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The Medipix4 collaboration



Medipix4 collaboration

21 Medipix4 collaboration members
> Timepix4 (2019) [ X. Liopart et al 2022 JINST 17 C01044 ]

o 65nm technology

e CEA, Paris, France
¢ CERN, Geneva, Switzerland

. . . 2
o Pixel matrix of 512 x 448 pixels (55 x 55 ym*) . DESY, Hamburg, Germany
o Particle identification and tracking (Data-driven and zero suppressed) + Diamond Light Source, England, UK
o 195 ps time binning * |EAP, Czech Technical University, Prague, Czech R.

e IFAE, Barcelona, Spain

¢ JINR, Dubna, Russian Federation

¢ NIKHEF, Amsterdam, The Netherlands
> Medipix4 (2022) [ V. Sriskaran et al 2024 JINST 19 P02024 ] * University of California, Berkeley, USA

¢ University of Canterbury, Christchurch, New Zealand

o X-ray Imaging (full frame based with CRW sequential readout) with a single
threshold and fine pitch mode only

o 130nm teChnOIOQy ¢ University of Geneva, Switzerland
o Pixel matrix of 320 x 320 (75 x 75 ym?) or 160 x 160 (150 x 150 um?) * University of Glasgow, Scotland, UK
o Charge Summing architecture * University of Houston, USA

* University of Maastricht, The Netherlands

o Aimed at high rate spectroscopic imaging, optimized for high-Z material . University of Oxford, England, UK

> Both chips have a 4-side buttable architecture: : 'L”NFL': '::'Y )
° , brazi
o Periphery integrated inside the pixel matrix . CSNS, China
o Prepared for readout using TSV (Through-Silicon-Vias) * PNRI, Philippines
o Large active area ASICs ¢ University of Tennessee, USA

e Czech Academy of Science, Prague, Czech R.



https://iopscience.iop.org/article/10.1088/1748-0221/17/01/C01044
https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02024/meta

Potential applications 4

>

>

Particle tracking:
o very high rate pixel telescope
o sensor studies with < 100 ps timing resolution and ~10 ym
spatial resolution
time-of-flight mass spectroscopy
radiation monitors
compton camera
gamma and neutron imaging
x-ray imaging
quantum applications (entangled photons measurements)

O O O O O O

Frame-based imaging:
o x-ray imaging in synchrotrons with very high rates (> 10°
particles/mm?/s)



Timepix4 architecture and
operating principle



ASIC architecture 5

Timepix4 (multiple microscope
pictures blended)

24700 pm

wrl 0966¢

> 2 matrices: TOP and BOTTOM

O

256 x 448 pixels each, 55 um pitch



ASIC architecture 5

Timepix4 architecture
simplified schematic

> 2 matrices: TOP and BOTTOM
o 256 x 448 pixels each, 55 uym pitch

24700 pm

TOP MATRIX
448x256 pixel - 55 pm

BOTTOM MATRIX
448x256 pixel - 55 um




ASIC architecture 5

Timepix4 architecture
simplified schematic

24700 um

TOP perlphery + TSV )

CENTER periphery

wrl 0966¢

BOTTOM perlphery + TSV

> 2 matrices: TOP and BOTTOM

O

256 x 448 pixels each, 55 um pitch

> 3 peripheries:

o

o

TOP and BOTTOM: data readout (16 x 10.24 Gbps

serializers)
CENTER: analog blocks (global DACs and ADCs,

)



ASIC architecture

Timepix4 architecture
simplified schematic

< 24700pm — >

TOP MATRIX
448x256 pixel - 55 pym

BOTTOM MATRIX
448x256 pixel - 55 um

> 2 matrices: TOP and BOTTOM
o 256 x 448 pixels each, 55 uym pitch
> 3 peripheries:
o TOP and BOTTOM: data readout (16 x 10.24 Gbps
serializers)
o CENTER: analog blocks (global DACs and ADCs,
...)

