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Which electronics experimental conditions?

Lab study with one sensor

* Not many constraints on space, power, cost
and complexity of readout.

« Measure full waveform information.
 Few channels and large readout.

HEP experiment

« Stringent requirements on detector integration,
scalabililty, power, radiation hardness, etc.

« Must carefully select which information to keep.

WO

JNO expt.

 10° channels and small readout.

There are many different readout systems, all optimised for their applications, taking many design
aspects into consideration. | will be giving my view on only a subset of these developments.
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FPGASs for digital processing

FPGAs (field-programmable gate arrays) have reconfigurable logic (firmware).
 Attractive technology for digital processing.
« Often combined with analogue front-end ASIC tailored to sensor/application.

measured wavetorm

Belle Il TOP: IRSX (TOPS0oC) ASIC + FPGA.

« Waveform sampling 2.7 Gs/sec. >
Talk M. Staric

* Designed for 30 kHz trigger rate. :

5l 00 T30 00 730
sample number

Number of detected SEUs per 12 merger boards .,

Belle Il ARICH: SA03 ASIC + FPGA. 2"2 7
(150 e essesssssssnnnsnnsnissssysess
« Single-Event Upsets (SEU) in FPGA, 100
scrubbing techniques to recover. [ — -
* Order 10" MeV n,/cm? per year. e Tl e Bl i

https://www.sciencedirect.com/science/article/abs/pii/S0168900223006253
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FPGAs for digital processing Tak & Cavaler

LHCb RICH: CLARO ASIC + FPGA.
* 40 MHz data “pass through” and 10" - 102 MeV n,,/cm? per year.
« By design, use only few % of logic resources to limit SEU.

Towards the future: general shift from FPGA to ASIC.

Flexible Kintex7 FPGA-based

* Increased Iuminosity (HL'LHC) : digital Board interfacing
. . with LHCb backend boards
Especially using smaller technology nodes (e.g. 65 nm CMOS) and Using the GigaBit
protecting sensitive logic against SEU (triplication and/or parity bits). Transceiver protocol
Sensor FE ASIC SR eV WINDCE oo (o1 F 131 /¢ INDC! Back-end

MAPMT CLARO Kintex 7 GBT Versatile Link PCle40

DbC: Back-end

Sensor FastRICH DC Optical link |
PCle400 Poster V.Placinta

SiPM / MAPMT / MCP IpGBT / VL+
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» Best solution for moderate requirements.

 Low radiation.

« Commercial off the shelf components.

Sensor

Analogue FE
amplifier &
discriminator

Digital FPGA

Optical control

SFP+
commercial link

* Necessary for stringent requirements.
« High radiation.
« ASIC / specific component developments.

Sensor

Analogue & digital ASIC

IpGBT and
VTRX+
optical link chipset

Today’s
focus

CE/RW
\
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Some ASIC examples at RICH2025

FastRICH

ALCORv3

FPMROC

Petsys-TOFPET2

Preamp + NINO + HPTDC

@ Conference
Main application
Technology
Target sensor
Channel
Amplifier

TDC bin

Input bandwidth
Mode

Power [mW/ch]
Bits per hit
Encoding

Event rate
[MHZz/ch]

Serialiser max.
rate [Gbps]

Target radiation

Poster F. Keizer
LHCb RICH

65 nm

MAPMT, SiPM, MCP
16

Current buffer

25 or 100 ps
30uA-2mA
CFD and ToT
~12

~ 10 bit, dynamic
64b66b

40
(25 ns periods)

5.12
(configurable 1 to 4 links)

~ 2 x 10" neq/cm? (LHCD)

R. Preghenella

ePIC RICH
110 nm

SiPM

64

Current buffer
25 or 50 ps
Tuned to SiPM
ToT

~12

32 bit

8b10b

25-5
(10 ns periods)

1.28
(4x 320 Mbps)

~ 2 krad (ePIC)

Poster S. Qian
ToF-PET

55 nm

MCP

8

TIA and amplifier
13 ps

10° gain MCP (2 — 200 mV)
ToT

~ 40 (sim)

64 bit

64b66b

<40

10.24
(64 bit parallel at 160 MHz)

