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Solid-State Detectors
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Position-Sensitivity: The key is the segmentation of the silicon wafer*,

Signal collected by a single strip or pixel, resolution o
p
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Interpolating the position on the basis of the signal
measured on two neighbouring strip or pixel:

P

oo ———

SN

* Pitch p refer to the separation between adjacent read-out strips or refers to the the pixel size



What is the ultimarte posifion
resolution that can be obtained with
solid-state devices that rely on
charge sharing beftween
neighbouring cellse




The Study:

FET gate amplifier Study made using:
+ Clear gate Monte Carlo Simulations.
P+ source

Measurements in beams of
partficles at CERN and DESY.

Data used were from the
DEPFET active pixel detector:
Excellent S/N ration — well
over 100.
Small pixel size — down to
20x20 u m=2.

But the conclusions apply
quite generally to position
sensitive devices based on
silicon




Straggling Functions

H. Bichel Model
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The probability of energy deposition by charged particles in thin layers
of silicon is described by straggling functions ( landau disfributions).

The distributions show a pronounced tail with large energy deposition.
This becomes more prominent as the thickness of the sensor decreases.



0 - electrons

—— pixel size = 20 um

Charge particles traversing
material ionize atoms along the
trajectory.

Occasionally the momentum
transferred to the electron is
large enough that a secondary
track is formed.

Center of Gravity of the signal is
a poor estimation of the position
of the primary pion.



0 - electrons

Probability that 120 GeV pion
emits a ¢ - electron when

traversing a 450 u m of silicon
sensor versus electron range.

Low probability of long range
electrons: 5.4% probability of
secondary track with at least
100 £ m.

But shorter range 6 - electron
are exceedingly common.
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Perpendicular incidence
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o _L =
; o (V!

o
o
o1

® DEPFET TB 2009
[ + smearing

—— GEANT4 + digitizer
------- no d-electrons
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Impact of § - electron in the
spatial resolution.

Black solid point — spatial
resolution on a DEPFET device,
the grey band is obtained by
smearing the signal.

The & - electron play an
important role in the region
with large S/N ratio.



Incidence under an angle: signal fluctuations.

-80'25 ! ! ! ] Non perpendicular incidence —
S I i signal fluctuation must be
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§ - ’ On average the signal

20.15 - deposited is proportional to the
<) path, but in each segment

fluctuates strongly.
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ldeal detector improves with
thee inverse of the S/N ratio.
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The realistic model reaches
an asymptotic value — 9%

(50 4 m thick).
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Incidence under an angle: signal fluctuations.

Empirical demonstration of the
signal fluctuation.

Curve — 50 um thick DEPFET
device + smearing.

Further measurements — devices
with 450 and 300 u m thick
multiplied by a factor 1.5,
obtained from the simulation.
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Test beam results

gh 1.5 x DEPFET, d = 450 um, NIM A 638__

* 1.5 x TimePix, d = 300 um, NIM A661 :

DEPFET 50 um, + smearing
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Summary and Discussion

We find several limitations inherit in the physical process that is
responsible for the ultimate resolution that can be obtained with this
scheme.

Using combinations of Monte Carlo simulations and test beam data:

We establish that energetic electrons forming secondary tracks
knows as 0 - electrons limit the resolution to the level of
approximately 1 um.

For particles that fraverse the silicon under an angle, fluctuations of
the signal have an impact on the spatial resolution that becomes
more important as devices get thinner.



Thanks for you attention.



DEPFET Test Beam, Sensor Resolution
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Binary limit

3.- La distribucion uniforme.

La distribucion uniforme describe una variable aleatoria para la cual, la densidad de probabilidad es
constante
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