseline

(ON-OFF) = (1.9 +- 3.3) kHz We select a 20 cm dangling pigtail
Design needs to be carefully followed up to setup proper access, secure
maintenance etc. (but this is valid for almost what we are doing ;-)

dRICH option: 1500 VTRX+ with total length 20 cm

Details: PA's presentation at dRICH meeting (Dec. 2024)

-> compatible with zero. Note that some kHz is however close to DCR @ - 30 C
- need to move to -30 C to check

additional home-made “full VTRX+ plastic box”

Details: PA's presentation at eRD109 (Feb. 2025) ® ics and DAQ PDR



https://indico.bnl.gov/event/26445/contributions/102396/attachments/59808/102751/dRICH_RDO_06Feb2025.pdf
https://indico.bnl.gov/event/25732/contributions/99970/attachments/58938/101209/20241203-Elec-VTRX+.pdf

where we are with prototypes? ePI&S

\/ 1. Mechanical pairing with fake-FEB (adaptor for ALCOR32 with exactly final FEB-format with ALCOR64)
V 2. Power-up: 2.5/ 1.4 jumper to avoid power to other sections
V 3. Programming uC via external connector
V 4. Power-up with uC (post-programming uC): check Vout LDO
V 5. Programming Artix via external connector
V 6. Programming Polarfire via external connector
V 7. Artix at boot makes programming of SkyWorks (programming 125 MHz of Si5319 to setup clock for GTH)
V 8. Check consumptions
9. Check UFLI/Os

IBERT test (loopback tool integrated in Vivado) to check link
Link IPBUS via VTRX+ [MT-MPOQO adapter + fibers |

\/10
\/ 11.
\/12. Turn on fake-FEB via 12C from RDO
Vv 1.
14

Programming ALCOR via fake-FEB (via IPBUS - VTRX+)
ALCOR readout (via IPBUS - VTRX+) —

RDO team @ work
this week on this!

When we reach point 14 we give green light to produce the other 8 RDOs for Nov. 2025 test beam ( details )

September 4, 2025 Electronics and DAQ PDR




where we are with prototypes? (UPDATE) ePl&S

Vv 1 QR TR 4 "OR32 with exactly final FEB-format with ALCOR64)
V 2. B crsections

V 3.

Vv & Vout LDO

yrogramming 125 MHz of Si5319 to setup clock for GTH)

10. check link
11. l

13. Programming ALCOR via fake-FEB (via IPBUS - VTRX+)
14. ALCOR readout (via IPBUS - VTRX+)

KK

« The PDU was mounted and 2 FEBs
were powered-on.

* We configured all the ALCOR32s
successfully.

* We read back the data aligned with
the 320 MHz supplied clock.

This process was repeated for both
sides without any problem from both
hardware and software!

September 4, 2025 Electronics and DAQ PDR




which protocol as EIC link protocol for dRICH?

September 4, 2025

Noese Filtee Off

of 98.5 MHz (see W. Gu talk)

r‘\

Distribution of a 39.4 MHz was made to support detectors with I[pGBT, but also dRICH agreed
with ePIC DAQ to receive a 39.4 MHz clock - close to 40.08 MHz a la LHC. This would be instead

This will make life much easier with FELIX/RDO: FULL protocol (GBT on host) to be assessed

- current baseline choice

(FULL is less resource hungry with respect to IpGBT and we don’t have the ASIC, only the VTRX+)

1. The ePIC
designs
System Clock: 19.7 MHz (1/5 of BX 98.5MHz)

2. FMC/(Q)SFP adaptor

A is FMC adaptor (ready to be manufactured
the AxaulSP can be GTU, DAM, or RDO.

Platform For DAQ software development
Platform for firmware development

Mini-daq for detector/FEB/ASIC test

S

fatus

Online
computer Contro
EIC Clock
Common ;

Platform

RDO
(0)1000

FEB

Mini_DAQ, functionally
includes GTU, DAM, and RDO

Jefferson Lab !
OThamas Jelferson Nalianal Accelaral

tor Facility

Electronics and DAQ PDR

The piggy back produced by JLab), will allow us
(Bologna and Rome) to use a pair of
ALINX/AUX15P to first mimic a "RDO" and a
"FELIX" link

Second step: FLX-182 (Romel) «— RDO

Third step: FLX-155<— RDO



https://indico.bnl.gov/event/29309/contributions/111938/attachments/64293/110389/PDR_GTU.pptx

Addressing 2024 PDR report specific comments ePl&S

Relevant comments:

 We applaud the adaptation of the readout architectures to match detector environment specs, in particular for
the dRICH where steps to mitigate the high DCR will be implemented in the ASIC together with other handles
such as triggering within the DAM.

* We appreciate these steps towards robustness. However, it would be reassuring to see simulations or
measurements to demonstrate the effectiveness of the shuttering mechanism for dRICH.

Relevant recommendations:

* Rationalize the dRICH readout with the benefit of simulation/measurement to reassure the community of the
benefit of the shutter implementation.

* dRICH backend DAQ was rationalized following studies of ML techniques/NN deployed on DAMs
e Shutter implemented on ALCOR V3 and studies are on-going on shutter performance to assess best (and
safe) shutter time width.