> 2 wire bond extenders on edge peripheries

256X2 Si senors | 448x512 Si sensors



ASIC architecture 5

> 2 matrices: TOP and BOTTOM
o 256 x 448 pixels each, 55 uym pitch
> 3 peripheries:
o TOP and BOTTOM: data readout (16 x 10.24 Gbps

) U A A / . .
serializers)
o CENTER: analog blocks (global DACs and ADCs,
PCB )

2 wire bond extenders on edge peripheries
Through-Silicon-Via compatible
o 4-side buttable
o possibility to place several chips adjacent to cover
larger detectors

Vv
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Timepix4 architecture
simplified schematic

24700 pm

WB Extender

wrl 0966¢

WB Extender

Vv

2 matrices: TOP and BOTTOM
o 256 x 448 pixels each, 55 ym pitch
3 peripheries:
o TOP and BOTTOM: data readout (16 x 10.24 Gbps
serializers)
o CENTER: analog blocks (global DACs and ADCs,
...)
2 wire bond extenders on edge peripheries
Through-Silicon-Via compatible
o 4-side buttable
o possibility to place several chips adjacent to cover
larger detectors
Dicing options:
o  with wire bonds: ~93.7 % active area
o with TSV: ~99.5 % active area



ASIC architecture 5

Timepix4 architecture
simplified schematic

> 2 matrices: TOP and BOTTOM
o 256 x 448 pixels each, 55 uym pitch
> 3 peripheries:
o TOP and BOTTOM: data readout (16 x 10.24 Gbps

TOP MATRIX SerializerS)
: o CENTER: analog blocks (global DACs and ADCs,
448x256 pixel - 55 ym

...)
2 wire bond extenders on edge peripheries
Through-Silicon-Via compatible
o 4-side buttable
o possibility to place several chips adjacent to cover
larger detectors
Dicing options:
o  with wire bonds: ~93.7 % active area
o with TSV: ~99.5 % active area

Vv

BOTTOM MATRIX
448x256 pixel - 55 ym -
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Analog and digital front-end
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Readout modes: data driven 7

> Event-based readout

> Zero-suppressed

>  ToA-ToT mode:
pixel coordinates

@)

(@)

@)

timestamp
charge

Charge: 21 bits

ToA/ToT mode packets specification

Name
Pixel
address
ToA

ufToA start
ufToA stop
fToA rise
fToA fall
ToT
Pileup

Width
18

16
4
4
5
5

11
1

Bits used
[63:46]

[45:30]
[29:26]
[25:22]
[21:17]
[16:12]
[11:1]
[0:0]

Time: 29 bits



Readout modes: data driven 7

vV

4

Event-based readout
Zero-suppressed
ToA-ToT mode:

@)

(@)

@)

64-bit packets for each event, encoded with 64b/66b

pixel coordinates
timestamp
charge

standard encoding communication protocol
Output via:

@)

(@)

slow control: 40 Mb/s (2.6 Hz/pixel)
high speed links: from 40 Mb/s to 2 160 Gb/s
(10.8 kHz/pixel)

ToA/ToT mode packets specification

Name
Pixel
address
ToA

ufToA start
ufToA stop
fToA rise
fToA_fall
ToT
Pileup

Width

18

16
4
4
5
5

11
1

Bits used

[63:46]

[45:30]
[29:26]
[25:22]
[21:17]
[16:12]
[11:1]
[0:0]



ToA and ToT measurements 8

> ToA measurement:
o  coarse Time-of-Arrival (ToA), 40 MHz clock (25 ns
bins width)
o fine-ToA bins, 640 MHz clock, generated by the
VCO (1.56 ns bins width)
o Ultrafine-ToA, by 4 copies of 640 MHz clock (195
ps bins width)

> ToT measurements: only coarse and fine

40 MHz reference
- Stop
[ I I I I B
2 ]
640 MHz phases I L
3_ | ! [ L L
4 ML 1 1
Y
‘ ‘ Ultra-fine ToA code = 0b1110
Fine ToA n_ X, n+l_ X n+2_ X _n+3
1.56 ns
/ E E \
195 ps

Threshold
Preamp out
40 MHz
640 MHz
ToT

Coarse ToA

| | | I 1 | | l | | —
T Stop
R |
=
X X X X X X X=

Discriminator output

ToA counter (40 MHz clock)

:
l E ﬂ'oAri“_ counter (640 MHz clock)

[ K. Heijhoff et al 2022 JINST 17 P07006 ]

1 1
1 1
1 1
| 1
\ \j
UfToA_  code UtToAWP code


https://iopscience.iop.org/article/10.1088/1748-0221/17/07/P07006

High speed readout 9

> Gigabit Wireline Transmitter with a Clock Cleaner
(GWT-CC):
o serializes data stream

o transmits data to an off-chip receiver E ‘ e 5 = ﬂ
> High configurability: ) 'm < )
o each link can be configured to operate at different |- ,

e e ST
speed, from 40 Mb/s to 10.24 Gb/s
o possible to use from 1 to 8 links per half-matrix

