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Homework Assignment #14
Due at the beginning of class on Thursday, 5/9/13
(Note: This assignment is optional, i.e. for extra credit.)

Problem 1: BJT small-signal model

Suppose an incremental emitter current ie is applied to a BJT under active bias with quiescent (DC) current IE0 and base-emitter bias voltage VBE so that IE = IE0 + ie.  Using the simplified hybrid-pi circuit model shown below, show that the time 
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is required to bring the base-emitter voltage to a new steady-state value.  This is one of the delays that affects the unity-gain frequency
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of a BJT.

(Hint: Apply Kirchoff’s current law to obtain a differential equation for vbe, and find the solution by applying appropriate boundary conditions for vbe at t = 0 and t(()
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Problem 2: Base transit time and BJT transient response

Consider an ideal Si npn BJT maintained at 300K with uniform base doping 1017 cm-3, quasi-neutral base width 0.25m, minority-carrier lifetime in the base B = 10 ns, operating at the edge of saturation (VBC = 0V), at a collector current IC of 1 mA.

(a) Calculate the base transit time (t).

(b) Calculate the excess minority-carrier charge stored in the base (QB).  How will QB change as the BJT is biased into the active region (i.e. as VBC is increased), with VBE held constant?

(c) Suppose the BJT is operating in the active mode and the base current is suddenly doubled at time t = 0.  Derive an expression for collector current IC(t) for t > 0.
(d) Does a BJT switch off more quickly if it is biased in the active mode vs. the saturation mode?  Explain briefly.
Problem 3: Advanced MOSFET structures
(a) Why are thin-body MOSFET structures advantageous for channel-length (L) scaling as well as supply-voltage (VDD) scaling?  (Hint: Note that the drain-to-body pn junction capacitance is significantly reduced.)
(b) The thin-body MOSFET structure (TSi < 10 nm) is often referred to as a “fully depleted” MOSFET.  Why is this the case?  (Hint: The dopant concentration in the body region typically is less than 1018 cm-3.)

(c) What is the primary advantage of a multiple-gate (double-gate or tri-gate) thin-body MOSFET structure over a single-gate thin-body MOSFET structure?
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