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Problem 1: MOSFET Subthreshold Leakage Current

For a MOSFET operating in the subthreshold regime (VGS < VT), the reduction in gate voltage needed to reduce the drain current by one decade is defined as the “subthreshold swing”: 

S = (kT/q)(ln 10)[1 + (Cdep,min/Cox)]

The units of S are mV/decade.  Note that the smallest value of S attainable at room temperature (300K) is 60 mV/decade.

Consider a short n-channel MOSFET with Toxe = 2 nm and WT = 35 nm. Suppose the threshold voltage (VT) for this device is simply defined to be the value of VGS at which the normalized drain current IDS/(W/L) reaches 100 nA for VDS = 100 mV.
(a) If the normalized leakage current must be less than or equal to 10 pA when VGS = 0 V and VDS = 100 mV, what is the minimum threshold voltage this device can have?

(b) How would your answer to part (b) change if the leakage current specification were to be relaxed to 100 nA?  What would be the implication for the effective transistor drive current (i.e. IEFF)?
(c) Why is a small value of S desirable?

Problem 2: MOSFET Small Signal Model
For amplifier applications, a MOSFET is typically operated in the saturation region, and a large intrinsic gain (gm/gd) is desirable.

(a) Explain qualitatively why there is an optimal gate bias voltage (VGS) to maximize the MOSFET transconductance gm.
(b) Intrinsic gain degrades with decreasing channel length L, for the most advanced CMOS technologies (with MOSFET gate lengths below 50 nm) today.  Explain why this is the case.
Problem 3: Velocity Saturation

The saturation velocity for electrons in Si is vsat = 8(106 cm/sec.  Consider an n-channel MOSFET with Toxe = 3 nm, VT = 0.3V and WT = 50 nm, with gate bias VGS = 1.0V:

(a) Find VDsat for

i. L = 1 (m.  Is this a long-channel device or a short-channel device? 

ii. L = 0.1 (m.  Is this a long-channel device or a short-channel device? 

(b) How would VDsat change if 

i. Toxe is decreased?
ii. VGS –VT is decreased?
Problem 4: MOSFET Short-Channel Effect

(a) Consider an n-channel MOSFET with channel doping concentration NA = 4(1017/cm3, effective oxide thickness Toxe = 3 nm, source/drain junction depth rj = 0.05 (m.

i. What is (VT for L = 1 (m when VDS = 0.1 V?

ii. What is (VT for L = 0.05 (m when VDS = 0.1 V?

(b) Note that the equation for (VT given in Slide 16 of Lecture 22 is valid for small values of VDS only, since it assumes that the depletion depth equals WT at all points beneath the central portion gate.  Qualitatively, how would your answers in part (a) change if VDS were to be increased to 1 V?  Explain briefly.