Not specified

I

Commercial / Belle-1l DIRC
110 nm

MCP

64

Charge sensitive
30 ps

Up to 1500 pC
ToT and energy
~8

64 bit

8b10b

0.5

3.2
(configurable 1 to 4 links)

Not specified

/1

NAG62

250 nm

PMT

8

Custom charge amplifier
100 ps

100 fC — 2 pC, differential
ToT

O(100)

64 bit

/1

= ]

(Parallel bus)

I
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https://indico.gsi.de/event/20387/contributions/90429/attachments/51833/78754/rich2025_preghenella_alcor_poster.pdf
https://indico.gsi.de/event/20387/contributions/90370/attachments/51779/78733/48-FPMT%20Timing%20system.pdf

Front-end electronics

Time resolution (MCP)
High-rate operation (SiPM)
Readout density and integration
Data throughput and optical links
Considerations on ASICs
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Time resolution

RICH detectors are highly suited to use detector hit time information:
 Prompt Cherenkov + focusing optics = predictable hit time of arrival.

« Often new requirement: increased luminosity (reduce pile-up) environments
or out-of-time SiPM DCR (improve signal to noise).

Couple sensors with good time resolution to TDC (Time-to-Digital) circuit.

« TDC circuits come with:
- increased power consumption (PLL, high frequency clocks and buffers),
- higher data throughput,
- more demanding calibration.
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Picosecond Time-to-Digital Circuit (TDC)

TDC-in-FPGA

E.g. CLAS12 and GlueX,
DiRICH for CMB/HADES.

Digital input (can be analog).

Typically loose time
requirements: > few-100 ps.

Faster TDCs possible (e.g.
DIiRICH 20 ps), but relies on
manual placement of logic
slices, careful calibrations
and specific to FPGA
version. _

Dedicated TDC ASIC
« E.g. picoTDC, HPTDC.
« Digital input.

» Typically fast: picoTDC
down to 3 ps bins.

« Trade-off between generic
and application specific:
power, data rate, radiation
hardness etc.

Integrated TDC

E.g. FastlC+, FastRICH,
ALCOR, FPMROC.

* Analogue sensor input.

« Fully application specific,
meets sub-100 ps
requirement at low power
for single-photon sensors.

* Increases ASIC complexity:
digital-on-top design and
verification required.

F. Keizer | Front-end electronics for RICH detectors

19.09.25 7



Electronics time gating

Select the TDC window where event data is expected.

“Picture” instead of “video”.

Reduction in data size:

« Exclude out-of-time background:
fewer hits to transmit.

 Reduce TDC range to encode in data-packer:
fewer bits to transmit.

AFEs
LED BXID Counter
ttttttttt
s
s
B — x16
CDC to
{ 12C Manager = ¢ temal 40MHz ]
T T ECS
| |

External
SDA  SCL Clock

Deserializer
8-bit 40MHz
CMD decode

Doi:10.17863/CAM.45822
| | I |

IIIIIII| 1 IIIIIIII 1 IIIIIII| Ll

-
o
T IIIIIIII T IIIIIII| T I|III|I| T TTTTI

Events
)

| IIIIIII| | IIIIIU_I

| | | |
5 10 15 20

Detector hit time [ns]

o
N
a

Time gate implemented during processing
of TDC data inside the ASIC.

Timestamps within the gate are used for
PID enhancements. Talk A. Upadhyay.
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https://indico.gsi.de/event/20387/contributions/90409/attachments/51813/78853/RICH2025__Abhinaba_LHCbRICH_PVt0reconstruction.pdf
https://www.repository.cam.ac.uk/handle/1810/298766

High precision clock distribution

White Rabbit

(WR) switch
LHC clock LHC Clock
through ECL through WR

SODIN400 receives clock

SODIN40Q ; from ECLinterfac

! White Rabbtswﬂch :

TFC
through TTC-PON

SOL400 SOL400
AAA
TFC
through TTC-PON
TELL400
DAQ “'
through IpGBT
> S tThFrgugh IpGBT

Front-End <—

https://cds.cern.ch/record/2886
764/files/LHCB-TDR-025.pdf

For good time resolution you need an even better reference clock.

White rabbit project to provide LHC clock through Ethernet-based
network connecting thousands of nodes.

