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INFN Pixel R&D: Main Design Features
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FBK-INFN Planar Sensors
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New thin n-in-p planar sensors have been designed by an FBK-INFN
collaboration exploiting the Direct Wafer Bonding (DWB) technology,
with different active thicknesses (100 and 130 μm) and total
thicknesses (180, 200 and 285 μm).

Active thickness

Mechanical support 
and ohmic contact

Direct bonding via 
superficial short 

range forces 

Wafers produced by IceMOS Technology

130 μm

50 μm



Test Beam Facility
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• Planar sensors bonded to the PSI46dig Read-Out Chip (PbSn
Bump Bonds @IZM) have been tested at the Fermilab Test 
Beam Facility using 120 GeV protons.

• Track reconstruction is based on a telescope composed by 8 
pixel planes. Resolution on both transverse coordinates at 
the Devices Under Test is approximately 9 μm.



In this talk…
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We’ll refer to the 
detectors using this ID

“Frame” in column “BCB mask” means that an 
insulating layer is applied both on sensor (frame 
from guard ring to cutting edge) and on ROC 
everywhere excluding bump bond area and
wire bond pads.
“Full” means that the insulating layer is applied 
on both sensor and ROC everywhere but on 
bump bond pads



Performance before irradiation:
MPV vs. Vbias
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Thickness 130 μm

Thickness 100 μm

Expected Values
Active thickness reduced by 

Boron diffusion of about 10 μm

N.B. Detection efficiency is close to 100% ( > 99.8%)



Detector thickness 100 μm/31D:
Punch Through (Before Irradiation)
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Map of the efficiency as a function of the impact point of the reconstructed tracks 
on the cell of this sensor shows losses in the region where punch through and its 

bias grid are present: detection efficiency reaches 96.8% at 150V.

Even columns Odd columns



Performance after irradiation: 
Efficiency vs. Vbias 
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Thresholds have been chosen in order to minimize the out-of-time noise of the DUT



Performance after irradiation: 
MPV vs. Vbias
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Thickness 130 μm

Thickness 100 μm

Expected Values 
Before Irradiation

Landau MPV values have been corrected to account for the band-gap reference 
voltage variation as a function of irradiation dose

Gain of the 
chip is affected 
by sensor 
leakage current
(165 μA @ 
650V)



Detector thickness 130 μm/1.2E15:
Collected charge
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Vbias = 40 V

Fluence = 0
Vbias = 500 V
Fluence = 1.2 
x 1015 neq/cm2

(protons - 800 
MeV/c) 

Difference: 
15%

Corrected MPV: 
6809 e- (*)

(*) See slide 9



Detector thickness 130 μm/1.2E15: 
Efficiency
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Efficiency: (98.60 ± 0.03)% - after irradiation

Vbias = 500 V - Fluence = 1.2 x 1015 neq/cm2 (protons - 800 MeV/c)

Even columns Odd columns



Detector thickness 130 μm/3.1E15:
Collected Charge
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Vbias = 700 V
Fluence = 3.1 x 
1015 neq/cm2

(protons - 24 
GeV/c)
Threshold: 3300 e-

Assuming 8000 e-, as measured for the 
other 130 μm sensor before 

irradiation, charge loss is 34%

Corrected MPV: 
5313 e- (*)

(*) See slide 9



Detector thickness 130 μm/3.1E15: 
Efficiency
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Efficiency: (97.33 ± 0.03)% - after irradiation

Vbias = 700 V - Fluence = 3.1 x 1015 neq/cm2 (protons - 24 GeV/c) – Threshold: 3300 e

Even columns Odd columns



Detector thickness 100 μm/3.1E15:
Collected charge
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Vbias = 40 V

Fluence = 0 
Vbias = 800 V
Fluence = 3.1 x 
1015 neq/cm2

(protons - 24 
GeV/c)
Threshold: 2200 e-

Full charge collection after irradiation!!!

Corrected MPV: 
6326 e-(*)

(*) See slide 9



Detector thickness 100 μm/3.1E15: 
Efficiency
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Efficiency: (98.82 ± 0.03)% - after irradiation

Vbias = 800 V - Fluence = 3.1 x 1015 neq/cm2 (protons - 24 GeV/c) – Threshold: 2200 e-
Sensor without punch through

Even columns Odd columns



Detector thickness 100 μm/5E15/31D:
Collected charge
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Vbias = 150 V

Fluence = 0 Vbias = 650 V
Fluence = 5 x 
1015 neq/cm2

(protons - 24 
GeV/c)
Threshold: 
2600 e-

Difference: 
13%

Corrected MPV: 
5199 e- (*)

(*) See slide 9



Detector thickness 100 μm/5E15/31D: 
Efficiency
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Efficiency: (90.32 ± 0.17)% - after irradiation

Vbias = 650 V - Fluence = 5 x 1015 neq/cm2 (protons - 24 GeV/c) – Threshold: 2600 e-

Even columns Odd columns



Detector thickness 100 μm/5E15/43A: 
Efficiency
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Efficiency: (91.85 ± 0.06)% - after irradiation

Vbias = 600 V - Fluence = 5 x 1015 neq/cm2 (protons - 24 GeV/c) – Threshold: 2450 e-

Even columns Odd columns



To Summarize…
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• Expected value of collected charge before irradiation: 6300 e- and 
8400 e- for 100 and 130 μm active thickness sensors respectively
 sensor 62D collects the same charge before and after
irradiation

• Lower efficiency for irradiation dose of 5.02E15 neq/cm2 is
determined both by losses due to the punch through bias grid and 
by the relatively high threshold



Conclusions

• Results on irradiated planar sensors produced in collaboration with 
FBK using the new DWB technology are very promising for the 
realization of thin high radiation-hard sensors

• Use of punch through structures should be questioned on the base 
of its effect on the cell efficiency, as showed in this presentation

• Irradiation of these sensors bonded to the PSI46dig ROC is limited 
to 5E15 neq/cm2 by the ROC radiation hardness

• We look forward to bonding our sensors to the new RD53 ROC in 
order to exploit it’s higher radiation hardness and lower thresholds 
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Backup 
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Charge Collection Features
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Resolution

20/02/2018 Davide Zuolo - 13th Trento Workshop 24

Selecting tracks with double hits on all the telescope planes (best resolution), we measured 
the residuals with respect to the double hits coordinate on the DUT, reconstructed from the 
measured charge division charecteristic.

Subracting the expected telescope resolution of 7.3 μm we measured a resolution of 4.3 μm 
on both transverse coordinates for this DUT 



Tilted Sensors Before Rad 
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Tilted Sensors After Rad
Efficiency Maps
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Even Columns

10°5° 20°

Odd Columns



Calibration Issues

PSI46dig was designed 
for operations with 300 
μm sensors, collecting 
approximately 22500 e-. 

New sensors reach 100 
μm thickness, hence 
lowest collected charge 
is 6000 e-. 

Lower values are 
reached once detectors 
are irradiated. 

20/02/2018 Davide Zuolo - 13th Trento Workshop 27

Now we are operating with this ROC in a heavily non linear region of the gain curve.

Determination of the collected charge is very hard!!



Comparison with other results

ATLAS results obtained at higher irradiation fluences are in 
agreement with our results in terms of efficiency.
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From T. Bisanz 
presentation at PSD11



Band-gap reference voltage variation
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Chip gain variation
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