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Compact Modeling for Nanosheet FET Based on
TCAD-Machine Learning

Junhyeok Song*, Wonbok Lee” and Jonghwan Lee”

" Department of System Semiconductor Engineering, Sangmyung University

ABSTRACT

The continuous shrinking of transistors in integrated circuits leads to difficulties in improving performance,
resulting in the emerging transistors such as nanosheet field-effect transistors. In this paper, we propose a TCAD-
machine learning framework of nanosheet FETs to model the current-voltage characteristics. Sentaurus TCAD
simulations of nanosheet FETs are performed to obtain a large amount of device data. A machine learning model of I-
V characteristics is trained using the multi-layer perceptron from these TCAD data. The weights and biases obtained
from multi-layer perceptron are implemented in a PSPICE netlist to verify the accuracy of I-V and the DC transfer
characteristics of a CMOS inverter. It is found that the proposed machine learning model is applicable to the
prediction of nanosheet field-effect transistors device and circuit performance.

Key Words : Nanosheet FETs, -V Characteristics, Machine Learning, Multi-Layer-Perceptron, CMOS Inverter
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Fig. 1. (a) P-well implantation, (b) Deposmon of Si-SiGe
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Fig. 3. (a) Mandrel layer and nitride etching, (b) Si-SiGe
sheet formation.

A7t Be umoR we AsEe A7sE
STI(Shallow Trench Isolation)7} )= %‘% ABHES A7) 5}
7] Ao AejZo] AAE 7|H FEE oAENFAR X

¢ 31CMP(Chemical Mechanical Plananzaﬂon)—%‘ E3)| o|Ag}
£ A| AL Fig 4 ()= Si-SiGe

ES ol

3 Atehe Zgolrh Hu] AlolE] A2 o] e
Yo A= OIE} £El Eli— T SiSiGed
o 2 tha 352 = A Y ol
el osf ’WWE} Fig 4 )& 53f 7] A
OlEZI B H AE & T B

@ ©)
Fig. 4. (a) Si-SiGe layer oxidized by dry thermal oxidation,
(b) Dummy gate formation with polysilicon.

Fig 5 (@1 Elo] Alo]= Qpwio] 2me] gFe AeHEFol
gHEolR g WolEth Wak 4 Aol Mt AskEe

S 222 3 oRS ojdlA] A7) dhw A17RS B3

o T =

F

2 o

B HFig 5 0)F T3l Aot 14 Avojd= B SH
o] FAHET= AL o 4= 9Ti3)
ojitst taE AASH] % st v R Al

a7t ALk Fig 62 B o 4= %] A} v
F4E FHA F EEe LTS A§3to] H] Aol
AN Y3 mdE AshEe] AAHct )

Journal of KSDT Vol. 22, No. 4, 2023



138

@ (b)
Fig. 5. (a) 2nm oxide walls formation, (b) SizN4 spacer
formed at the sides of wall.

Fig. 6. Deposition of SICN and removal of exposed oxides
through photolithography.
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Fig. 8. Dummy gate removal by CMP.
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Fig. 10. Doping concentration of N-type NSFETs.
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Fig. 15. N-Type NSFETs I-V characteristic by PSPICE.
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