« Random jitter as well as the deterministic phase are defined by
the detector requirements - targeting O(10) ps.

Many fibre links with TFC (Timing & Fast Control) to FE electronics.

« Minor variations in length affect clock phase at each Front-End
board. How to calibrate?

» Test pulses not helpful: usually generated from same clock +
paths in ASIC not calibrated to picosecond.

« Strategy: modules from same TFC link calibrated in time in the lab,
afterwards in-situ pulsed picosecond laser and beam data.

Poster on Rayleigh-scattering-based calibration optics.

cﬁw
\

N
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https://cds.cern.ch/record/2886764/files/LHCB-TDR-025.pdf
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MCP-based detector readout — few examples

Excellent time resolution is key — typically rate is not a strong requirement due to intrinsic MCP limit.

U.= 150 VvV [N=1131159
4 bin=10.0ps

3 FWHM = 103 ps|A=61881/bin
= 1547 ps ['T2%P8
Y max = P

e o Tests of LAPPD with PETsys TOFPET2 ASIC and FastIC
St 1 ASIC (family of FastRICH). Talk R. Dolenec.
Also studies in LHCb with prototype FastlC+picoTDC.

Poster V. Placinta, Poster D. Foulds-Holt.

800 0 500 1000 1500 2000 2500 3000 3500
TDC(ps)

600~
r 64 psec sigma

ANNIE PSEC4 fast sampling (10Gs/sec) of LAPPD output. Talk M. Wetstein.

| Simplified circuit for one pixel

L B e e 64 bits /hit
64500 65000 65500 66000 66600 : | TDC / DAQ |— PC
time (psec) o & v (5_| 16x 10 Gbps
L threshold

links

4DPHOTON with TimePix4 ASIC. Talk E. Franzoso. = [xe] [l [Piimio] - [T messuing duit] - [Due scaisition sten
Measured 65 ps RMS for single photons.

Anode plate vacuum side Anode plate air side

FCFD ASIC for ePIC pfRICH. Talk B. Page.
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https://indico.gsi.de/event/20387/contributions/90471/attachments/51860/78996/RICH2025-LAPPD-RokD.pdf
https://indico.gsi.de/event/20387/contributions/90392/attachments/51797/78774/RICH2025_VMP_silent_reharsal.pdf
https://indico.gsi.de/event/20387/contributions/90473/attachments/51862/78753/LAPPD_Edinburgh_RICH2025_Poster_DFH.pdf
https://indico.gsi.de/event/20387/contributions/90377/attachments/51785/78928/rich25_4dphoton.pdf
https://indico.gsi.de/event/20387/contributions/90365/attachments/51776/78924/2025-09_ANNIE_RICH.pdf
https://indico.gsi.de/event/20387/contributions/90393/attachments/51798/79043/pfRICHOverview_rich2025_final.pdf
https://indico.gsi.de/event/20387/contributions/90393/attachments/51798/79043/pfRICHOverview_rich2025_final.pdf
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High-rate operation (SiPM)
Readout density and integration
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Coupling: SiPM input signal ampllfler

F. Ciciriello et al.

"""" s |PMC( Low noise,
' i I |
Charge-sensitive preamplifier: not suitable for SiPM , . g ]Eortsh.ort a}nd
( Cppr >> C feedback and bandwidth is strongly affected). | R D LA ast signals
i I~ Gi;j) n i at |OW CDET'
iQeﬁ‘s(t) | !
Higher Voo .1} Charge Sensiive Ampiffer |
power for .
high-speed T Voltage preamplifier: input resistance R;, large for fast signal,

RF systems. f T.n = Cper Riy , DUt Ry, IS also in series with quench resistor
S Mzbf_m = Trecovery — Tquench T Rin(Cgrid + Ngpap * Cq)-
10) :_%E@ l.e. results in long tails and signal pile-up at higher rate.

_é_ iVBIAS 1 VDD
Current buffer: small input resistance and fast discharge. T High-rate
Relatively good power consumption. '_i applications,

. . : Y medium power
Preferred coupling of readout ASIC to SiPM. D == Im & wider input
= f bandwidth.

