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1 Introduction 3  Results

During the era of HL-LHC the expected luminosity will be up to 3000-
4000 fb~* [1]. In the upgraded Outer Tracker of the CMS experiment 3.1 MOS capacitors
(radius from the beam axis 200 to 1200 mm) the expected radiation
dose will be from 10 to 750 kGy, depending on the distance from the
beam (e.g. nominal integrated dose for the CMS Outer Tracker: 77.5
kGy). The upgraded Tracker will be comprised of modules, of two

« The flatband voltage (V;, oN,,) shifts to higher absolute values with due to the increase of the effective oxide concentration

(figure 6).

» Clear evidence of positive charge induced in the oxide of the MOS capacitor after exposure to gamma photons

closely spaced radiation-hard sensors that are read out by a common « Various features of the MOS structure before and after irradiation summarized in figures 7 and 8.
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Figure 6: MOS capacitance vs gate voltage before irradiation for various total Figure 8: Oxide capaitance (top) and oxide thickness (bottom) versus total

Figure 7: Flatband voltage (top) and N, (bottom) versus total irradiation dose o
irradiation dose
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tal irradiation doses.

2.2 Irradiation procedure and protocol

e Irradiation performed with a
picker therapy ®’Co unit [3]
used as a source (figure 1):

— Radioactivity: 9.86 TBq

— Dose rate: 0.84 kGy/h at 40 ;
cm from the source

3.3 Metal-Oxide-Semiconductor Field-Effect Transistor

« Shift of the slope of the MOSFET IV curve (figure 11) and also decrease of the total transconductance of the MOSFET (figure
12).

« Threshold voltage remains almost stable while the total dose increase (FET Vth give qualitative determination of the strip
isolation properties [4, 5]). Evidence of the good quality of the p-stop and good isolation of the channels even after several
doses of radiation (top figure 13).

+ A charged equilibrium box S5 « Mobility degradation in the device channel caused by charges trapped at, or very close to, the Si/oxide interface(bottom figure

was used for absorblng 10W Figure 1: The Picker therapy °Co source unit thta was used 13) COIlSiS’[ent Wlth reference [6] .
energy electrons and photons, forirradiation

made of 2 mm thick Pb with a
0.8 mm layer of Al in the inte-

« Maximum transconductance (g,,) of the MOSFET transistor decreased by radiation-induced reduction in carrier mobility (p)

(middle figure 13).
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o After every slot of irradiation: Annealing in the climatic test

Figure 11: FET drain current vs. gate voltage before irradiation for varioustotal Figure 12: Transconductance vs gate voltage before irradiation for varioustotal Figure 13: Threshold voltage (top), maximum g;,, middle and nor-

photons; doses up to 91.56 kGy

Chamber at 80 OC fOI‘ 10 min irradiation doses. irradiation doses. malized mobility (bottom) vs total irradiation dose.
- Between irradiation slots: samples stored in freezer at -28 °C . . 1
3.4 TCAD simulations 4 Conclusion
« The TCAD suite that was used in this project is TCAD sentuarus [7]. « Silicon MOS capacitor, GCD and FET
.. . truct irradiated by Co-60
2.3 Measurement procedure . A 3D design is used for the FET (figure 14) and a 2D for the GCD (figure 16) with - & > HAGIared by 0700 Gaimimd

11 gates intertwined with 12 diodes.
« MOS capacitor: initial shift of Vg, to

higher absolute values due to increase of
NOI’

 Automatic probe station (Carl
Suss PA 150) for electrical |
characterization of microelec- |
tronic devices (figure 4).

o Simulation of TCAD FET drain current (figure 17) and GCD diode total current
(figure 15) and comparison with the experimental data are very promising”

« GCD: Increase of surface generation cur-
rent due to radiation-induced defects in
the interface

« The measurements were per-
formed by using dedicated | |
Figure 4: The probe station and supplementary equipment
ﬂute padS that aHOW auto- for electrical measurements.
mated measurements to be
performed by using a probe
card and a switching matrix.

Bias Drain [A]

« FET: Threshold voltage stable showing
: a good isolation between the channels.
e T (R Degradation of mobility and transconduc-
tance due to radiation-induced defects.

Gate Voltage [V]

. . . Figure 14: 3D TCAD simulation of FET structures Figure 15: Comparison of TCAD and experimental results for the unirradiated case
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