Eye diagram of high-speed link @ 5.12 Gb/s

> MaX bandW'dth Of 160 Gb/ S s G R MHW*v‘af"\MTﬂm'm\wl‘ww,'h‘l»g»\,n‘mr,my*r\;,ww
e | [

> PRBS generator for links tests “ { | ‘ ﬂ | J [

> Tested up to 5.12 Gb/s, both with WB and TSV ' ‘w«rwwLw&’w{bw"wwk‘wJM“NI\"J‘W‘: RO T o B

connection
> Timepix4 and control board links alignment and physics
measurement performed only @ 2.56 Gb/s




Preliminary calibrations



Preliminary calibrations - Threshold equalization and noise

Threshold equalization: threshold fine tuning at pixel level Local threshold tuning

On-pixel 5-bits DAC to locally shift the threshold across the matrix DAC_code
500 : TN i S

Method based on noise floor threshold scan 30

YVYVYY

Noisy pixel detection and masking

Y [#rows]

400 F

Threshold dispersion with or 125

R without fine tuning

- 1:[259.34 31.43 (465.81e-)] -

- 2:[268.18 30.72 (455.21e-)] H : . S
3127698 3011 (44627001 Post-equalization: 300F~

4: [285.05 29.67 (439.78e-)]

- 5:[293.06 29.29 (434.04e-)] S 40 e’
6: [300.32 29.00 (429.75¢-)]

7: [307.62 28.75 (426.00e-)]

8: [314.03 28.65 (424.63e-)]

9: [320.94 28.34 (420.05¢-)]

10: [327.69 28.30 (419.38e-)] 200

11: [334.31 28.23 (418.43e-)]

12: [340.81 28.18 (417.60e-)]

13: [347.43 28.12 (416.67e-)]

14: [353.57 28.04 (415.57¢-)]

15: [360.16 27.98 (414.63¢-)]

16: [371.36 28.14 (417.05€-)]

17: [377.98 28.09 (416.24e-)] Ak

18: [384.33 28.16 (417.36e-)] 1 00 TR

19: [390.82 28.17 (417.45¢-)]

20: [397.20 28.22 (418.24e-)]

21: [404.21 28.30 (419.43e-)]

22: [411.02 28.48 (422.06€-)]

23:[418.05 28.56 (423.25e-)] P re-eq ua I ization :

24:[424.58 28.68 (425.10e-)]

25: [432.37 28.98 (429.52e-)] - 0 Eomae 3 1o L Href TR Ters
= {::g;z s ::;;:::;: 2400 e 0 50 100 150 200 250 300 350 400

28: [457.24 30.09 (445.92e-)] X [#COIS]
- 29:[466.75 30.72 (455.27e-)]

- 30:[476.59 31.73 (470.16e-)] >
- 31:[488.00 32.86 (487.04e-)]
- EQ: [368.52 2.34 (34.69¢-)]

Typically less than 10 pixels masked
out of ~230 thousand pixels

100 200 300 400 500 600
THR DAC [step]

[ X. Llopart, XII Front-End Electronics Workshop ]
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Preliminary calibrations - VCO frequency calibration

VCO frequency distribution

across the matrix f [MHZz]
> Voltage-Controlled Oscillators frequency calibration: ? —{690

o  On pixel VCO oscillation frequency controlled by § 1680

a PLL at the center of the chip (@ 640 MHz

nominal) "
o  Spread caused by power supply dispersion due

to large size and wire bonds
o  This spread would heavily affect the timing

performance:
m calibration and offline ToA correction

allows to improve by 100-300 ps,
depending on the particular

measurement 00 50 100 150 200 250 300 350 400
X [#cols]



Preliminary calibration - ToT vs charge calibration

> ToT vs Q calibration with testpulse:

o at fixed charge, large ToT spread across the
matrix due to local gain differences

o calibration required to correctly reconstruct
the pixel charge and to correctly perform
the clustering

o non linear calibration performed with
integrated testpulse tool

o  per-pixel calibration, exploiting high-speed
links readout

Y [#rows]

ToT [ns]

ToT calibration of pixel [440,480]

4000

3500

3000

2500

2000

1500

1000

500

ToT (Q)=p,Q+p,+p,/|(p;+Q)

o
N
ES
[

100 150 200 250 300 350 400
X [#cols]