- discussion and results reported in next slides

September 4, 2025 Electronics and DAQ PDR



Updated throughput modelling (I) (
S

dRICH DAQ parameters ALCOR parameters Notes

RDO boards 1248 Front end limit [kHz] 4000

ALCORG64 x RDO 4 ALCOR Clock [ MHz] 394,08 ~ |t will be 394.08 MHz or 295.55 MHz

dRICH channels (total) 319488 Channels/serializer 8

Number of DAM 30 Bits per hit 64 |2 32-bit words per hit (also TOT)

Input link in DAM 42 Bits per hit encoding 8/10 80

QOutput links from DAM to TP 1 Serializer band limit [Mb/s] 788,16

Number of DAM Trigger Processor 1 Theoretical Serializer limit/ channel [kHz] 1231,5 |this would be with 0 control words

Input link to DAM Trigger Processor 30 Serializer limit single ch [kHz] 800 |this is expected to improve with ALCOR v3

RDO-DAM Link Bandwidth (VTRX+) [Gb/s] 10 Number of serializer per chip 8

DAM to Echelon-0 Switch Bandwidth [Gb/s] 100 -

dRICH Interaction tagger reduction factor L Channel/chip 64

Interaction tagger latency [s] 1,00E-04 hutter width (ns) 2 = |(if you put 10 ns == no shutter)

EIC parameters \ X

EIC Clock [MHz] 08,522

Orbit efficiency (takes into account gap) 0,92 Redu ction fa ctor Vi 3 Sh utter

September 4, 2025

RF = 10 ns/(shutter width)

dRICH backend DAQ reorganized following studies from
INFN Rome (see next slides) from 27+1 to 30+1 FLX-155:
30 DAMs + 1 Trigger Processor (TP)

Reduction factor provided by whatever ext. trg (including NN on dRICH DAMs)

Electronics and DAQ PDR




Updated throughput modelling (Il) (
&

DAM to Echelon-0 Switch Bandwidth [Gb/s] 100 =

dRICH Interaction tagger reduction factor -n Channel/chip 64

Interaction tagger latency [s] 1,00E-04 Shutter width (ns) 2 = |{if you put 10 ns == no shutter)

EIC parameters

EIC Clock [MHz] 08,522

Orbit efficiency (takes into account gap) 0,92 This is worst case!

dRICH data stream analysis Limit Q_nmments/

Sensor rate per channel [kHz] 300,00 * 4 4.000,00

Rate post-shutter [kHz] 55,20 800,00

Throughput to serializer [ Mb/s] 34,50 788,16

Throughput from ALCOR6E4 [Mb/s] 276,00 limit FPGA dependent: - check with RDO

Throughput from RDO [ Gb/s] 1,08 10,00 | based on VTRX+

Input at each DAM [Gbps] 45,28 420,00

Buffering capacity at DAM [Mb] 4,64 to be checked but seems manageable

Qutput from each DAM [Gbps] 45,28 100,00

Aggregated dRICH data throughput Comments

Total input at DAM [ Gb/s ] 1.358,44 | This is only "inside” DAM, not to be transferred on PCI

Total output from DAM [ Gb/s ] to Echelon 1.358,44 | Reduction from interaction tagger (FPGA or det. based)

N

*7?@%8
Aome resSs age

Using only the shutter with a reduction factor 5 (2 ns over 10 ns BC) we keep 1.3 Thps
throughput and we stay within all limits (including transfer from DAM to Echelon-0)

September 4, 2025 Electronics and DAQ PDR



Updated throughput modelling (I1) (
&

DAM to Echelon-0 Switch Bandwidth [Gb/s] 100 -

dRICH Interaction tagger reduction factor [ 5~ 4 Channel/chip 64

Interaction tagger latency [s] 1,00E-04 \ Shutter width (ns) 10 = [(if you put 10 ns == no shutter)

EIC parameters N

EIC Clock [MHz] 98,522

Orbit efficiency (takes into account gap) 0,92

dRICH data stream analysis Limit Comments 10 ns means no shutter

Sensor rate per channel [kHz] 300,00 - 4.000,00

Rate post-shutter [kHz) 276,00 800,00

Throughput to serializer [ Mb/s] 172,50 788,16

Throughput from ALCORG64 [Mb/s] 1385000 timit FPGA dependent: - check with RDO

Throughput from RDO [ Gb/s] 5,39 10,00 b+sed on VTRX+ data reduction via

Input at each DAM [Gbps] 226,41 N\, 420,00 " "

Buffering capacity at DAM [Mb] 23,18 \ to be checked but seems manageable anOther methOd

QOutput from each DAM [Gbps] 45,28 1DMU

Aggregated dRICH data throughput Comments \

Total input at DAM [ Gb/s ] 6.792,19| This is only "insidemm, not to be transferred on PCI

Total output from DAM [ Gb/s ] to Echelon 1.358,44 | Reduction from interac%n\tagger (FPGA or det. based)

L4

*72(@
Aome mess age

N

further risk mitigation here might be applied using two TX links instead of one

If shutter is not effective we need a reduction factor 5 from a dRICH interaction tagger method
and we stay within all limits (including transfer from DAM to Echelon-0)

September 4, 2025
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Will the shutter be effective? el-‘t@

(for all work on shutter implementation in ALCOR v3 and related simulations see F. Cossio talk)

Simulations of hit time distribution at dRICH entrance window (before aerogel)
PRELIMINARY RESULTS

16000

* Hit time distribution (primaries) has Gaussian shape + a tail - DIS events
* Bulk of primary hits lies within 2 ns (g,,-= 260 ps) 1
* added in quadrature time zero jitter ( o= 250 ps) + front-end 12000 -
resolution ( org= 150 ps) 16000 -
_ 2 2 2~ 8000
=1 %r T 04 T0pp ~ 400 ps § M. Osipenko (simulation)
6000 - + R. Preghenella (smearing)
e from cumulative distribution 99% of particles included with a shutter 2000 F-
window of 5 ns (from 5.5 ns to 10.5 ns > 50% DCR data reduction) I
2000 —
Oillll PSR ST AN W N N N R B
Full simulation (including Cerenkov light propagation) in progress: 5 8 10 12 " ime (nsy

- we don’t expect a large spread added by photon emission + propagation
- impact of time slewing effect (see F. Cossio talk) to be assessed

September 4, 2025 Electronics and DAQ PDR



INEFN  dRICH DAQ: the backend (updates from 2024)

ePid

>

IMPORTANT NOTE:
dRICH DAQ backend is led
by INFN Rome

~210

GTU
RDOS (1248) DAMs (30 Felix-155 Cards) ~ EChelon-0
‘ 42 100 GbE .
D
GTU
— 100 GbE .
GTU 4
00 Goe . Network
61U 7 Switch
LN
D 100 GbE R
48"“ GTU 4
(<]
vy

