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Example 4-11 
When the circuit Of Fig. 4-23 is working normally, it has annns secondary voltage of 12.7 V, a load voltage of 18 V, and a 
peak-to-peak ripple of 318 mV If the filter capacitor is open, what happens to the de load voltage? 

figure 4-23 
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SOLUTION With an open filter capacitor, the circuit reverts to a bridge rectifier with no filter capacitor. Because there 
is no filtering, an oscilloscope across the load will display a full-wave signal with a peak value of 18 V. The average value 
is 63.6 percent of 18 V; which is 11.4 V. 

Example 4-12 
Suppose the load resistor of Fig. 4-23 is shorted. Describe the symptoms. 

SOLUTION A short across the load resistor will increase the current to a very high value. This will blow out the fuse. 
Furthermore, itis pOssible that one or more diodes will be destroyed before the fuse blows. Often, when one diode shorts, 
it will cause the other rectifier diodes to also short. Because of the blOwn fuse, all voltages will measure zero. When you 
check the fuse visually or with an ohmmeter, you will see that it is open. 

With the power off, you should check the diodes with an ohmmeter to see whether any of them have been de
stroyed. You should also measure the load resistance with an ohmmeter. If it measures zerO or very low, you have more 
troubles to locate. 

-ne trouble could be a solder bridge across the load resistor, incorrect wiring, or any number of possibilities. 
fuses Qo'-occasionally blow out without a perm8.nent short across the load._. But the point is this: ·When you get a blown 
fuse, check the diod~s for posSible damage and the load resistance for a possible short. 

A troubleshooting exercise at the end of the chapter has eight different trOubles, including open diodes, filter ca
pacitors, shorted lOads, blown fuses, and open grounds. 
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4-10 Clippers and limiters 
The diodes used in low-frequency power supplies are rectifier diodes. These 
diodes are optimized for u·se at 60 Hz and have power ratings greater than 0.5 w. 
The typical rectifier diode bas a forward current rating in amperes. Except for 
power supplies, rectifier diodes have little use because most circuits inside elec-
tronics equipment are running at much higher frequencies. · 
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Diode Circuits 

Figure 4-24 (a) Positive clipper; (b) output waveform. 
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In this section, we will be using sm(lll-signal diodes. These diodes are optimized 
for use at high frequencies and have power ratings less than 0.5 W. The typical 
small-signal diode has a current rating in milliamperes. It is this smaller and 
lighter construction that allows the_ diode to work at higher frequencies. 

The Positive Clipper 
A clipper is a circuit that removes t;'ither positive or negative parts of a waveform. 
This kind of processing is useful for signal shaping, circuit proteCtion, and com
munications. Figure 4-24a shows a positive clipper. The circuit removes all the 
positive parts of the input signal. This is why the output signal has only negative 
half cycles .. 

Here is how the circui~ works: During the positive half cycle, the -diode 
turns on and looks like a short across the output terminals. Ideally, the outpu,t volt
age is zero. On the negative half cycle, the diode is open. In this case, a negative 
half cycle appears across the output. By deliberate design, the series resistor is 
much smaller than the load resistor. This is why the negative output peak is shown 
as - Vp in Fig. 4-24a. 

To a second approximation, the diode voltage is 0. 7 V when conducting. 
Therefore, the clipping leVel is not zero, but 0. 7 V. For instance, if the input signal 
has a peak value of 20 V, the output of the clipper will look like Fig. 4-24b. 

Defining Conditions 
Small-signal diodes have a smaller junction area than rectifier ~iodes because 
they are optimized to work at higher frequencies. As a result, they have more bulk 
resistance. The da_ta sheet of a small-signal diode like the 1N9141ists a forward 
current of 10 mA at 1 V. Therefore, the bulk resistance is: 

=1V-0.7V = 30i! 
RB !OmA 

Why is bulk resistance important? Because the clipper will not work 
properly unless the series resistance Rs is much greater than the ·bulk resistance. 
Furthermore, the clipper won't work properly unless the series resistance Rs is 
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Figure 4-25 (a) Negative clipper; {b) output waveform. 
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much smaller than the load resistance. For a clipper tO work properly, we will use 
this definition: 

Stiff clipper: IOORB < Rs < O.OlRL (4-17) 

This says that the series resistance must be ·100 times greater than the bulk resis
tance aild 100 times smaller than the load resistance. When a_ clipper satisfies 
these conditions, we call it a Stiff clipper. For instance, if the diode has a bulk re
sistance of 30 n, the series resistance should be at least 3 kO and the load resis
tance should be at least 300 k!l. 

The Negative Clipper 
If we reverse the polarity of the -diode as shown in Fig. 4-25a, we get a negative 
clipper. As you would expect, this removes the negative parts of the signal. Ide
ally, the output waveform has nothing but positive half cycles. 

The clipping is not perfect. Because of the diode offset voltage (another 
way of saying barrier potentia[), the clipping level is at -0.7 V. If the input sig-
nal has a peak of 20 V, the Output signal will look like Fig. 4-25b. · 

The limiter or Diode Clamp 
' ' 

The clipper is useful for waveshaping, but the same circuit can be used in a totally 
different way. Take a look at Fig. 4-26a. The normal input to this circuit is a sig
nal with a peak of only 15 mY. Therefore, the normal output is the same signal be
cause neither diode is turned during the cycle. 

