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FastIC*Iﬂff:“QIIab o-..;,._; tf'fl\on

A CoIIaboratlon Umversﬂy of Barcelona (ICCUB) and CERN (EP-ESE-ME)

A Obijectives:
I Develop FE electronics for photosensors with intrinsic gain: PMTs, MCPs & SiPMs

I Time: approach intrinsic SPTR of the sensor: 10 - 100 ps
I Energy: linear (< 3%) for 1000s p.e. range (time-walk correction)
I Scalable electronics

A What does scalable mean?
I System on chip: input stage, comparators, TDC/ADC, digital back-end, serializer
i Low power: ~1 mW/mm? including everything
i Compact: <1mm?per readout channel (or MfApiI Xe
i Low fabrication cost < 1 $/ch for volume production
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FastIC versions

A FastIC (2020/05): Initial 8-channel prototype

I Outputs: Analog & Binary Discriminated:
A Timing: Non-Linear ToT
A Energy: Pulse Width Modulation

o Rate: 2 MHz (max)
o Dynamic Range: >10 bits

A FastIC+ (2023/11): FastIC plus TDC

I Time bin:

A Timing: 24.4 ps

A Energy: 390 ps 65 nm CMOS
i Fully digital outputs: single data transmitter per chip 3x3 mm?
I Data rate: 10-13 mWi/ch

Ve

A ~40 MSps/ch (peak) [dead time: 3~28 ns]

Ve

A ~3 MSps/ch (sustained)
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Mn al Og Fro nt_En d [1]: Sanchez, D., Gomez, S., et. al. HRFlexToT: A High Dynamic Range ASIC

for Time-of-Flight Positron Emission Tomoqgraphy, 2021, IEEE TRPMS,

Sk A Input Stage:. ~3mW/ch (input stage)
Positive and Negative I 8 Inputs: —
e, PuiTe, McPe | 2 A 8 Single Ended (POS/NEG) .
A 4 Differential ' Compensation | WL
8 i l | .
Y A 2 Clusters of 4 channels (active summation) | i "E' ==

I Fast current mode input stage <

s I Input Stage Outputs: | <+ —
INPUT STAGE A Time & S
A Energy —AAA— |
;:l_E:_t‘ a‘ A Trigger lin l : HF feedback ¥
. £| —

M I Current mode comparator for timing |_ g ;L

A Power: 3 mW Input
8 A RinN=25Y)

A BW > 500 MHz Based on HRFlexToT ASIC [1]

A Inp. ref. ser. noise: 1.6 nV/sqrt(/Hz)

A Inp. ref. par. noise: 20 pA/sqrt(/Hz)
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https://ieeexplore.ieee.org/document/9380735
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[21 A. Mariscal-Castilla et al., "Toward Sub-100 ps TOF-PET Systems Employing the FastlC ASIC With Analog

Mn al Og Fro nt_En d : SiPMs," in IEEE Transactions on Radiation and Plasma Medical Sciences, vol. 8, no. 7, pp. 718-733, Sept. 2024,
TIME A Provides a measurement of the time and
P energy per channel in two consecutive pulses
~1mWi/ch i Linear energy by pulse width encoding
AAWi |l kindarke®AD@onversion
ENERGY . TIMING ENERGY
Peak Detector Energy N ! 12t
TIA and Hold Linear ToT 8 - Vppp (peak signal) m[
3 ~5 mW/C h i t Sensor § Shaper output i
1 g signal B signal '
[ 3 ThTime 3 Veph (no signal}é ‘
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TRIGGER E IPodaslai Signal
- Low Level (Over Time I | Energy / I '
Trigger Non- g Dark Count) /X x
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Thid 1 comparison)
< [ 1
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& ICCUB ?s
MARIA
) DE MAEZTU
Institute of Cosmos Sciences

FAST 2025


https://ieeexplore.ieee.org/document/10557761

Alime-To-Digital Converter:

A PLL
I Ref. Clock: 40 MHz
I Fp . 1.28 GHz (M=32)
I Internal VCO provides 16 phases (td <25ps)

A TDC Front-End Readout (FERO)

8
i TDCinputscapt ure the PLLOs VCO

A Ultra-Fast Counter (5 bits): 24.4 ps time bin A ToA
A Fast Counter (5 bits): 781 ps time bin A ToT=1/2 LSB

I Synchronizes data with the Reference Clock

A TDC Back-End Readout (BERO)

I Encodes, filters and prepares data for transmission

I Extends TDC timestamp dynamic range

I Serializes data up to 1280 Mbps (Max: 3 Mevts/s/ch)

~4mW/ch
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FastIC+Measurements

A TDC Linearity Test (Code Density) oW Y& YO YO

i INL <22 ps
i DNL (std) < 6 ps (wo calibration), < 4 ps (w calibration) ‘0b ‘0b
TDC Trigger Channel DNL & INL Error (TDC Code Density Test) ONL
25 _
20 —INL

N

l iilil“| -'rhi | L|\

Error (ps)

i

TDCCode
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FastlC+Measurements

A TDC intrinsic Jitter:
I An External Trigger signal is sent to two ASICs and the Time of Arrival is computed by each TDC.
A TDC ASIC#0: Time,
A TDC ASIC#1: Timeg
i Then:
I o(Y'Ga "Yda)

p&nNi o@nOw 0L

FastiIC+ PCB

N
;
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FastIC+ |

Veasurements: SiPM NPTR and blue laser

N =

FastIC+ PCB

A The setup is as follows: E
i Laser: Advanced Laser Diode Systems ‘ DAQ
A.L.S. GmbH (PiL040X) at 405 nm and Collimator ~ Optical  Electronic
a tuned intensity level of 50%, pulse attenuator attenuator i =

—

ﬁ: [IITT

width jitter ~ 30 ps FWHM.

