
A Simple Model of Charge Collection in Silicon Detectors
T. Bauer, M. Friedl*, M. Krammer Institute of High Energy Physics, Austrian Academy of Sciences, Vienna, Austria

* Corresponding author, Email friedl@hephy.oeaw.ac.at

Before Inversion
n-type bulk

After Inversion
p-type bulk

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0 5 10 15 20 25 30 35 40 45 50

time [ns]

i [
nA

]

ie

ih

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0 5 10 15 20 25 30 35 40 45 50

time [ns]

i [
nA

]

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0 5 10 15 20 25 30 35 40 45 50

time [ns]

i [
nA

]

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0 5 10 15 20 25 30 35 40 45 50

time [ns]

i [
nA

]

0

1

2

3

4

5

6

7

8

9

10

0 5 10 15 20 25 30 35 40 45 50

time [ns]

i [
nA

]

0

1

2

3

4

5

6

7

8

9

10

0 5 10 15 20 25 30 35 40 45 50

time [ns]

i [
nA

]

1e, 1h

+

0

5e, 5h

+

0

500e, 500h

+

0

+

0
E

+

0
E

Detector Currents -- Electrons and Holes Contributions
D=300µm, r=4k�cm, V=79/158V
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Detector Currents -- Various Thicknesses
D=300/400/500µm, r=4k �cm, V=Vdepl
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APVx shaper output -- Various Thicknesses
D=300/400/500µm, r=4k �cm, V=Vdepl
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Carrier Velocities vs. Electric Field
�e=1350cm 2/Vs, �h=480cm2/Vs, ve,sat=1.1E7cm/s, vh,sat=9.5E6cm/s
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The charge collection and the resulting currents of electrons and holes in
silicon detectors are described well by a simple model derived from the
basics of semiconductor theory. Depending on various parameters like
resistivity, bias voltage and thickness, we calculate the currents resulting

from charge movement across the detector. In heavily irradiated silicon
detectors, the bulk converts from n- to p-type and the pn-junction moves from
the readout side to the backplane side.Nevertheless, neglecting trapping due
to radiation damage, it can be shown that the overall currents before and after

this inversion are the same although the single carrier contributions are quite
different.Furthermore the detector currents are applied to a model of the APV
amplifier with CR-RC shaping and deconvolution. The amplifier output is
shown for several parameter settings.
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CMSTracker
230m silicon detectors
300µm and 500µm thick

Studying charge collection in thick detectors under LHC conditions
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Standard 300µm silicon detector

Approximately exponential
currents at V=V
Currents become linear at
higher bias

Sensor thickness variation
(V=V ~D )
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Currents scale almost perfectly
with thickness
Longer carrier drift path is
compensated by higher electric
field
Only carrier velocity saturation
makes small difference

Fast CR-RC shaper output (APVx,
T =50ns)

Output scales perfectly with
thickness
Integrating behavior of shaper
Same robustness with
deconvolution algorithm

�

p

� Heavy irradiation converts n-type bulk to p-type
pn-junction moves from readout to backplane side
Electric field shape flips
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� Overall currents are the same although individual contributions vary
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Charged particle traverses detector
e/h pair generation along track

Charges move under the influence of an electric field

Electric field
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Full depletion: triangular field shape
Overdepletion:offset adds
Below full depletion:Zero field region

Carrier movement induces current in the circuit

Calculating carrier movements in finite steps
Concentrated “supercharge”clusters to save calculation time

Fast CR-RC shaping amplifier (APV series)
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� charge collection is inefficient
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