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input filter have on tha load voltage? Jlle easiest way to solve this problem is to 
use the superposition theorem. Recall what this theorem says: If you have two or 
more sources, you can analyze the circuit for each source separately and then add 
the indi1(idual voltages to get the total voltage. 

The rectifier output has two different components: a de voltage (the 
average value) and an ac voltage (the fluctuating.part), as shown in Fig. 4-llb. 
Each of these voltages acts like a separate source. As far as the ac voltage is con­
cerned, XL is much greater than Xc, and this results in very little ac voltage across 
the load resistor. Even though the a:c component is not a pure sine wave, Eq. (4-9) 
is still a close approximation for the ac load voltage. 

The circuit acts like Fig. 4--llc as far as de voltage is concerned. At 0 Hz, 
the inductive reactance is zero and the capacitive reac::tance is infinite. Only the 
series resistance of the inductor windings remains. Making Rs _much smaller than 

-RL causes most of the de component to appear across the load resistor. 
That's how a choke-input filter works: Almost all of the de component is 

passed on tO the load resistor, and almost all of the ac component is blocked. In 
this way, we get an almost perfect de voltage, one that is almost constant, like the 
voltage out of a battery. Figure 4-lld shows the filtered output for a full-wave sig­
nal. The only deviation from a perfect de voltage is the small ac load voltage 
shown in Fig. 4-lld. This small ac load voltage is called ripple. With an oscillo­
scope, we can measure its peak-to-peak value. 

Main Disadvantage 
A power supply is the circuit inside electronics equipment that converts the ac 
input voltage· to an almost perfect de output voltage. It includes a rectifier and a i' 

filter. The trend nowadays is towar<Ilow-voltage, high-current power supplies. 
Because line frequency is only 60 Hz, large inductances have to be used to -get 
enough reactance for adequate filtering. But large inductors have large winding 
resistances, which create a serious design problem with large load currents. In 
other words, too much de voltage is dropped acros.s the choke resistance. Further­
more, bulky inductors are not suitable for modem semiconductor circuits, where 
the emphasis is on lightweight designs. 

Switching Regulators 
One important application does exist for the choke-iilput filter. A switching regu­
lator is a special kind of power supply used in computers, monitors, and an in­
creasing variety of equipment. The !:_~9..!!~EEY~1:!-~!!)~-- a Switching __ regulator is 
JTI!!flt_Wgher than 60Hz. TypicallY, thei!ffi~-~--nsJ!~iE£~~!:~r.:::~U~ aboy_~"?Q _]iliz. 
At~tgis mu<:;h higher ~~quen~y, 'Ne can use much smaUer jnduc:to~<H2.,Q~§ign effi-
cient-Cb~ke~input fil~ers.we· WTn discuss the d~iiii;Tn"ai,at~;·ch~pter. ' 

4-6 The Capacitor-Input Filter 
The choke-input filter produces a de output voltage equal to the average value of 
the rectified voltage. The capacitor-input filter produces a de output voltage 
equal to the peak value of the rectified voltage. This type of filter is the most 
widely used in power supplies. 

Basic Idea 
Figure 4-12a shows an ac source, a diode, and a capacitor. The 'Key to under­
standing a capacjtor-input filter is understanding what this simple cir~uit dces dUr­
ing the first quarter cycle. 
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Figure 4-12 (a) Unlpadedcapacitof-input filter; {b) output is pure de voltage; 
(c) caPaCitor renia.ins charged When diOde is Off. 
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Initially, the capacitor is uncharged. During the first quarter cycle of 
Fig. 4-l:2b, tlle diode is forward biased. Since it ideally acts like a closed switCh, the 
CaPacitor charges, and its voltage equals the source voltage at each instant of the first 
quarter cycle. The charging continues u_ntil the input reaches its maximum value. At 
this point, ~ capacitor voltage equals VP" 

.After.t:Q.e input voltage reaches the peak, it starts to decreaSe. As s~On as 
the input voltage is less than Vp, the diode turns off. In this case, it acts like the 
open switch of Fig. 4-12c. During the remaining cycles, the capacitor stays fully 
charged and the diode remains open. This is why the output voltage of Fig. 4-12b 
is . .constant and equal to Vp. 

