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In this paper, we propose a Hot Carrier Injection (HCI) gate leakage current model used for Time and
Temperature Degradation Characteristics in 90nm n-channel MOSFETs (n-MOSFETs). As far as we

investigated, existing papers and reports regarding on HCI degradation model equations are based on the

substrate current induced by the impact ionization effect. These degradation models cannot be applied for any

circuit simulations without using the substrate terminal of n-MOSFETs. Since the proposed model and

extraction method estimate the HCI current from the gate terminal, substrate terminals of n-MOSFETSs are not

necessary for simulating degradations in any circuit.
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Fig. 1 Schematics of the HCI mechanism in n-MOSFETs:

(a) channel hot carrier; (b) drain avalanche hot carrier.
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Fig. 2 Butting contacted n-MOSFET structures:
(a) the circuit symbol; (b) the cross-sectional view.

(b) Cross-sectional View
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Fig. 3 Basic concept of the gate leakage current flow.
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Fig. 4 Measurement and simulation of the gate leakage

current (Igs and Igcs) versus drain voltage under non
HCI condition. Where, Vds is varied from 50mV to
300mV (50mV step).
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Fig. 5 Measurement and simulation of the drain leakage
current versus drain voltage under non HCI condition.
Where, Vds is varied from 50mV to 300mV (50mV step).
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Fig. 6 Measurement and simulation of the total gate
leakage current versus gate voltage under HCI condition:
(a) conventional model; (b) proposed model. Where, Vds is
varied from 1.0V to 1.2V (0.1V step).
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