100 GbE

GTU

100 GbE

—

Details about dRICH DAQ backend studies in A. Lonardo's talks at ePIC Jan 2025 meeting and ePIC Italia June 2005 meeting

September 4, 2025

Electronics and DAQ PDR



https://agenda.infn.it/event/43344/contributions/253479/attachments/130440/194095/20250120_DesignIdeasdRICHDataReduction.pdf
https://agenda.infn.it/event/44600/contributions/266666/attachments/136924/205621/20250617_dRICH_backend_DAQ.pdf

~ Sezione di Roma

INFN dRICH data reduction integrated in the DAQ Backend (l) ep@j

Neural network distributed over 31 Felix-155 Qoo Q1o Qu0 Qs Qsp QusGTU

[ I %J\TriggertoDAM

TP Communication IP QFs
o
—_ =
o %
2 Sector L 23 m
: 0 =g G To TP g =
o o) . > o
& Trigger to 100 GbE ® =3
— IDAMS Qo \I:> g z
I s |
S 5
I g To TP @
| . TP 100 GbE ?g
I Q P o
' To TP ‘ 8
100 GbE i
Sector Q, —m
)
B . To TP GTU
A
Q, ————> g
To TP ‘ Q0,1,2,3, Communication IP QFCS)
100 GbE Flush
Q, ———> To
. =) Echelon-0

FiFo Switch
September 4, 2025 Electronics and DAQ PDR



iNFN NN de

" Sezione di Roma

ployment model and DAMSs

N

To IF P
N

To Echelon-0 Switch
t

N

| |
[ om |

i
Sl

6 dRICH sectors — 5 DAMs/sectors

To TP
To TP 6TU G

. TU
To Echelon-0 Switch
. | . 4 .
o1 |
|| 4 .

To Echelon-0 Switch
4

September 4, 2025

Electronics and DAQ PDR

The 6 dRICH sector-NNs and final TP NN
are deployed on 315t dRICH FLX-155
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uuuuuuuuuuuu

Data Reduction performance @ luminosity = 100 fb?, time window = 10 NS PRELIMINARY RESULTS
Test with 10000 signal+phys. background (P=Positive) + 10000 pure noise events (N=Negative)

Confusion Matrix
- 10000

- 3000

Maise Only

&000

True labals

4000

2000

Sig+Bckg+Noise

Noise Only Sig+ Bclkg+Noise
Predicted labels

parameterization of
DCR background
included

Accuracy = (TP+TN)/(TP+TN+FP+FN) = 0.997
Purity = TP/(TP+FP) =0.995
Efficiency = TP/(TP+FN) = 0.999

H T ake
Ahore Me\SS({ge
Preliminary result indicate DAM
filter could comfortably provide > 5

data reduction factor

Accuracy = (TP+TN)/(TP+TN+FP+FN) = 0.997
Purity = TP/(TP+FP) = 0.994
Efficiency = TP/(TP+FN) = 0.999

True labels

Confusion Matbrix

- 10000

~ BOCO

MNaoise Only

G000

4000

2000

Sig+Bckg+MNoise

MNoise Only Sig+Bckg+MNaise
Predicted labels




~Re-cap on dRICH Output bandwidth ePIE)

Net payload BW < ¥4 Max < Net payload BW < 1/2Max < Net payload BW < 3/4 Max < Net payload BW < Max

U4

== No Data Reduction == Data Reduction Factor 5 (e [ SIPMS ] ~ 300k KT ke
250,00 horme meSsage
1 Data reduction factor (RF) five can

200.00 } be achieved via shutter or provided
g: ' : [ RDO ] 1248 by NN or ext. trigger or a
% I combination of them.
B 150,00 I
: | !
c
3]
o p—
5 100,00 : [ DAM ] ~ 30 RFhutter X RFTp =9
=
(@) |
= ' J wocbEx30  Example:
o

50,00 —
- — * shutter window 5 ns = RF=2
T ePIC processing « TP RF=25
0.00 / and storage system '

50 100 150 200 250 300
b \ SiPM DCR [KHz]
horme meSsage
Remember always at day zero i q ducti th a data reduction factor 5
dRICH starts with DCR = 3 kHz! W'ltogll‘(L a[;?: r:e uction IW't allows us to stay safe up to
Commissioning/first operations will d z We are close the 300 kHz limit

allow tuning of shutter/TP etc. to DAM bandwidth limit

September 4, 2025 Electronics and DAQ PDR



Plannning and validation tests (2025) ePl&S

| | K | |

Jul Aug SeiB Oct Nov Dec

a
L firmware development >

irradiation tests: \ scrubbing
LDO and uC (details)
: test beam readout

fi_rst ”vaIida’Fion” to ALCOR conf/readogt Wlfh fake-!—'Eti via RDO + pre-FEB irradiation tests:
give green light for other 8 RDOs | + IPBQS DAQ (possibly “streaming”) | (sl uses ALCOR32 AUX15P with scrubbing
mounting (details) and FireFly cables)
- mechanics
- power-up
- basic programming

September 4, 2025 Electronics and DAQ PDR



Next steps/challenges for dRICH RDO

During 2026 we need:

 full validation of current prototypes including irradiation tests

e fix any mistake found et |

_B- g‘&

e design adaptations due to integration challenges
that may arise (cooling, space, FPGA resources, ...)

STRATEGIES FOR INTERIOR ARCHITECTURE AND DESIGN |
- 7

 validate communication with DAM (implementing a FELIX-supported

comm. protocol) F E LI

September 4, 2025 Electronics and DAQ PDR




Plannning and validation tests (2026) ePl&S

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

I firmware / software development >

remote programming
clock reconstruction — FELIX-supported comm. protocol (FULL with GBT on host)

details second irradiation last test beam irradiation tests:

test “full RDO” readout full PDU__— full PDU @CHARM

@Trento \ WGM

[ details on 2026 irradiation tests ]

RDO communication tests with DAM

Developing a RDO testbed to test RDO production (preparing for 2027 RDO production!) [details]

requirements | specs | design | layout and production | validation

Details in backup

September 4, 2025 Electronics and DAQ PDR



Final information and conclusions eP|§5

* No substantial updates for requirements with respect to the ones presented in PDR 2024

* Cost: preliminary offers for production (two companies) evaluated. Total cost ~ 700 k€ + VAT (details in backup)
* Schedule: one-year shift: pre-production in 2026, production in 2027 (in line with EIC project program)
 ESH&Q and QA considerations: as last year. Note funding for RDO testbed asked for 2026 to INFN.