C\w ‘ F. Keizer | Front-end electronics for RICH detectors 19.09.25 "


https://ieeexplore.ieee.org/document/7184979
https://ieeexplore.ieee.org/document/7184979
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SiPM operation at high rate

MCP-based photon sensors have relatively low rate capabilities. (Talk A. Kiselev)

MAPMT (multi-anode PMTs) can operate up to about 10 MHz photon hit rate. (Talk G. Cavallero)

o | Threshoidshin « Potential pile-up of signal at high rates,
7/\ resulting in shift of baseline and
> effective Leading-Edge Threshold.

Some techniques in ASIC to compensate this effect in the output.

« Typically to be tuned to the specific signal
(i.e. SIPM type and operating conditions).

Masks the analogue pile-up but doesn’t remove it. R&D required
for SiPM with fast recovery times and tuning of quench resistor.

Ayt SiPM SPADs have a relatively slow recovery time constant.

S13360 (50 pm)

Talk M. Contalbrigo
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https://indico.gsi.de/event/20387/contributions/90342/attachments/52693/78940/ayk-2025-09-17-rich-2025.v01.pdf
https://indico.gsi.de/event/20387/contributions/90403/attachments/51807/78767/lhcbRichDetectorsOperationsAndPerformance.pdf
https://indico.gsi.de/event/20387/contributions/90419/attachments/51823/79058/dRICH_RICH2025.pdf

SlPM Operation at hlgh rate Pole-zero cancellation A.Gola

High-pass filter between the SiPM and the ASIC input. ‘ ﬁ\;‘”‘””‘”a'

Cin t
h(t) h(t)
/\compensated
Rin ' t

« Discrete components (outside / inside ASIC). T N
Fig. 6. Time-domain explanation of the PZ compensation.

e

Pole-zero cancellation.

« Separate shaping stage in the readout to compensate the

baseline (i.e. low frequency component). DLED implementation TOFHIR2
» E.g. TFO1A64 ASIC Belle-Il ARICH. poster s. Kurokawa. w g =
Delayed leading-edge discrimination (DLED). puisowidn 200 0 of e puse w25
* Invert and delay pulse from pre-amp. T :jzo.';““‘lasfo“*“‘;;;;;o‘ﬁ'm'e"m;);;,s;““';;z,;'“'“z;;@

Figure 5. DLED input (left) and output (right) waveform. The example is for EoO conditions.

NS

- E.g. CMS Barrel MIP Timing Detector (TOFHIR2 ASIC). % ~ |
- Significant reduction in signal amplitude. \/ L >
(Can CFD already partially improve [\ ] oo, \n it
pile-up effect? Similar to DLED, g v e DLED bk
except only a fraction is inverted.) [[Fer i = T
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https://arxiv.org/abs/2404.01208
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Spatial resolution

RICH2_gun_FTDR-optics_test | RICH2_gun_splitRich2_test |

Detector occupancy (max av. hits per channel per event):

« Depends also on optical design.

* Need to stay in single photon regime for counting and timestamping.
« Sensor may have limited hit rate per channel (saturation/damage).

Cherenkov angle resolution: 9000 9500 10000 10500 11000 11500 12000 9000 9500 10000 10500 11000 11500
- Pixel vs chromatic and optical errors in the system. (Poster E.Spadaro Norella )

« Example (gg - f) < /Ay, for mirror focal point f and channel area A,,.

Sensor capacitance (in case of SiPM).
* Increases with number of SPADs i.e. channel area per readout channel.

These requirements tend to push to smaller channel sizes and denser electronic readout.

C\E/RW ‘ F. Keizer | Front-end electronics for RICH detectors 19.09.25 14
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https://indico.gsi.de/event/20387/contributions/90404/attachments/51808/78772/Poster___RICH2025___Optics.pdf

Spatial resolution: number of channels in ASIC

Why fewer channels per chip: Why more channels per chip:

« ASIC design: less concerns about on-chip « Smaller overheads due to packaging of the
power-drops, clock skew, routing constraints and silicon die: less space on the board.
signal propagation delays, complication of digital . i .
packet managers, etc. Fewer control and clock signals to distribute on

board (“less daisy-chain”).

« PCB routing and shorter input signal traces . .. : .
(less parasitic inductance). Some optimisations e.g. in number of serialisers

for chips with low data rates.