I Sensors:
A FBK 40 * m SPAD.
A FBK SiPM 1x1mm? (40 ‘* m SPAD).
A FBK SiPM 3x3mm? (50 * m SPAD).
A FBK SiPM 4x4mm? (40 * m SPAD).

TRG

TIME (FASDR)

A NPTR Measurements:
i Analog FE (TDC Off): Oscilloscope TRGA TIME Delta time.
i Analog FE (TDC On): Oscilloscope TRGA TIME Delta time.
Analog FE+TDC: PC DAQ reads digitized pulses by FastIC+.

)

I HV: Keysight 2611A, Vbias=48.5V.

I Scope: Agilent MSO 9404A 2.5 GHz .
oscilloscope (10 GS/s, 8bit). !

FAST 2025
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ents: SiPM NPTR and blue lasers

A How NPTR is measured?
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FastIC+ N

easurements: SiPM NPTR and blue lasers

FastiIC+ Photon Evolution Vbias = 48.5V FBK-NUV-HD-MT-LF-3x3-50 um
A ReSUItS: 1001 + ® Scope PLLOFF:FWHM=(8:L‘£’@(3711) ps
'. ¥ Scope PLLON:FWHMz%@(BQil) ps
o
Analog FE (TDC PLL Off) 87 ps 37 ps E ‘11
Analog FE (TDC PLL On) 88 ps 39 ps g 80 y =,
h X - "Ow 00
Analog FE+TDC 98 ps 43 ps "'C' U ®
o 70 ‘*‘\\
5 H
i NOTE: All results include the laser jitter O 401 *i*\%
0] ‘b\i
_ N -
I Anal og FE degradation by TRCOS PL%&
A Appreciable, but with a very low impact. E >0 M"“:C.‘;ti_i ‘1‘" -i - }}
i Analog FE+TDC (fully digital readout): 40/ LR S "i"f'i“#
A +11 ps SPTR | | | |
A 46 ~ A 5 10 15 20
A +6 ps (Npey V) # Photon
FAST 2025 /) & ICCUB 23
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FastIC+easurements SIPM NPTR an d blue laser"

FastiIC+ Photon Evolution TDC
A Results:

_ [SPTREHWM) | FWHVe,

FBK Single SPAD 49.5 ps -
FBK 1x1 mm? (40° m) 77.5 ps 39 ps

FBK-NUV-HD-MT LF 4x4 mm? 40 um SPAD
® fwem =“‘t5:"—i3*@ (58 +1) ps

e
FBK-NUV-HD-MT LF 3x3 mmZ 50 um SPAD
¥ fwHM -®22 54321 ps

VNpe
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o))
o

deem——

=
=
o

FBK-NUV-HD-MT LF 1x1 mm?2 40 um SPAD
1‘1 A FWHM = €226 (39 £ 1) ps
]

1201 =

¥ FBK-NUV-HD-MT LF Single SPAD 40 um

FBK 3x3 mm? (50‘ m) 97.6 ps 43 ps

100{ , ¢
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o,
o
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.-

Time resolution FWHM (ps)
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FastlC+Measurements: CTR (preliminary resuits)

A The setup is as follows:
I Radioactive source: Na-22 with 10 * Ci and 2.6 Yrs.
T SiPMs: FBK NUV-HD-MT LF MO 3x3 mm2 50 ‘ m SPAD

I Crystal: L(Y)S0:Ce:0.2%:Ca:0.2% from Taiwan Applied DAQ
Crystals (TAC). Dimensions: 2x2x3mm
I HV: Keysight 2611A. —

I Crystal is attached to the SiPM with Cargille Melmount /" — “\
(€o=1.542 at 25°C).

T SiPMs are connected to two different channels on the
same ASIC.
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Fastl C+=

A Results: 89 ps FWHM 250000

CTR (ps)
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easurements: CTR
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TO THE BEST OF OUR KNOWLEDGE
FASTIC+ IS THE FIRST ASIC COMBINING
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A Baseline fluctuation effect (pile-up) and correction
A Measure delay distribution of previous noise pulse to gamma event
A Then apply filtering or correction

Time Walk Effect Due to Baseline Alteration Timing Distribution Before Correction Timing Distribution After Correction
_ g | —— Timing Channel 1 « \Vertical Bin Average Value « \Vertical Bin Average Value
—— Timing Channel 2 400 - = Correction Curve Fit
0.4 1 i i = Analog Signal 1 -
5 —— Analog Signal 2 o
e Delay to Noisey ~=- Timing Threshold ~
— : | Q 200'.
2 027 . """""" B ';;;i'.}ié'iiﬁ;.' """ E
© i e | (7]
2 =
= 007+ | Time | a ......,1
2 “{fmmmmepe Walk  [======- e P -
= Effect i £
L~ Dark | © —200 -
-0.2 Count [ R o [ R b7
| e
Scintillation E
_0.41 Fvent —400 1
0 2:0 20 6:'0 30 100 1é0 20 40 60 80 20 40 60 80
Time (ns) Delay-to-noise (ns)
A.S. X.D. M. Pinto et al., "Improving CTR With the FastIC ASIC for TOF-PET by Overcoming SiPM Noise With Baseline = = @ s omgmm B ES @ oo
Correction," in IEEE Transactions on Radiation and Plasma Medical Sciences, doi: 10.1109/TRPMS.2025.3532794, ﬁ“ ICCU B ?uammu
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https://ieeexplore.ieee.org/document/10557761

