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1 Introduction
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This document presents the specifications of the 3D sensors, which, given their excellent radiation
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hardness and low power dissipation, are being considered for the innermost layers (L0 and L1) of the ITk
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In the presence of a magnetic field B, carriers are deflected by the Lorentz angle qL with
respect to the direction of E: qL is given by rµ(E)B (r is the Hall scattering factor; µ(E) is the
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Planar sensor

Because of the carrier motion a charge is induced to the n+ electrode according to the
2.1 Substrate
material
Ramo’s theorem [3]. This charge is used to reveal the MIP particle and to estimate its energy
The 3Dloss.
sensors will be produced on either 6” (150 mm) or 4” (100 mm) diameter wafers. The active part
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The maximum total thickness of the sensors will be 250 μm, while the active
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thickness will be 150 μm. However, after detector performance optimization, the active thickness could
be increased to 200 μm. The total thickness could also be reduced by 50 μm (regardless of the active
thickness).
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1 presents a schematic cross section of a 3D sensor.
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charge induced also in the neighboring pixels

Active thickness

Differently from planar sensor, in 3D devices n+
and p+ electrodes correspond to vertical columns.
n+ p+
Because of the reduced distance between n+ and
p+ columns charge collection times are strongly
reduced; this feature makes these detectors
tolerant to radiation and particularly suited for the
innermost pixel layer of the ATLAS detector (in the
Charge Collection and Ramo Potential
HL-LHC upgrade fluence is expected to reach
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The charge induced by carriers moving in the electric Figure 1. Schematic representation of a 3D sensor (left). The read out columns (n+) are indicated in red.
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• in IBL 3D sensors, qL is negligible due to the particular E and B configuration.
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The ATLAS inner detector [1,2] is dedicated to the
reconstruction of tracks from charge particles created
at the point of interaction. It consists of three
subdetectors; the closest to the beam pipe is a 92
Mpixel detector composed by 4 cylindrical layers and
two end caps.
The most internal barrel layer is the IBL (lnsertable B
Layer). Its proximity to the interaction point makes it
particularly affected by radiation damages. The three
outer layers and the IBL are mainly made of planar
pixel
sensors
and of 3D pixel sensors.
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3D Pixel Digitizer: schematic structure
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To save computing time,
charges created by a MIP are
divided into chunks (each
one made of several
fundamental charges).

traps

n+

p+

chunks drift and trapping

Charge collection times
retrieved from lookup tables
are compared to random
time-to-trap to determine if
chunk is trapped or not
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Carrier diffusion is modeled
by spreading chunks through
random one-step jumps in x,y
drawn from a Gaussian
distribution.

n+

Charge induced from each chunk is finally
calculated by means of the Ramo potential
changes. Finally, all charge chunks
contributions are added (with an
“unsmearing” procedure) and converted into
Time-over-Threshold (ToT).

p+

diffusion steps
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soon it will be integrated in the ATLAS simulation framework (ATHENA).
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In alternative to unsmearing I proposed a di↵erent chunk approach based on the direct Monte
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Conclusions
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• The digitizer allows for an accurate evaluation of the induced charge in pixels; charge
sharing effects are also included in the calculations.
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This approach allows a consistent simplification in
the digitizer structure and in a relevant reduction
in the simulation times.
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• Fluctuations caused by charge chunks are accurately treated.
• Efforts to decrease the simulation time consumption have also been considered.
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