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A Novel Approach of Modeling Channel Potential for Gate All Around Nanowire Transistor Md.



1 Gaffar ,



1 Alam ,



1 Mamun ,



1 Zaman ,



Md. Mushfiqul Sayed Ashraf Mohammad Asif 2 and Md. Anwarul Kabir BHUIYA 1Department of Electrical and Electronics Engineering, BUET, Dhaka-1000, Bangladesh. 2Department of Electrical and Electronic engineering, Graduate school of Information Science and Electrical Engineering, Kyushu University, Fukuoka, Japan. A compact, physical surface potential model for undoped Gate All Around (GAA) MOSFETs has been derived based on a novel analytical solution of the 3-D Poisson equation with the mobile charge term included. The new model is verified by published numerical simulator, Silvaco Device simulator Atlas with close agreement. Applying the newly developed model, the channel potential versus gate voltage characteristics for the devices having equal body diameter but different thickness pass through a single common point (termed as “crossover point”).



DEVICE SPECIFICATION GATE LENGTH 20 nm Si BODY RADIUS 20 nm SOURCE CONTACT 5 nm (Al) DRAIN CONTACT 5 nm (Al) THICKNESS OF GATE OXIDE 2 nm GATE CONTACT 5 nm (POLY Si) Insulator (SOI) height 50 nm Substrate height 250 nm SILVACO ATLAS TCAD Verification for Analytical Solutions



EARLY ADVANCEMENT ON GAA MODELING [1] H. Abd El Hamid, B. Iniguez, and J. R. Guitart, “Analytical model of the threshold voltage and sub threshold swing of undoped cylindrical gate-all aroundbased MOSFETs,” IEEE Trans. Electron Devices, vol. 54, no. 3, pp. 572–579, March 2007. [2] Q. Chen, E. M. Harrell, and J. D. Meindl, “A physical short-channel threshold voltage model for undoped symmetric double-gate MOSFETs,” IEEE Trans. Electron Devices, vol. 50, no. 7, pp. 1631– 1637, Jul. 2003. [3] Y. Taur, “Analytic solutions of charge and capacitance in symmetric and asymmetric double-gate MOSFETs,” IEEE Trans. Electron Devices, vol. 48, no. 12, pp. 2861–2869, Dec. 2001. [4] D. Jimenez et. al., “Continuous Analytic I-V model for Surrounding Gate MOSFET”, IEEE Electron Devices Let. Vol. 25. pp. 571-573, Aug. 2004.



MODEL EQUATION Poisson’s equation for cylindrical Si body,
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Ψ(r,x) is the potential of Si body. it can be written as below,



 ( r , x )   0 ( x)   N ( r , x) Where ψ0 and ψN are the potentials respectively along the channel direction, x and remnant nonlinear short channel effect.



NOVEL EQUATIONS FOR CHANNEL POTENTIAL 2
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In this paper we present a novel technique for solving 3-D nonlinear Poisson equation analytically in a cylindrical coordinate system. Using this technique new physically based classical potential distribution model for an undoped channel GAA transistor is derived. The proposed model shows excellent accuracy with a professional device simulator. In predicting the potential at any point of the body in both weak and strong inversion regions, we demonstrated that the channel potential vs. gate voltage characteristics for the devices having equal body diameter but different channel length pass through a single common crossover point. Good agreement has been observed with numerical 3-D simulations for a broad range of film thickness and drain-source voltage values, and for channel lengths down to 10 nm.
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