FastiC+: 0{- _fomg work

. . A.S. X. D. M. Pinto et al., "Improving CTR With the FastIC
A Relevant IM provement N CTR ASIC for TOF-PET by Overcoming SiPM Noise With Baseline
] ) Correction," in IEEE, doi: 10.1109/TRPMS.2025.3532794,
i Particularly for large devices
LYSO 2X2X3 mm |V|T4 LYSO 2x2x3 mm MT2
—e— Raw Data /‘ i 8~ RawData 1005
130 1 &) —¥— Baseline Filtered 1T%C —¥——Baseline filterad—
M- % after filtering TSNl :_ % after filtering 5
¢ i - Baseline Corrected || -
120 \\\\—i— Baseline Corrected ."""'l---...__ 80 MT4 37 X 36 mm
N s

MT2: 2.0 x 2.0 mm?

& I e
\ \\\ j » i } - 60
110 —3¥ ] ! 1

\I\ Rt Sun — / 40
100 A [~

Y || s -

0

CTR (ps)

90

Percentage of Total Events (%)

”4‘ | ‘GI | IBI | I10I | I12I | I14I | I16I | ‘18 ”4| | IG' | '8‘ | '10' I12 | '14I ' I16' | '18
Overvoltage (V)

A Many new results coming soon: stay tunned
I BGO, Metamaterial, dual-sided readout, etc

Institute of Cosmos Sciences
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Next genieration scalable time-of-flight PET

Superbtie resolution enablessimplificationsin the scannerdesign

-
I
Limited angular (@, 1

coverage :

& > 0 |
)

N i

PET scahrner = ®==m=m=====
Panel-based limited

angle PET scanner

The angular sampling requirement to obtain distortivae images decreases
S.Surt, J. S. KarfphysicaMedica 32 (2016) 22

Ll

Limited angle PET scanners will
generally produce distorted images
with artefacts unless they have good
time-of-flight information

500 ps 70 ps
- .
G. Ra z d e wega. k'Multi-panel limited angle PET system with 50 ps FWHM coincidence ’ . . F
time resolution: a simulation study,” in IEEE TRPMS, doi: 10.1109/TRPMS.2021.3115704. N o0
European 7 EXGELENCIA
Innovation Funded by . ﬁg Icc U B ?L‘ﬁiﬁ.‘:&‘gnu
Council the Europeqn Unlon Institute of Cosmos Sciences




PetVision \
Our vision Develop dlexible, modular PET scanner, based on two planar and opposite

detector panels with exquisite TOF resolution

Enabling Long axial length Mobility
Modular scanner PET imager

i Portable or bed-side PET imaging
Flexibility

I Adjustable FOV and sensitivity
Modularity

i Combining multipl e-orgaatoe |
total-body PET scanner

Accessibility

I Reduced manufacturing cost and complexity
thanks to volume production

European
Innovation
Council

Funded by
the European Union
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PetVision tifheline ~ ©

Photo Sensor ASIC chipand Integration

OU / _ Validation Further

with improved Integration of the in hospitals developments &

performance  into a digital prototype exploitation
module

*I A
Yo Y 4 YY)
\ ’ 'I’/ o
/e 4 (o N
--" m
S
* A o
e T
P a4
& ¢ 1A .
4
’ , i I \

) Vear2 ) Year3 ) Yeard > Yoars JWNearcr o

Photo detection module based on evolutions of
NUV-MT (FBK) and FastIC+ (ICCUB and CERN)

European

. Funded b 7, EXCELENCIA
Innovation h Y . ﬁg I cc U B DE MAEZTU
Council t € Europeqn Unlon Institute of Cosmos Sciences
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PetV|S|on @f fector CO \____e"f(:‘:\hn-olc)gy R&D plans

- =3

P, A Deep Trench Isolation: single SPAD isolation if
A How to go further we thin the wafer down sufficiently
I Glass support wafer is needed.
Improved detector A We can exploit this isol:
Improved scintillator TSV coincident with each single SPAD
Current detector VS'W'WWDE I The_resistors are still on the front-side (no change
ZGamma ray and timing in signal shape is expected).
5 ot Optimized FE ASIC m==)A Common connection for bias is on the front and
bl array 2.5D integration requires a TSV to bring it from the bottom.
Gamma ray
Light sensors % Scintillation array Glass Support Wafer Deep
[ 1 38 Lié]ht %en;c,ors Trench

—_ —_ —
p+ (S1) p+ (SI) p+ (SI)

High field High field High field
I — I — I —

=5 . b—o D—o b—o
ON KNOWLEDGE

unded by & ICCUB ?:0

the European Union Institute of Cosmos Sciences

Front end electronics ont end electro
# Time, energy, position # Time, energy, position

~ 10 um

European
Innovation
Council
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————
-

A How to go further? A

Improved detector
Improved scintillator
SiPM Improved PDE and timing

L Optimized NS ko A

2.5D integration
éGamma ray A

» Scintillation array

Front end electronics 0
‘ Time, energy, position q Time, energy, position

Current detector
Gamma ray

L
% Scintillation
i’v’} array
Light sensors
1

| | |
Light sensors

PetVision ASIC: 16 ch die
4x4 mm?Z// 100 pads

European
Innovation
Council

Funded by
the European Union

PetVision détector core technology R&D plans

Different input stage designs to improve
electronics jitter

Optimization of energy path in terms of power
consumption

I Shaping time optimized for ~100 ns peaking time
New alternative SAR ADC under development
I 12-bit resolution @ 40 MSps with < ImW/ch

Options for 2.5 D integration
i Direct flip chip (16 ch) to the PDM (baseline)
I Multi-chip 64 ch System-In-Package (BGA)

PetVision SiP:
64 ch BGA
<15x 15 mm?