Ideally, all that the capacitor-input filter does is charge the capacitor to 
the pe·ak·voltage durihg the first quarter cycle. This peak voltage is constant, the 
perfect de voltage we need for electronics equipment. There's Qnly one problem: 
There is no load resistor. 

Effect of load Resistor 
For the capacitor-input filter to be useful, we need to connect a loadresistor across 
the·capadtor, as shown in Fig. 4-13a. As long as the RLC time constant is much 
grt7'ater than th,e period, the capacitor remains almost fully charged and the lOad 
voltage is approximately VP. The only deviation from a perfect de voltage is the 
small ripple seen in Fig. 4-13b. The smaller the peak-to-peak value of this ripple, 
the more closely the output approaches a perfect de voltage. 

Between peaks, the diode is off and the capacitor discharges through the 
load resistor. In other words, the capacitor supplies the load current. Since the , 
capacitor. discharges only slightly ~~tween peaks, the peak-to-peak ripple is small. 
When the next peak arrives, the diode conducts briefly and recharges the capaci­
tor to the peak. value. A key question is: What siz~ should the capacitor be for 
proper operation? Before discussing capacitor size, consider what happens with 
the other rectifier circuits. · 

full-Wave Filtering 
If we connect a full-wave or bridge rectifier to a capacitor-input filter, the peak-to­
peak ripple is cut in half. Figure 4-13c shows why. Whefl a full-wave voltage is 
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GOOD TO KNOW 
Another, more accurate formula 

can be uSed to determine the rippl'e 

out of any capacitor input filter. 

It is 

Timet represents the length of-

time the filter capacitor Cis:: 

allowed to discharge. For a . 

half-wave rectifier, t can 

approximated as 16.67 ·ms, 

8.33 ms can be used 'for a full~v,~~li<;c;;c; 

rectifier. 
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Figure 4-13 (a) loaded capacitor-input filter; (b) output is direct current with small 
ripple; (c) full wave output has less ripple. 
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applied to the RC circuit, the capacitor discharges for only half as long. Therefore, 
the peak-to-peak ripple is half the size it would be with a half-wave rectifier. 

The Ripple Formula 
Here is a derivation we will use to estimate the peak-to-peak ripple out of any 
capacitor-input filter: 

l 
v.= JC 

where VR =peak-to-peak ripple voltage 
I = de load current 
f = ripple frequency 
C = capacitance 

(4-10) 

This is an approximation, not an exact derivation. We can use this formula to 
estimate the peak-to-peak ripple. When a more accurate answer is needed, one 
solution is to use a c:omputer with a circuit simulator like MultiSirn. 

For instance; if the de load current is 10 rnA and the capacitance is 
200 p..F, the ripple with a bridge rectifier and a capacitor-input filter is: 

lOrnA 
VR 7 (120 Hz)(200 I'F) ~ 0.4!7 V pp 

In using this derivation, remember two things. First, the ripple is in peak­
to-peak (pp) voltage. This is useful because you normally measure ripple voltage 
with an oscilloscope. Second, the formula works with half-wave or full-wave 
voltages. Use 60Hz for half-wave, and 120Hz for full-wav~. 

You should use an oscilloscope for ripple measurements if one is avail­
able. If not, you can use an ac voltmeter, although there will be a significant error 
in the measurement. Most ac voltmeters are calibrated to read the rms value of a 
sine wave. Since the ripple is not a sine wave, you may get a measurement error 
of as much as 25 percent, depending on th~ design of the ac'voltmeter. But this 
·sho~ld be no problem when you are troubleshooting, since yoil will be looking for 
much larger changes in ripple. 
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' . If you do use an ac voltmeter to measure the npple, you can convert the 
peak-to-peak value given by Eq. (4-10) to an rms value using the following 
formula for a sine wave: 

v., 
v= = 2v'2 

Dividing by 2 converts the peak-to-peak value to a peak value, and dividing by 
V2 g~ves the rms value of a sine wave with the same peak-to-peak value as the 
ripple voltage. 

