gate contact poly-Si plate gate Rg Rg R_g

C=f(V_{g1})

Vg1 segments

R_{ch} R_{ch} R_{ch} i=f(V_{g1}) S/D source

drain

R_{ch}

R_g

Si

Jg/2

Jg/2

Jg Y_{in}

Fig. 4. An equivalent RC circuit for MOS capacitor for gate oxide thicknesses thinner than 2.0 nm .

Fig. 2. Experimental MOS C-V for tox=1.3, 1.5, and 1.8 nm, respectively.

Fig. 3. Measured and simulated gate tunneling current using 1D Green’s function solver for tox = 1.3, 1.5, and 1.8 nm.

Fig. 1. Simulated by using hybrid QM correction model and experimental C-V for NMOS capacitor with t_{ox}= 2.1 nm.

Fig. 5. Results of AC network analysis for the equivalent circuit in Fig. 4, Symbols represent measured C-V, and lines are simulated C-V obtained by taking the imaginary components of input admittance (Yin).

SiO2 log(Ig)

Vg

Vg

Cg

gate

source drain

S Vd > 0

P-si

n+ n+

Igs Igd

Ig

Fig. 6. Modeling of gate tunneling current considering drain bias effects, (a) equivalent circuit for MOSFET (b) Ig (=Igs+Igd) on MOSFET cross-section

(a)

(b)

Fig. 7. Drain bias and gate channel length dependence of gate tunneling current of tox=1.5nm, (a) Ig vs. Vds for Lg=0.5 and 1.0 μm when Vg=1.5V, (b) dependence of Ig vs. Lg, modeling of this work and experiments of ref [5] when Vd=Vg=1.5V.

(a) top view of NMOS capacitor with source/drain grounded (area = 100 x100μm)

(b) Distributed RC network with the non-linear capacitors and current sources to consider the gate tunneling current

(a)

(b)