64 ch BGA

Institute of Cosmos Sciences
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PetV|S|on‘deector cor“;technology R&D plans

A How to go further? A The Photon Detection Module (PDM) of PetVision
will be based on 2.5D integration techniques

T 5x5cm2and 256 ch

| 'mpéove.dt.ﬂe:ecmr A To connect the SiPM to the interposer, we will
Current detector Sr?lfli/?\lﬁpfoc\'lgé ?,8{5 and timing follow similar steps as in the full 3D integration
Zeamma ray Optimized FE ASIC I With more relaxed, and conservative, specifications

L o . i Costis important!
;x; seintiiation “z'g'mmtmﬂ — A Many challenges to be faced

array
Interconnection density and ball size

T
Gamma ray i PCB planarity
Light sensors Scintillation array T  Two-sided reflow
:
|

L 1 1 . .
[ e Light sensors Integration of passive components
Thermal management

Front end electronics ont end electro

‘ Time, energy, position q Time, energy, position

( Integrated Photon Detection Module ]

( 1 J
o0
LN
[ )
Institut "Jozef Stefan”
fi— = Ljubljana, Slovenija
SiPM array
. .. N = - '
=5
_I_} e |
European F
unded by | g & 1ICCUB a5
Innovation . 1 - 3 mm interconnection pitch BE MAEzZTU
the European Union P Institute of Cosmos Sciences

Council
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A First 32 ch FastIC+ chiplet prototype version is being developed
I 4 dies + passive components
i Total size 11x11 mm?
I 12x12 pads (144 balls)

Institute of Cosmos Sciences



A Petvision aims to achieve sub-100 ps CTR at system level
I In scalable and cost-effective manner

A Based on scalable technologies: FastlC+ and NUV-HD SiPMs
I Have already proven that sub-100 ps CTR is possible with ASICs including TDCs
I But so far with small crystals in laboratory conditions

A Petvision aims to go further by
I Exploiting TSV technology to improve PDE and timing of NUV-HD MT SIPMs
I Developing an optimized ASIC based on FastIC+
I ASIC and sensor 2.5 D integration and codesign: integrated PDM
I Using improved scintillators (not discussed here)

European
Innovation
Council

SR Funded by & ICCUB ?5i

the European Union FAST 2025
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Ffd : ¥ 45 } B ] y - - 4~ - HPK S13360-3050, 50um, 3x3mm?2
CT 1y § 3 Wi . —e— HPK S14160, 50pm, 3x3mm?
|. Introduction: . ' " " , LT
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A What is a fast detector?

1101 \\'_ \ . - -

intrinsic SPTR FWHM [ps]

. ~ N . ! N \”
i APrompt o signal gener a T, T g
, . e, BNl
A Useful for timing measurements 70 R 2 S
o Many more factors involved !! S. Gundacker et al. Phys. 1 : : z : R

Med. Biol. 65 (2020) 025001
overvoltage [V]

Example: scintillating crystal readout by photosensor Intrinsic sensor time
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tkth pe = At + tk’ ph + ttransit + tSPTR + tTDC
Conversion depth Scintillation Transit time Single photon TDC
process jitter time spread conversion time

Courtesy: P. Lecoq, E. Auffray (CERN)
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A What is a fast detector? === A What is required from the electronics?
iiPrompto signal ¢gé havelgcrgnigsditter
I Deal with time walk problems

| Accurate conversion
A TDC, waveform sampling

A Timing measurements
o Many more factors involved !!

Example: scintillating crystal readout by photosensor Electronics Timing resolution
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tkth pe = t + tk ph + ttran5|t + tSPTR + tTDC
Conversion depth Scintillation Transit time Single photon TDC
process jitter time spread conversion time

Courtesy: P. Lecoq, E. Auffray (CERN)

V
See P. Lecoq talk ! & ICCUB 2
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. Introduction .

A What is a fast detector? === A What is required from the electronics?
ifiPrompto signal g é h@nelpgtronics jitter

A High slew rate and low noise
I Deal with time walk

I Accurate conversion

A Timing measurements
o Many more factors involved !!

Jitter: electronics noise (N) added to the signal. U
For discriminator: uncertainty in threshold crossing time no Q “FQ O
Preamplifier :

Discriminator

Input

/ t N. Cartiglia, A Wlatsrta Si | i con
Threshold https://www-physics.|bl.gov/seminars/Cartiglia.pdf
Oy

Mostly due to electronic noise & ICCUB 9507
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. Introdtjjé;t,_ph_": bahndwkidth and interconnects

Additional poles from parasitics © Optimum bandwidth for connecting inductances

— 5nHT 25nH and Cdet =10 pFi 1nF
.llllllllllllllllll!lllI;IE i t T LWb/Cdet
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: Lwb (L T_:O_ — 10
v . 5nH/10pF|5nH/1nF|25nH/10pF|25nH/1nF
: : 1.3GHzl 270 MHz 560 MHz 81 MHz
V) i=—Cq4 Ci . :< (<) i l
Qdet() . . " R'“: VA I SR G J. M. Fernandez-Tenllado, et alt, "Optimal design of single-photon sensor
front-end electronics for fast-timing applications,” IEEE NSS/MIC 2019,
A VA S v A doi: 10.1109/NSS/MIC42101.2019.9059805. See also Sensors
900 Bandwidth = 1.5915 MHz Slew-Rate = 4.5343 uA/ns — 10° Slew-Rate of rising edge VS Front-End bandwidth ﬁ?t201 /2/8(16)’ 4/4:-[20813
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A What is a fast detector? ===A What is required from the electronics?

i iPrompt o signal gk kowelecionies jtter
I~ Deal with time walk
A Time walk correction
o CHDODdigitad signal pradessisig, gfflirel.. pr o
I Accurate conversion

A Timing measurements
o Many more factors involved !!

