Diode Circuits

input filter have on the load voltage? The easiest way to solve this problem is to
uge the superposition theorem. Recall what this theorem says: If you have two or
more sourees, you can analyze the circuit for each source separately and then add
the individual voltages to get the total voltage.

The rectifier output has two different corponents: a de voltage (the
average value) and an ac voltage {the fluctuating part), as shown in Fig. 4-11b.

Each of these voltages acts like a separate source. As far as the ac vbltage is con- -

cerned, Xy is much greater than X, and this results in very little ac voltage across
the load resistor. Even though the ac 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.4-11¢ as far as dc voltage is concerned. At 0 Hz,

. the inductive reactance is zero and the capacitive reactance is infinite. Only the

series resistance of the inductor windings remains. Making Ry much smaller than

- Ry, causes most of the dc component to appear.across the load resistor,

- That’s how a choke-input filter works: Almost all of the dc 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 dc voltage, one that i8.almost constant, like the
voltage out of a battery. Figure 4-11d shows the filtered outputfor a full-wave sig-
nal. The only deviatior fromia perfect dc voltage is the small ac load voltage
shown in Fig. 4-114. This smalf se Joad voltage is called ripple, With an oscillo-
scope, we can measure its peak-to-peak value

Mam Dusadvantage

A power supply is the cireuit inside electronics equipment that converts the ac
input voltage to an almost perfect de output voltage, It includes a rectifier and a
filter. The trend nowadays is toward low-voltage, high-cuzrent power supplies.
Because line frequency is only 60 Hz, large indnctances have to be used to get
enough reactance for adequate filtering. But large inductors have large winding
resistances, which create a sérious design problem with large load currents, In

other words, too much dc voltage is dropped across the choke resistance, Further-

mote, bulky inductors are not suitable for modern sen‘uconductor circuits, where
the emphasxs is on lghtweight designs.

Switching Regulators |

One important application does exist for the choke-input filter. A switching regu-
lator is a special kind of power supply used in computers, monitors, and an in-
creasing variety of equipment. The frequency used in a switching regulator is.
much higher than 60 Hz Typically, thejreguency be:ng ﬁltered is above 20 kHz.

4-6 The Capacitor~input Filter

The choke-input filter produces a dc output voltage equal to the average value of
the rectified voltage. The capacitor-input filter produces a dc output voltage
equal to the peak value of the rectified voltage. This type of filter is the most
widely used in power suppiies.

Basic Idea

Figure 4-12a shows an ac source, a diode, and a capacxtor The ‘fc‘ey to under-

- standing a capacitor-input filter is understandmg what this smlple circuit dees dur-

ing the first quarter cycle
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_ Figure 4~12 (o) ijnipaded‘c‘a‘pécitn'r'—input filter; £b) autput is pure de voltage;
{d) capacitor remajns charged when diode is &ff. ‘

IDEAL

{a) : {b)

. Vin < Vp :|: Ve
T

Initially, the capacitor is uncharged. During the first quarter cycle of
Fig. 4-12b, the 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 until the input reaches its maximum value. At -
this point, the capacitor voltage equals V..
After the input voltage reaches the peak, it starts to dectease. As $00nN ag

‘the input voltage is less than V), the diode turns off. In this case, it acts like the
- open switch of Fig. 4-12¢. During the remaining cycles, the capacitor stays fully
‘charged and the diode remains open This is why the cutput voltage of F1g 4-126

is.constant and equal to V.

Ideally, all that the capac1tor~mpu£ filter does is charge the capac1tor to
the peak-voltage durmg the first quarter cycle. This peak voltage is constant, the
perfect dc voltage we need for electromcs equiprent. There’s only one problem:
There is no load resistor. - "

Effect of Lead Resistui’

For the capacitor-input filter to be nseful, we need to connegt a load res1stor across
the-capacitor, as shown in Fig. 4-134. As Jong as the R;C time constant is much

. greater than the period, the capacitor Temains almost filly charged and the foad

voltage is approximately V,,. The only deviation from a perfect dc 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 dc 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 between peaks, the peak-to-peak ripple is small.

