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Total ionizing dose effect on NMOS transistors with radiation-hard in STI
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Abstract: Total Tonizing Dose(TID) radiation-hard technology in Shallow Trench Isolation(STI) is
developed based on 0.18 um CMOS process, which raises the threshold of P-type silicon at the STI/
substrate interface by ion implantation technology, and therefore enhances the radiation hardening ability
of NMOS transistors. There is no threshold shift of the NMOS transistors after irradiating at 500 krad(Si).
The leakage current keeps at the order of magnitude of 107, It has better radiation hardening
characteristic compared with the NMOS transistors without radiation-hard. Through the study of TID
radiation-hard technology in STI, the radiation hardening ability of circuit can be enhanced. At the same
time, this technology will avoid the problem that the area of chip will increase due to the radiation-hard
design.
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Fig.2 Leakage currents path in STI
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Fig.3 Leakage currents path in the common inverter Fig.4 Design of radiation hard inverter
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Fig.6 I-U characteristics curves for NMOS transistor irradiated at 500 krad(Si)
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Tablel Device parameter changing after irradiating at 500 krad(Si)

10 pum/10 pm 10 um/0.35 um 0.22 pm/10 um 0.22 pm/0.35 pm
pre- post- pre- post- pre- post- pre- post-
irradiation irradiation irradiation irradiation irradiation irradiation irradiation irradiation
off-state current Jon/A 4.40x107"? 4.82x107"? 2.74x107"? 5.42x10™"2 1.59x10°" 1.45x107" 3.85x10™"2 4.26x10"
saturation current Iy ., /(WA/pm) 3.48x10* 3.44x10* 5.55%10° 5.53x10° 5.45x10° 5.68x10° 1.21x107 1.27x107
threshold voltage Uy/V 0.77 0.77 0.85 0.85 0.83 0.79 0.78 0.72
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Fig.8 I-U characteristics of NMOS transistors with different dimensions vs. total dose
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Table2 Correlation table of normal parameters

standard process radiation-hard process
NMOS W/L 10.00/0.18 0.22/0.18  0.24/0.18  0.28/0.18  0.50/0.18  1.00/0.18  10.00/0.18
threshold voltage Uy/V 0.42 0.45 0.44 0.43 0.44 0.45 0.45
saturation current /g /(LA/pm) 600 644 653 648 618 609 614
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Fig.10 Leakage current of field-MOS changing with total dose
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