What good is the circuit if the diodes don't turn on? Whenever you have 
a sensitive circuit, one that cannot have too much input, you can use a positive
negative limiter to 'protect its input, as shown in Fig. 4-26b. If the input signal tries 
to rise above 0.7 V, the output is limited to 0.7 V. On the other hand, if the input 
signal tries to drop below -0.7 V, the output is lirriited to -0.7 V. In a circuit like 
this, normal operation means that the-input signal is always smaller than 0.7 V in 
either polarity. 

An example of a sensitive circuit is the op amp, an IC that will be dis
cussed in later chapters. The typical input voltage to an op amp is less than 15 m V. 
Voltages greater than 15 mV are unusual, and voltages greater than 0.7 V are ab
normal. A limiter on the input side of an op amp will prevent excessive input volt
age from being ac,:identally applied. 
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Diode Circuits 

Figure 4-26 ·(a) Diode damp; \b) protecting a sensitive circuit. 
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A more familiar example of a sensitive circuit is a moving-coil meter. By 
including a limiter, we can protect the n1""""eter movement against excessive input 
voltage or current. 

The limiter of Fig. 4-26a is also called a diode clamp. The term suggests 
clamping or-limiting the voltage to a specified range. Wilh a-diode clamp, the 
diodes remain off during nonnal operation. The diodes conduct only when some
thing is abnormal, when the signal is too large. 

Biased Clippers 
. The reference level (same as the clipping level) of a posilive clipper is ideally zero, 
- or0.7 V to a second approximation. What can we do to change this reference !eve.!? 

In electronics, bias m_eans applying an- external voltage to change the ref
erence level of a circuit. Figure 4-27a is an example of using bias to change the 
'reference level of a positive dipper. By adding a de voltage source in series with 
the ~iOde, we can change the clipping level. The new V must be lesS than Vp for 
normal oreration. With an ideal diode, conduction struts as soon as lhe input 

Figure 4-27 (o) Biased positive ~Iipper; (b) biased negative dipper. 
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Figure 4-:-29 (a) Clipper with three 
offset voltages; (b) volta'ge divider biases 
dipper; (c)· diode clamp protects above 
5.7 V; (d} diode lJ..z biases D1 to remove 
::~ffset voltage. 
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Fig_ure 4-28 Biased positive~negative dipper. 
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voltage is greater than Y. To a second approximation, it starts when the input volt
age is greater than V + 0.7 V. 

Figure 4-27b shows how to bias a negative clipper. Notice that the diode 
and batterY have been reversed. Because of this, the reference level changes to 
- V- 0.7 V. The output wavefo~ is negatively-clipped at the-bias, level. 

Combination Clipper 
We ·can. combine the two bias.ed -clippers as shown in Fig. 4-28. Diode D1 
clips off pOsitive Parts above the positive bias level, and diode D2 clips off 
parts below t~e nCgative bias .level. When the i-nput voltage is v,ery l~ge 
compared to the bias levels,•tbe output signal is a square wave, as shown in 
Fig. 4 .. 28. This is an~t~r ~xamplc of the signal shaping that is possible with 
clippe~s. 

Variations 
Using batteries to set the clipping level is imptactical. One approach· is to ac;ld more 
silicon ·di~ because eaC~ produces a bias of 0.7 V. For instance, Fig. 4-29a 
Shows -three diodes in a poaitive dipper. Since_ cac;h diode bas an offset, of around 
0.7 V, t11e three diodes produce a clipping level of appro;Um;uely +2.1 V. The 
application-does not have to be a clipper (wavcshaping). We can-use the same cir
cuit as a diode clarilp (limiting) ta protect a sensitive circuit that ~;annot tOlerate 
more than ·a 2.1-V -input · 

Figure 4-29b shows another w~y to biu a clipper without batteries. This 
time; we are using a voltage divider (R1 and Rz) to .set the bi~ leyel. The bias level 
is given by:_ .. · · 

. II, .· 
y..,. = R,+R

2 
y"' (4-18) 

In this case, the output voltJ:!;ge is clipped or limitc4 when the input is greater than v,, + 0.7 V. , 
F_igure 4-29c, shows a biased diode clamp. It can be used to protect sen

sitive.circuin. fiom excessive inp1,1t voltages. !be bjas level is shown as +5 V.It 
. can be any bias level yoU want it to be. With a circuif like thiS, a des.tructive1y 
large voltAge -Of + 100 V never reaches tPe load becauSe the diode limits the out· 
put voltage to_a maximUm Vitlue of +5. 7 V. · ' 

Sometimes a variation like Fig .. 4-29d is used to remove the offset Of the . 
limiting diode D1; Here is the il:ka: Diode [his biaSed slightly into forward con
duction, so that it has approximaiely 0.7 V across I~ This 0.7Yis applied to I kfi 
in series with-D1 and 100 kO. This means that diode D1 is on'tlt¢-·v-crge ofcon
duction. Therefore, when a signal come& in; diode D1 condticts near 0 V. 