" ‘When the next peak artives, the diode conducts briefly and recharges the capaci-

tor {o thé peak.value. A key question. is: What size should the capacitor be for
proper operation? Before dlscussmg capacitor size, consider what happens w1th
the other rectifier circuits, ‘.

Full-Wave Filtering

If we connect a full-wave or bridge rectifier to a capacitolrui.nput ﬁltcr, the peék&o—
peak ripple is cut in half. Figure 4-13¢ shows why. When a full-wave voltage is
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_ GOOD TO KNOW

Another, more accurate formula,

ean be used to determine the ripple
aut of any capacitor input filter,
Itis ' ‘

Vi = Vetouy 1 — e WRL
Time ¢ represents fhe Ieﬁgth pf
time the filter capacitor Cis...
allowed to discharge, For a
hatf-wave rectifier, ¢ can be
approximated as 16,67 ms, w
8.33 ms can be used Tor a fu
rectifies. ) ‘

Diode Circuits

Figure 4-13 (¢} Loaded capacstornmpnt filter; (b) outputis direct current with small
npple (c full wave output has less ripple, S
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applied to the RC circuit, the capacitor discharges for 6nly 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 estlmate the peak-to-peak rlpple out of any
capacitor-inpat filter; -

¥
=2 -1
Vr i 4-10)
where Vz = peak-to-peak ripple iroltage
I = dc load current
f = ripple frequency
.- € = capacitance

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 compater with a circuit simulator like MultiSim.

For instance, if the dc load current is 10 mA and the capacitance is
200 wF, the ripple with a bridge rectifier and a capacitor-input filter is:

10 mA
R 30 Hzy@oo e 17 Ve
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 veoltage
with an oscilloscope. Second, the formula works with half-wave or full-wave
"voltages. Use 60 Hz for half-wave, and 120 Hz for full-wave, _ '
You should use an oscilloscope for ripple measuremerits if one is avail-
able. If not, you can ise 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 the design of the ac'voltmeter. But this
should be no problem when you are troubleshooting, since you w111 be looking for
much larger changes in tipple.

s
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If you do use an ac voltmster to measure the ripple, you can convert the
peak-to-peak value given by Eq. (4-10) to an rins value using the following
formula for a sine wave:

Vv
P
Vems =
_ ™ V2 o -
Dividing by 2 converts the peak-to-peak value to a peak value, and dividing by
2 gives the rms value of a sine wave with the same peak-to-peak value as the
ripple voltage. ' :

Exact DC Load Veltage

It is difficult to calculate the exact dc 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 fiow through the transformer windings and the bulk resistance of
the diodes. In our examples, we will-calculate either the ideal output or the cutput
with the second approximation of a diode, remembering that the actual de voltage

s slightly lower. -

Example 4-6
What is the dc load voltage and ripple in Fig. 4-147
SOLUTION The rms secondary voltage is: -

120V
=24V

Vy = 3

The peak secondary voltage is:

V LA =34V
0707

Assuﬁling‘an ideal diode and small ripple, the de load voltage is:
V=34V

To calculate the ripple, we first need to get the dc load current:
IL—%—%"G.SmA

Figure 4-14 Haif-wave rectifier and capacitor-inpuf filter.
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‘ Figure 4-15  Full-wave rectifier and capacitor-input filter.
IDEAL
i

i

iDEAL .

SR
4
IwoyF - B ki2

Now we cun use Eq, (4-10) to get:
6.8 mA
VR = e
(60 Hz)(100 uB)

We rounded the ripple to two significant digits because it is an approximation

and cannot be accurately measured with an oscilloscope with greater precision.
Here is how to improve 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 dc voltage

slightly. So the acmal dc load voltage will be closer 1o 33 V than to 34 V. But

. these are minor deviations. Ideal answers are usually adeguate for troubleshoot-

ing and preliminary analysis. _ '

_ A final point about the circuit. The plus sign on-the filter capacitor
indicates a polarized capacitor, one whose plus side must be connected to the
positive rectifier output. In Fig. 4-15, the plus sign on the capacitor case 1s 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. L o

