EE 140 ANALOG INTEGRATED CIRCUITS SPRING 2009

PROBLEM SET #1

Issued: Tuesday, Jan.20, 2009
Due: Tuesday, Feb.3, 2009, 6:00 p.m. in the EE 140 homework box in 240 Cory

1. (a) Calculate the built-in potential, depletion layer depths, and maximum field in a
plane-abrupt pn junction in silicon with doping densities N, = 8 x 10"° atoms/cm’ and Np =
10'7 atoms/cm’. Assume a reverse bias of 5V. (b) Repeat (a) for zero external bias and 0.3V
forward bias.

2. Calculate the zero-bias junction capacitance for the example in Problem 1, and also calculate

the value at 5V reverse bias and 0.3V forward bias. Assume a junction area of 2 x 107 cm”.

3. Derive and sketch the complete small-signal equivalent circuit for a bipolar transistor at /¢ =
0.2mA, Vcp=3V, Vcs=4V. Device parameters are: Cj.p = 20fF, C,9 = 10fF, Ccsp = 201F, fp =
100, 7= 15ps, n = 10'3, rpy=200Q ,7.=100Q , ro, = 4€Q, and r, = 5pyr,. Assume y, = 0.55V for
all junctions.

4. An NMOS transistor has parameters W = 10um, L = lum, K =194 HA/VZ, 1=0.024 V! 1, =
SOA, D=03V,Vy=0.6V,and Ny=5 x 10" atoms/cm’. Ignore velocity saturation effects.

(a) Sketch the Ip-Vps characteristics for Vps from 0 to 3V and Vs = 0.5V, 1.5V, and 3V.
Assume Vg = 0.

(b) Sketch the Ip-Vs characteristics for Vps= 2V as Vs varies from 0 to 2V with Vs =0, 0.5V,
and 1V.

5. Derive and sketch the complete small-signal equivalent circuit for the device of Problem 4
with Vs = 1V, Vps =2V, and Vsg = 1V. Use yy = 0.7V, Cgpp = Capp = 20fF, and Cg, = 5fF.
Overlap capacitance from gate to source and gate to drain is 2fF.

6. Razavi, Chapter 2: Problem 2.15.