10 12
Q [ke-]

Calibration slope
distribution across
the matrix




Preliminary calibration - ToT vs charge calibration

o Validation with radioactive sources('*’Cs and ?*'Am superimposed spectra)

Clusters ToT distribution

Entries 1057726

50000

Counts/(30 ns)

40000

30000

20000

I|IIII|IIII|IIII|IIII|IIII

10000

O_I 1 1 1 I 1 1 1 1 1 11 1 |I { o] | 1

1 1 1 1 L | l
0 1000 2000 3000 4000 5000 6000
Cluster ToT [ns]

[R.Bolzonella et al 2024 JINST 19 P07021]
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Preliminary calibration - ToT vs charge calibration

o Validation with radioactive sources('*’Cs and ?*'Am superimposed spectra)

Clusters ToT distribution Clusters calibrated charge distribution
2 L % 14000~ ;
8 - Entries 1057726 S 513 Entries 1057726
500001 2 12000/
3 & 5 C
O C 3 -
40000— 10000 —
B 8000{—
30000— -
B 6000[—
20000— B
- 4000(—
10000— B 59.54 keV
B 2000— /J\
C 1 1 1 1 | 1 1 1 1 1 1 1 1 L | l 1 1 1 1 | 1 1 1 1 : 1 5o
% 1000 2000 3000 4000 5000 6000 0 e 20

Cluster ToT [ns] Cluster energy [keV]

> Upto 1.6 keV FHWM (@ 14 keV)
> Resolution up to 8% (@60 keV)

R. Bol lla et al 2024 JINST 19 P07021
[ Bolzonella et s ] > ASIC bonded to 100 ym n-on-p Si detector
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Preliminary calibration - Time walk calibration

> Lower amplitude signals rise above threshold later
than higher amplitude signals starting at the same Signal Amplitude [a.u.]
time = Time-walk effect

t 1 th t)

Time [a.u.]




Preliminary calibration - Time walk calibration

> Lower amplitude signals rise above threshold later

than higher amplitude signals starting at the same Timewalk correction, pixel (400, 400)
—— Timewalk fit
o  Testpulse data

time = Time-walk effect
> Internal testpulse used to calibrate the time-walk

—
t

per pixel
o set a constant delay between the test-pulse

D
ey
Wy

and an external shutter

ToA — Reference [ns]
=

o  shutter time-stamp used as reference

t

o  ToA determined for several input charges

Charge [ke™]

[N. Dimova, iWoRiD 2025]
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Preliminary calibration - Time walk calibration

> Lower amplitude signals rise above threshold later
than higher amplitude signals starting at the same
time = Time-walk effect

> Internal testpulse used to calibrate the time-walk

__ Timewalk-charge relation for the whole matrix i

10*

per pixel
o set a constant delay between the test-pulse
and an external shutter
o  shutter time-stamp used as reference

103

Pixels

102

ToA — Reference [ns]

o  ToA determined for several input charges 0

> Procedure repeated in every pixel to see the

100

calibration variability S —

[N. Dimova, iWoRiD 2025]
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Measured performance



Timing resolution measurements - Test pulse

Nik|hef

> Analog internal test pulse used to measure the
analog front-end jitter
> Hole-collecting mode:
o jitter asymptotic to ~100 ps r.m.s., as

Analog front-end jitter against charge distribution

expected due to slew rate limitations 1000 ¢ % N4 (vl bare) e mode |-

o bare Timepix4 and Timepix4 bonded to Si A Y S

¢ (vl, sensor) ¢~ mode

sensor show similar trends = 4 N8 (vl, sensor) h* mode

. . R ¢ N24 (v2,bare) e~ mode

o atlow charge, worst resolution with sensor E ¢ N24 (v2.bare) h* mode

bonded 2 |
H . 5 Threshold
> Electron-collecting mode: : 800 “ ; ““ "

o no asymptotic trend E w0f | t ‘ﬁﬁﬂ"ﬂﬂﬂﬂ B Hioae: .-
- - [ # a4y :
o resolution lower than 50 ps r.m.s. both with i TDC resoluton 56-62ps #ﬁw +m ;*} _

bare and bonded chips awl | ﬁ ¢ mode

0 5 1 0 15 20 25
Injected charge [ke]