ASIC footprint / inputs is
not necessarily the limiting
space constraint in a
detector system:

there are other
considerations such as
power consumption and
System-in-Package for data throughput.

FastiC+ 32ch (FastRICH 64ch). bPOL12V plugin  VTRX+ footprint 10mm by
Talk R. Pestotnik. ~25 mm 20mm + fragile pigtail

Cﬁw F. Keizer | Front-end electronics for RICH detectors 19.09.25 15
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https://indico.gsi.de/event/20387/contributions/90341/attachments/52680/78886/RICH2025_SiPM_RadHard_Pestotnik.pdf

Compact, close-packing and 2.5D or 3D sensors

o A. Gola
For even better SPAD coupling and control, ((_Hybrid siPM_ ] SR e _
. . . — [ [
electronics can also be (partially) integrated ) —— — — / - SPAD array
into the silicon. z_eeeeiee
e - e =

» Digital SiPM (Talk C. Brushini, Poster R. Dolenec) |— L FEE ASIC
and 2.5 and 3D sensors (Talkk R. Pestotnik).

« Suitable for compact designs e.g. ARC.

— e e— e— e—— e—— e—— e— c— e—— — —

[ miniSiPM
«— ~27 cm —>,
- e iy
:. Composite Vessel wal ) . e e e e
\\ lnsulationﬁsuppon S|PM array
\\ \ ocusi irror ; -
| !

N A I <— PCB Interposer

_ I_ } FEE-ASIC
2 é,l - 3 mm interconnection pitch i 3/
A4

Highly interesting for performance but also brings power consumption of FE readout close to the SiPM.
» Potential issue for cooling of SiPMs at low temperatures.

|
20 cm . Radiator gas

| Aerogel _ Photosensor array

OO Cooling plate

(C\ERNi? ‘ F. Keizer | Front-end electronics for RICH detectors 19.09.25 16
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https://indico.gsi.de/event/20387/contributions/90340/attachments/52683/78877/Bruschini_RICH2025_Sept2025_v1-2.pdf
https://indico.gsi.de/event/20387/contributions/90418/attachments/51822/78800/RICH2025-RokD.pdf
https://indico.gsi.de/event/20387/contributions/90341/attachments/52680/78886/RICH2025_SiPM_RadHard_Pestotnik.pdf

Cryogenic demonstrator for LHCb RICH

Readout electronics SiPM Gas radiator
Thermal path typically from the back-side with flex-PCB. Room temperature Cryogenic lamporare  Room amperaurs
Complex ASIC analogue + digital not simulated at cryo-T. Vacuum : V=n5||=4[_|ll
Also the optical links would not be suitable. e ——— |
Flexible-PCB to absorb thermal expansion mismatches and : ol Chorrin
keep electronics at room-T. I |
 Transmission line (order 10 cm) — inductance slows fast- : P |
timing edge (but also shunts capacitance). : P ol N
Vacuum feedthroughs: Roomct:)sg:gerature InsulationLNz cooling Quartz window
« 06~103+5 ps (59V for 3mm S13361-series) with "
FastlC+picoTDC (FastRICH). Poster L. Malentacca.
Cold block Mounting plate SiPM
iF"’atckage _(:_dge to . (tEap be}t\(veen ohot " \
photosensitive area photosensitive areas . otosensitive
T - Yy Remove HPK 1 - — L /> S— ‘
H; | [ ] | | | 4 '/‘( MPPC SUbStrate ’ LN2 pipe
= = =\ o and place single
>< \ s Substrate SiPMs directly?

Transmission line
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Data throughput at the front-end

Increasing granularity + additional picosecond time
information = more data.

« Hits may be concentrated in smaller region of the
detector: allocate bandwidth non-uniformly.

« Configurable number & speed of serialisers:

low-occupancy regions equipped with fewer optical links.

Other tools to reduce data throughput:

« CFD (constant-fraction discrimination) avoids need to
submit ToT bits for time-walk correction.

 Time gating.
« Zero-suppressed dynamic output format.