INFN Bologna is following frontend DAQ (RDO) and INFN Rome backend DAQ (FLX-155): hardware is finally available
First weeks of tests on RDO are very promising, no show-stoppers identified
dRICH frontend DAQ and backend DAQ are much closer to finally meet

INFN BO dRICH RDO core team: RDO team works obviously very closely with INFN-TO (ALCOR), INFN-
* P. Antonioli, physicist FE (detector box), INFN-BO (SiPM and PDU coordination), INFN-RM1
* D. Falchieri, electronic engineer (backend DAQ) colleagues. INFN-GE and INFN-TS are contributing to
* S. Geminiani, PhD student detector simulations.

L. Rignanese, electronic engineer
G. Torromeo, electronic technician

September 4, 2025 Electronics and DAQ PDR
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Backup C
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Design finalization on layout and cross-checks

Routing of 32 fanes ALCOR bus | optimization of FPGA pin assighment vs layout

Assign Models X |as % ":::: ﬁ A

i Resistor  Capacitor Inductor Bead  Quick Terminator Bus Switch H M M H H

e e e, e 2] e sy “ﬁ_f:g“m_: high-speed differential line modeling
<3 @ input
N L eRERESRS g
Vin=125V u’mnum &u*ww&i

Pins. Vil=115V . ¥

¢ USviA A Net: Q3_2N_t_FPGAs~Flash/XCAU1SP CSeea1 QW B deeail ' & 3 ' .

€ Part name:scau15pbvb4BA 2.6 — W“ @ A ARTEL s.. 4 Channels TX ARTIX Ultrascale+ GTH to VTRX+ receiver

) Lbr, kintexuplus.ib UIR20 [t o) ‘—_—,—— . . . . .

¢ o Device interuplus Hel A& MM “ros monesrin AC coupling termination 100 Q dielectric FR408HR

3 s Sng;a’:. :;;:‘VDS_DV_I_H ‘q,\‘ - » IR .

+ va.wis Modek: HP_LVDS_DT_| P>, B, I b} { {

+ us.wa2 7 /7

« v ok 7 I | N 1 K = 2, e

+ usvi4 Veepin: (€  use models internal v + | Use Setup/Power o ! 7 4|V ~

L e : N~ Z 7/
[« v N S =

z \ S
Model to paste S = &_ &. «,
- -_—_
04
& 2 b @ 0w e e 1w e 2 # L7d b % s ik o s 20 min. Height
fime, psec ime, psec
Close [ index | e(RX0.Height) | _te(RX0 Wiith) [ index [ _eRX1 Heignt) T _1e{RX1_Width)
ADS Keysight [ 0000 | 0.319 | 7861E11 | [ 0.000 | 0311} 7.666E-11 )
‘L 2 I min. Width

R T

2. 24 ”

Much more details in D. Falchieri's presentation at WG Electronics and DAQ/eRD109 (April 2025)
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i 0 % e e

tme, psec tme, psec
&(RX2 Height) | _te(RX1 Width) index e(RX3 Height) | _te(RX3 width) |
0.000 0.325 7.666E-11 oooo] 0324] 7861E-11 ]

0 200



https://indico.bnl.gov/event/27553/contributions/105468/attachments/60978/104765/dRICH_RDO_03Apr2025.pdf

Irradiation tests (I) ePI&S

- Waiting for full RDO we tested several key components: PLL (Si5326), uC (ATtiny417) and AMD FPGA (AUX15P)
- irradiation with a proton beam at Centro di Protonterapia in Trento / December 2024
- TIDg =2.3 krad (1000 fb!) and ®(h>20 MeV) =700 Hz/cm? (including a safety factor 5)

Si5326-EVB

Input clocks and
usb cable for
ATtiny EVB

Drift chamber monitor to measure
the actual proton fluence.

Ethernet Connection to the Host
PC to detect SEUs.

Si5326 cable connection
with ALINX

Jack connection to the LV Power
supply to power up the FPGA and
detect SELs.

Note TID; estimates
increased by a factor
3.5 since PDR 2024

XAU15P

See presentation by S.Geminiani @ePIC Collaboration meeting (Jan 2025)

September 4, 2025 Electronics and DAQ PDR
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2

Irradiation tests (1)

MTBF= Mean Time Between Failure
SEU = Single Event Upset
SEL =Single Event Latchup from conclusions presented in January:

1. We integrated TID~2.8-TIDg for the AU15P,
TID~10 - TID5 for the ATtiny and TID~18 - TIDs

for the Si5326. Devices tested up to a TID largely exceeding
- expected TID @dRICH: no destructive effects
No significative cumulative effect or SEL for Si5326 and seen for TID < TIDg
AU15P, while the ATtiny stopped working at TID = 23
krad.
2. Si5326: MTBF = 3.8 h (for 1248 RDOs) and the jitter - The RDO AU15P will control the chip
analysis showed the output clock is very stable. configuration every t < 3.8 h.

3. ATtiny: SRAM MTBF = 4 h and FLASH MTBF > 43 h - The FLASH MTBF is a safety limit and key RAM
(for 1248 RDOs) . registers will be implemented with TMR checks.

Comments: investigation addendum for ATtiny + first measurements of this kind in ePIC

September 4, 2025 Electronics and DAQ PDR



“Irradiation tests (Il1)

2

AUX15P

* Monitored memory: 8/156 kb of FF memory, 3.6/5.1 Mb
of BRAM and 33/33 Mb of CRAM.