Exact DC load Voltage 
It is difficult to calculate the exact de load voltage in a bridge rectifier with a 
capacitor-input filter. To begin with, we have the two diode drops that are sub­
tracted from the peak voltage. Besides the diode drops, an additional voltage drop 
occurs. as follows: The diodes conduct heavily when recharging the capacitor 
because they are on for only a short time during each cycle. This brief but large 
current has to flow through the transformer winding's and the bulk resistance of 
the diodes. -In our examples, we will calculate either the ideal output or the output 
With the second approximation of a diode, remembering that the actual de voltage 
is slightly lower. 

Example 4-6 
What is the de load voltage and ripple in Fig. 4-14? 

SOLUTION The nns secondary vOltage is: 

120V v2 =--=24V 
5 

The peak secorldary voltage is: 

24V 
v,= 0.707 =34V 

Assuming·an ideal diode and small ripple, the de load voltage is: 

VL= 34 v 
To calculate the ripple, we first need to get the de load current: 

VL 34 V 
h = RL = 5 k!1 = 6.8 rnA 

Figure 4·14 Half-wave rectifier and capacitor-input fi)ter . 
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Figure 4-15 Full-wow~ ~~ctifier anti C:Bpacitor~ir1put filter. 
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Now we can use Eq. (4-10) to get: 

6.8mA 
VR = (60 Hz)(lOO JLFl 1.13 V pp = 1.1 V pp 

We rounded the ripple to two signific,ant digits because it is an approximation 
and cannot be accurately measured with an oscilloscope with greater precision. 

Here is how to imprpve the answer slightly: There is about 0.7 V across 
a silicon diode when it is conducting. Therefore~ the peak voltage across the load 
will be closer to 33:3 V than to 34 V. The ripple also lowers the de voltage 
slightly. So the actual de load voltage will be closer to 33 V than to 34 V. But 
these are minor deviations. Ideal answers are usually adequate for troubleshoot­
ing and preliminary analysis. 

A final point about the circuit. The plus sign on -the filter capacitor 
indicates a polarized capa~itor, one whose plus side must be connected to the 
positive rectifier output. In Fig. 4-15, the plus sign on the CapacitOr case is cor­
,rectly connected to the positive output voltage. You must look carefully at the 
capacitor case when you are building or troubleshooting a circuit to find out 
whether it is polarized or not. 

Power supplies often use polarized electrolytic capacitors because this 
type can provide high values of capacitance in small packages. As discussed in 
earlier courses, electrolytic capacitors must be connected with the correct polar­
ity_ to produce the oxide film. If an electrolytic capacitor is connected in opposite 
polarity, it becomes hot and may explode. 

Example 4-7 lllllllult!Sim 

What is the de load voltage and ripple in Fig. 4-15? 

SOLUTION Since the transformer is 5:1 step-down like the preceding 
example, the peak secondary voltage ls still 34 V. Half this voltage is the input 
to each half~ wave section. Assuming an ideal diode and small ripple, the de load 
voltage is: 

VL = 17V 

The de load cUrrent is: 

!7V 
h = 5 k!l = 3.4 rnA 

Now, Eq. (4-10) gives: 

_,.,.,...,-:3:,:.4-=mA=:::--::­
v. = (120 Hz)(lOO JLFJ 

';f. 

0.283 v pp = 0.28 v pp . 
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Because of the 0.7 V across the conducting diode, the actual de load vOltage will 
be closer' to 16 V than to 17 V. 

PRACTICE PROBlEM 4-7 Using Fig. 4-15, change RL to 2 Kl1 and 
calculate the new ideal de _load voltage and ripple. 

