
100mA

T

100

A

R

RFC
470p

470p

470p

22p 22p

22p

22p

22p

22p

470p
22p

22p

56n 56n 56n 56n

+12 T

Problem 2, a diode switch.  Often 
a single terminal, for example an 
antenna, needs to be switched 
between two different circuit 
paths.  The circuit to the right is 
a practical transmit and receive 
switch that connects port T to the 
antenna port A when 12v is on, 
and port R to port A when the 12v 
supply is off.

Explore this circuit in AC simulations using various diodes, at a frequency of 144 
MHz. The 100 ohm resistor from the +12 port will need to be changed for small 
diodes like the 1N4148.  Calculate the dynamic resistance of a PN diode at the 
current supplied by the supply, and replace the two diodes with that resistance.  
Use the reverse capacitance at zero bias and various negative supply voltages to 
show performance when the diodes are off.  Describe how it works.

Finally, do a transient simulation using various diodes to show distortion when the 
switch connects port T to port  A, and when port R is connected to port A.

Provide component values and AC simulations of 
S21 and S11 for the three different cases, and a 
bandwidth of approximately 14 MHz.

ECE 422/522 Analog IC Design Take Home Midterm.  Choose two problems and 
prepare a 2 page solution for each.  Use what you have learned from class, your 
own background, and any other resources you can find, including other
students in the class.  When exchanging information with classmates it is important 
for you to differentiate your own work.  Due Wednesday February 26.

Problem 1, VHF Filters.  An analog IC often connects to 
the outside world using a network of passive components.  
A skilled IC designer includes the off-chip networks in all 
design work and simulations.  The schematics are three 
VHF filters, for a center frequency of 144 MHz.  The first 
uses isolated inductors and a coupling capacitor between 
the resonators.  The lower two use magnetic coupling in 
two orientations, with the two inductors parallel so that the 
H fields oppose, and parallel but opposite so H field lines 
are continuous.

144 MHz Diode Switch 
and Low Pass Filter



Problem 3, The common gate JFET amplifier is 
familiar in this class.  Simulate the basic circuit 
to show S11 and Av with a 450 ohm load.  Now 
replace the 450 ohm load resistor with a trifilar 
broadband toroid output to make a broadband 
amplifier with a gain near 10 dB when driven by 
50 ohms and loaded by 50 ohms.

Drive the amplifier with a two-tone source in 
transient simulation and explore distortion.

Problem 5, distortion of the 455 kHz IF amplifier above.  After showing that the 
circuit with 100k load resistor has variable gain Av in AC simulation, perform a 
transient simulation to explore distortion.  Start with a sine wave and find the 
maximum undistorted signal at maximum and minimum gain.  Note that this is 
a complicated problem: reducing gain impacts both Av and the signal handling 
capabilities of the circuit.

Problem 4, a variable gain small signal 
amplifier.  The circuit to the right uses a 
2N3904 with variable base bias to adjust 
the gain.  In the simplified basic circuit, the 
base is driven by an ideal transformer, and 
the collector load resistor is 100k.  Explore 
Av from base to collector as the variable 
supply below the 7.5k resistor varies from 
-0.5 to +0.5 volts.  Assume Vcc on top of 
the circuit is fixed, somewhere between 6 
and 12 volts.

Replace the 100k resistor and inductor with the parallel tuned circuit shown, and 
show how Av is now a strong function of frequency.  Show the effect of varying the 
collector load resistor in parallel with the tuned circuit from 10k to 10M.

Use sine wave, two-tone, and a 100% envelope modulated AM signal as inputs 
to your simulations, and observe even and odd harmonic distortion.  This is a 
very interesting circuit, and not only serves as a variable gain amplifier, but with a 
low pass filter on the output it can serve as an envelope demodulator.  In normal 
operation the tuned 455kHz output circuit with magnetic coupling to the following 
stage prevents demodulated envelope variations from passing to the next stage.

220n

1k

56k

7.5k

100k

220n

+

10u

+


