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ABSTRACT

We investigate the influence of poly-gate depletion on
the inversion layer capacitance Cpy, total gate capacitance
Cror and threshold voltage Vr in scaled Si MOSFETs using
both semiclassical (SC) and quantum-mechanical {QM)
description of the charge density in the channel. We also
present an analytical expression for the total gate capaci-
tance Gy that uses SC charge description and takes into
account the depletion of the poly-silicon gates. Qur simula-
tions show that poly-gate depletion has larger influence on
Cior than the QM charge description. On the contrary, Fris
significantly affected by both the poly-gate depletion and
the QM effects in the channel.
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INTRODUCTION

Successful scaling of MOSFETs toward shorter
channel lengths requires thinner gate oxides and higher
doping levels in order to have high drive currents and
runimized short-channel effects (1.23. For state-of-the art
devices, it was demonstrated a long time ago that, as the
gate oxide thickness is scaled down to 10 nm and below,
the total gate capacitance is smalier than the oxide capact-
tance due to the comparable values of the oxide and the
inversior ‘ayer capacitances. As a consequence, the device
transconductance is degraded relative to the expectations of
scaling theory [3]. The inversion layer capacitance was also
identified as being the main cause of the second-order
thickness-dependence of MOSFET I-V characteristics [4].

The finite inversion laver thickmess was estimated
experimentally by Hartstein and Albert {5]. The high levels
of substrate doping needed in deep-submicromester devices

leads to a pronounced quasi-two-dimensiopal {Q2D) nature
of the carrier transport and this was found responsible for
the increased threshold voltage and decreased channel
mobility. A simple analytical model that accounts for these
effects was proposed [6,7]. Two physical origins of inver-
sion layer capacitance {due to finite density of states and
due to fmite inversion layer thickness) were demonstrated
experimentally by Takagi and Torfurni [8].

A computationally efficient three-subband model, that
predicts both the quantum-mechanical effects in the inver-
sion layer and the electron distribution within the inversion
layer, was proposed and implemented into the PISCES
simulator {9]. The influence of the tmage and exchange-
correlation effects on the inversion layer and total gate
capacitance was studied by Vasileska er @l [10]. Very
recently, it was zlso pointed out {11] that the dep! ion of
the poly-silicon gates considerably influences the inagni-
tude of Cy,;. However, nobody has yet examined the infiu-
ence of the poly-gate depletion on the threshold voltage or
on the inversion layer capacitance, two Very lmportant
issues that we focus on in this work.

NUMERICAL CALCULATION OF C,,

Detailed investigation of the total gate capacitance
Cror Tequires a choice for an accurate mode) for the mobile
charge distribution in the surface inversion region of the
device. There are two possibilities: One can use either a
quantum-mechanical or a classical description of the elect-
Ton density in the inversion layer. Using 2 QM description
of the inversion layer electron demsity, the procedure that
we follow when calculating the total gate capacitance is the
following: We first solve the non-linear 1D Poisson
equation,
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