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Reconfigurable CMOS Sensor
• Use in either tracker or calorimetry – e.g. reduced 

cost, homogenous behaviour

• Very fine granularity required for DECAL

• Radiation hard

• Readout rate sufficiently high –ILC/CLIC/FCC-hh bunch 
crossing timing
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Summing Logic

3.5mm



CALICE Meeting   01/10/2019     Robert Bosley, Birmingham 3

Reconfigurable Depleted CMOS MAPS Sensor

40MHz readout, compatible
with ATLAS ITSDAQ

• Prototype built in TowerJazz 180nm

• Configurable as strip sensor (tracking)

pad sensor (calorimetry)

• 64×64 pixels, 55µm pitch, 18µm thick

Strip mode, record up to 3 hits/strip

Pad mode, 15 hits/strip, 240 hits/pad



• Prototype built in TowerJazz 180nm

• Configurable as strip sensor (tracking)

pad sensor (calorimetry)

• 64×64 pixels, 55µm pitch, 18µm thick

Strip mode, record up to 3 hits/strip

Pad mode, 15 hits/strip, 240 hits/pad
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Reconfigurable Depleted CMOS MAPS Sensor

40MHz readout, compatible
with ATLAS ITSDAQ



• Used defocused IR laser, 1064nm, 100kHz

• Noise band around the shaper (1.15V)

• Clear signal gaussian around strip 22

• 25ns response time

• Shaper only registers negative gradients
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Threshold Scans (Preliminary)



• Compare mean no. hits measured vs. threshold

• Less saturation in pad mode, more position information in strip mode
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Threshold Scans (Preliminary)
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Threshold Scans (Preliminary)
• Compare mean no. hits measured vs. threshold

• Less saturation in pad mode, more position information in strip mode



• Calibration proof of principle – can reconstruct illuminated area from 
number of hits
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Aperture Tests



• Using Cu, Mo, I as target material
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High Rate Tests
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DECAL response under X-ray fluorescence 

X-ray tube off X-ray tube on, Cu XRF



• Using Cu, Mo, I as target material
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X-ray Tests

Mo spec (2.3)

Cu (8.05)

Mo (17.48)

Iod (28.61)

Threshold voltage more dependent on 
photon flux than deposited energy.
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• CMOS MAPS sensor, reconfigurable into binary strip, strip or pad mode.

• Early threshold scans show clear signal, pad mode reduces saturation, strip 
mode gives more positional information

• Aperture Tests show can reconstruct illuminated area from number of hits 
in strip or pad mode

• High-rate XRF tests show clear response to high rate of photons

• In future: 
➢More detailed sensor characterisations using ‘static configuration’ – using 

trim bits to account for pixel-to-pixel differences, with Fe-55 source or similar 
high-rate XRF sources

➢Design improvement on current CMOS sensor

➢Implement in more rad hard process

➢Conceptual design of wafer scale array
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Conclusions



Backup
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The energy spectra of Cu and Mo

Cu Mo
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The energy spectrum of Iodine

I



Aperture Test

• 3mm gap between aperture and sensor

• Laser λ=1064nm, Eγ~1.2eV, f=100kHz

• Phonon-assisted e-hole production
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Aperture Tests (Preliminary)
• 1mm thick Al plate, holes from 

400µm to 1100µm

• Use this as effective control of 
illuminated area

Al Plate

Laser 
beam

3mm

Support PCB

Silicon Sensor



• 1mm thick Al plate, holes from 
400µm to 1100µm

• Use this as effective control of 
illuminated area
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Aperture Tests (Preliminary)

Support PCB

Silicon Sensor

Al Plate

Laser 
beam

3mm



Digital Pixel
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Pictures of DECAL aperture test
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DESY TB March 2010: Shower Multiplicity 
in TPAC Stack

Demonstrated the DECAL concept



CERN TB September 2010: Shower 
Multiplicity in EUTelescope

DECAL concept holds to higher energies


