Current Injected Detectors (CID) for very harsh radiation
environment

Jaakko Harkonen on behalf of RD39 Collaboration
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*Short introduction on operation principle of Charge Injected Detector (CID)
*CID performance with test beams

*Future directions and applications



Charge Injected Detector (CID) —Operational Principle

The electric field is controlled by charge injection, i.e. charge
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e CMS readout and DAQ

 Operated at CERN H2 area
and FNAL

 Nominal resolution 4um, 10
reference planes, effective
area 4x4 cm?.

 Detector module can be
cooled =-53°C by Peltier
elements

e Test beam setup gradually
developed since past =10yrs
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Test Beam experiment on CID detectors 2008-2011

» Sensors investigated
e 2x10*°n q/c:m2 n*/p/p* MCz-Si

e 5x10'°n_ qlcm2 p*/n/n* MCz-Si (in 2008 3x10% n_ /cm? p*/n/n* MCz-Si)
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Current density [Ncmz]

|\ characteristics

When V., is increased, at

some point all deep levels
will be filled
>sharp current increase

With given V. e.g. 400V

the current decreases
with respect of irradiation
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5x10'°> n_ /cm?results -Collected charge vs V CID mode
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5x%10*1> neq/(:m2 results -Collected charge vs non-irrad
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5x10'° n, /cm?results -Noise
Run 2130 [Entries 9790 |

Bias -600 V | ' I 50
With our setup we record 1.4-

—50 1.6 ADC noise from non-
irradiated strip sensors with
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2x10%° neq/c:m2 results -Collected Charge CID mode
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2x101° neq/cm2 results -Noise
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Comparison of CID vs reverse bias -Collected charge
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Comparison of CID vs reverse bias -Noise
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Same detector module (CMS APV25) operated as CID and normal reverse bias. Both
measurements resulted in same collected charge. This is still feasible at 2x10%° neq/cm2

fluence, but higher because trapping Kills reverse biased detector.
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Possible applications -LHC Beam Loss Monitor

e LHC upgrade will require
BLM to be located inside of
LHe cryostat.

« BLM will receive radiation
A load comparable with S-LHC
pixel sensors

« At 1.8K radiation defects will
trap >50% of signal
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Summary

CID detectors are operational at -50°C. That's feasible with CO,

cooling
n and p-type full size CID detectors were beam tested in 20009.

2x10'° n, /em? and 5x10*°> n_ /cm? irradiated CID detectors
show = 35% charge collection efficiency.

S/N were 8 and 10.
Measurements were done at -50°C.
One needs 2x reverse bias in n on p sensor to gain same CCE

Average noise (1.6ADC) of a 5x10*° n_ /cm? irradiated CID is

about 960e- at -50°C/600V. Injected forward current is about
20uA for 4cm % 4cm sensor at this operating point.
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