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High Voltage - Monolithic Active Pixel Sensors (HV-MAPS)

Monolithic: Readout and active volume on same chip

Characteristics:
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https://doi.org/10.1016/j.nima.2007.07.115

HV-MAPS Roadmap
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https://indico.cern.ch/event/1347758/

TelePix1 (Run2021 V2)

e Small scale (5x5 mm?) R&D sensor

e [n-pixel electronics contain amplifier

and comparator

- Following results focus on:

d =50 um, 100 um, 740 um; p = 370 Qcm
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Substrate [Qcm]

20,370, > 5000

Thickness [um]

50, 100, 300, 740

Matrix [Pixel] 29 x 124
Pixel Size [um?] 165 x 25
Sensor size [mm?] 5x5




Charge Deposition and Collection in HV-MAPS

e HV applied on top, no back bias

e Fast charge collection < O(ns) in
depleted volume via drift

e Diffusion in undepleted volume

Time [ns] Gaussian spread o [pum]

500 61.2+ 24
750 75t 3
1000 87t 3

-> How large is the contribution
from diffusion?
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https://doi.org/10.11588/heidok.00030885
https://archiv.ub.uni-heidelberg.de/volltextserver/30885/

Charge Deposition and Collection in HV-MAPS

[H. Augustin doi:10.11588/heidok.00030885, modified] 2 : 3
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https://doi.org/10.11588/heidok.00030885
https://archiv.ub.uni-heidelberg.de/volltextserver/30885/

Cluster Size Study @ DESY

e Cluster size increases with amount of undepleted substrate
e Second Pixel in the cluster shows larger delays
- Diffusion is a slower process than drift
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normalized events

Cluster size study with Strontium-90

e > 600 um of undepleted substrate = similar increase in cluster size
O diffusion ~ 00 um
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Cluster size study with Strontium-90

e > 600 um of undepleted substrate = similar increase in cluster size

O diffusion ~ 00 um avg. cluster size
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Pixel to Pixel ToT Variations

* Fe55: Monoenergetic x-ray source 5.9 keV
- creates ~1634 e-h pairs'
=> Similar pixel response expected

006k — T — S E— E— —

— Single Pixel |
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* Full sensor ToT has large FWHM
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Pixel to Pixel ToT Variations

* Fe55: Monoenergetic x-ray source 5.9 keV
- creates ~1634 e-h pairs'
=> Similar pixel response expected

Median Distribution
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Mean 51.65
Std Dev 18.74
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* Large variation in pixel median
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ToT for Fe55 source is observed
=> Variation from Chip to Chip
=> Calibration necessary
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Amplifier Behavior
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Calibration Method @

D. Dannheim et al., “Corryvreckan: a modular 4D track
reconstruction and analysis software for test beam data”

e (Calibration in Corryvreckan - two new modules developed

e Analysis on per pixel level
e Exponential calibration function

ToT [Isb]

Charge = 1634 e - exp(a(TOT — TOTFe))

e Uses gradient to achieve electron
calibration of signal :
e Allows for sensor to sensor comparison N B R R |

5.5 6 6.5 7 7.5
In(U, ) in(mV)]
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https://doi.org/10.1088/1748-0221/16/03/P03008
https://doi.org/10.1088/1748-0221/16/03/P03008

Cross-check: Injection Capacitance

e Subset of 200 Pixels

e Calculate Cfppyj = (ke
UFe
-> Design value: C, =1fF

e Experimental capacitance

matches design value very well
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Calibration of Iron-55

e Subset of 200 pixels

e (Core of the distribution has
Gaussian shape and mean
1634 electrons

Tail towards small charge
collections

=> charge sharing

19.04.2024
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Calibrated ToT Studies @ DESY

e Subset of 200 Pixels

e Clear separation of charge spectra

e Mean electron collection:

3386 e (50 um) 4420 e (100 um)

- 30 % more charge collected
e MPV shifted by 1000 e
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Strontium-90 Spectrum: -15 V Bias Voltage

e MPV of thick sensor shifted by O(2000 e)

e lLarger FWHM for thicker sensor S
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Strontium-90 Spectrum: -130 V Bias Voltage

e MPV of thick sensor shifted by O(2000 e) .
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https://archiv.ub.uni-heidelberg.de/volltextserver/30885/

ToT [Isb]

Conclusion & Outlook

Conclusion:

e C(Clustersize & delay in cluster increases with undepleted substrate
e 30% more collected charge in 100 um sensor
=> Significant contribution of diffusion to the signal is observed!
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Next Steps:
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e (Calibration for full sensor 0.4

e Allpix? simulation to compare with measurements 008

e Prepare Corryvreckan pull request for
ChargeAnalyzer & ChargeCalibration modules
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Questions?
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Berger-Seltzer Formula

—dE/dx [MeV/cm] Berger-Seltzer Formula
10
- electrons
8t _
i positrons

R P [MeV]
0.1 1 10 100 1000 10

19.04.2024 Ruben Kolb



https://www.sciencedirect.com/science/article/abs/pii/0020708X84901133

Strontium-90 Calculated Spectrum

Calculated Strontium-90 & Yttrium-90 Spectrum
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https://www.nature.com/articles/srep38182

Calibration of Iron-55 - Single Pixel
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