Problems. #5– Semiconductor devices II – Spring 2019 (Ionescu)

Problem 1: Metal-Insulator-Transition Materials and devices 
The Metal-Insulator-Transition (MIT) switch is a new class of steep slope switch under the emerging family of so called Oxide Electronics. Please choose the correct properties of MIT switches from the below statements.
1. Dennard scaling rules can, in principle, be applied to both three-terminal MOSFETs and MIT switches.
2. The mechanism of switching the current in a MIT switch corresponds to a structural phase transition and a change of the equivalent bandgap of the MIT material.
3. The switching mechanism in VO2 two-terminal switch from OFF to ON state turns a CAPACITOR to a RESISTOR, from an electrically equivalent circuit point of view.
4. Consider a three terminal MIT switch with a gate control over a VO2 material substrate. An inversion layer is created at the surface of the MIT switch after the MIT transition, induced at the transition temperature.
5. The bandgap of the VO2 switch in the OFF state (insulating) dictates its IOFF current. One can modulate the value of this IOFF by doping the VO2 material with some metal atoms.
6. The VO2 switch has a subthermionic abrupt swing between OFF and ON states that has a very little dependence on temperature.
7. [bookmark: _GoBack]The OFF state of VO2 switch is, in fact, a quasi-semiconducting state because the equivalent bandgap of only 0.6 eV. Therefore, the carrier mobility in this material plays a similarly important role in the transport characteristics of MIT switches and the obtained level of ON current.
8. The switching mechanism in VO2 switches is dynamically fast, of the order of 10ns or less.
9. VO2 switches can be used to design and fabricate variable capacitors operating at high frequency.
10. The thin VO2 layer can be used as an optically tunable metamaterial coating (a material with electrically controlled optical properties such as reflection) for the camouflage of the real temperature of a surface, in infrared and far‐infrared.



Problem 2: MIT switch versus other switches.
The Metal-Insulator-Transition (MIT) switch versus other type of steep slope switches and MOSFETs for various electronic functions.
Select the correct statements from the list below:
1. A MIT switch can be considered as a junctionless transistor.
2. One can use the MIT hysteresis to fabricate a one-transistor (1T) non-volatile memory cell.
3. MIT switch can be steeper than a Tunnel FET at high levels of current (> tens of nAs).
4. Similarly to Tunnel FETs, the Id-Vg charactersitics of MIT switches are independent of temperature, including the transitions points between OFF to ON and ON to OFF states.
5. A MIT switch based on VO2 can have at low voltage a current higher than the one of MOSFET of similar channel dimensions.
6. One can make spiking neurons by using the hysteretic characteristics of a VO2 MIT switch.
7. A two terminal MIT switch can amplify a signal.
8. We can combine a negative capacitance gate stack on a MIT switch to boost its subthreshold slope.
9. Ge-doped MIT switches can operate up to 90°C without having a permanent transition in the metal phase.
10. MIT switches cannot be used as pressure sensors as their characteristics have no sensitivity to the pressure of an ambient gas.
Problem 3:
At the end of problems/questions #1 and #2:
· Enumerate five (5) major advantages of MIT switches compared to MOSFETs.
· Enumerate five (5) advantages of MIT switches compared to Tunnel FETs.
· Enumerate five (5) big remaining technological and implementation challenges for MIT switches.