1243 mm

PDMDB & plug-ins :{ variants for low- and high- occupandy regions
R,1,1280 (2x3x IpGBT) R,3,1280 (4x4x IpGBT)
) -

H,2,1280 (2x3x IpGBT

1344 mm

o = N W H
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Data packet scheme (asrich)

L] - - L E 4
Shift towards more decoding complexity at back-end (i.e. packets & Aurora). =
. . . 9 100
- Commercial electronics at back-end and fewer custom FE links. g |
._-'é
T 60
0 hits 7777 2'b00 _ XSync) BXID [4:0] X 5 ol
1 hit 7X_2pb01 X 0 X BXID [4:0] X (iller 0s) [3:0] X Address[3:0] X ToA[7:0] ¥/ ‘(‘mrj 1
1 hit w/ ToT 7% 2b01 X 0 X BXID [4:0] X (iller 0s) [3:0] X Address[3:0] X ToA[7:0] X ToT[7:01 X7 =
2hits 777 2bo1 X 1 X BXID [4:0] X Address,[3:0] X Address [3:0] X ToA,[7:01 X ToA,[7:01 X7 °] T : : : : :
0 2 6 8 10 12 14 16
2 hits w/ ToT 7% _2bo1 X 1 X BXID [4:0] ) Address,[3:0] )} Address [3:0] \ ToA,[7:0] X ToT,[7:0] ) ToA [7:0] X ToT (701 X7/ Hits/event [#]
3+ hits 777{__2b10__ YSync) BXID [4:0] \_Hitmap [15:0] /| ) ToA, [7:0] )_ ToA, [7:0] S—ToA 1701 7
3+ hits w/ ToT 77X 2910 {Sync) BXID [4:0] X Hitmap [15:0] /C)( ToA [70] X ToT, [7:0] /7—( ToA,[70] Y ToT [7:01 ¥/ S' B'
Hitmap Only 777X 2b11__ Sync) BXID [4:0] X___ Hitmap [15:0][)(7/ d d
BXID | BXID BXID | BXID | BXID BXID | BXID
15 16 41 42 43 76 47

Packet scheme with reduced sizefor1and2 hits. 1"V 1" [ [")

* More than 20% additional data reduction @ @ @
(mostly from low-occupancy regions)

« Some filler bits to align to byte-boundaries.
5-bit BXID information.
« Risk of BXID aliasing at the back-end.

« Automatically insert 0-hit data packets when needed. '
Full BXID also sent with Aurora 64b66b frame header. (e

\4

Packet 1
BXIDs piis = 10

Packet 2
BXIDs pits = 12

[ Frame Header I 15

Packet 2 BXID
reconstruction

j works!
Tl
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Optical link chipset and compatibilty

For ‘all-ASIC’ solution, no ‘glue’ layer of FPGA to optical interface.

* Need direct compatibility by design with e.g. IpGBT / VTRX+
chipset (CERN radiation-hard optical links for HL-LHC experiments).

LpGBTX Block Diagram

rxData[31:0] eLinkOut[15:0]

IpGBT (low-power GBT)

« Data acquisition with forward-error
Phase [ IR correction, up-links up to 10.24 Gbps.

40/.../1280 MHz Shifter

2.56 Gb/s cdrOut [63:0] rxEc[1:0]

ecOut
rxic[1:0]

40/.../320 MHz

‘*VV

 cceoiro « Typically bi-directional controls link
(Timing Trigger Control and Slow Control)
including 2.56 Gbps down link. .

5.12 /10.24 Gb/s
<

!

SEPES Control ) 40/./1280 MHz

txic[1:0]

12C (x3)

SCA adcin[7:0]

40 MHz (Reduced set) pio[15:0]

* Negiligble clock jitter (order ps).

txData[159:0

Laasll ePortRx
40/.../1280 MHz

refClk40MHz serin [255:0]

elinkin[27:0]

——— + Very high radiation hardness (>1MGy).

— data 40 /80 /160 / 320 / 640 /1280 MHz

i
v

LpGBTX
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Commercial alternative e.g. SFP+.

Optical link chipset: VTRX+ + High material budget

* Not radiation hard.
VTRX+ is miniaturised, pluggable and radiation-hard.
« Upto4 Txand 1 Rxlink.
«  Temperature from -35°C to +60°C, dose of 1 MGy and 10" no,/cmZ2.

» Electrical assembly with optics is extremely fragile.

« Optics and pigtail emit light around 850 nm: large background for single-photon SiPMs.
*  Optics include “open” mirror: cannot be painted.