Example 4-8 lllllllillitiSi"' 

What is the de load voltage and ripple in Fig. 4-16? Compare the answers with 
those in the two preceding examples. 

SOLUTION Since the transformer is 5: 1 step-down as in the preceding ex­
ample, the peak secondary voltage is sti1134 V. Assuming an ideal diode and 
small ripple, the de load voltage is: 

VL ~ 34 V 

The de lmid current is: 

34V 
h ~ 5 kil ~ 6.8 rnA 

Now, Eq. (4-10) gives: 

6.8mA 
VR ~ (120 Hz)(!OO I'F) ~ 0.566 V pp = 0.57 V pp 

Because of the 1.4 V across two conducting diodes and the ripple, the actual de 
load voltage will be closer to 32 V tl:wn to 34 V. 

We have calculated the de load voltage and ripple for the three different 
rectifiers. Here are the results: 

Half wave: 34 V and 1.13 V 

Full wave: 17 V and 0.288 V 

Bridge: 34 V and 0.566 V 

For a given transformer, the bridge rectifier is better than the half-wave rectifier 
lJecause it has less ripple, and it's better than the full-wave rectifier because it 
produces twice as much output voltage. Of the three,_ the bridge rectifier has 
emerged as the most popular. 

Figure 4-:16 Bridge rectifier and capacitor-input'filter. 
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Example 4-9 llllllllultiSim 

Figure 4-17. sb'ows the Values measured with MultiSim. Calculate the theoreticai lo3.d voltage and ripple and compare 
them to the measured values. 

Figure 4-17 lab example of bridge rectifier and capacitor-input filter. 

Diode Circuits 111 



SOLUIION The transformer is a 15: 1 step-down, so the rms secondary voltage is 

120V 
V,=-

1
-
5
-=8V 

and the peak secondary voltage is: 

8V 
v, = 0.707 = !1.3 v 

Let's Use the second approximation of the diodes to get the de load voltage: 

VL = 11.3 v - 1.4 v = 9.9 v 

To calculate the ripple, we first need to get the de load current: 

9.9V 
h = 50011 = l9.8mA 

Now, we can use Eq. (4-10) to get: 

19.8mA 
v. = (120 Hz)(4700 JLF) 35 mVpp 

In Fig. 4-17, a multimeter reads a de load voltage of 9.9 V. 
Channell of the oscilloscope is seno 10 mV/Div. The peak-to-peak ripple is approximately 2.9 DiV and the 

measured ripple is 29.3 m V. This is le~s than the theoretical value of 35 m V, which emphasizes the point made earlier. 
Equation ( 4-1 0) is to be used for estimating ripple. If you need more accuracy, use computer simulation software . . 
PRACTICE PROBLEM 4-9 Chango the capacitor value in Fig. 4-17 to I ,000 JLF. Calculate th•new v, value. 
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· 4-7 Peak Inverse Voltage and 
Surge Current 

The peak inverse voltage (PIV) is the maximum vo]tage across the nonconduct­
ing diode of a rectifier. This voltage must be less than the breakdown voltage of the 
diode,· oth.erw~se, the diode will be destroyed. The peak inverse voltage depends 
on the type of rectifier and filter. The worst case occurs with the capacitor-input 
filter. 

As discussed earlier, data sheets frOm various manufacturers use many 
different symbols to indicate the maximum reverse voltagft rating of a diode. 
Sometimes, these symbols indicate different conditions of meaSurement Some Of 
the data sheet symbols for the maximum reverse voltage rating are PIV, PRV, Vs. 
VaR. VR, VRRM, VRWM· and VR(17U1.:1:)· 

