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Concept of an Enhanced Lateral Drift Sensor

* Charge carriers in sensor follow the electric field lines
* Achieve improved position resolution of charged particle sensors
e Induce lateral drift by locally engineering the electric field

e |ntroduce a lateral electric field inside the bulk
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Concept of an Enhanced Lateral Drift Sensor

* Charge guiding areas — regions of additional doping

7‘%% Rwﬂ_z
ﬁﬁ 71T 711

* Lateral electric field — repulsive/attractive areas inside the bulk
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e Modified drift path of the charge carriers
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Simulations of the ELAD Sensors SYNOPSYs

TCAD Electric Field

» Buried p*- and n*-implants create the lateral electric field in the bulk.
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Production
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* Epitaxial growth process, a thin silicon layer is grown on the wafer surface.
Process temperature ~ 1050°C.

* Combination of implantation and epitaxial growth is repeated three times.
After the last epitaxial growth —implantation for the readout electrodes.
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Production
Wafer layout

* Three types of sensors:
* Timepix3 pixel sensor (test beam)
* strip sensor (TCT & lab)
* diode (lab)

* Sensors including the epitaxial layers
but excluding the buried implants

* Sensors with 1 or 2 buried implants
layers
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Production
Test structures

e Boron
« Wafer 1 annealing 900 °C 30 min

« Wafer 2 annealing 1050 °C 30 min

Y [um]

« Wafer 3 no annealing

* Phosphorus
» Wafer 4 annealing 900 °C 30 min ST T X !
. . TCAD model Boron
« Wafer 5 annealing 1050 °C 30 min

Energy 70 keV, Dose 1 X 1012 1/cm2, Epi 15 ym 1050 °C, ~ 10 min
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Outlook

* |[n contact with the production companies

* Waiting for the prototypes
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Improvement of the position resolution

Down-sizing the pitch Charge sharina
MIP

Magnetic field Sensor tilt

Down-sizing — limited Charge sharing — not for thin sensor
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Charge sharing
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e Standard sensor design:
e charge in the left part of pitch collected by 1st strip
e charge in the right part of pitch collected by 2nd strip
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Charge sharing
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e Standard sensor design:

* charge in the left part of pitch collected by 1st strip
* charge in the right part of pitch collected by 2nd strip
* |[n an ideal case:

e charge distribution between 1st and 2nd strip is linear — best charge sharing
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Simulations of the ELAD Sensors SYNUPSYs

TCAD Transient

e The part of the charge created beneath the buried implants area changes the drift
path—charge collected by two electrodes.
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Simulations of the ELAD Sensors SYNUPSYs

TCAD Transient

 In comparison to the usual design, with the same MIP position and applied voltage,

iIn the ELAD sensor the charge is shared between two strips.
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Standard planar sensor @ U=150V p-ELAD ngi=2.8-107° cm=3 @ U=330 V
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Simulations of the ELAD Sensors

SYNOPSYS
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Qsum350
X X Qsum400

* p-ELAD: optimal voltage — 300V and 350V
* n-ELAD: optimal voltage — 250V and 300V

< Qsum200
< > Qsum250

» % Qsum300
Qsum350
X X Qsum400

e balance of the lateral and longitudinal components of the electric field
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Simulations of the ELAD Sensors

Allpix2 resolution studies

 To estimate the position resolution — AllPix2 simulations
* Allpix2 - generic simulation framework for silicon tracker and vertex detectors

I

« Simulations with MC particles

 Based on Geant4 and ROOT

 Use TCAD electric field

DESY. 17



Simulations of the ELAD Sensors ‘

Allpix2 resolution studies. Cluster size n-ELAD sensor ngi=2.8 X 1015 cm-3 U=290V
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Simulations of the ELAD Sensors ‘
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e Standard planar sensor resolution
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Simulations of the ELAD Sensors ‘
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Simulations of the ELAD Sensors

 p-type ELAD 150 pm 55 X 55 uym TimePix3
* Ngi=2.8 X 1019 cm-3,0 = 5.97 uym

* n-type ELAD 150 pm 55 X 35 uym TimePix3
e Ngi=2.8 X 1019 cm3,0 = 7.24 uym

* n-type ELAD 100 pm 55 X 35 uym TimePix3
e Ngi=2.0 X 1015 cm3,0 = 7.96 um

* n-type ELAD 50 um 55 X 55 pm TimePix3
e Ngi=2.0 X 102 cm3,0 =10.42 um
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Simulations of the ELAD Sensors ‘

Allpix2 resolution studies. Results @ Optimal voltage.

« p-type ELAD 150 um 55 X 55 ym TimePix3 ® Standard planar sensor resolution for
pitch 25 ym -7.21 ym (binary read-out)
e Ngi=2.8 X 1019 cm-3, 0 = 5.97 ym
* n-type ELAD 130 pm 55 X 35 pm TimePix3 « n-type ELAD 50 uym 25 X 25 ym CP2
* Ngi=2.8 X 1012 cm3,0 =7.24 um . nNgi=3.0 X 1015 cm3,0 = 4.9 ym
* n-type ELAD 100 pm 55 X 55 pym TimePix3
e Ngi=2.0 X 1015 cm3,0 = 7.96 um

* n-type ELAD 50 ym 55 X 35 ym TimePix3

e Ngi=2.0 X 102 cm3,0 =10.42 um
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