0 SEUs detected on FF memory and 69 SEUs on BRAM
after 2560s.

» 70 corrected SEUs, 11 uncorrected SEUs and 1 dead link
detected on CRAM after 2560 s.

* No SEL detected after 3632 s.
* TID = 6.36 krad (dose rate = 10-500 rad/min) after 3632 s.

FF memory (limit @ 95% C.L.): 6 < 3.5 - 10‘14%
MTBF (156 kb) in the dRICH system (1248 RDOs):

> 3.6 min

BRAM: oy = (1.78 + 0.23) - 10715 %
MTBF (5.1 Mb) in the dRICH system (1248 RDOs):

2.1 min

SEU cross sections and MTBFs (33 Mb) in the dRICH

system (1248 RDOs) for CRAM :

2

_16SM*) | MTBF

Oseu (10 bit) (min)
(1.96 + 0.25) 2.9

(3.09+0.94)- 1071 18

(2.30+0.28) 2.5

September 4, 2025 Electronics and DAQ PDR
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RDO firmware progresses (l) (s

* pin placement for layout design
* intense use of ALINX AUX15P evb card (same FPGA) as RDO GYM (waiting for real cards!)

®° 1000 0155)

ALCOR readout via AUX15P

e — : Ethernet

"% Firefly cables B 5 -; cable
Y : A = :j" < W m :

(/_9 ;“ ‘:-l ‘_
o

"\

-

3

Alinx + FMC breakout board

In order to test the Artix — Alcor interface, we implemented the IPbus firmware on the FPGA. Now we can
program the Alcor registers via SPI and we can correctly receive the data

successfully ported KC705 FW (reading ALCOR) to AUX15P including SERDES
More details in D. Falchieri's talk at Electronics and DAQ WG/eRD109 (May 2025)

September 4, 2025 Electronics and DAQ PDR



https://www.en.alinx.com/Product/FPGA-Development-Boards/Artix-UltraScale-plus/AXAU15.html
https://indico.bnl.gov/event/28018/contributions/106946/attachments/61676/105895/dRICH_RDO_08May2025.pdf

RDO firmware progresses (Il) &

* pin placement for layout design
* intense use of ALINX AUX15P evb card (same FPGA) as “RDO GYM” (waiting for real cards!

Ethernet
over fiber

uuuuu

AN
iy

successfully implemented IPBUS communication over optical link (commercial SFP) = configuration foreseen for test beam

“collecting pieces of the firmware needed on RDO”

September 4, 2025 Electronics and DAQ PDR
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initial debug on prototypes ePl&S

initial debug included the fixing of several problems (“minor issues”

- mounted 2 Si5319 instead of a Si5319 and a Si5326 = we will do reworking
- mounted “wrong” charge pump component = fixed changing some resistors, we will do reworking details

- a short due to a capacitor (layout error): bypassed
- somehow difficult the pairing of VTRX+ MT connector with MPO and then with fibers (we had initially the

wrong fanout patchcord)

MPO key up

1

MT key down

September 4, 2025



N

initial debug details

Top layer 7
p y Si5319
FL1 removed to not |n'stead
Si5326

power U7
Problem with
footprint of €51 1N %
- g Bottom layer

‘\N\‘\\'q‘ o .

- 4+ - 4+

Problem with U8
LTC3203BEDD-PBF

R19 1.5K changed to
2.2K to correct VOH
level with wrong U8
(charge pump a 5V)

R34 15K changed
with 8.2K
toset 1.2V

lout limit

%ty lped el
- Fust FUS2
|hribri
-

Electronics and DAQ PDR
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checking the optical link (s

HARDWARE MANAGER - localhost/xilinx_tcf/Xilinx/0000128f528601

Hardware > h vhd s 7s_extp i dashboard_1 la_1
Qx| ® o
SysMon (xcau15p_0)
Name Status - -
A B+ Q@ a i
I localhost Connected =
B+ xilinx_tcf/Xilinx/0000128f528601 (1 Open S |ETemp 69.3°C
@ xcaul5p_0 Programme §
SysM s
Y’ on a
IBERT
Quad_224 v ~
< > <
g
2
£ v
Link Properties S
g : :c-v-seq# tt{=6a tine=0.072 ms
] ¢ dcmp_seq=9 ttl=64 time=0.071 ms
Link 0 - o - 0 ttl=64 time=0.064 ms
= 1 tt1=64 time=0.102 ms
2 ttl=64 time=0.113 ms
Name: localhost:3121/xilinx_tcf/Xilinx/0000128f52¢ 3 ttl=64 time=0.114 ms
4 ttl=64 time=90.110 ms
Description:  Link 0 : ::{:ﬁ :::::1.: :
7 tt{:&a time=0.111 ms
. ttl=64 time=0.113
Status: 2.500 Gbps S1560 tine=o 110 b,
ttl=64 time=0.104 ms
Link group Link Group 0 g 24 94 9, p . ttl=64 time=0.113
z e 11:24:15 11:224:30 11:22445 11:25:00 0. 16 tinecs.i06 e
9. tel=
Time (HH:MM:SS) e
General ping -s 1024 10.0.9.192
/bin$ ping -s 1024 10.6.9.192
(10.0.9 by
Serial 1/0 Links Serial 1/0 S oo :
: dcmp_seq=d ttl=64 time=0.205 ms
Qa = ¢ |+ -192: icmp_seq=5 ttl=64 time=0.107 ms
= — y : icmp_seq=6 ttl=64 time:
.0.9.192:
Name X RX Status Bits Errors BER BERT Rgset  TX Pattern RX Pattern TX Pre-Cursor bytes from 10.0.9.192:
Ungrouped Links
Link Group 0 Res| PRBS 7-bit v PRBS 7-bit v 0.00 dB (00000) v 3
K
Link 0 Quad_224/MGT_XO0Y3/TX (xcau15p_0) Quad_224/MGT_X0Y3/RX (xcau15p_0) 2.500 Gbps  8.039f11 OE0 1244E-12| Res PRBS 7-bit v PRBS 7-bit v 000dB (00000) v
p —

ck
¥

5. | loopba

g

Electronics and DAQ PDR
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which firmware flavour in ePIC ? FEL]