Half-Wave Rectifier with Capacitor-Input Filter 
Figure 4-18a shows the critical part of a haJf-wave rectifier. This is the part of the 
circuit that determines how much reverse voltage is across the diode. The rest of 
the circuit has no effect and is Omitted for the sake of clarity. In the worse case, the 
peak secondary voltage is on the negative peak and the capacitor is fully charged 
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Figure 4-18 (a) Peak inverse voltage 
in half-wave rectifier; (b) peak inverse 
voltage in full-wave rectifier; (c) peak 
inverse voltage in bridge-wave rectifier. 
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with a voltage of VP. Apply Kirchhoff's voltage law, and you can see right,away 
that the peak inverse voltage across the nonconducting diode is: 

PIV = 2V, (4-11) 

For instance, if the peak secondary voltage is _15 V, the peak inverse voltage is 
30 V. As long as the breakdown voltage of the diode is greater than thiS, the dicde 
will not be damaged. 

full-Wave Rectifier with Capacitor-Input Filter 
Figure 4-18b shows the essential part of a full-wave rectifier needed to calculate 
the peak inverse voltage. Again,_the secondary voltage is at the negative peal<. In 
this case, the lower diode acts like a short (closed switch) and the upper diode is 
open. Kirchhoff's law implies: 

(4-12) 

Bridge Rectifier with Capacitor-Input filter 
Figure 4-18c shows part of a bridge rectifier. This is all you need to calculate the 
peak inverse voltage. Since the upper diode is shorted and the lower one is open, 
the peak inverse voltage across the lower diode is: 

PIV = v, (4-13) 

Another advimtage of the bridge rectifier is that it has the lowest.peak inverse volt­
age for a given load voltage. To produce the same load voltage, the full-wave rec­
tifier wou~d need twice as much secondary voltage. 

s._. rge Resistor 
Before the power is turned on, the filter capacitor is uncharged. At the first instant · 
the power is applied, this capacitor looks like a short. Therefore, the initial charg­
ing current may be very large. All that exists in the charging path to impede the 
current is the resistance of the transformer windings and the bulk resistance qf the 
diodes. The initial rush of current when the power is turned on is called the surge 
current. . 

Ordinarily, the designer of the .. power supply will select a diode with 
enough current rating to withstand the surge current. The key to the surge current 
is the size of the filter capacitor. Occasionally, a designer may decide to use a 
surge resistor rather than select another diode. 

Figure 4-19 illustrates the idea. A small resistor is inserted between the 
bridge recti!ler and the capacitor-input filter. Without the resistor,, the surge cur­
rent might destroy the diodes. By including the surge resistor, the designer re­
duces the surge current to a safe level. Surge resistors are not used very often and 
are mentioned just in case you see one used in a power supply. 

Figure 4-19 Surge resistor limits surge current. 
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Example 4-10 
What is the peak inverse voltage in Fig. 4-19 if the turns ratio is 8: 1? A 1N4001 
has a breakdown voltage of 50 V. Is it safe to use a 1N4001 in this circuit? 

SOLUTION The rms secondary voltage is: 

120V 
v,=~=15V 

8 

The peak secondru; voltage is: f, l* 
15 v ' 

v, = 0.707 = 21.2 v 

The peak inverse voltage ~s: 

PIV = 21.2 V 

The 1N4001 is more than adequate, since the peak inverse voltage is much less 
than the breakdown voltage of 50 V. 

PRACTICE PROBLEM 4-10 Using Fig. 4-19, change the transfonner's 
turns ratio to 2:1. Which 1N4000 series of diodes ~hould you use? 

4-8 Other Power-Supply Topics 
You have a basic idea of how power-supply circuits work. In the preceding sec­
tions, you have seen how an ac input voltage is rectified and filtered to get a de 
voltage. There are a fyw additional ideas you need to know about. 

Commercial Transformers 
The use of turns ratios with transformers applies only to ideal transformers. Iron~ 
core transformers are different. In other words, the transformers you buy from a 
parts supplier are not ideal because the windings have resistance, which produces 
power losses. Furthennore, the laminated core has eddy currents, which produce 
additional power losses. Because of these unwanted power losses, the ttu:ps ratio 
is only an approximation. In fact, the data sheets for transformers rarely list the 
turns ratio. U~ually,· all you get is the secondary voltage at a rated current. 

