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Outline

• Assembly of 3D prototype modules

• Description of the beta source test set-up

• Calibration and first tests with the set-up

• Summary and Outlook
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New sensors in Freiburg

• Czochralski p-in-n sensors from Jaakko Härkönen, Helsinki, see talk of 
Thies Erich

• 3D-stc n-in-p ministrip device from ITC-irst, Trento
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IV measurments

• IV-Kurven show breakthrough at VBias ~ 150V functional sensor
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CV measurments

• sensor not fully depleted
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IV measurments



26.06.2006 Susanne Kühn, University of Freiburg: The Beta Source Setup 7

CV measurments
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Assembly of 3D modules
• 3D-stc sensors size: 3mm x 7mm , thickness: 500µm, strip pitch: 80/100 µm

• Fan-ins from middle SCT modules (pitch = 92µm) and SCT hybrids

• re-use of old spines and milled edges in TPG material

SCT hybrid 3D-sensor TPG for cooling
Fan-in

Old Si for 
stabilization
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Assembly of 3D modules
• 3D-stc sensors size: 3mm x 7mm , thickness: 500µm, strip pitch: 80/100 µm

• Fan-ins from middle SCT modules (pitch = 92µm)

• re-use of old spines and milled edges in TPG material

SCT hybrid 3D-sensor TPG for cooling
Fan-in

Old Si for 
stabilization

2 cm

Sensor: 
AC_80_100_10
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The Beta source set-up
• Sr90 source,                                             
Sr90 Y90νee- with Ekin,max,e- = 0.546MeV, 
Y90 Zr90 νee- with Ekin,max,e- = 2.283MeV,         
2 sources with 110kBq and 2MBq              

• trigger logic: coincidence of  2 plastic
scintillators connected to Hamamatsu
PMT and clock give trigger input

• sensor readout with SCT DAQ test 
electronics
Advantages:

• measure charge collection efficiency of MIPs. Only electrons with γ ~ 4-5    
(~ 2MeV) give trigger signal. dE/dx in scintillator 1 ~ 0.76MeV

• measure signal/noise

• modules tested with real ATLAS hybrids and electronics

• spatial width only ~ 4mm
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Pictures of the set-up

Set-up in a freezer

Readout

chiller

• set-up stands in a nitrogen flushed freezer (T = -18°C) and hybrid is
cooled with a chiller (T = -25°C)
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Pictures of the set-up

perspex box in 
a freezer, 
nitrogen flushed

cooling tubes 
from chiller

Gloves for 
handling
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Pictures of the set-up

source 
mounting

x-y-z- stage

PMTsPlastic 
scintillators

Si sensor

25
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NIM 
logic

SCT 
HW

HVLV
Cloac

Slog
Mustard

coincidence discriminator

Pictures of the set-up
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Calibration of the set-up
• plateau curves for the scintillators

small scinti. 4x4x4mm3, big scinti. 45x45x4mm3

0.75±0.02305.3±0.518.0±0.1Strong source (2MBq) 
+ SCT module

0.0042±0.00070.523±0.0080.029±0.002Noise

coincidences in Hzbig Sz in Hzsmall Sz in Hz

4mm

4mm

45mm

45mm
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Calibration of the set-up
Calibration with a SCT-prequalification module

• Thybrid = -6°C, humidity < 7%

• locate signal in correct time bin: to maximize signal (thanks to Pavel 
Reznicek)
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Calibration of the set-up
Calibration with a SCT-prequalification module

• noise occupancy without source

noise in all chips 900 - 1000e-
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First tests with the set-up
Noise occupancy scans of a SCT-module with external trigger, Ubias=150V

no random coincidences
above noise

source gives a ~ 65 channels
broad signal, defined by the area of 
small scintillator

measurement with 230ns offset
(BCO 110)

measurement with optimal delay
(BCO 119)
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First tests with the set-up
Data analysis

• sum up the signal of 65 channels integrated Landau convoluted with a 
Gaussian

• optimal delay (BCO 119 )                        out-of-time (delay BCO 110)
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First tests with the set-up
• fit with an error function 50% point/median

• gain from response curve median in fC
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Summary and Outlook
• fully functional beta source set-up designed and built up,

• set-up performance is good, low noise, signal from mips is
measured

To do:

• fit with integrated Landau

• measure irradiated SCT sensors

• tests of prototype modules CZ, 3D

• irradiation of prototype modules

• Thanks to colleagues from IPNP Prague, MPI Munich, 
Helsinki Institut of Physics and IRST, Trento



26.06.2006 Susanne Kühn, University of Freiburg: The Beta Source Setup 22

CV+IV measurments
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CV+IV measurments
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SCT hybrid 3D-sensor TPG for cooling
Fan-in

Old Si for 
stabilization
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Pictures of the set-up

perspex box in 
a freezer, 
nitrogen flushed

source 
mounting

x-y-z- stage

PMTscintillators

Si sensor

cooling tubes 
from chiller

Gloves for 
handling
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Noise occupancy without source
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Binary readout

From Simon Eckert
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Beta source
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Noise occupancy BCO 118



26.06.2006 Susanne Kühn, University of Freiburg: The Beta Source Setup 35

Noise occupancy BCO 119
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Noise occupancy BCO 120
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Development of rebondable fan-ins
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Development of rebondable fan-ins
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Motivation

• LHC Upgrade

LHC:                                              ,    SLHC:  

• Problem for semiconductor detectors: 

irradiation defects: recombination /generation centers

• Increase of leakage current, 

• Generation of charged centres changes effective doping
concentration type inversion: n-type material becomes p-type

• Increase of depletion voltage

• Centres act as trapping centres affecting the cce
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Assembly of CZ modules
• CZ data: pitch = 50µm, size = 55x65mm2, thickness = 380µm

• CZ with breakthrough at Vbias=140V (we have one more with
Vbias≈VFD=400V)

• Fan-ins from middle SCT modules (pitch =92µm) and SCT hybrids used

• Extension of old SCT Spine for cooling, because Iirrad,leak ~ mA 

readout with SCT electronics and comparison with SCT modules
possible
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Irradiation of SCT modules in Karlsruhe

• irradiation of one CiS SCT-module and one Hamamatsu SCT-
module in Karlsruhe (thanks to Alex Furgeri)

• 3 fluences: 0.86x1014 Neq, 1.02x1014 Neq, 2.8x1014 Neq on each
sensor

• modules will be tested with the beta-source set-up and with the laser
tester (done by Thies Ehrich) 

comparison of different fluences on one sensor

comparison with 2 set-ups