N

Table of available link “flavours” in FELIX cards and FPGA
resources usage (courtesy by A. Lonardo)

FELI X FPGA resource usage

Flavour Link Wrapper Decoders Encoders Remarks
0: GBT GBT 8b10b 8.4.13 8b10b 8.5.11 The GBT mode flavour is available in 8 and 24
HDLC 8.4.14 HDLC 8.5.12 channel versions, with a complete set of encoders /
Direct 8.4.16 Direct 8.5.13 decoders, and a so called SemiStatic configuration
TTCToHost 8.4.17 TTC 8.5.14 where some decoders/encoders are left out. FELIX
BusyToHost 8.4.18 aims to provide a 24 channel fully configurable
version for FLX712, it has been demonstrated to
work but with high resource count (78% LUTs)
1: FULL ToHost FULL, FULL 8.4.15 8b10b 8.5.11 The FULL mode flavour is available in 24 channels
FromHost GBT or TTCToHost 8.4.17 HDLC 8.5.12 for FLX712 and FLX128. The ToHost side/decoding
LTI BusyToHost 8.4.18 Direct 8.5.13 is using 9.6Gb/s 8b10b data without logical links.
TTC 8.5.14 FromHost/encoding is identical to GBT, with an option
LTl-tx 8.6 to transmit a copy of the LTI-TTC link data at 9.6Gb
8b10b with additional fields for XOFF
2: LTDB GBT 8b10b 8.4.13 8b10b 8.5.11 LTDB meode is a 48 channel version of GBT mode,
HDLC 8.4.14 HDLC 8.5.12 but with reduced e-link configurability. This flavour
Direct 8.4.16 Direct 8.5.13 only includes the EC and IC e-links, as well as an
TTCToHost 8.4.17 TTC8.5.14 AUX e-link (Egroup 4, link 7) with HDLC/8b10b/Direct
BusyToHost 8.4.18 configuration. Additionally TTC distribution is
available on all FromHost/ToFrontend e-links.
4: PIXEL IpGBT HDLC (EC/IC) RD53A/B 8.5.8 The Pixel flavour was designed to read out the ITk
8.4.14 TTC 8.5.14 Pixel detector over IpGBT with Aurora e-links. The
Aurora 8.4.11 HDLC (IC/EC) encoder uses a custom protocol for RD53 and
TTCToHost 8.4.17 8.512 includes a trigger and command state machine.
BusyToHost 8.4.18
5: STRIP IpGBT HDLC (IC) 8.4.14 HDLC (EC) 8.5.12 The Strip flavour was designed to read out the 1Tk
Endeavour (EC) Endeavour (EC) Strip detector over IpGBT with 8b10b e-links. The
8.4.10 8.5.7 encoder uses a strip custom protocol with so called
8b10b B8.4.13,8.4.9 LCB 8.5.9 trickle merge.
TTCToHost 8.4.17 R3L18.5.10
BusyToHost 8.4.18
9: LPGBT IpGBT HDLC (EC/IC) 8b10b 8.5.11 The IpGBT Flavour is the IpGBT equivalent of the
8.4.14 HDLC 8.5.12 GBT flavour. It involves 8b10b, HDLC and TTC
8b10b 8.4.13 Direct 8.5.13 protocols and the aim is to have a fully configurable
Direct 8.4.16 TTC 8.5.14 24 channel build available. The LPGBT flavour will
TTCToHost 8.4.17 include encoding and decoding schemes for the
BusyToHost 8.4.18 HGTD
10: INTERLAKEN 64b67b ToHost Interlaken, LTI-tx 8.6 The Interlaken Flavour has 24x 25.78125 Gb/s

FromHost LTI
8419

Interlaken links in ToHost direction. Note that no
more than 12 links can be fully occupied as otherwise
the PCle Gen4 bandwidth will be saturated. As
encoders, the Interlaken flavour implements the
TTC-LTI encoder, a copy of the received LTI frame
but with additional XOFF bits.

V

e scale up to 48 IpGBT links might be a problem for FLX-1557?
* as dRICH we use just the VTRX+ tranceiver not the [pGBT ASIC so |pGBT protocol not strictly needed
but we would recommend to use anyway one of the existing flavour. FULL will be tested, agreement within ePIC

September 4, 2025

KU115 | VM1802 | VP1552
GBT 24 channel LUT .65% X o 1%
FF 77.03% 50.94% | 26.13%
BRAM 70.00% 89.45% | 34.04%
URAM 62.20% 22.14%
FULL 24 channel LUT 52.59% 44.35% | 22.75%
FF 38.40% 33.21% | 17.03%
BRAM 40.46% 20.99% 7.99%
URAM 62.20% | gl
LPGBT 24 channel LUT 112.51% 82.94% ’42,55%
FF 52.39% 38.62% K o
BRAM 68.94% 79.52% 30.26%
URAM 20% | 22.14%
PIXEL 24 channel LUT 82.40% 60.75% 31.17%
FF /S%M‘é/ 45.74% | 23.46%
BRAM .20% 62.25% | 23.69%
URANM 62.20% 22.14%
STRIP 24 channel /g)’l’ 67.04% 49.42% | 25.35%
F 49.94% 36.81% | 18.88%
BRAM 121.43% | 104.45% 39.75%
URAM 145.14% 51.65%
INTERLAK channel | LUT 9.15% 4.69%
FF 7.89% 4.05%
BRAM 40.43% 15.39%
URAM 0.00% 0.00%

Electronics and DAQ PDR

Table 5.2: Resource utilization for all firmware flavours estimated for the

Note dRICH aims

to use FLX-155 resources

too for data reduction!

