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Abstract—Analytical circuit design, optimization, characteriza-
tion and development of design methodology for digital circuits
using nanoscale CMOS devices require compact equations. Such
equations need to include first order short channel phenomena
relevant to the nanoscale technology nodes being used. The
present paper demonstrates that α-power model can be updated
to include velocity overshoot necessary to characterize devices
at ultradeep submicron technology nodes. Further, the three α-
power model parameters (velocity saturation index α, transcon-
ductance parameter K1 and threshold voltage Vth) expressing
MOSFET drain current has been expressed in terms of predic-
tive technology model (PTM) parameters. Representative basic
CMOS cells belonging both to inverter and transmission gate
categories have been analytically characterized using the updated
α-power model upto ultradeep submicron technology node with
BSIM verification. It has been shown that consideration of
velocity overshoot is important for accurate prediction below
40nm.
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I. INTRODUCTION

THe minimum feature size for bulk MOS devices pro-
gressively decreases with addition of various short chan-

nel phenomena, development of analytical and robust design
methodology, optimization of performance of core digital
building blocks, prediction and evaluation of performance
related to mismatch and temperature variation becomes a
challenging task [1] [2], [3], [4]. Final stage of feature
sizing in digital CMOS building blocks is carried out by
SPICE simulator which uses numerical methods to solve
device model equations which are complex. SPICE simulation
mentioned above is usually preceded by a pre-SPICE design
phase which needs to be analytical. α-power model provides
very compact equations suitable for analytical design and
pre-SPICE analysis. The original model of Sakurai [5], is
empirical whereas the physical model of Bowman [6] and
Hyunsik Im [7] include first order short channel phenomenon
except velocity overshoot restricting its utility in ultradeep
submicron technology nodes. The present work develops a
physical model for high performance logic circuits in the

α-power form that includes velocity overshoot. For high
performance circuits where the device is operating in strong
inversion, the basic form of α-power equation is retained
[5]. The three defining parameters of α-power model namely
velocity saturation index α, transconductance parameter K1
and threshold voltage Vth are obtained in terms of physical
parameters of device. Another feature in our approach of
upgrading the α-power model is to relate its three important
parameters i.e. α, K1 and Vth with PTM parameters [8].
Use of PTM parameters enables early evaluation of emerging
technology using SPICE. PTM considers the first order short
channel phenomena that are important for deep sub-micron
technology nodes. Our approach enables α-power model to in-
clude parameters corresponding to phenomenon characterising
velocity overshoot. It is demonstrated that velocity overshoot
plays an important part influencing the performances of digital
circuit below 40nm. Representative basic CMOS cells belong-
ing both to inverter and transmission gate categories have
been analytically characterized using the updated α-power
model upto ultradeep submicron technology node with BSIM
verification for high performance logic circuits. Therefore the
α-power model used by us for bulk CMOS device and circuit
characterisation is both scalable and predictive in the sense
PTM is.
Physical α power model as described in this paper is for
high performance circuits and is not feasible for devices
operating in moderate inversion. It is because in moderate
inversion region, the transport mechanism consists of both drift
and diffusion of carriers. Therefore, we can use interpolation
method on the line suggested by EKV to obtain the drain
current for the transistor operating in moderate inversion [9].
Using interpolation method, even for moderate inversion, drain
current equation can be expressed in terms of α-power form.
It may be mentioned that in low power design, it is com-
mon practice to use the value of alpha, parameter reflecting
saturation velocity index as two which is arbitrary and will
be valid for long channel devices. In the present work it is
shown that appropriate value of α can be obtained for short
channel devices operating in moderate inversion region. It is
also shown that our proposed model using EKV approach is
computationally more efficient than LambertW based model
proposed in literature for characterization of digital CMOS



https://isiarticles.com/article/140531