* Need custom cover that is compatible with cooling (typically couple hundred mW).

Plastic moulded lens array — Module OFF Module ON

Photos taken using an infrared sensitive camera
J. Troska “The VTRX+ story”
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Front-end electronics

Time resolution (MCP)

High-rate operation (SiPM)
Readout density and integration
Data throughput and optical links
Considerations on ASICs

CERN
\\
S
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‘Digital-on-top’ ASIC design

New method for design of complex ASICs: ‘digital-on-top’.
« Complex design means more complex bugs.

* Fully scripted automated flow to drive digital tools to design
and implement digital circuitry around the analogue blocks.

* High level simulation and verification throughout design.

* “First silicon success” and strong mitigation of risk.

Upside: Reduced cycles of prototyping.

« Gain time (typically 3+ months for Multi-Project Wafer run
plus additional time for packaging)

« and cost (increasing price of MPW runs).

Downside: need verification engineers with specific skillset,
significant fraction of development time.

FastRICH

°°__ vv B I
tag selection buffering filtering
I |
0o | W]
ey AURORA
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Many different front-ends

Technology The wide range of requirements also leads to a large number of ASICs and
Target sensor readout electronics in the field.
Channel

« Often more generic ASICs may not pass due to one missing

Amplifier requirement.

TDC bin

Input bandwidth « It may help to unify experimental control systems

Mode l.e. try to avoid different hard requirements imposed by DAQ sync

Power [mW/ch] commands, start-up and reset sequences, slow-control interfaces etc.
Bits per hit « Compatibility with the IpGBT (well-established for HL-LHC upgrades)
Encoding may be a good step.

e - System-in-Package may bring flexibility in number of channels/package

Serial l.e. tailor the package not the silicon die.
erialiser max.

rate [Gbps]

Target radiation

C\w ‘ F. Keizer | Front-end electronics for RICH detectors 19.09.25
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ASIC “families”

More abundant as design modules
can be shared between different
‘flavours’ of ASICs.

* Perhaps easier with digital-on-
top design flow.

Some examples

Weeroc (MAROC, PETIROC)
commercial series.

* Timepix4 and VeloPix.
* Fast(RDIC(+).

e ...and more!

Product lineup

Product lineup

Large dynamic range

Signal summing

Used with external TDC

Not radiation hard

Future Roadmap

Emphasis on module

Analog and Digital chip
Pixelized, Sensor co-design,

hybrid integration
More channels
Smaller range Cper
Large dynamic range
No signal summing

Used with internal TDC

FastIC Analog

8 channels

FastIC+

FAST TIME
DEVELOPMENTS
EP-ESE-ME

Future
developments

FastRICH
LHCb
16 channels

8 channels
Medical
Applications,

< | Wide range Cper

* Large dynamic range

*  Signal summing

*  Used with internal ~25ps bin TDC
*  Not radiation hard

FastRICH:

*  Analog And Digital chip

*  Application specific

*  Smaller range Cper (PMTs/Small SiPMs)

+  Small dynamic range (single photon operation)
* Nosignal summing

* Internal TDC (~25ps bin TDC)

*  ~2ns Gate (duration/phase programmable)