A Time-walk correction

" ToTtdal —
) . . o™ | %V e — 1
I Most precise correction is based on accurate ‘ 8 e | mesgar TTl ]
energy measurement 3 i
A Even better: waveform sampling % - :
. . . I =
i If not available: poor man ADC is ToT i , - T
i Alternative: Constant Fraction Discriminators rlll ECNE—E P P
discriminator signal for B 1 I ] v ] 1 1 || ]
A Limited dynamic range for analog versions ' o0 2 % w0 w e 70 @ s w0 10

Due to the physics of signal formation HERLL IR

Orita, NIMA 648, S24-27, 2011

N. Cartiglia, A Wlatsrta Si |l i con Detector o
https://www-physics.Ibl.gov/seminars/Cartiglia.pdf ﬁ? ICCU B ?%’ﬁzﬁ:ﬂ
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. Introduction '

A What is a fast detector? === A What is required from the electronics?

i iPrompto signal gé havelgcrqnigsyiter
I Deal with time walk

I- Accurate conversion

A Adequate TDC resolution
0 Orwawe®nmeshnopfimg...s ampl i ngé

) 6 ) () () )

Time-Walk Electronics Quantization

A Timing measurements
o Many more factors involved !!

Jitter error
Preamplifier piccriminator N Cartiga, i WFlatsrta Si | icon Detect
Input . TDC https://www-physics.Ibl.gov/seminars/Cartiglia.pdf
Threshold

Different expression for waveform sampling systems ! & ICCU B &
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. Introduction . '

A What is a fast detector?
ifFast o pul se
AfiShorto peaking/

A F o highirated0 app! i
we need fast shaping

I High signal rate
A Pile-up
A Baseline fluctuation

I High background / Noise rate
A Additional parallel noise source
A Pile-up
A Baseline fluctuations

amplitude [p.e.]

[

800

600

400

200

0

0
-2 i
4 F s \/iorobiov, et al. NECTAr
s E 10.1016/1.nima.2010.08.112
BB WaQeformé:
10 | WIBHE B8 RGNt Night sky background in
shower signal
2 § | —— Cherenkov telescopes
THu L TRTI EFTE FTTA P YRR INT] AN R NTR BT
-920 -900 -880 -860 -840 -820 -800 -780 -760
time [ns]
WA (9 ] \J 11 |\
|.Nakamura, JPS meeting, Sep. 2008
SEEDkED)
’
3x108 n/cm?
e -
. x10°nfemd Significant increase in the
| 3x10°niem?  dark current (DCR) in
A LA rto nient SiliCON sensors (SiPM) with
s S Y v irradiation (neutron flux)
3x101° n/cm¢
d'aas a'as % e e
- - ~_ 1x10" n/cmf
_?“"ﬂrnrrr g WW rrrw vV Vrr"(w Waamy
- A " Py x10"" n/cm¥
Y
o 500 1000 1500 2000
Time (ns) e N~ B> © crion
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A What is a fast detector?
inPrompto signal

A Different fast detectors

I Scintillators (+ photosensor)

A Calorimeters, counters, ToF, Fiber
Trackers, medical imaging, etc

I Cherenkov radiators (+ photosensor)
A RICH det, Cherenkov telescopes, etc

i Silicon Sensors (PIN diode, LGAD, etc)
A Timing layers, trackers, Si calos, etc

I Others: gaseous detectors, hybrid, etc

A Ideal detector: high photon/carrier time density
T) High light/carrier yield (N)
g &)N $hdit rBel(z ) ak¥ ddcay time (£,)

Z Py, () photon emission function :
= 10 -
= LYSO:Ce
3
210
P
=
2
v o10?
g
z
10!

100 0 100 200
At (nd

See P. Lecoq talk !
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A What is a fast detector? === A What is required from the electronics?

iiPrompto signal ¢gé havelgcrgnigsditter
I Deal with time walk
A Time walk correction
o CHDODdigitd signal pradessisig, gfitiel.. pr o
I Accurate conversion

A Timing measurements
o Many more factors involved !!

. . N 0O E CORDRAI

Time walk: the voltage value V,, is reached at oW PEC

different times by signals of different amplitude (S) o V.
Preamplifier
Discriminator
Vs threshold
Input 74

_> <_ : N. Cartiglia, A Wlatsrta Si | i co

' https://www-

physics.Ibl.gov/seminars/Cartiglia.pdf

ThreShOId E discriminator signal for A

discriminator signal for B
t

Due to the physics of signhal formation Institute of Cosmos Sciences



. Introducti

S

A What is a fast detector? ===A What is required from the electronics?

i AiPrompto signal g b howeleckonies jtter
I Deal with time walk

A Time walk correction
o CFDDdigitd signhal pradessisidg, gfftirel.. pr o

I Accurate conversion

A Timing measurements
o Many more factors involved !!

