Lab 4.3 — Fun with Diodes II: Limiting and Clamping Circuits

When | was an undergraduate EE, there was a complete course called Wave Shaping Circuits (I still have
that textbook in my home office). This lab investigates some of that material.

Limiters clip an incoming signal to prevent the voltage from exceeding a given value. If you severely clip
a sinusoid, you get a signal that approximates a square wave.

Circuit “@” — Diode limiter
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Note that the clipped signal has rounded transitions (why?) and that the peak of the clipped signal does
have some shape (again, why?). What determines the approximate clipping level?

Zener Diode Clipping
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First, what is a Zener diode? All diodes have a reverse breakdown voltage where the diode will conduct
whatever current is necessary to stop the voltage from increasing further (note that operating a diode in
breakdown destroys the diode if the power dissipation causes too high a temperature — The silicon
melts). A Zener diode is designed to have a low, but controlled breakdown voltage. Two Zener diodes in
series are used here for clipping (what is the actual clipping voltage? Why?). Zener diodes are also
commonly used to provide a reference voltage in power supplies.

A Diode Clamping Circuit
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Positive Clamper circuit
Circuit “c” is a diode clamp. When the signal goes positive the diode is reverse biased. When the signal

goes negative the diode starts to turn on and the capacitor charges which shifts the DC level of the
output signal. After a few cycles, the clamping circuit reaches steady state and the lower peaks sit about



one diode drop below 0 volts (why?). Again, try to capture and explain the transient behavior at start up
(most easily done in simulation). When | was doing analog TV design, we used a diode clamp on the
video signal to re-establish the “black” level of the picture by clamping the negative going peaks of the
video signal.

A “Voltage Doubler”

3

The fourth and last circuit is called a Voltage Doubler as it attempts to output a DC level that
approximates twice the peak value of the incoming sine wave. The actual output is less than twice the
sinusoidal peaks for two reasons (what are they?). Again, examine the transient behavior of this circuit
to aid in your understanding of its operation.




~ LAB 4.3

Fun with Diodes II: Limiting and
Clamping Circuits
(See Section 4.6, p. 207 of Sedra/Smith)

DBJECTIVES:
To study diode-based limiting and clamping circuits by:

«  Analyzing, simulating, and building several circuits, including peak detec-
tors, clamp circuits, and limiter circuits.

+  Moting that many disda-hased circuits are easy to assemble, in this lab you
will build several circuits that require only a few simple components.
Using an oscilloscope’s X-Y mode to plot outpul vs, input voltage.

MATERIALS:
Laboratory setup, including breadboard
Several junction diodes (e.g., IN4003) and Zener diodes (e.g., IN4TI34)
+  Beveral wires, resistors, and capacitors of varying sizes
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LAG 4.3  FUIN WITH DADDES if; LIMITING AKI CLAMPING CIRCUITS

PART 1: SIMULATION

Congider the cirouits shown in Figure L4, 3(a)—{d). Simulate each cireuit with the
parameters indicated next. For each simulation, provide a plot of voand v ve. .

PART 2

Diode limiter {Figure L4.3a)):

o Use B = | ki and 1N4003 diodes.

o Simulate using a 5V, _; 100-Hz input sinusoid with no D component.

¢ Use your simulator’s X-1 moede to plot vy v, ¥

Zener diode limiter (Figure L4, 3(hk

o Use B =1 ki and |N4T32A Zener diodes,

o Simulate uwsing 8 15V o 100-Hz input sinuscid with no DC
component.

o Use your simulator's X-Y mode to plot vy vs. ¥y

Clamped capacitor (Figure L4.3(c)i

o Uss K; = 10k€2, C =47 uF, and & TN4003 diode.

o Simulate using a 2V, . 100-Hz input square wave with ne DC
component.

o What are the highest and lowest voltage values?

Voltage doubler (Figure L4.3id)):

o Use Ry = 100 ki across the output C) = C; = 47 uF, and 1MN4003 diodes.

o Simulatc using a $Vpp i 100-Hz input sinusoid with nie DC component.

: MEASUREMENTS

For each circuit, build the circuit, apply the input waveform specified above
using a function generator, and capture the output voltage waveform on an
oscilloscope. Far cireuits (a)—{c), what are the highest and lowest output voli-
age values?

For the limiter circuits, use the oscilloscope’ X-Y mode to plot ¥y ve, ¥
Using a digital multimeter, measure all resistors to three significant digits.
Further exploration [: Can you change the limiting voltages for the first cir-
cuit to approximately +1.4 V and -1.4V7

Further exploration 1T: Can you turn the clamped capacitor into a negative
clamp?

PART 3: POST-MEASUREMENT EXERCISE

Do any of your measurement results differ significantly from what you expect
and from the simulations? Explain.

PART 4 [OPTIONAL]: EXTRA EXPLORATION

Can you modify the voltage doubler so it produces a positive output voltage?