+ CFD

* Radiation hard

weeroc
Citiroc Radioroc Temporoc Psiroc Poproc Liroc Maroc Catiroc Gemroc Skiroc Petiroc Triroc
Prod. Version 0 2 2 i 7 2 24 l 1 A a T
TRL 9 4 4 4 4 4 9 8 9 8 6 8
Package PQFPI60 BGASI6 BGASI6 BGAS16 BGAST6 BGAST6 i IRevets PQFPI60 BGA400 TQFP208 TFBGA353
TFBGA353 TFBGA353 TFBGA353
Detector Compatibility - SiPM SiPM SiPM _PIN diodes _SiPM ~SiPM - MA-PMT, PMT - MA-PMT, PMT - micromegas - SiPIN diodes - SiPM - SiPM
- SIPM airsy ~SIPM iy - SiPMarray Siicon stips - SiPMarmay - SiPMarray - SiPM, SiPM array - GEMs - Silicon strips - SiPMarray - SiPM array
_GEMs 64 16 64 6 32 64
Channel 2 64 64 64 64 64 - Free running frigger - Free running trigger - Free running frigger - Free running trigger - Free running trigger - Free running trigger
Measurements and - Free running trigger - Free running frigger - Free running trigger - Free running trigger - Free running frigger - Free running trigger - External trigger - Ext trigger - Ext frigger - Ext frigger - Charge (shaper) - Charge (shaper)
operations - Ext trigger - Ext frigger - Charge (shaper) - Exttrigger - Photon counting - Photon counting - Charge (shaper) - Charge (shaper) - Charge (shaper) - Charge(shaper) - Time (frigger) - Time (TDC)
- Charge (shaper) - Charge (shaper, TOT) - Time (TDC) - Charge (shaper, TOT) - Time (trigger) - Time (trigger) - Photon counting - Time (trigger) - Data 3-level trigger - Time (TDC) - Time (TDC)
- Time (frigger) - Time & charge frigger - Time (trigger) - Charge (TOT) - Charge (TOT) - Time (frigger) - Time (TDC)
- Photon counting - 64 Triggers -16 Triggers - Trigger OR - Trigger OR - 32 triggers - Trigger OR
Outputs - 32 friggers - Selectable per channel: - Trigger OR - Selectable per channel: - 64 LVDS trigger outputs - 64 LVDS trigger outputs - Trigger OR -16 Shapers - 1analog multiplexer - 1analog multiplexer - Trigger OR - analog multiplexer
- Trigger OR © 1LVDS trigger - Analog MUX (charge) @ 1LVDS trigger - 1analog multiplexer - Trigger OR (charge) (charge) - 1analog multiplexer (charge)
- 1analog multiplexer « 2Single ended triggers - Digital MUX (trigger) @ 2 Single ended triggers (charge) - ADC (10b) - ADC (10/12b) (charge) - 1digital multiplexer
(charge) o 2 shaparoutputs - ADC (10b) 2 shaperoutputs - ADC (8/10/12b) - TbC (10b) - TDC (10/12b) - 1digital multiplexer (trigger)
- 3 riggers NOR - TC (50 ps) - 3riggers NOR (trigger) - ADC (10b)
-2 Analog MUX -2 Analog MUX - ADC (10b) - TDC (10b)
Input Polarity Positive Positive Positive Positive (optimized) Positive (optimized) Positive, negative -TDC (10b)
Negative Negative Negative Negative Negative Positive Negative (optimized) Negative (optimized)
Energy Energy Energy Energy Time of flight Time of flight Positive Positive
Main features Time of flight Time of flight Time of flight Photon counting Photon counting Energy Energy Energy meas Energy meas Energy Energy
Photon counting Photon counting Time stamping ~300 MHz ~300 MHz SPE applicafion Time stamping {Time stamping {line stamping Time of flight Time of flight
Calibration input ~ 200 MHz SIPM HV adjust. SPE spectrum SPE spectrum Photon counting rafe < Low dead fime zah:aﬂoul 3level Time stamping Time stamping
SPE spectrum SPE spectrum Energy Energy iﬂ?—”;‘:ﬂ - Zero suppress data 99 Photon counting Zero suppress data
Input DAC Dual time thresholds SIPM HV adjust. SIPM HV adjust. ERE: Input DAC Input DAC
SiPM HV adjust. SiPM HV adjust. SiPM HV adjust. SiPM HV adjust.
K j out and repl with eq A packaging. Glossan Analog to Digital Converter - TOC : Time fo Digital Cor ut and replaced with equiva ary: ADC : Analog t OC : Time to Converter
FastIC Analog:
* Analog chip
¢ Generic FastiC+:
*  Wide range Cper *  Analog and Digital chip
* Generic

CERN
\\
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Conclusion

Choice of RICH front-end readout is strongly application-specific.
» Looser constraints: off-the-shelve (FPGA, SFP+), flexible solutions preferred.
» Tighter constraints: ASIC solutions, custom readout.

4D resolution, rate capability and readout density are key parameters.

 But measures needed to keep control over power consumption and data throughput.

ASICs are getting more complex and abundant.
« Digital-on-Top designs with ASIC families.
« Enabling our community with the tools for next-generation RICH detectors.
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