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Unified Compact Modeling of Emerging
Multiple-Gate MOSFETs

Xing Zhou
School of Electrical & Electronic Engineering, Nanyang Technological University,
50 Nanyang Avenue, Singapore 639798. exzhou@ ntu. edu. sg

Abstract; With four decades of continued scaling of conventional bulk and silicon-on-insulator ( SOI ) CMOS technologies, non-
classical MOSFET structures have been emerging, ranging from earlier( planar) partially-depleted ( PD) or fully-depleted( FD) ul-
tra-thin body( UTB) SOI MOSFETs, to emerging( vertical) common or independent symmetric/asymmetric double-gate ( s-DG/a-
DG)or tri-gate( TG) FinFETs either on SOI or bulk-Si, and to recent surrounding-gate( SRG) silicon-nanowires( SiNW ) such as o-
mega-gate( OG ) or gate-all-around( GAA) MOSFETSs, all implementable with compatible CMOS technologies. Structural, process,
and material parametexﬁ of these devices include gate workfunction, gate insulator thickness and dielectric constant, channel
thickness andAdoping, in addition to device geometries such as channel length and width that, depending on device structure, are
determined by lithography in planar devices or by process in vertical devices such as FinFET’ s height and width or SINW’ s di-
ameter.

In this talk,we present solution methods towards such a unified MOS compact model based on the unified regional modeling
( URM) approach. Regional/explicit solutions are available for the generic doped a-DG in accumulation, depletion , weak/volume-
inversion regions,and approximate solutions in inversion region for the two gate’ s surface potentials. The unified solutions are ob-
tained with smoothing functions ,which contain' the essential physics captured in the regional solutions that are otherwise impossi-
ble to obtain, and can be applied to terminal current/charge models with physical layer thickness and doping scalability. When the
silicon body is undoped,without‘ assuming either carrier type being at equilibrium, both carrier imrefs would be at non-equilibrium
and, hence, bipolar conduction could result, which will be dependent on the contact type. The results demonstrate a first step to-
wards unification of MOS compact models for the existing bulk/SOI and emerging MG MOSFETs with seamless transitions and se-

lectable accuracy.
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Instability of High-k Dielectric Films and lts Influence
on the Reliability of Nanoscale MOS Devices

Hei Wong
Department of Electronic Engineering, City University of Hong Kong, Tat Chee Avenue,

Kowloon, Hong Kong. Email ; heiwong@ ieee. org

Abstract: To maintain a proper control of the drain current flow in nanoscale CMOS devices, the thickness of silicon diox-
ide which has been used as the gate dielectric material for over four decades is now pushed into its technological limit of about 1
nm and theoretical limit of 0.7 nm. Further device downsizing would require even thinner gate dielectric films. This stringent re-
quirement can only be achieved by using a high-dielectric constant ( high-k ) material. High-k gate dielectric together with metal
gate electrode has been recognized as an effective technological option to boost the performance of present integrated circuit tech-
nology. However, there are still a lot of issues need to be solved in order to incorporate this new material into the existing CMOS
technology.

This talk presents a systematic overview of the properties and instability of emergent high-k gate dielectric materials. The
material properties associated with electronic structures, such as thermal stability, defects, and band structures, will be critically
reviewed. Most of the instabilities of high-k materials are associated with the ionic nature of the metal-oxygen bonding. This issue
has been resolved by using silicate, oxynitride, aluminate, or other complex forms of compounds or alloys. The physics of, and
the issues related to, these types of high-k materials will be discussed. The major origins of MOS device instabilities are due to
the material interaction between the high-k/silicon substrate, and the high-k/metal electrode interfaces. In this talk, we shall al-
so examine the interfacial bonding structure, the bonding strain and relaxation at the high-k/ silicon interface. The hand offsets
and the Fermi level pinning at thé metal electrode/high-k interface will also be addressed. Finally, the effects of the aforemen-
tioned instability issues on the MOS device operation will be discussed.
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physics, IC process modeling and characterization, MOS integrated circuit designs, solid-state sensors, and silicon
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