
Figure 4-33 Peak-to-peak detector. 
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Both positive and negative dampers are widely used. For instance, tele
vision receivers use a clamp_~r to change the reference level of video signals. 
Clarpp_ers.are-also used in tadar and communication circuits. ' 
'"~ A final point. The less than perfect clippiiig ari(f'clamping discussed so 
far are no problem. After we discuss op amps, we will 'took again at clipPers !llld 
dampers. At that time, you will see how easy it is to eliminate the barrier~potential 
problem. In other words, we willloo~ at circuits that are almost perlect. 

Peak-to-Peak Detector 
~half-wave rectifiei: _ _with a capacitor-inp~t fi~!~r_p~~~~~-~-~ .. -~ .. ~-~ .. 5?~Wllt voltage ap
PXQ~ID~W:lY _equal tiJ_ .tl!~~P~~-!?! ... ~£.,~,!!P!!L~!8n:U. ~en .. ~ ... §_!!.flle circuit uses-a 

""~mall-signal diode, it is called a peak detector. Typically, peak detecto~s operate 
at frequencies that are ~~£~Jiigher than 60Hz. The.outpu_t o(~eak_-detector is 
useful in measurements, signa'fPfOCiSSin_g~·ancrCornmurrlcations. ~·_""-"~-- '" 

If you cascade a clampe:L.and a peak det~~tOr, yo;iet a peak-to-peak 
detector (see Fig. 4-33). As you can see, the out{;Ut-O'f'ii"Ciamper is used as the 
iipUitO a peak detector. Since the sine wave is positively clamped, the input to the 
peak detector has a peak value of 2Vp. This is why the output of the peak detector 
is a de voltage equal to 2 Vp. 

As usual. the RC time c::..: ::;::must be much greater than the period of 
tht:: signal. By satisfying this condition, you get good clamping action and good 
peak detection. The output ripple will therefore be small. 

One application is in measuring nonsinusoidal signals. An ordinary ac 
voltmeter is calibrated to read the rms value of an ac signal. If you try to measure 
a nonsinusoidal signal, you will get an incorrect reading with an ordinary ac volt
meter. However, if the output of a peak-to~peak. detector is used as the input to a 
de voltmeter, it will indicate the peak-to-peak voltage. If the nonsinusoidal signal 
swings from -20 to + 50 V, the reading is 70 V. 

4.:..12 Voltage Multipliers 
A peak~to-peak detector uses small-signal diodes and operates at high frequen
cies. By using rectifier diodes and operating at 60 Hz, we can pro~uce a new kind 
of power supply called a voltage doubler. 
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Figure 4-34 Voltage. multipliers ~ith floating loads. (a) Doubler; (b) tripler; (c) quadrupler. 
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Voltage Doubler 
Figure 4-34a is a voltage doubler. The configuration is the same as a peak:wto-peak 
detector, except that we use rectifier diodes and operate at 60 Hz. The clamper 
section 3dds a de component to the secondary voltage. The peak detector then pro
duces a de output voltage that is 2 times the secondary voltage. 

Why ~other using a voltage doubler when you can change the turns ratio 
to get more output voltage? The answer is that you don't need to use a voltage 

· doubler at lower voltages. The only time you run into a problem is wh~n you are 
trying to produce very high de output voltages. 

For instance, line voltage iS 120 V I'llli!. or 170 V peak. If you are trying 
to produCe 3400 V de, you will need to_ use a 1 :20 step-up- tfan$former. Here is 
where the problem comes in. Very high secondary voltages can be obtained only 
with bnlky transformers. At some point, a designer may decide that it would be 
simpler to use a voltage doubler and a smaller transformer. 
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Voltage Tripier 
By connecting another section, we get the voltage trip1er of Fig. 4-34b. The first 
two sections act like a doubler. At the peak of the negative half cycle, D 3 is 
forward~ biased. This charges C3 to 2Vp with the polarity shown in Fig. 4-34b. The 
tripler output appears across C1 and C3. The load resistance can be connected 
across the tripler output. As long as the time constant is long, the output equals 
approximately 3 Vp. 

Voltage Quadrupler 
Figure 4-34c is a voltage quadmpler with four sections in cascade (one after an
other). The first three sections are a tripler, and the fourth makes the overall circuit 
a quadruplet.- The first capacitor charges to VP. All others charge to 2VP' The 
quadrupler output is across the series connection of C2 _and C4. We can connect a 
load resistance across the quadruplet output to get an output of 4 Vp. 

Theoretically, we can add sectio'ns indefinitely, but the ripple gets much 
worse with each new section. Increased·. ~ipple is another reason why voltage 
multipliers (doublers, triplers, and quadruplers) are not used in low-voltage 
power supplies. AS stated earlier, voltage ml.lltipliers are almost always used to 
produce high voltages, well into the·Inindreds or thousands of·volts. Voltage 
multipliers are the natural choice for high-voltage and low.:.current devices like 
the cathode-ray tube (CRT) used in television receivers, oscilloscopes, and com
puter monitors. 

\.,, 

'variations 
All of the voltage multipliers shown in Fig, 4-34 use load resistances that are 
floating. This rheans that neither end of the load is grounded. Figure 4-35a, b, and 
c shows variations of the vcl!a.ge multipliers. Figure 4-35a merely adds grounds 
to Fig. 4-34a. On tile other ha."ld, Fig. 4-35b and c are redesigns of the. tripler 
(Fig, 4-34b) and quadrupler (Fig. 4-34c). In some applications, you may see 
floating-load designs used (such as in the CRT); in others, you may see the 
grounded-load designs used. 

Full-Wave Voltage Doubler 
Figure 4-35d shows a full-wave voltage doubler. On the positive half cycle of the 
source, the upper capacitor charges to the peak voltage with the polarity shoWn. oD 
the next. half cycle, the lower capacitor charges to the peak voltage with the irJ.di
cated polarity. For a light load, the final output voltage is approximately 2Vr 

The voltage multipliers discussed earlier are half-wave designs; that is, 
the output ripple frequency is 60Hz. On the other hand, the circuit of"Hg. 4-35d 
is called a full-wave voltage doubler because one of the output capacitors is being 

, charged during each half cycle: Because of this, the output ripple is 120Hz. This 
ripple frequency is an advantage because it is easier to filter. Another advantage of 
the full-wave doubler is that the PIV rating of the diodes need only be greater 
than Vp. 
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Figure 4-35 Voltage multipliers with grounded loads, except full-wave doubler. 
(a} Doubler; (b) trip!er; (c) quadrupler; (o'} Full-wave doubler. ' Vp o, 
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Summary . -·----~------·------·~~---··-·-. 
SEC. 4-1 THE HALF-WAVE 

REcnFIER 

The half-wave rectifier has a diode in 
series with a load resistor. The load voltage 
is a half-wave output The average or de 
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voltage out of a half-wave rectifier equals 
31.8 percent of the peak voltage. 

SEC. 4-2 THE TRANSFORMER 

The input transformer is usually a 
step-down transformer in which the 

voltage steps down and the current 
steps up. The secondary voltage equals 
the primary _voltage divided by the 
turns ratio. 
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