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A monolithic silicon pixel
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FASER experiment

A Main goal: research on the dark matter ¢, R
through detection of Long Lived
Particles (LLP).

A Extension of the physics program of
other experiments at LHC.

A Exploiting the huge pion source
provided by LHC (h& 110).

A Collaboration among 20 institutes.
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FASER experiment: signals

Two fermion signal

Existing
VETO Decay volume Tracker presshower Calorimeter

A 0O 1o Produced by the decay of
TTTRIE T T — q dark photons
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FASER experiment: signals

Two fermion signal
Existing

VETO Decay volume Tracker presshower Calorimeter

Two photon signal

VETO Decay volume Tracker presshower Calorimeter

Existing
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Produced by the decay of
dark photons

Possible indication of the
existence of Axion Like
Particles (ALP).

NOT detectable with
current FASER system




FASER experiment: proposal

20mm

A Replacing the current preshower with a 2D

e b e 0 0 o timing detector featuring conversion layers
— —_ (tungsten, lead).
S A The timing information will be exploited to
= extract the direction of the incoming
— particles.
— A Target Time resolution100 ps.
GEANT4 simulation
Proposed
VETO Decay volume Tracker presshower Calorimeter
B F Improved
S | S —_—--= = FASER
[ - detector
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Pixel characteristics and
reconstruction

Charge distribution [fC]

A In order to better reconstruct the electromagnetic

£

= showers, we need the ability to reconstruct

S —50 clusters of hits.

% A Charge information for each pixel needs to be
H {40 recorded and acquired.

A Our choice: 65 um side hexagonal pixels.
A Hexagonal shape in order to reduce the peak
electric field at the edges.

A GEANT4 simulations highlighted that photon
signals can produce input charges in a fefC to
various tens offCrange.
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Sensor cross -section and
technology

A Monolithic pixel detector.

A 130 nm SiGeBiCMOS
technology provided by IHP
Microelectronics.

A Custom highresistivity 50k m
EPI layer. HV220 V,
complete depletion.

A Pixels integrated as triple
wells.

A Frontend electronics
iIntegrated in pixel.

FULVIO MARTINEIA12TH INTERNATIONAL CONFERENCE ON POSINSNISE DETECTORS, BIRMINGHAM, 2021




Chip architecture

©0 | ©1 e 6 o
(1,0) (1,2
A The final chip will be composed of 13
) _ superpixel columns gupercolumng.
o Chip A Chip size:l.5 cm x 2.5 cm.
A Superpixel: 16 x 16 pixels divided in 2
® groups by thesupercolumnlogic.
A A test chip submitted for production
40 km supercolumnlogic in June 2021 features 3 or 4
Superpixel Supercolumns .
- 16 g+8p ixel A The size and the structure in the
’ (16 x ( ) pixels) vertical direction is the same of the

future final chip (to be produced in
2022).
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Polling and analog memory

A The charge needs to be measured for
each pixel.
A The idea is to store the data on a

capacitor (via a sample and hold) in (W

each pixel and convert it on the fly with \:\/‘*
a flash ADC. 25&a0-1 MUX.
A The capacitor is charged with a FlashADC ——

constant current during the TOT.

A The same ADC will poll all the pixels in
a superpixel and convert them as
needed.
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Pre-production chip specs

Technology IHP 130 nm SiGe BiCMOS
Pixel size 65 km side 8 hexagonal
Matrix size 64 by 128 (7.2 by 15.3 mm)
Positive supply 1.2V

Current consumption (Analog) 24 mA

Current consumption (Digital) 26 mA

Power consumpion 7 kW/pixel

Input charge dynamic range 1 fC to 64 fC

Readout time D26 ks (typical)
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Chip floorplan and supercolumn
logic

AThe chi p isaperdolumnsd e dl 2i8n bdy 16 pi xel s)
slice of digital logic in between.
A The digital logic includes the MUX, the flash ADC, a small programming
logic to mask the pixels and the entire readout logic for all the pixels in
the supercolumn
A Moreover, a data pruning system is implemented to increase the speed of
the readout.

A The physical design of this block presented some challenges as its aspect
ratio is very unusual (1.5 cm by 40 pum).
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Chip floorplan and pixel layout
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TDC

A 7 stages ring oscillatothased TDC.
A 24 channels with 2 set of DLatches each.
A Less than 100ps binning. Latch 1 Latch 1
A The TDC features alock gating systemD 5 0 OWikno X6 Latch 0 Latch 0 X6
event occurs instead oD 26 mW, hanebuies Elanelvics
A Counters are used for the coarse component of the o ﬁ! o ﬁ! ;
measurement. iy . il
7 stages Ringoscillator — EN
| I |
buffers buffers
I I
Channel buffers Channel buffers
Latch O Latch O
X 6 Latch 1 Latch 1 X 6
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