See A. Lonardo talk

at ePIC Jan 2025 meeting

Update:
Romel/2 has now the

FLX-182 sent by BNL up

and running!



https://agenda.infn.it/event/43344/contributions/253479/attachments/130440/194095/20250120_DesignIdeasdRICHDataReduction.pdf
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scale up to a test beam up to 2 kchannels (s

dRICH prototype on the T10 beam line at CERN-PS in October 2023

S

DAQ and DCS dRICH
computers prototype
l ......
auxiliary control .
electronics crates SiPM
photodetector

readout box

gigabit ETH
switch for DAQ

and DCS DAQ FPGAs and

X i 5 clock distribution
I\
1

low voltage and
high voltage
power supplies

53.'6»14 5331} 5376\,‘ 533@

| 5 =1 3
sc =37« -37«¢ -35¢«

SiPM at low temperature

next step is bringing readout inside the PDU

11 KC705 FPGA boards in parallel =» 64 AICOR chips (RDO comes after)
=>» 2048 SiPMs

September 4, 2025 Electronics and DAQ PDR




RDO setup for 2025 test beam (Nov. 2025)

2

"o we use IPBUS protocol over VTRX+ with SFP NIC cards on receiving end
» ”"fake-FEB” (ALCOR v2.1 adaptor) : two FireFly connectors to reach existing FEB (with 2 ALCOR v2.1)

8x FireFly cables

_——

8x front-end electronics stacks
each with
e 1 RDO

* 4Fake-FEBs existing front-end electronics stack

4 ALCOR-dual boards
each with 2x wirebonded ALCOR v2

VTRX+ optical link
to SFP

ay=T e

U s
i el it el D

server bi-processore prestazionale con 8 link ottici SFP outside inside detector box

September 4, cuco CIECLIONICS dNU VAW FUR




RDO next steps preparing for test beam 2025 ePI&S

External clock processed by SI5326 (note: we need 16 SMA-UFL cables)
Readout of all I°C sensors

12C programming of regulators on fake-FEB

Manage different IP (without jumpers)

Cooling
A mini rack: 8 RDO + fake-FEB on both sides etc...

o oA W e

fans for
connections for SMA  cooling
and MPO

Optional (bonus):
1. IPBUS + UDP streaming

supporto/fermo panino

September 4, 2025 courtesy R. Preghenella



RDO next steps for test @TIFPA (December 2025) eP@

Writing QSPI Flash via SPI (writing via JTAG)
Scrubbing

Communication between PolarFire and Artix
Current monitor via uC

Communication between uC and ARTIX

e

Optional (bonus):

1. Polarfire program ARTIX at boot
2. QSPI Flash writing via IPBUS (Remote Programming!)
3. During the test: one fake-FEB connected and we read 2 ALCOR32? (note:

ALCOR not exposed to radiation)

September 4, 2025 Electronics and DAQ PDR



- RDO next steps towards full ePIC DAQ

Check noise (if any) from charged pump

Check noise (light) from VTRX+ / engineer “shield”

Link EIC = clock reconstruction

Clock at 394 MHz/ ALCOR@394 MHz (only with ALCOR v3)
Polarfire program Artix at boot

Remote programming (writing PolarFire via VTRX+)
Remote programming (writing Flash memory via VTRX+)
IPBUS —> EIC link using AUX15P/ALINX + JLab card

Data format // buffering // “frame”

Test with ALCOR64 + FEB

Test with FELIX

test in magnetic field (PDU)

PDU in detector box etc...

2

- pre-production during 2026 (if we don't need it before) “RD026”
- testbed setup for testing RDO production

September 4, 2025 Electronics and DAQ PDR
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RDO power consumption estimates (s

| LV Channel |  Device LDO Vin (V) Vout (V) lout (A) Vdrop (V) Ptotal (W) Pdevice (W) Ploss (W) .
LTM4709-1H 2.7 1.20 0.1070 1.50 0.289 0.128 0.161 FPGA power consumption
AUX15P TM4709-2H 2.7 1.80 0.4820 0.90 1.301 0.868 0.434 . .
ETé\I\:ﬂEOQ-SH 2.7 2.50 0.0060 0.20 0.016 0.015 0.001 simulated not completely given
Prosor | LTMA4709-2H 2.7 1.80 0.0025 0.90 0.007 0.005 0.002 FW is incomplete
LTM4709-3H 2.7 2.50 0.0700 0.20 0.189 0.175 0.014
VTRX LTM4709-1H 2.7 1.20 0.0150 1.50 0.041 0.018 0.023
Y LTM4709-3H 2.7 2.50 0.0700 ~ 0.20 0.189 0.175 0.014
MT25QU01  LTM4709-2H 2.7 1.80 0.0550 0.90 0.149 0.099 0.050 ]
LVH 2.7V Si5326 LTM4709-2H 2.7 1.80 0.2540 0.90 0.686 0.457 0.229 Take home message:
Si5319 LTM4709-2H 2.7 1.80 0.2540 0.90 0.686 0.457 0.229
TMP119  LTM4709-3H 2.7 2.50 0.0005 0.20 0.001 0.001 0.000
ATtiny417 ADP1752 2.7 2.50 0.0030 0.20 0.008 0.008 0.001 1.5A@ 2.7V
12Cexp-4FEB  LTM4709-3H 2.7 2.50 0.0680 0.20 0.184 0.170 0.014
LED 27 2.70 0.0000 ~ 0.00 0.000 0.000 0.000 20A@14V
IBIAS-LDOH 2.7 2.70 0.0210 0.00 0.057 0.057 0.000
IBIAS-LDOL 2.7 2.70 0.0210 0.00 0.057 0.057 0.000
Total LV 2.7 1.4290 3.86 2.69 1.16 -
LVL1.4V AUX15P  LTM4709-1L 1.4 0.85 16530 ~ 0.55 2314 1.405 0.909 2>>=7 W/ RDO
AUX15P  LTM4709-2L 14 0.90 0.0430 0.50 0.060 0.039 0.022
MPFOS0T  LTMA4709-3L 14 1.00 0.2580 0.40 0.361 0.258 0.103
Total LV 1.4 1.9540 2.736 1.702 1.034
Device Total Power (W) |Area (mm2) |W/mm2
AUX15P 2.455 361 6.80
MPEO50T 0.438 121 3.62 Measured consumption with RDO
LDOH 1.155 72 16.04 prototypes = 4.3 W (not yet tested
LDOL 1.034 72 14.36 with ALCOR readout on + scrubbing)
S15326 0.457 36 12.70
SI15319 0.457 36 12.70
VTRX+ 0.193 100 1.93
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RDO power consumption estimates