For instance, Fig. 4-20a shows an F-25X, an industrial transformer 
whose data sheet gives only the following specifications: for a primary voltage of 
115-V ac, the secondary voltage is·l2.6 V ac when the secondary current is 1.5 A. 
If the sec(!ndary current is less than 1.5 A "in Fig. 4-20a, the secondary voltage will 
be mofe than 12.6 V ac because of lower power losses in the windings and lami­
nated core. 

If it is necessar:y to know the primary current, you can.estimate the turns 
ratio of a real transformer by using this definition: 

NI VI 
(4-14) -=-

N, v, 

I 
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Figure 4-20 (a) Rating on, real transformer; {b) calculating fuse current. 
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For instance, the F25X has VI = 115 v and v2 = 12.6 v. The turns ratio at the 
rated load current of 1.5 A is: · 

N, = 115 = 9.13 
N,. 12.6 

This is an approximation because the calculated turns ratio decreases when the 
load current decreases. 

Calculating Fuse Current 
When troubleshooting, you may need to calculate the primary current to deter­
mine whether a fuse is ad~uate or not. The easieSt way to do this with a real trans­
former is to assume that the input power equals the output power: Pin = Pout· For 
instance, Fig. 4-20b shows a fused transformer driving a filtered rectifier. Is the 
0.1-A fuse adequate? 

Here is how to estimate the primary current when troubleshooting. The 
output power equals the de load power: · 

P,.,= VI= (15V)(l.2A) = 18W 

Ign,ore the power losses in the rectifier and the transformer. Since the input power 
must equal the output power: 

P;,= 18W 

Since Pm. = V1It, we can solve for the primary current: 

18W 
I,= 

115
V =0.156A 

This is only an estimate because we ignored the power losses in the transformer 
and rectifier. The actual primary current will be higher by about 5 to 20 percent 
because of these additional losses. In any case, the fuse is inadequate. It should be 

· at least 0.25 A. · 

Slow-Blow Fuses 
Assume that a capaCitor-input filter is used in Fig. 4-20b. If an ordinary 0.25-A 
fuse is used in Fig. 4-20b, it will blow out when you turn the power on. The reasOQ 
is the surge current, described earlier. Most power supplies use a slow-blow fuse, 
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one that can temporarily withstand overloads in current. For instance, a 0.25-A 
slow-blow fuse can withstand 

2Afor0.1 s 
1.5Aforls 
1Afor2s 

and so on. With a slow-Plow fuse, the circuit has time to charge the capacitor. Then, 
the primary current drops down to its nonnal1evel with the fuse still intact. 

Calculating Diode Current 
Whether a half-"wave rectifier is filtered or not, the average current through the 
diode has to equal the de load current because there is only one path for current. 
As a derivation: 

Half wave: [diode =Ide (4-15) 

On the other himd, the average currerit through a diode in the full-wave 
rectifier equals. only half the de load current because there are two diodes in the 
circuit, each sharing the load. Similarly, each diode in a bridge rectifier has to 
withstand an average current of half the de load current. As a derivation: 

Full wave: I diode = O.Sldc (4-16) 

Summary Table 4-2 compares the properties of the three capacitor-input filtered 
rectifiers. . 

Reading a Data Sheet 
Refer to the data sheet of the 1N4001 in Chap. 3, Fig. 3-16. The maximum peak 
repetitive reverse voltage, VRRM on the data sheet, is the same as the peak invei's~ 
voltage discussed earlier. The data sheet says that the 1N4001 can withstand a 
voltage of 50 V in the reverse direction. 

The average rectified forward current-IF(av)• hmn)• or fa-is the de or 
average current through the diode. For a half-wave rectifier, the diode current 
equals the dc'toad current. For a full-wave or bridge rectifier, it equals"half the de 
load current. The data sheet says that a IN4001 can have a de current of 1 A, 
which means that the de load current can be as much as 2 A in a bridge rectifier. 