[ K. Heijhoff et al 2022 JINST 17 P07006 ]



https://iopscience.iop.org/article/10.1088/1748-0221/17/07/P07006

Timing resolution measurements - Laser measurements

>  Spidr4 control board Pulse generator Active
Spidr4 control board Technologies PG-1072
> Timepix4v2' (interchannel jitter ~7 ps r.m.s.)

o bonded to a 100 um n-on-p Si To digital pixels
detector biased at -150 V

o  metalization with holes pattern

o Courtesy of CERN and NIKHEF . Sire
Medipix4/VELO groups Amplitude: 1.9 V

>  Waveform generator
o input signal to digital pixels
o laser trigger

Period: 5 ms
Amplitude: 1.2V

6dB attenuation

> lLaser:
o 1060 nm
O  variable attenuator

€ UNy
b Ve

INFN

Laser variable Pulsed Diode Laser
Attenuator PDL 800-B

4DPHOTON project, grant agreement No. 819627, European Union’s Horizon 2020 research and innovation programme - European Research Council (ERC)



Timing resolution measurements - Laser measurements

ToT [ns]
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> After the contribution of the reference signal has
been subtracted, a resolution of 107+3 ps rms is
obtained
[R.Bolzonella et al 2024 JINST 19 P07021]
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Timing resolution measurements - Laser measurements

> For each cluster (~30 pixels):

o weighted average of ToA using charge as
weights

o cluster charge computed

> Timing resolution dependence on cluster
charge:

o bestresult: o AD’.ﬁAVg=79 +1psrms

m timing resolution after the reference
signal contribution has been
subtracted: o, Avg=33 +3psrms

[R.Bolzonella et al 2024 JINST 19 P07021]
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Timepix telescope

Timepix4 telescope goals: > Setup:

> characterization of sensor + ASIC o two arms of 4 planes each

> proof of concept of 4D tracker o DUT plane in the center, which can

> pointing resolution of ~2 ym @DUT translate and rotate up to grazing angle
> < 50 ps track-time resolution at high rate MCP-PMTs for timing reference

o several DUT assemblies (planars and
inverted LGAD sensors)

Upstream Planes 14 DUT Planes 5-8 Downstream MCPs

scintillators scintillato
" 400um 300um 300pm  100pm pca

Beam

[sPiDRa ]l [sPiDR4 ] spiDR4]j~—{ crD | [PicaroC ]~ cFp |

data

o -l- =|- D
IE clock | 5 5 B
TLU |: prs Run control

tp-sync/shutter

i

[K. Akiba et al. arXiv:2503.15207v1 [hep-ex] 19 Mar 2025]
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https://arxiv.org/abs/2503.15207

Timepix telescope 20

Single assembly spatial residuals

>  Spatial resolution:

x10°
. . 8
o fourinner planes rotated to generate charge in £
multiple pixels and improve the resolution % 6F oc=33um o

o single planes resolution: 3.3 um E B

2 1

2

Preliminary
0

—50 0 50

Lcluster — Ltrack [p“l}

Track 1

Sensor

Track 2

300 um

[T._Bischoff, VCI 2025]
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Timepix telescope

x10°
> Spatial resolution: ) (q\
o four inner planes rotated to generate charge in S oS3l o
. . . . _; I 99-percentile
multiple pixels and improve the resolution &, Jl\
o single planes resolution: 3.3 ym \
. . . . 2 1
o  pointing resolution @DUT: 2.4 ym (Mixed hadron ||
Preliminay L
beam 180 GeV/C) S 0 50
'f Zeluster — Lrrack [HM)]
v I, ' T T

!
Pointing resolution
]
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tO the beam [] Biased Resolution - simulation]
Biased Resolution - data

1
i
I
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I
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1
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I
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| B Predicted pointing resolution
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[T._Bischoff, VCI 2025]
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Timepix telescope

>  Spatial resolution:

@)

four inner planes rotated to generate charge in
multiple pixels and improve the resolution

single planes resolution: 3.3 ym

pointing resolution @DUT: 2.4 um (Mixed hadron
beam 180 GeV/c)

> Timing resolution:

@)

@)

thin sensor (100 ym) reduce charge sharing
perpendicular to the beam maximize signal
charge
single plane resolution: 170-196 ps
m timewalk correction: ~500 ps = ~220 ps
m VCO calibration: ~220 ps = 170 ps

Single assembly time residuals

x 107
2.5

o0=170ps

Preliminary
-2 -1 0 1 2

Track |

[T._Bischoff, VCI 2025]
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Timepix telescope

