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Fig. 1. Parasitic effect schematic of NMOS.
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Table 1.

Structure and process parameters of NMOS with different feature size.

TAWRNmm WHEKEL/am  WHEE W/nm  EBA/om® 2808 /em® 2RSS /em®  BIEBR/em®  JEHBA/cm?

40 40 120 2 x 10%
90 80 200 2 x 10%
180 180 540 1 x 102

1.5 x 10" 2 x 10% 7.5 x 1018 7.5 x 1018
1 x 1018 2 x 10% 8.2 x 1018 8 x 1018
8 x 10'7 1 x 102 8 x 10 7 x 10
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Fig. 4. Normal characteristic calibration curve of 40 nm NMOS: (a) Transfer characteristic curve; (b) output characteristic curve.
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Fig. 5. Normal characteristic calibration curve of 90 nm NMOS: (a) Transfer characteristic curve; (b) output characteristic curve.
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Fig. 9. Variation of NMOS potential distribution over time when dose rate of transient V-ray is 2x10"Gy(Si)/s: (a) 20 ns; (b) 70 ns;

(c) 120 ns; (d) 200 ns.
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TCAD simulation analysis of vertical parasitic effect
induced by pulsed 7- ray in NMOS from 180 nm to
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Abstract

The parasitic effect inside metal oxide field effect transistor regarded as the basic structure of large scale
digital circuits, has long been considered as an important factor affecting the disturbance, upset and latchup of
integrated circuits in pulsed 7Y-ray radiation environment. To investigate the turn-on mechanism of vertical
parasitic effect in NMOSFET induced by pulsed 7Y-ray radiation, the 40 nm, 90 nm and 180 nm NMOSFET
device models are constructed by TCAD and the normal electrical characteristics are calibrated. The trend of
vertical parasitic triode current gain, the turn-on conditions of vertical parasitic triode and their influence on
working state of NMOSFET are obtained. The simulation results are shown below. 1) The disturbance of well
potential inside NMOSFET induced by pulsed 7-ray radiation is the main reason for the turn-on of vertical
parasitic triode. 2) When vertical parasitic triode is turn-on, the large secondary photocurrent will be generated
inside NMOSFET which will affect the working state of the transistor. 3) The current gain of vertical parasitic
triode in NMOSFET decreases with the technology node decreasing. The results provide a theoretical basis for

studying the transient ionizing radiation effects of electronic devices.

Keywords: transient ionizing radiation effect, parasitic effect, rise of well potential, secondary photocurrent
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