AMPLITUDE

" ToTidal —

A Time-walk correction

1 T
n Threshold Level = 1% _;gﬁ,d.al‘.-—-——-——-— -
L~ i
I Most precise correction is based on accurate R e mersdar o]
energy measurement 3 é o _
A Even better: waveform sampling % e :
. . . p=
i If not available: poor man ADC is ToT - 7
I Alternative: Constant Fraction Discriminators [ P
A Limited dynamic range for analog versions 5 d g "0 10 m % 40 s e 70 @ % 10 110
a(l- E) HEIGHT (a.u.)
Orita, NIMA 648, S24-27, 2011 = R
& ICCUB ?5%
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I. SiPM ai

L

b
- -
-

g Ca*N—

- -

==t

F E model | -A - |

_— — — — — — — —

Ca*(Neor-Nr) ==

m__.._____._ J

Passive Cells

—_—— — — — ——— —

Parasitics

APassive cells and load impedance form a low pass filter !
I We are sensing the current or the voltage on R,

I Passive cells and parasitic capacitances create a current divider with R,
i Peak signal goes with Cdet!

|

rﬂalifieLh

Low pass filter
time constant:

toer @ R Ny (Cq // Cd)

* Approximate: we should
include also Cg here

Ntarano et alt., «Silicon Photomultipliers
Electrical Model Extensive Analytical
Analysis»,IEEE Transactions on Nuclear

Science 61(1), 23 (2014).
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I. SiPM and FE model

ASingle cell signal for different SiPMs

1| | TlIntheory: same microcellsize-> same (charge) figaino
111 i Peak signal goes with Cpg;?

i i I Taodl @brgecshcansigre buit ‘slelav@lnsith ame Cpgut ndel ayedo w
] i i A Pmolodonl fe fifasf” appliciitiores $shadt imdeprption teneet i ons (short inte:q
N } 0 Omiy aysma@ll frsconaan lofl the chamye it integnated:fsmall heéfectvb™agnig/le 1 s 1 nt egr at
; i i o This issue is also regarded as ballistic deficit

- ty>> e

1] S13360 2x2 mAb0 um cell / Cap: 140 pF O SI O

: i i S13360 3x3 mAb0 um cell / Cap: 320 pF

: i | S13360 6x6 mABO um cell / Cap: 1.8F QDET 13
1]/ S14520 6x6 mAb0 um cell / Cap: @F

i / ts << _pgr*

H e o B I

:_:\:!_‘_ T T T £ T T T T

time (ns)
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I1. SiPM and FE model

AA more detailed model of the front end
i Not just an impedance

_____________________________ .
. detect t I-par : e Front End model R, v | |
pef detector curren n W _ out !
Goe+ detector capacitance | | | —®—  AMA— int  S——
Ly parasitic inductances : |
en: input referred series noisg ) pet= i Rl A1 %1\ V1Y !
i input referred parallel noisfe<> Coer : P N O 1Y — Gw O Vint LY
Rn. iInput impedance | I
_DETRnCoET v A\ | V4 \V4 V4 < < :
_BwCawRsw | k
few=l/(2" -_gw) : frontendBw  — o T

er, 14 p p er,

O I —— : @

1Y O P 0 P
Neglecting L,
FAST 2025 & ICCUB 930

Institute of <r'smos Sciences



1l SiPM ar FE model: electronic jitter contribution to SPTR

) . . ) _ _ ] _ A SiPM overvoltage: 4.5 V
AEIe"ctronlc noise/jitter contribution of Single Photon Time Resolution A ampiifier parameters

v 30 ‘O— Integrated output noise A Rin=15Y
7 . ’Q ‘;ﬁQ \ —> 4] \ (Y7 . A BW - 500 MHZ
N o T o — 1 cell s|gna| slew rate A Inp. ref. ser. noise: 2 nV/sqrt(/Hz)

S is here the single photon signal 5 A Inp. ref. par. noise: 10 pA/sqrt(/Hz)

I Only electronics contribution (no SPAD SPTR, time-walk, etc)

SPTR (Jitter)

LOE-8 - 9513360 2x2_50u

’g £ 513360 3x3_50u
> 1.0E9 513360 _6x6_50u
e 514520 _6x6_50u
o *
— 1.0E-10
ol
N
)
1.0E-11
O
1.0E-12
1E+0 1E+1 1E+2 1E+3 1E+4

Capacitance (pF) & ICCUB 35
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. Introduction: low. noise preamplifiers

A Increasing preamp power helps:
I To improve energy resolution in fast applications

1 Toimprove timing resolution 21

220

SPTR, (ps rms) vs input referred

o series noise (= /7

180.0

Lower jitter (with
more power)

170.0
160.0
150.0
140.0

21300

120.0

A S14520 6x6_50u @ 4.5V

A Amplifier parameters
A Rin=15Y
A BW =500 MHz
A Inp. ref. ser. noise: x-axis

A Inp. ref. par. noise: 10, 20 and 30
pA/sqrt(/Hz)

110.0
100.0
90.0
80.0
70.0
60.0
50.0
40.0

30.0

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
en_sqPSD (n)



l. Introduct

. R

A What is a fast detector? === A What is required to the electronics?
i AiPrompt o signal gendowdatencyg n
A Trigger systems

LHCDb Trigger Run 2
[ Bunch crossing rate ]
40 MHz

[ LO Hardware trigger | LHCb T”gger SyStem

high pr/Er signatures
v 1 MHz

(High Level Trigger 1 | A The LO trigger has a fixed latency of 4 ps
(partial event reconstruetion) A Determines which events are kept
A

110kHz ) ) :
10 PB Alignment, & Information from the electromagnetic calorimeter,
buffer Calibration hadronic calorimeter, and muon stations

110kHz

[ High Level Trigger 2 ]

full event reconstruction

12.5kHz
Storage

Software trigger

.

