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& = L Figure 8 : Spatial homogeneity scans performed at a bias of 300 V with front
illumination of IR-laser showing a scanned area of a) 500 x 600 pm? for
0.5 0.5} 10*¢ protons/cm? and b) 620 x 650 ym? for 10*° protons/cm? irradiated AC-coupled
pixel sensors with combination of HFO2 and Al203 used as the dielectric layer.
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Figure 1 : Inter-pixel isolation strategies: a) p-stop, b) p-spray, ¢) negative 1022 — tive region 105f the sensor 1; reduced by a factor of 2.25 (approx.
oxide with high k-value. | | il $-A1,0, il ‘ 55%) at 10*° protons/cm~.
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Figure 5 : Evolution of effective a) fixed charges and b) mobile charges in
proton irradiated MOS capacitors with different insulating layers.
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Figure 2 : TCAD simulation result showing interpixel/strip isolation due * Hysteresis of CV curves 1n Figure 4, aids in analysmg the g g
to p-stop/p-spray [top] and in case of a use of a negative oxide as concentration of mobile charges (Ny,) which is a factor of ~ g | % 10
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e Challenge: clectron accumulation near the interface of SiO9 Figure 9 : The electric field depth-profile of pixel sensors with Al203+HfOz2 field
.. . . . . insulation for various bias voltages: (top left to bottom right) non-irradiated; after
(positive oxide charge) mSUIatn:Lg layer and p-bulk, leading to fluence of 1014 p/cmz; after fluence of 3 x10* p/cm?; after fluence of 10*° p/cm?.
short circuit channel between n™ implants. , , , , ,
P e Electric field is numerically determined from the drift veloc-
e Mitigation: traditional ways include p-stop and p-spray that Comparison of MOSFET Sensitivity ity profiles using the prompt method in edge-TCT (e-TCT)
requires additional implantation and high temperature process measurements, shown in Figure 9a.
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Figure 6 : a) Variation of drain-source current with gate voltage for proton irradiated c
MOSFETs, measured with a constant drain-to-source voltage of 1 V. b) Change in the shift and o
Samples MeaSlll’ed c) variation in the sensitivity with fluence for proton irradiated MOSFETs with different oxides. g 6
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e Starting material: p-type MCz 6” Si, resistivity : 6-8 k{)cm, * AVyp, is positive for n-channel MOS transistors due to X I :
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thickness: 320 um. Fabricated at Micronova Nanofabrication negative charge accumulation at the interface, forming the c 2}
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Figure 10 : Inter-pixel resistance for gamma irradiated AC-pixel sensors.

2) Pad structure: PIN diodes

3) AC coupled devices —> design of PSI46dig sensor a e The inter-pixel resistance measured between the pixels de-
(52 x 80 pixel matrix), 150x100 um pitch AVip = a+ 1+ bDC (D) creases by a factor of ~ 5.4 on gamma irradiation up to doses
. o . . of 1 MGy, as shown 1n Figure 10.
e Comparison based on the characterisation of devices with : 1)
Al50s, 2) AlsO3 + HfO,. HfOs 2.7 times higher-k value where, D is the proton fluence and (a, b, ¢) are three curve-fit
than AlyO5 parameters. Conclusion
e The samples were irradiated with 10 MeV protons at the Ac- e Sensitivity, defined as the ratio of AVy, and fluence, as e Negative oxide charge during irradiation is an essential pre-
celerator Laboratory in University of Helsinki, Finland and shown 1n Figure 6c, indicate samples with HfOy have requisite of radiation hardness resiliency of n™/p~/p* (n on p)
gamma rays (Co-60 source) at RBI in Zagreb, Croatia. hlgll%er sen81t1V1t)£ to 1rradiation, specifically at fluences above detectors widely intended to be used in future high-luminosity
\DAPET s TR e == 10°< protons/cm. experiments.
no implant
 MOS devices with HfOy + AloO4 posses higher sensitivity to
irradiation, when irradiated to high fluences, in comparison
. with AloO3 alone as the oxide layer.
@ AC-coupled pixel sensors Nt Y N
e Studies based on e-TCT measurements show promising elec-
Gate IV/CV measurements tric field profiles. However, dpuble-junction effect. as a con-
& i sequence of deep-level traps 1n the band-gap of silicon was
identified in proton irradiated samples.
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