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Radiation hardness studies of epitaxial diodes
for the PANDA Micro-Vertex-Detector

Tommaso Quagli', Kai-Thomas Brinkmann', Daniela Calvo?, Robert Schnell’

"1I. Physikalisches Institut, Justus-Liebig-Universitat GieBen; 2INFN, Sezione di Torino

5 Thinned
Developed at INFN, Torino sl B e
Sandwich of SeNsor, front-end Chlp Epitaxial silicon layer

: ® & &®
and mechanical support Bt ennG
(carbon fiber and carbon foam) 130mmCMOS T Resdout ghip _
with embedded cooling system e Glue
Sensor: epitaxial 100 um silicon —

: : Carbon fiber .
layer on a thinned Czochralski Cooling system
(Cz) substrate
Pixel size 100x100 pm?
-ront-end connected via

oump bonding

Power cable ~ Datacable  Controller chip 0805 bias filter

capacitor

0603 supply filter
capacitors

ToPix readout chips

Multilayer bus structure Pixel sensor wafer for the PANDA MVD

Prototype Diodes and Measurement Setup

Wafers substrate and epitaxial layer manufactured at ITME, Warsaw
Diodes production and oxygenation process performed at FBK, Trento

Oxygenation process Diode General Properties

(wafers 2 and 4): Substrate Thickness 525+ 25 um

- 12 hoursin 02 at 1150°C Wafer diameter 100 £ 0.5 mm

- ~53 hoursin N,at 1150°C  Substrate resistivity 0.008 +0.02 Q-cm
Orientation <100>
Conductivity type/dopant (substrate) n+/Sb

Conductivity type/dopant (epitaxial layer)  n/P

Diode size 3 x5 mm?

Epitaxial Layer Properties

Wafers 2 and 14 Wafers 4 and 15
Thickness 99.34 +-100.38 um 149.70 +~ 151.27 um
Resistivity 3610 Q-cm 3945 Q-cm

-V and C-V curves of the diodes are measured with a PC-controlled
_CR meter and a voltage source
Diodes are connected with a probe station through a biasing box
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silicon microstrips

Irradiation Setup

- Irradiation of the diodes with a 14 MeV proton beam at the Bonn
Isochronous Cyclotron, HISKP
 Also used for studies of PANDA strips: see H.-G. Zaunick, HK 34.2
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Schematic of the irradiation setup at the cyclotron at HISKP in Bonn
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Expe"mental Res UItS Pre-irradiation results

- Diode parameters measured: Wafer Type Vaep [V] C [pF]
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|-V curves of the same diode before

and after the irradiation. A partial Determination of the full depletion voltage

recovery can be observed after a from the C-V curve of an irradiated diode
thermal annealing phase

- C-VandI-V curves are used to determine the full depletion voltage
and the leakage current, respectively
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Annealing behavior of the full depletion voltage and of the leakage current.
Filled and empty markers represent low and high fluences, respectively
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