Summary Table 4-2 

Number of diodes l 2 

Rectifier input v~~ 0.5VP!2r v~~ 

DC output (ideal) v,, 0.5Vp(z) ·:\i,t2i··:~': 

OC output (2d) Vp(2r- o.1 v . O.~Vpe2J- 0.7V v~2)-~ .. _l.4"' 
Ripple frequency firr 2fin , ·2fin· · 

PJV 2V~~ V~2J.: .. Vp(2J 

Diod~ current ,,, 0.5/dc · o.:S"fd!= 
·~~-

"'Vpm =peak secondary voltage; VP<OOI) =peak output voltage; I&= de load cumm.t. 
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Figure 4-21 (a) RCfilteri~g; fb} LCfiltering; (d voltage-regulator filtering. 

R R 

' BRIDGE : R, 
RECTIFIER c ' ' ' 

1-*--SECTION~ SECTION -4 
(a) 

--- ---
BRIDGE 

L 

RECTIFIER c c R, 

' ' ' · ~SECTION~SECTION--114 

{b) 

BRIDGE 
IC 

RECTIFIER c VOLTAGE R, 
REGULATOR 

lei 

Notice also the surge-current rating hsM· The data she'et says that a 1N4001 can 
withstand 30 A during the first cycle when the power is turned On. 

RC filters 
Before the 1970s, passive filters (R, L, and C components) were often connected 
between the rectifier and the loa!i resistance. NowadaYs. you rarely see passive 
filters used in semiconductor power supplies, but there might be sPecial applica~ 
tions, such as-audio power amplifiers, in which you might encounter them. 

Figure 4-21a shows a bridge rectifier and a capacitor-input filter. Usu­
ally, a designer will settle for a peak:~to~peak ripple of as much as 10 percent 
across the filter capacitor. The reason for not trying. to get even lower ripple is 
because the filter capacitor would become tOo large. Additional filtering is then 
done by RC sections between the filter capacitor and the load resistor. 

The RC sections are examples of a passive filter, one that uses only R, L, 
of C components. By deliberate design, R is much greater than Xc at the ripple fre~ 
quency. Therefore, the ripple is reduced before it reaches the load resistor. Typi­
cally, R is at least lO times ·greater thinXc. This means that each section attenu­
ates (reduces) the ripple by a factor of at least 10. The disadvantage of anRC filter 
is the loss of de voltage acroSs each R. Because ·of this, the RC filter is suitable 
only for very light loads (small load current or large load resistance). 

LC filter 
When the lOad current is large, the LCfilters of Fig. 4-2lb are an improvement over 
RC filters. Again, the idea is to diop the ripple across the series components, in this 
case, the inductors. By making XL much greater than Xc. we can reduce the ripple 
to a very low level The de voltage drop across the inductors is much smaller than 
it is across the resistors of RC sections because the winding resistance is s-maller. 

The LC filter was very popular at one time. Now, it's becoming obsolete 
in typical power supplies because of the size and cost of iJlductors. For low-voltage 
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Summacy Tllble 4-3 POwer SuppiM Block !Diagram' ' ' , , ' ,, ' , , , , 

Purpose Provides proper . 
secon,dary ac 
voltage and ac 
ground isolation 

Types Step-up, step-down, 
isolation (1 :1) 

GOOD TO KNOW 
A filter made of an inductor pla,oed;, >, 
in between two capacitors is 

called a· pi {1T) filter. 
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Changes ac input Smooths Provides a constant 
to pulsating de out de pulses output voltage under 

varying loads and ac 
input voltage 

Half-wave, full- Choke-input, Discrete 
wave, full-wave capacitor components, 
bridge input integrated 

circuit {IC) 

power supplies, the LC filter has been replaced by an integrated circuit (IC). 
This is a device. that contains diodes, transistors, resistors, and other components 
in a miniaturized pacbge to perform a specific function. 