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

=113 Vpp=11Vpp

Example 4-7 | P —

+

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

SOLUTIOM  Since the transformer is 5;1 step-down like the preceding
example, the peak secondary voltage is still 34 V. Half this voltage is thednput
to each half-wave section. Assuming an ideal diode and small ripple, the dc load-

voltage is:
Ve = 17V
The dc load carrent is:
Iy = EAS = 3.4 mA
Eosxa
; ‘Now, Bq. (4-10) gives:
1 V—"‘““*-—?‘"ﬁ“;‘mé——-0283v = 028V
] RT (20 (100 pF) T PR TP
&

Diode Circuits ' ’ 109



Becanse of the 0.7 V across the conducting diode, the actual dc load voltage will
be closerto 16 V thanto 17 V. ‘

PRACTICE PROBLEM 4-7 Using Fig. 4-13, change Rz to 2 K{2 and
calculate the new ideal de load voltage and ripple. '

Example 4-8 ' euiiSEm

What is the de load voltage and ripple in Fig. 4- 167 Compare the answers with
those in the two preceding examples.

SOLUTION  Since the transformer js 5:1 step-down as in the preceding ex-
ample, the peak secondary voltage is still 34 V. Assummg an ideal diode and
small ripple, the de load voltage is:

VL= 34V

The de load current is:

I *ﬂ—GSmA
ETosxn 00

Now, Eq. (4-10) gives:

6.8 mA

VR = "020 Hzy(100 p)

=0.566 Vpp = 0.57 Vpp
Becavse of the 1.4V across two conductin g diodes and the ripple, the actual de
load voltage will be closer to 32 V than te 34 V.

‘We have calculated the dc load voltage and ripple for the three different
recnﬁms Here are the results;

Half wave: 34 V and 1.13V

Full wave: I"." Vand 0.288 V
Bridge: 34 V and 0.566 V

" For a given transformer, the bridge rectifier is better than the half-wave rectifier
. because it has less ripple, and it’s better than the full-wave rectifier because it
produces twice as much gutput valtage Of the three, the bridge rectifier has
: -emergea’ as the most popular

Figure 4-16 * Bridge rectifiér and capacitor-input filter,

b s e B e e
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Example 4-3 B - .' mammtnsﬁm

Figure 4-17 shows the values measured with Mult:Sun Calculate the theoretmai load voltage and npple and compare
them to the measured values. _ _ _, . ‘

_Figure 4-17  Lzb example of bridge rectifier and capaciter-input filter,

psile
= Channel 1
120 Virms
60 Hz N
. R1
Zza7o0yr - 30000
L 4

- Fellienix G o
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SOLUTION  The transformer is a 15:1 step-down, so the rms secondary voltage is

b 120V
AR C
and the peak secondary voltage is:
Vp = 3y 113%
P o0 Y

Let’s use the second approximatibn of the diodes to get the dc load voltage:
V=113V - 14V =99V '

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

L=22Y 9 ma ‘
Eooso0 TS
Now, we can use Hq. (4-10) to get:
: 19.8 mA ,
Y& = 120 @100 iy O VR

In Fig, 4-17, a multimeter reads a de load voltage of 9.9 V.

Channel 1 of the oscilloscope is set'to 10 mV/Div. The peak-to-peak ripple is approximately 2.9 Div and the
measured ripple is 29.3 mV. This is less than the theoretical value of 35 mV, which emphasizes the point made earlier.
Equation (4-10) is to be used for estimating rippie. If you need more accuracy, use computer simulation software.

PRACTICE PROBLEM 4-9 Change the capacitor value in Fig. 4-17 10 1,000 uF. Calculate thenew Vg value.