N

| LvChannel | Device LDO  Vin(V)  Vout(V)  lout(A)  Vdrop(V)  Ptotal (W)  Pdevice(W)  Ploss (W)
LTM4709-1H 27 1.20 0.1070 1.50 0.289 0.128 0.161
AUX15P LTM4709-2H 27 1.80 0.4820 0.90 1.301 0.868 0.434
£TMg709-3H 27 2.50 0.0060 0.20 0.016 0.015 0.001
LTM4709-2H 27 1.80 0.0025 0.90 0.007 0.005 0.002
MPFOSOT 1 Ma709-3H 27 2,50 0.0700 0.20 0.189 0.175 0.014
VTR LTM4709-1H 27 1.20 0.0150 1.50 0.041 0.018 0.023
LTM4709-3H 27 2.50 0.0700 ~ 0.20 0.189 0.175 0.014
MT25QUO1  LTM4709-2H 27 1.80 0.0550 0.90 0.149 0.099 0.050
LVH27V Si5326 LTM4709-2H 27 1.80 0.2540 0.90 0.686 0.457 0.229
Si5319 LTM4709-2H 27 1.80 0.2540 0.90 0.686 0.457 0.229
TMP119 LTM4709-3H 27 2.50 0.0005 0.20 0.001 0.001 0.000
ATtiny417 ADP1752 27 2.50 0.0030 0.20 0.008 0.008 0.001
I2Cexp-4FEB  LTMA4709-3H 27 2.50 0.0680 0.20 0.184 0.170 0.014
LED 27 2.70 0.0000 ~ 0.00 0.000 0.000 0.000
IBIAS-LDOH 27 2.70 0.0210 0.00 0.057 0.057 0.000
IBIAS-LDOL 27 2.70 0.0210 0.00 0.057 0.057 0.000
Total LV 2.7 1.4290 3.86 2.69 1.16
LVL1.4V AUX15P LTM4709-1L 14 0.85 1.6530 ~ 0.55 2.314 1.405 0.909
AUX15P LTM4709-2L 1.4 0.90 0.0430 0.50 0.060 0.039 0.022
MPFO50T  LTM4709-3L 1.4 1.00 0.2580 0.40 0.361 0.258 0.103
Total LV 1.4 1.9540 2.736 1.702 1.034

Electronics and DAQ PDR

Actual FPGA power consumption
simulated not completely given
FW is incomplete

Take home message:

15A@2.7V
20A@14V

- >=7 W/RDO




Irradiations (for RDO, components, SiPM...) ePI&S

Why we still need irradiation tests?
» first full RDO irradiation test (Dec. 2025) will be learning exercise: it is first scrubbing test
« with firmware more advanced we need to check behaviour of the card — link stability etc.
+ 2026 is the year to test whole PDU: CHARM facility (CERN)
* [needtotest ALCORG64 ]
* [ need to irradiate a whole SiPM matrix to test then annealing in a true PDU ]

Applications for beam facilities for 2026
* INFN TIFPA c/o hadron therapy center (Trento) 3 sessions (or 2 but extending one to three days): RDO, ALCORG64 (FEB)
« CHARM (CERN), 1 session ("whole PDU). check "everything" plus we use a realistic mix of hadrons
« whole PDU - we test all materials (glues, screws, connectors, etc.)
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RDO production: a RDO testbed for 1500 cards ep@

preparing for RDO production in 2027 we will invest time preparing carefully budgeting (currently cost foreseen 680 k€ +
VAT) and a RDO testbed card to test thoroughly, quickly and effectively the 1500 boards (and load the firmware)

display + switches to run specific tests Basic idea:

the TB FPGA FW verifies all RDO
|/Os are ok before moving to

a) VTRX+ installation — link check
b) testing with FEB

c) testing in a PDU

RDO is plugged on TB using
ALCOR BUS botttom connector

EXT CLK (UFL to SMA)

a flat cable connected to
a flat cable connected for FPGAs/atTiny programming (ALCOR BUS top connection)
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Updated RDO cost estimates ePI&S

Production cost : 267.1 k€ (1500 cards + all components not including FPGAs and VTRx+, mounting) [OFFER]

* FPGA: 256 k€ (ARTIX) + 187 k€ (PF) [simple estimate via Mouser/RS distributors with no reduction on cost/unit]

e Grand Total: 680 k€ + VAT = 829.6 k€ (not including VTRX+ costs, provided by EIC project)
Part of VAT could be exempted (final destination not in Italy)

* To be defined which production tests to be outsourced to ext. company
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VTRX+ light leakage (from CERN ESE-VL+ group) (!) (s

VTRx+ prototype cover @

Versatile Link*

* 3D printed cover

* Mechanically good fit over
VTRx+ module

* Material itself transparent
to (infrared)light

* Painted with matte black
paint at the polymer lab

* Greatly improved light
shielding

sanoint in the ¢

c
2
©

@
o
o
=

Photos with infrared sensitive camera:

VTRx OFF VTRx ON i i Painted cover
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VTRX+ light leakage (from CERN ESE-VL+ group) (I (s

25 I m— | |
o et \
g i . :
5 : Conclusion of CERN ESE Versatile Link+ :
(:g b i * Based on these first results the prototype cover significantly reduces
i 7 VTRx+ stray light
oz = = s A —— * The directions to which the module mostly leaks light, except pigtail
Angle ['] direction, are attenuated by 9-15 dB
0 L T T T * The worst stray light shielding is to the direction of the pigtail
i 7 * Still halves the stray light
% 2 b * Never facing to sensors
‘§ B 7 * Could be maybe further improved with small design changes if needed
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