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• Medium Frequency, Low Power IoT Devices

• Beyond-CMOS Low Power Transistors

Acknowledgments: NRI SWAN, NSF NASCENT ERC, NNCI, DOE BAPVC, Army STTR



Mo [Kr]4d55s

S [Ne]3s23p4



Large-Area Graphene Grown on Cu Foils and FETs with high-k

PMMA
Fe3+

Acetone

Large-Area Synthesis of High-Quality and Uniform Graphene Films on Copper Foils
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hBN CVD on Ni and XPS, Raman

Diborane and Ammonia precusrors for B and N dissolution and segregation on top and bottom of Ni



hBN on Ni and Co

For Ni, hBN segregates on top and bottom; for Co, there is segregation only on top



hBN GFET Electrical Characteristics

hBN bandgap of 5.7 eV; breakdown at 9MV/cm.  GFETs have mobility of 6300 cm2/V.s; no= 3E11 cm-2



MOSFETs vs. Steep Slope TFETs & Resonant TFETs

 MOSFETs

 Steep slope TFETs 
(Banerjee, ..EDL 1987)
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Origin of the First and Second NDR?
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ITFET SRAM and Inverter
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Effects of device characteristics on ITFET circuit performance
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ITFET Circuit Modeling 

Rotation Angle 

(degrees)

Band Splitting 

(meV)

atoms per 

Supercell

Relative 

Current Drop

Aligned 69.1 6 --

21.79° 23.4 42 8.72

13.17° 13.8 114 25.1

9.43° 9.51 222 52.8
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Conclusions and Challenges

• Electronics in Flatland good for more-

than-Moore

• Opportunities in sensors, RF, IoT, and 

ultra-low power beyond-CMOS devices

• Need progress in large area van der 

Waals heteroepitaxy for commercial 

viability


