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Prediction of the Output Characteristic of a MOSFET Switching Circuit with
Broadband Noise Excitation
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Abstract

This study aimed to predict the input and output characteristics of MOSFET switching circuits exposed to complex electromagnetic
environments through circuit simulations. CW, AM, and PM signals compliant with the radiated immunity standards IEC 61000-4-3
and ISO 11452-1 were used as external noise sources, and a 20 MHz bandwidth OFDM signal was used as a broadband noise source.
Dambrine’s extraction method was applied to extract the intrinsic and extrinsic components of the device, which were incorporated into
the simulation model, resulting in improved prediction accuracy. The noise signals were applied using the DPI method, and the effects
of each signal source on the circuit were compared. The results showed that AM and OFDM excitations are more likely to induce
malfunctions than CW or PM excitations. Furthermore, the proposed simulations accurately predicted these outcomes.
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Table 1. The extracted parasitic resistance and parasitic ind
uctance values.

Parameters Extracted values
R, 0801 £
Parasitic resistance R, 1.0455 2
R, 15715 ©
L, 6.0781 nH
Parasitic inductance| L 2.1016 nH
L, 10.156 nH
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Table 2. The extracted C,,, C,; and Gy, .

Parameters Extracted values (pF)
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al
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Fig. 9. [Yy,l, 1 Y},l and |Yy,| at ¥V, =0 and V,;,=5 V.
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Table 3. The extracted C,, C,y, and C,.
Parameters
I, I Bias Extracted values
% i 0 Via Cys (F) Cua ®OF) | G4 (PF)
0 937.1 2211 169.9
4 Yt Voo 12 v, 1 939.4 150.9 106.1
2 936.1 130.5 84.8
o 5 3 932.7 117.8 73.1
28 8. DUTZL 2 ZEY d, Y sl 4 9297 1085 04
Fig. 8. Y-parameters for a two-port DUT. 5 927.1 101.8 583
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Table 4. Measurement instruments and settings.

Instrument Parameter Setting
Drain voltage 5V
DC supply
Gate voltage 13V
Signal Pulse wave
Frequency 1 MHz
) Duty cycle 50 %
Function generator - -
Rise / fall time 20 ns
Vp-p 3V
DC offset ov
) Signal Continuous wave
Vector signal Frequency 10 Mz
generator
Power 0 dBm
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Fig. 14. Output waveforms of the switching circuit under noise excitation.
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