FAST 2025 Institute of Cosmos Sciences
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Il. FastiC+ Measurements
A TDC Linearity Test (Code Density)
I The TDC reads 1M pulse shots from an external Pulse Pattern Generator
I Both TDC and PPG have different time references:
A TDC CLK_REF A TDC_IN ToA is random (uniform distribution)

A A histogram with the #hits per time bin is built (total: 1024 bins)
A Data is normalized to the CLK_REF period (25 ns).

FAST 2025 Institute of Cosmos Sciences



BACKUP: Next Steps

A Timing Resolution:
I 2.5D Integration to the photodetector
I HF Readout Front-End to improve SPTR
I Reduce the TDC time bin to reduce the jitter floor
A Density:
I Increase the number of channels (16, 32)
I FastlC+32: 4x ASIC BGA
A Scalability:
I Daisy Chain: Data & Trigger lines shared by N ASICs

FastiC+32 BGA: Early 2025 (exp.)

@) & ICCUB ¢

FAST 2025 "\ Institute of Cosmos Sciences



BACK U .fij h | p M eas urements

(typlcal conflguratlon)

A Power Consumptlon
i FastiC (2020): 96 mW (12.0 mW/ch)

I FastlC+: 109.1 mW (13.6 mW(/ch)

A Analog: 77.1 mW (9.6 mW/ch)
o Analog Front-End: 73.7 mW

THE EFFECTIVE POWER
OVERHEAD OF THE TDC IS

/~13 mW

0 Analog Drivers: 3.4 mW (-18mW wrt FastIC)

A Digital: 32 mW (4 mW/ch, +31mW wrt FastIC)
o PLL: 21 mW (15 mW if PLL is powered at 1.0V)
o TDC Front-End Readout: 8 mW
o TDC Back-End Readout, 12c, etc.: 3 mW

FAST 2025

Institute o f Cosmos Sciences



* —

A FastIC provides a measurement of the time and energy per channel in two consecutive pulses.

1.oove 20 1.00W/ 200%/ 1.00%/ 4080z 100.0s/ Auto

w "

Shaper Output

Time scale: 100 ns

o, EXCELENCIA
= MARIA
DE MAEZTU

Institute of Cosmos Sciences




-

” .
At

e \. > \- .

ot NJERE 3

oL, .. - >
25\ % 2

.

< 2 :
- 7 B

= Y S 5

>~ ‘a' '

e

”
- A .

- ,l:‘, ‘/.

-

d
P

S S e
o < e f -
NN JH F O
SONTD :
- * F '\:
. -
{ . S ;\:
. A e - o

S0 e R S
d S ~‘\‘. 2 =
o sty NS et e

\- ~

Channel 1 Width Cut = [20.0, 30.0]

400
1500+ L ToA = 56.373 ns
i FWHM = 87.1 + 0.4 ps
[ ~ Events = 13990
350 'll ] R2 = 0.998
]
, 1000- i
E ‘o
300 o ]
Q I 1
500 I
I \
250 i
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o Arrival time (ns)
=
150
6000
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U
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o)
50 @]
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>~ ‘a' '

- - A .

. 2 == 7 Y
R, A = . 2

~

400 Channel 1 Width Cut = [20.0, 30.0]
,".. ToA = 56.369 ns
| 1 FWHM = 88.0 £ 0.4 ps
1250 ," | ~ Events = 13817 i
350 Pl R? = 0.998
1000 "
h [
500 | i
P
250 250" [
m f L
£ 0 . : ; . . L AN . :
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150 80001
100 6000+
!
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hannel 1
300 15000 Channe
) FWHM = 113.6 + 4.3 ps
Lo --- Events = 72613
: ‘,. R2=1.0
]
250 & 100001 i
- 1 1
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-] i 1
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i 1
I |
— 1 i\l
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S Arrival time (ns)
= 40000/
100
300001
)]
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= 200001
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10000
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BACKUP:CTR

A SiPMs: FBK NUV-HD-MT LF MO 3x3 mm2 50
300000 ‘
250000 : 300000/ ;'1 m SPAD
,": 250000 ,’i A Crystal: L(Y)S0O:Ce:0.2%:Ca:0.2% TAC 2x2x3
200000 n i
2 i £2 200000 i mm?3
3 150000 ¥ S i
O : G 1500001 ¥ A HV: 47.5V
1000001 :- 100000 !
o ‘. A Only events that belong to the photopeak
50000 | i 50000 | i _
] } ) contribute for CTR.
00— : < 0 : s
0 100 200 0 100 200 — :
Energy width 1 (ns) Enerqy width 2 (ns) A Events inside [1.5, , 2.0, ] are analyzed. No big
1000 s FINHM = 85,9 + 1.6 ps difference has been observed (~ 0.5 ps, always
5 750] i V= 0:09998 inside the timing error) when changing the
c i ]
2 500 ] range.
@) 4 v
2501 A A Timing bin: 25 ps.
0 ~0.4  -02 00 02 0.4 0.6 0.8 1.0
Time difference (ns)
FAST 2025 /) & ICCUB 2500
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BACKURP: Stacked PCBs. Control Board

iR TOC_CALIB_P
EXPANSION PORT HS 2 - e pis

Control board contaning an
ALTERA MAX10 FPGA.

