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Fig. 1. Equivalent noise source representation of the
MOSFETs.
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Fig. 2. The express of the induced gate-current noise.
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# 1 40 nm MOSFET /M7 5523 Hilt (G HE2 4L
Table 1. Key parameters of small-signal equivalent
circuit in 40 nm MOSFETs.

35 X X X
(Vgs - VT (Vgs - VT (Vgs - VT
=-0.25V) =0.05V) =0.75V)
Cgs /fF 31.6 34.92 41.54
Cya/fF 29.76 30.38 32.24
Cys/fF 4.76 4.92 5.04
Cjap /fF 18.6 19 19.2
Rg /0 3.98 3.98 3.98
Rja,/Q 35.82 7.96 2.39
gds/mS 0.03768 0.314 18.84
gm/mS 0.628 15.7 110.8
Internal
i W—AW—o
S | Ra Lo
Cian

Rjan

v [E_;‘ s
o —

B3 40 nm MOSFET /M5 5% %%
Fig. 3. Small-signal equivalent circuit of 40 nm MOS-
FETs.
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Abstract

With the development of down-scaling of CMOS technology for low power, mixed-signal, and high frequency ap-
plications, the optimal high frequency performance is shown to be shifted from lower moderate inversion toward weak
inversion regimes. High-frequency noise model is a prerequisite for designing the radio frequency and millimeter-wave
circuits, and is essential for the noise analysis of nanoscale metal-oxide-semiconductor field-effect transistors (MOSFETs).
In this paper, based on the physical structure of 40 nm MOSFET and by considering the drift-diffusion equation and
charge conservation law, accurate physics-based unified high-frequency noise model is developed for induced gatecurrent
noise and its cross-correlation with drain-current noise under different bias conditions, which is used to describe the fre-
quency and bias dependence of 40 nm MOSFET from weak inversion to strong inversion regime. Especially, the effective
gate overdrive is explicitly included in unified noise model to offer excellent accuracy, continuity and smoothness, and
this makes the proposed analytical models convenient to directly reflect the relationship between the noise model and
bias condition. Besides, new analytical model is derived for the induced-gate current noise and its cross-correlation term
of weakly inverted MOSFET. These simple expressions not only serve as the asymptotic limit for the validation of the
proposed physics-based unified model, but also provide a clearer insight into and better understanding of the gate noise
behavior and their cross-correlation in the weak-inversion region. Moreover, in terms of the proposed subthreshold noise
model, the charge of weak inversion rather than the normal effective channel thickness approximation is involved. In this
way, the model accuracy can be improved. Furthermore, a detailed derivation and discussion are presented by analyzing
the physics-based noise generation mechanism of transistor including the channel thermal noise and the shot noise based
on the small-signal equivalent circuit of the 40 nm MOSFET device. Using these expressions it is possible to extract
the values of all the noise model parameters directly from measurement. The proposed model is demonstrated by using
noise data from both measurement and the noise simulation. Excellent agreement between simulated and measured noise
data shows that the proposed model can be used for predicting the noise behavior of 40 nm MOSFET under different
dimensions and operating conditions. The applicability of reported model for drain-current noise is also verified. As far
as small-signal (i.e., linear) bias-dependent operation is concerned, it is shown how most of the findings of this work can

also be used to predict the data of long channel devices in the strong-inversion regimes.

Keywords: 40 nm metal-oxide-semiconductor field-effect transistors, high-frequency noise model, bias

dependence
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