Figure 4-21c illustrates the idea. An IC voltage regulator, one type of 
integrated circuit, is benveen the filter capacitor and the load resistor. This device 
not only reduces the ripple, it also holds the output voltage constant. We will dis­
cuss IC voltage regulators in a later chapter. Because of their low cost, IC voltage 
regulators are now the ~t.andard method used for ripple reduction; 

Summary :rable 4·3 breaks the power supply down into functional blo~ks. 

4?9 Troubleshooting 
Almost every piece of electronics equipment has a power supply, typically a rec· 
tifier driving a capacitor-input filter followed by a voltage regulator (discussed 
later). This power supply produCes the de voltages needed by transistors and other 
devices. If a piece of electronics equipment is not working properly, start y'our 
.troubleshooting with the power Supply. More often than not, equipment failure is 
caused by troubles in the power supply. 

Procedure 
Assume that. you are troubleshooting the circuit of Fig. 4-22. You can start by 
measuring the de load voltage. It should be approximately the same·as the peak 
secon~y~ltage. If not, there are two possible courses of action. 

First, if there is no load -voltage, you can use a floating VOM or DMM to 
measure the secondary voltage (ac range). The reading is the nns voltage across the 
secondary winding. Convert this to peak value. You can estimate the peak value by 
adding 40 percent to the nns value, If this is normal, the diodes may be defective. If 
there is no secondary voltage, either the fuse is blown or the transformer is defective. 

Second, if there is de load voltage, but it is lower than it-should be, look 
at the de load voltage with an oscilloscope and measure the ripple. A peak-to-peak 
ripple around 10 percent of~ ~deal load voltage is reasonable. The rippl.e may be 
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v, 

Fuse blown Zero 

Capacitor open OK 

One diode open OK 

All diodes open OK 

load shorted Zero 

leaky capacitor OK 

Shorted windings OK 

Diode Circuits 

Figure 4-22 Troubleshooting. 

120V 
60Hz 

somewhat more or less than .this, depending on the design. Furthermore, the rip­
ple frequency should be 120Hz for a full-wave or bridge rectifier. If the ripple is 
60 Hz, one of the diodes may be open. 

Common Troubles 
Here are the most common troubles that arise in bridge rectifiers with capacitor-
input filters: · 

1. If the fuse is open, there will be no voltages anyWhere in the circuit. 
2. If the filter capacitor is ope11, the de load voltage will be low because the 

output will be an unfiltered full-wave signal. 
3. If one of the diodes is open, the de load voltage will be low because there 

will be only half-wave rectification. Also, the ripple frequency will be 60Hz 
instead of 120Hz. If an diodes are open, there will be no output. 

4. If the load is shorted, the fuse will be blown. Possibly, one or more diodes 
may be ruined Or the transfonner may be damaged. 

5. Sometimes the filter capacitor becomes leaky with age, and this reduces the 
de load voltage. 

6. Occasionally, shorted windings in the transformer reduce the de output volt­
age. In this case, the transformer often feels very warm to the touch. 

7. Bes~des these troubles, you can have solder bridges, cold-solder joints, bad 
connections, and so on. 

Summary Table 4-4 lists these troubles and their symptoms. 

illypi!i!~~,ilirou,llles for Clar:~acitor~tnput Fiili:ere\1 , , ~ " , · 
'Brililg!!l R!i!ef!_m!!lt .: . ' ·' , ·, : , ., ' , .: , , 

~. ( c" ~-

v, VL(dc) v. fripple Scope on Output 

Zero Zero Zero Zero No output 

OK Low High 120Hz Full-wave signal 

OK Low High 60Hz Half-wave ripple 

OK Zero Zero Zero No output 

Zero Zero Zero Zero No output 

OK Low High 120Hz Low output 

Low Low OK 120Hz low output 
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