DION"wWE
T3IND L3N3

The FPGA controls the
ASIC through 12C & reads
the Aurora digital data
stream

-
3
N
£

e 7 SnZ
Az 4 8Nt

EXPANSION PORT S
«e® e u

Tessssssneee - MAX1I0 test
sessesesz SiuB 0 B-MAX-T-001-02
L]

02,2020 by AGC

) & ICCUB 235
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BACKUP: Stacked PCBs. ASIC Board

e “Feeciicscccsstiin (@ [0 [O@ A Test Board including two
L mEE T FastIC+ chips.
iy Sy i g o A The board enables to inject
— kel " i electrical signal for
f - L } 7‘ characterization of any pulse
Wl A . shape.
"""" ' Sl A The board enables to connect
() SIPMs in POS, NEG and DIFF.
9. 0 iC] A External connector to be
_ il o 40-) employed with any sensor.
@) o @)
q ﬁvICCUB ? B

ttttttttt f Cosmos Sciences



o
° OGO ootemes

Sty e et HIERS A Compact & Low-Cost

ol=os

= °

~a (77

®owm  RAN®
)

e e il Demonstration Board.
: : i 60x60 mm?2 (V2.0)

2 o= B

o o T ® S WA MW, R N
o © HIUUL o 0 -

© ® o o

° e

omNo® B
o 1

6 Channels (2 ASICs).

oct "
I LEEITEEETEREL

onfa o al

or research & educational
il L o urposes.

FastIC+ readout V1.0
Vojtech Vosahlo 04. 2024

FastIC+ Demo Board V1.0 B A Ava”abi”ty: early 2025

CERN

‘ & ICCUB 23507
> MARIA
DE MAEZTU
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BACKUP ic‘?:aatlc d eSI‘i‘ ___;_;_/,éfj-e}(:i‘,fications

Technology 65 nm CMOS TSMC

~ 12 mW/ch in SE mode (Vpp = 1.2 V), depends on operation mode (~ 3
mW/Input Stage). Non-Linear ToT 6 mW/ch.

Input voltage Adjustable input node DC voltage.

Input channel configuration (current mode processing): 8 Single Ended (SE)
or 4 Differential (DIFF).

Connection Type Configurable SE (Pos/Neg polarity), DIFF, Sum of 4 (Pos/Neg polarity)

Power consumption

Number of channels

Electronics Time Jitter 1 ;%Onﬁsrms SPTR (330 pF 3x3 SiPM, LCT5 S13360 SiPM, Vov =45V, L =
Energy Resolution Linear (~ 2.5 % Linearity error)

The linear energy measurement has 10-bit dynamic range up to ~25 mA of

input current.

~ 2 MHz (Linear ToT readout)

> 50 MHz (Non-linear ToT. Pulse-shape-dependent)

Testing and Calibration Yes

Interface 12C

Configurable Digital (single-ended CMOS or differential SLVS) or Analog @
CERN
\

Dynamic Range

Maximum Rate

Output output (10 pF load).

Institute of Cosmos Sciences



lIl. FastiC+ TDC Block Diagram

A TDC Processing chain:

\ /j /j
VCOPhase<15:0> 1 1 VCOCounts<4:0> CoarseCounts<11:0>

4 N

10114

8xTime+Energy =
1xTrigger

RefClk (40 MHZz) R

CoarseCounts<23:0>
SyncRst @
N Y &l

FAST 2025 Institute of Cosmos Sciences




8xTime+Energy =

p-— yr
g s St
7 £ — NS 4
- ) B ™ ®
' 4 . - \-\ ‘, » B
o Az 2254 B \/
— : d I
\ A -e’) 8 - : .
. - :
0 \ 4 -
\ o ¥ .
- - -
[ oy o & 7
~

A PLL Macro:

1xTrigger

7
o i =~

VCOPhase<15:0> VCOCounts<4:0> CoarseCounts<11:0>

RefClk (40 MHZz) R

H
1

CoarseCounts<23:0>

SyncRst

FAST 2025

10110
& ICCUB 230
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A Features:

ClkRef
(40 MHz)

Analog
Flow

PLL M: 32

VCO stages: 16 (td<25ps)

Radiation Hard

Ill. FastiC+ TDC: PLL design i Block Diagram

16 —
Buffers +} VcoPhase<15:0>
(Thermometer
4 Encoding) To TDC
0]
CIkFb ), Clkveo " FERO
(40 MHz) (1.28 GHz)
ﬂ VcoCounts<4:0>
S Gray Counter
LT e Rl =
00 Qo0
¥ %)
- 3 o) 8)

FAST 2025 Institute of Cosmos Sciences
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Il. FastiC+ TDC: PLL design i Block Diagramu..

A Charge Pump:
I 3-bit adjustable I-p: [AUA~67UA] (default: 40uA)

I Regulated Cascode Current Mirror,—_
i Vctrl feedback loop ’///”/’
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ClkRef
(40 MHz)

Analog
Flow

A Loop Filter:

. Fas'__’t{.l/i;*TDC:PLL design i Block Diagrams

i 3-bit adjustable R,: [0.51kY ~4.08kY] (default: 2.55KY)
I 3-bit adjustable C;: [13pF~104pF] (default: 65pF)

I 3-bit adjustable C,: [1pF~8pF] (default: 5pF)
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