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Due (at 8 a.m.): Friday, Feb. 1, 2013, in the EE 140/240A HW box near 125 Cory.

1. Calculate the built-in potential, depletion layer depths, and maximum field in an abrupt pn
junction in silicon with doping densities N, = 8 x 105 atoms/cm3® and N, =
107 atoms/cm3. Assume that the edges of the depletion region are sharply defined.

(a) Assume a reverse bias of 4V.
(b) Repeat (a) for zero external bias and 0.4V forward bias.

2. Calculate the zero-bias junction capacitance for the example in Problem 1, and also calculate
the value at 4V reverse bias and 0.4V forward bias. Assume a junction area of 2 x 10™° cm?.

3. Derive and sketch the complete small-signal equivalent circuit for a bipolar transistor biased
so that I = 0.2mA, Vg = 3V,Vs = 4V. Device parameters are: Cjoo = 20fF,Cyo =
10fF, Ccqo = 20fF, By = 100,77 = 15ps,n = 10731, = 200Q, r. = 100Q,7,, = 4Q
and r,, = 5B,71,. Assume 1y, = 0.55V for all junctions.

4. An  NMOS transistor has parameters W = 10um,L = 1um, k' = 190%, A=
0.024V~1,¢,, = 80A, ¢y = 0.3V, Vo = 0.6V, and N, =5x 10'5cm™ . Ignore velocity
saturation effects.

(a) Sketch the I, — Vg characteristics for Vg from 0 to 3V and Vg = 0.5V, 1.5V and 3V
assume Vsp = 0.

(b) Sketch the I, — Vg characteristics for Vg = 2V as Vg varies from 0 to 2V with Vs =
0,0.5V,and 1V.

(c) Derive and sketch the complete small-signal equivalent circuit for the device with
VGS = 1V, VDS =3V and VS'B = 1V. Use lpo = O7V, CSbO = CdbO = ZOfF, and Cgb = SfF
Overlap capacitance from gate to source and gate to drain is 2fF.

(d) Under the bias condition in (c), calculate the frequency of unity current gain of this device.

5. In the circuit shown below, find I,,; and V,,; for (a) R, = 4kQ, (b) R, = 2kQ, and
(©) Ry = 1kQ. Assume Vggony = 0.7V, Vegsary = 0.2V, and g — co.
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6. Calculate the DC operating points including the current flowing through each branch and DC
voltage at each node for the circuits shown:

VDD = VCC = SV, Bf = 100, VA — O, Tb = 0, VBE(OTL) == O7V, VCE(sat) == OZV,
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