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• Among SOI devices, surrounding-gate (SRG) MOSFETs has become one 

of the most promising device structures.

• These devices permit more aggressive channel length scaling than to their 

conventional bulk, SOI and DG MOSFETs .

• Because of their potentials in nanoscale circuits, compact models for these 

devices are needed [1].

•In this work, we present the extension of our previous compact SRG 

MOSFET model to include the hydrodynamic transport and the quantum 

mechanical effects.

• The model is validated by comparison with 3D numerical simulations 

based on advanced transport models. 

1. Introduction

Fig. 1: Structure of Cylindrical Surrounding-Gate (SRG) MOSFET template used in this work.
[1] IEEE TED, vol. 57, no.11, pp: 2925-2933, Nov 2010. [2] Sol. State Elec., vol. 55, no.1, pp: 13-

18, Jan 2011. [3] Jour. Appl., Phys., 100, 084320-12, 2006. [4] IEEE TED, vol. 46, no.8, pp:1656-

1666,Aug 1999. 

References

Conclusion
• We have extended our  previous Cylindrical SRG MOSFET model to 

include hydrodynamic transport, short-channel effects, mobility degradation 

due to scattering mechanisms, velocity overshoot and quantum effects.

• We show that if our compact model includes the hydrodynamic transport 

model it can reproduce those simulation results based on 3D advanced 

transport models. The model is valid and continuous in all regimes.

Fig. 2: Transfer characteristics of Cylindrical SRG MOSFET for low (top) and high (bottom) VDS Solid lines: 

Compact model Symbols: 3D numerical simulations.3D numerical simulation data by Synopsys (SNPS) and 

(SNPS with Ion impurities), Univ. of Bologna (IUNET-BO Quantum ballistic, IUNET-BO Semiclassical ballistic, 

IUNET-BO Acoustic phonon and Surface roughness)
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4. Results

Device parameter

LG = 6 nm

HfO2 = 2 nm

SiO2 = 0.7 nm

EOT = 1 nm

Radius, r = 2 nm

Na = 1015 cm-3

3. Simulated Approaches and Device

• An analytical expression that models the variation of surface potential 

as well as the difference of potential at the surface and at the middle of 

the silicon layer [2].

• This potential expression is used to derive an analytical compact 

model for the drain current of a cylindrical surrounding-gate MOSFETs.

• The DIBL is considered through  a threshold voltage correction in the 

model.

• An corrected oxide capacitance which takes into account the position 

of the centroid due to quantum effects is also included [1].

• Velocity overshoot is included in the model using a one-dimensional 

energy balance model i.e hydrodynamic transport model [3].

• The model takes into account the mobility degradation due to 

scattering effects [4].

• The key features of each model (identified with the acronym of the 

main developer) are presented.

• The numerical models used by the different groups differ in terms of 

scattering mechanisms, simulation approaches, etc.

• For comparisons, all simulators have been first calibrated to reproduce 

the universal curves in silicon devices.


