Problems. #6– Semiconductor devices II – Spring 2019 (Ionescu)

Problem 1: MEMS switches and resonators 
Micro and Nano-Electro-Mechanical switches and resonators are devices that exploit the positional modulation of their movable parts by an electrical signal. Among the following properties, choose the correct ones:
1. The pull-out Voltage of a two- or three-terminal mechanical relay can never be higher than pull-in Voltage (in absolute values) given that no charged layers are stacked in the gate stack. TRUE. Slide 9.
2. Both pull-in and pull-out events of a relay show, in terms of the transition slopes between OFF-to-ON and ON-to-OFF states, values that much below the 60mV/decade limit of a MOSFET that are only limited by the measurement setup. TRUE. No diffusion mechanism, but mechanical switching. 
3. 	One key advantage of a MEMS or NEMS relay with in-series air-gap between the contacts is the independence of the leakage current in the OFF state on the operation temperature. TRUE, we have an air band gap.
4. The actuation voltage of a capacitive switch depends, in principle, on the dielectric material nature and thickness, in series with the air-gap and its thicknesses. TRUE. geff parameter depend on εr and the dielectric thickness gε. Slide 9. 
5. A MEMS (passive) resonator is equivalent to a full series L, C, R circuit if one neglects any other substrate or contact parasitic. TRUE. Slide 15.
6. A DC voltage can be applied on a MEMS resonator across the air-gap in order to tune its equivalent stiffness. TRUE. Slide 14 and 15. Stiffness is 1/C, and depends on bias
7. A DC voltage can be applied on a MEMS resonator across the air-gap in order to increase the capacitive coupling.TRUE, same as before. 
8. Active MEMS resonators or (Resonant Body Transistors) feature an intrinsic signal gain (in dB) that cannot be obtain in a vibrating conductive body structure. 
9. The quality factor, Q of a beam MEMS resonator is not affected by its environment (air pressure or vacuum level). FALSE. Vacuum reduce damping.
10. [bookmark: _Hlk36478705]The smaller the length of a suspended cantilever, the larger its resonant frequency. TRUE. 
  



Problem 2:
At the end of problems/questions #1 and #2:
· Enumerate five (5) major advantages of micro-electro-mechanical (MEM) switches compared to MOSFETs. Higher SS, Lower Ioff,, low power, no T dependence, modulate Q, higher Ion.
· Enumerate five (5) advantages of micro-electro-mechanical (MEM) switches compared to MIT switches. No T dependence, easier vertical SS to achieve, 
· Enumerate five (5) big remaining technological and implementation challenges for electro-mechanical switches. Scaling down, hysteresis, CMOS integration, lower speed at non resonance frequency we need to apply DC voltage to actuate it (more than 1.5V) 
Problem 3: MEMS accelerometers 
Micro and Nano-Electro-Mechanical accelerometers form a successful technology that entered into a broad range of applications, from wearables to automotive. Among the following properties, choose the correct ones:
1. A MEMS accelerometer is normally based on a capacitive variation (due to gap or area change due to the displacement of a suspended mass conversion) into a voltage. TRUE. Usually it is differential. Slide 37
2. A MEMS accelerometer has the disadvantage of high DC power consumption compared to solid-state sensors. FALSE.
3. In a MEMS structure with micrometer gaps used to detect acceleration with more than 10g but resolution, on a 1 – 10g scale, nanometer displacements (in the range of 10nm) are relevant (detectable) 
4. [bookmark: _Hlk36479544][bookmark: _GoBack]Inertial sensors for human activity and automotive share similar technology and some similar specifications. FALSE. E.g. power consumption, acceleration range.
5. Similar MEMS technology to inertial accelerometers can be applied to build MEMS gyroscopes based on Coriolis force detection. I would say TRUE
6. SOI technology can be used to realize suspended MEMS structures by etching the buried oxide as a sacrificial layer. TRUE
7. The role of protective package needed in MEMS accelerometer is to avoid any external electromagnetic interference in their operation. I would say TRUE, but not only this.