> Spatial resolution: _ | Track time residual
o four inner planes rotated to generate charge in B 10° 1
multiple pixels and improve the resolution 2
o single planes resolution: 3.3 ym 2
o pointing resolution @DUT: 2.4 um (Mixed hadron ; e
beam 180 GeV/c) £
> Timing resolution: 5 06
o thin sensor (100 um) reduce time errors
o perpendicular to the beam maximize signal 0.4 —
charge
o single plane resolution: 170-196 ps 0.2
m timewalk correction: ~500 ps = ~220 ps o
m VCO calibration: ~220 ps = 170 ps i

o track time resolution: ~92 ps —1 —-0.5 0 0.5
tTrack — tref [HS]

[T._Bischoff, VCI 2025]
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TSV assemblies status



Through-Silicon Vias status

Through-Silicon Via section

> Redistribution layer and UBM designed at CERN
> Multisite production (2 European and 1 Asian)
> Devices mounted in Nikhef chipboard and CERN finger

board to test
> Timepix4v0 and Timepix4v1 used as setup wafers
o procedure validated with tests on these assemblies
Timepix4v2 and Timepix4v3 used as “gold” wafers
Received ~300 Timepix4v3 with TSV last week
o quality tests ongoing

A

Timepix4v3 + N-P Si sensor Courtesy of F. Piernas, J. Alozy et al.




What’s next? The Picopix project



What’s next? The Picopix project

> Large-scale hybrid pixel tracking particle detector designed in 28 nm CMOS

> Promoted by different members, thus suitable to be used in different applications
o LHCb VELO Upgrade 2 & Fast-Sensor R&D
m  High-precision tracking for HL-LHC
m Timestamp bins size below 50 ps
m Radiation-hard hybrid silicon sensors for extreme environments

o SY-Bl Beam Loss Monitoring
m  Bunch-by-bunch beam loss detection
m Improved diagnostic for LHC and future e*e” colliders

o Medipix3 Collaboration (Medical & Industrial Applications)
m Hadron therapy beam monitoring in cancer treatment
m X-ray diffraction and electron microscopy for material science
m Single-layer Compton cameras for homeland security and SPECT imaging
m  Quantum sensing using entangled particle detection



Timepix4 vs Picopix

_— =i i

Tech. node (nm) TSMC 65

Year 2019
55
2 (93.79% active area)

u ==

positive (h+) Low Gain (20mVikh*)

Logarithmic Gain

High Gain (35mV/ke’)

negative (e-) Low Gain (20mV/ke)

Minimum detectable charge ~500 e
Data-driven
Readout (64-bit packet per pixel hit)
Event Data TOT & TOA
Tracking TOT energy resolution ~ ~1KeV (FWHM Si)
P (Event arrival time TOA bin size 195ps (On-pixel TDC @40MHz)
§ and/or energy) TOA dynamic range 1.63ms (16b@40MHz)
i Max Rate 358x108 hits/cm?2/s
(=]
® Max Pix Rate 10.8 KHz/pixel
[
Q Full Frame-based
o Readout (Continuous R/W)
Imaging Counter depth 8-bits or 16-bits
(Event counting) Framorato 89.2 kfps @8-bit 16x163Gbps

44.8 kfps @16-bit 16x163Gbps
~800 x 10° hits/cm?/s

<163.84Gbps
(16x @10.24 Gbps)

700mW/cm? (nominal)
200mW/cm? (low power)

Max Count Rate

Maximum Readout b width

https://iopscience.iop.org/article/10
.1088/1748-0221/17/01/C01044

TSMC 28

2026

50

384 x 256

2.45 cm?

2 (78.5% active area)
2 (78.5% active area)

High Gain (35mV/ke’)
Low Gain (20mV/ke’)

~500 e

Data-driven
(72-bit packet per pixel hit)

| ToT & TOA & hitmap |
~1KeV (FWHM Si)

| ~35ps (On-pixel TDC @40MHz) |
1075 (326@40MHZ)

1.56x10° hits/cm?/s
(@ 24-bit mode)

39 KHz/pixel (24-bit Mode)

Zero-suppressed (with pixel addr)
(Sequential R/W)

12-bits
52 kfps @102.8Gbps

~800 x 102 hits/cm?/s

<102.8Gbps
(4x @25.6 Gbps)

