MPW4 depletion voltage and capacitance

* Sensor: Topside biased MPW4 HV-CMOS
* Depletion voltage of -200V

* In previous meeting it was requested that the experiments would be
done with a threshold of 1.0V and that data would be compared with
Allpix2 simulations
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Incorrect Charge

Charge histogram of pixel px30 py28

* SR-90 Source, 10000 hits 0.000200- ] | Ghape: 126211
- . . . . 0.000175 - Jfl;t?m
* Minimum ionizing particle: pvalue : 1.
. . 0.000150 +
80 e-h pairs per micron
9 22000 e_h pairs 0.000125
0.000100 -

* Assuming Capacitance of
2.8fF this would mean
~4000 electrons measured
from fit of Landau . | |
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Allpix2

* 280x62x62 um detector

* 64x64 pixelgrid

e -200V depletion and bias

* MIP electron for Y90 decay (2.1 MeV)

* Threshold of 2800e (corresponding to capacitance of 2.8fF)
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A ‘ | P IX2 Pixel charge (mydetector)
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All P IX2 Cluster size (mydetector)

x10’ cluster size
g B Entries 987092
I 400 — Mean 2.245
=) - Std Dev 1.315
e MIP electron for Y90 ° i
decay (2.1 MeV) o
 Threshold of 2800e -
(corresponding to I
capacitance of 2.8fF) *C
100_—
I S Y o o e e S
2 4 6 8 10
cluster size lox]



Clustering
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All P IX2 Clustersize (mydetecto

0’ Clster size
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clusters

* Increase in threshold reduces
clustering but not so drastically
(threshold of ~15000e needed to get

the measured results)

* Something wrong with the simulation
model
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events

Allpix comparisson

Total charge per event (mydetector)

total_charge
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Charge histogram of pixel px30 py28
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I\/I | P be haV|Ou r Incoming Beta’s

e Scintillator underneath the

Sensor, to make sure all
’ Sensor / V4

particles are MIP

Scintillator
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Comparison with Scintillator
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Capacitance
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* Threshold = 1.0V
* Assuming MIP =22.000 e-

* Mean voltage of histogram
converted to capacitance

* N=112 pixels
 Boardl: 8.2 +/- 2.0 fF
e Board2:9.7 +/- 2.4 fF
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Capacitance
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* No spatial dependency
* Measurements take a long time
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Depletion voltage — in pixel

e Threshold = 1.0V 0.008 — sov

—— 100V |
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0.007

* Changed depletion voltage and
measured TOT with scintillator
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Depletion voltage — sensor wide

* Threshold = 1.0V 025 ——
* Same measurement with hitmap — 150v

0.20 ] 200V

* Not corrected for pixel
fluctuation
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Requests

* TCAD Electric field simulation (currently linear model)




Calibration
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