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The scaling behavior of ultra-scaled InAs HEMTs is investigated using a 2-dimensional real-space effective mass ballistic quantum transport simulator. The simulation methodology is first benchmarked against experimental Id-Vgs data obtained from devices with gate lengths ranging from 30 to 50 nm, where a good quantitative match is obtained. It is then applied to optimize the logic performance of not-yet- fabricated 20nm InAs HEMT.  Band-to-band tunneling transistors (TFETs) made of InSb, Carbon, and GaSb-InAs broken gap heterostructures are simulated using an atomistic and full-band quantum transport solver. The performances of two-dimensional single-gate and double-gate devices as well as three-dimensional gate-all-around structures are analyzed and compared to find the most promising TFET design. Single Impurity effects and devices are simulated with an atomistic representation as well.  Calibration against experimental data has been obtained for systems with few impurities and dense impurity systems.

Finally the presentation will demonstrate some of the newly available simulation facilities on the nanoHUB that enable the simulation of some of these novel devices.  The Network for Computational Nanotechnology (NCN) operates nanoHUB.org.  The nanoHUB cyberinfrastructure delivers online simulation, courses, tutorials, services for collaboration, and more free of charge. NCN’s central outreach vehicle is the community web site nanoHUB.org. Over 137,000 users have utilized the nanoHUB in the past 12 months.  The nanoHUB’s signature service is online simulation. The power of simulation is fully realized, when software leaves the domain of the computational experts and is released to users with real problems to solve.  Over 8,700 users ran over 340,000 simulations on the nanoHUB in the past 12 months.
The work presented here has been prepared by research group members such as Mathieu Luisier, Neerav Kharche, Sung-Hyon Park, Hoon Ryu, Sunhee Lee, and Rajib Rahman and has been published with several collaborators such as Tim Boykin, Sven Rogge, Lloyd Hollenberg, and Michelle Simmons.
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