1W/cm? (nominal)

On-pixel clustering
On-chip time calibration
On-chip packet sorting




Picopix main features

> Large-scale hybrid pixel tracking particle detector designed in 28
nm CMOS

> 3-side buttable, 384 x 256 square pixels with 50 um pitch

> Time resolution <50 ps accounting ASIC + sensor:

o expected 0? ~ 40 ps and 02, . ~ 35 ps (time bin size)

sensor AsIC Pixel Matrix

384 x 256
(pixel size 50um x 50um)

128 mm }

+ { 192mm_ | >

SPRINT: Silicon Photonics
Radiation-tolerant Integrated Transmitter




Picopix main features

> Large-scale hybrid pixel tracking particle detector designed in 28
nm CMOS

> 3-side buttable, 384 x 256 square pixels with 50 um pitch

> Time resolution <50 ps accounting ASIC + sensor:

o expected 0? ~ 40 ps and 02, . ~ 35 ps (time bin size)

sensor ASIC

Pixel Matrix
384 x 256

> Data reduction, on-chip programmable event clustering, veto, _ _
(pixel size 50um x 50um)

filtering and sorting

+ { 192mm_ | >

> Free running Digital Control Oscillators
o ufToA: ~30-40 ps bin derived from state of VCO inner
nodes
o auto-calibrated TDC at each measurement

£
£
&3
%

SPRINT: Silicon Photonics
Radiation-tolerant Integrated Transmitter




Picopix main features

> Large-scale hybrid pixel tracking particle detector designed in 28
nm CMOS

> 3-side buttable, 384 x 256 square pixels with 50 um pitch

> Time resolution <50 ps accounting ASIC + sensor:
o expected 0’ ~40psando?,.~ 35 ps (time bin size)

ensor ASIC

> Data reduction, on-chip programmable event clustering, veto,
filtering and sorting

> Free running Digital Control Oscillators ( , y
o  ufToA: ~30-40 ps bin derived from state of VCO inner p-substrate L -
nodes
o auto-calibrated TDC at each measurement

>  Data driven readout with up to 4 x 25.6 Gbps fast links: up to ~3.84 x 10° events/chip

> Compatibility with different sensors:
o Planar (Si, Ge, GaAs, CdTe), LGAD, 3D and naked MCP = Front-end: Charge Sensitive Amplifier
o  SPADs (anode readout at 2 V overvoltage) = Front-end: Quenching element, regeneration circuit



On-pixel clustering and filtering

> Hit-map of pixels around the master
> More advanced on-pixel data filtering:
o ToAand ToT range
o hit-map shape (single pixel, 2, 2x2, 3x3, ...)

> Data reduction and veto already at pixel level
o  Bandwidth reduction towards the periphery
o Power and IR-drop reduction
o Arbitration logic used in Medipix3/4
m  Transmit only master pixel packet

Data filtering with 5x5 cluster veto

Data filtering with 3x3 cluster veto




On-pixel clustering and filtering

\l

Hit-map of pixels around the master
More advanced on-pixel data filtering:

o ToAand ToT range

o hit-map shape (single pixel, 2, 2x2, 3x3, ...)
> Clustering and filtering architecture validated with
simulations in a reduced matrix (256x256 pixels)

> Data reduction and veto already at pixel level
o  Bandwidth reduction towards the periphery
o Power and IR-drop reduction
o Arbitration logic used in Medipix3/4
m  Transmit only master pixel packet

\l

Filtering disable Filtering large clusters Filtering small clusters
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Conclusions

> Timepix4:
o hybrid pixel detector for tracking and imaging developed by the Medipix4 collaboration

>  Characteristics:
o large active area: 6.94 cm?
4-side buttable architecture
ToA: 195 ps bin size
ToT: 1.56 ns bin size (~200 e” rms charge resolution)
Readout: up to 160 Gb/s, encoded 64b/66b

o O O O

> Several groups in the collaboration are using and characterizing the Timepix4
O timing resolution, energy resolution and overall performance meeting the expectations

> Near future steps:
o  characterization with TSV processed wafers and TSV compatible chipboard (NIKHEF)
o  several DAQs being designed by members of the collaboration

> Picopix improves Timepix4 performance and simplify its use:
o  improved time binning: ~35 ps bin size
o  compatibility also with SPADs
o allows to perform: on-pixel data filtering, on-chip time-walk and clock skew correction, on-chip packet sorting
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