Lab 4.3 – Fun with Diodes II: Limiting and Clamping Circuits
When I 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.
[image: ]Circuit “a” – Diode limiter
Here two parallel diodes do the limiting. One clips the positive going part of the signal while the other clips the negative going part of the signal. 
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?
[image: ]Zener Diode Clipping
Are the clipping voltages actually the Zener voltages as shown in this diagram?


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
[image: ]Are the negative peaks of the output signal actually at 0 volts?



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 I 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”
[image: ]
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.
[image: ][image: ]
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LAB4.3

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

0BJECTIVES:
To sty diode-based limicing and clampiog circuits by:
+ Analyzing,sime

{ors, clam cicuis,
* Noting that many

ing,

1 buiding several ciruis ncludig peak dtce
imiter it

e-based cireuits sre casy toassemble, i this b you
will i everal ircuitsthat requie oy  fw smple components

+ Using an oseiloscope’ XY mode o plo output v, input voltage.

MATERIALS:
- Laboratory setup, nclding breadbourd

+ Soversljunction diodes (., INHDO3) and Zener dodes (e, INATIIA)
+ Several virs, esstors, and capaciorsof vaying izes
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PART 1: SIMULATION

Considerth ireuits shown i Figare L4 3)-(0). Simulat cachcrcui withthe
parametees ndicaed net. For each simulation, provide  lo of yand g vs. .

+ Diode limitr (Figure LA3a)
o Use R= 1 K and INAOO3 diodes.
o Simulate sing 8 S, 100-Hz nput sinusod wichno DC component.
o Useyour simultor XY mode to ot ¥ 7
+ Zener diod imier (Figure LA3(5).
o Use R=1 KQ and INATI3A Zenor diodes
© Simulate using 8 15Vupe 100-Hz foput sinsod with po DC
componeat.
o Ute your simulator’s XY made o plotvo v,
+ Clamped capaitor (Figure L 3O)
o Use R, = 1016, €= 47 uF, and  INADO3 o
 Simulsic wing 8 2Vyup 100-H input square wave with o DC
componen.
o What areth highet and lowest voltage values?
+ Voltage double (Figure L4 30)-
o Use R, = 100 k2 scross the output = C, = 47F,and 1NAOD3 diodes.
 Simulae using  5-Vy, e 100-H input sindsod withno DC component.

PART 2: MEASUREMENTS

+ For cach circuit,build thecircut, appy the input waveorm spcifed sbove
usin & unction generator, and Capturs th output voltage waveform on an
oscilloscope. For crcuts 440, what are the Highst and lowest output vo

e vilied

- For thelimite ciruis, o the ascilloscope’s XY mode 0 plt v .

© Uiing »diital mlimeter, measurealresisors o three sgaiicant digics

© Further cxplorston I Can you change th limiting voltags forthe s
cuit to spprovimately +14 Vand 14 V1

+ Further exploration T Can you turn the clamped capacitor to & cgative
clamp?

PART 3: POST-MEASUREMENT EXERCISE

+ Doanyofyour measurement st differ sigaifcanly rom whatyoucspect
and from th simulations Explain

PART 4 [OPTIONAL]: EXTRA EXPLORATION

Can you modify the voltge double o it produces  positveoutput volage!