T L

'4-~7 Peak Inverse Voltage and
Surge Current

112

The peak inverse voltage (FIV) is the maximum voltage across the nonconduct- -
ing diode of a rectifier, This voltage must be less than the breakdown voltage of the
diode; otherwise, 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 earher, data sheets frcim varioas manufacmrers use many
different symbols to indicate the maximum feverse voliage rating of a diode.
Sometimes, these symbols indicate different conditions of mcaéuremsnt Some of -
the data sheet symbols for the maximum reverse voltage ratmg are PIV, PRV, Vg,
Vez Ve, Vrrass Vewass 800 Vigmazy-

Half-Wave Rectifier with Capacitor-input Filter

Figure 4-184 shows the critical part of a half-wave rectifier. This is the part of the
citcuit 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 fulty charged

Chapter 4



Figure 4-18 (o} Peak inverse voitage
in half-wave rectifier; (b) peak inverse
voltage in fuli-wave rectifier; (¢} peak
inverse voltage in bridge-wave rectifier.
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with a voltage of V. Apply Kirchhoff’s voltage law, and you can see right away
that the peak inverse voltage across the nonconducting diode is:

PIV =2V, : , @-11)

- For instance, if the peak secondary voltage is 15 V, the peak inverse voltage is

30V, As long as the breakdown voltage of the diode is greater than this, the diods

will not be damaged.

Full-Wave Rectifier with Capacitor-Input Filter

Figure 4-185 shows the essential part of a full-wave rectifier needed to calculate
the peak inverse voltage. Again, the secondary voltage is at the negative peak. In
this case, the lower diode acts like a shori (closed switch) and the upper diode is
open. Kirchhoff’s law implies:

PIV=V, _ _ @1

Bridge Rec_tifier with Capacitor—lnpﬁt Filter

Figure 4—-18c shows part of a bridge rectifier. This is all you need to calcilate the
peak inverse voltage. Since the upper diode is shorted and the lower one is open,
the peak inverse voltage actoss the lower diode is:

PIV=V, - @13)

Another adv':mtage of the bridge rectifier is that it has the lowest peak inversc'vo_lt-
age for a given load voltage. To produce the same load voltage, the full-wave rec-
tifier wounld need twice as much secondary voltage.

Surge 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
cureent is the resistance of the transformer windings and the bulk resistance of the
diodes. The initial rush of current when the power is turned on is called the surge
current. : o

Ordinarily, the designer of the power supply will select a dicde 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 rectifier and the capacitor-input filter. Without the resistor, the surge cur-
rent might destroy the diodes. By including the surge tesistor, 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 4-319  Surge resistor limits surge current,

NN,
Cazov| _
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_f 1 vy Va
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Example 4-10

‘What is the peak inverse vdltage in Fig. 4-19 if the tarns ratio is 8:17 A IN4001
“has a breakdown voltage of 50V, Is it safe to use a IN4001 in this circuit?

SOLUTION ' The rims secondary voltage is:

‘ 120V
sz*-"*“s"'“”"'—“ 15V

The peak secondary voltage is: & ?
! &

15V |
=212V

Yo =007
The peak inverse voltage is: y
' ‘ ‘ PIV =212V
The IN4001 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 transformer’s
. tugas ratio to 2:1. Which 1N4000 series of diedes should 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 dc .
voltage There are a few additional Ideas you need to know about

Commercial Transfarmers

The use of turns ratios with transformers applies only to ideal transformers. Iron:

core transformers are different. In other words, the transformers you buy froma

parts supplier are not ideal because the windings have resistance, which produces

power losses. Furthermore, the Jaminated core has eddy currents, which produce
“additional power losses. Because of these unwanted power losses, the tirns ratio

is only an approximation. In fact, the data sheets for transformers rarely list the
" turns ratio. Usually, all you get is the secondary voltage at a rated current.

" For instance, Fig. 4-20¢ 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'12.6 V ac when the secondary current is 1.5 A,
If the secondary currentis less than 1.5 Ain Fig. 4-20a, the secondary voltage will
be more than 12.6 V ac becanse of lower power losses in the windings and 1am1

nated core. -
If it is necessary to kiow the primary corrent, you can estimate the turns
ratio of a real transformer by using this definition: - '

M_W
N,'_V;
/

114 ' ' ‘ : o * Chapter 4
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When a transfdrmcr.ns ‘il,ml
the secondary voltage asdat
measures a value that j Is:5to
10 percént higher than its
vaiue, B
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Figure 4-20 {d) Rating on real transformer; (& calculating fuse current.

154 |
i
F25X 126V
(a)
: : 12A
1M5v 01A e
! . ‘FILTERED
- v
F-25X : RECTIFIER - 3 o

(b}

For instance, the FZSX has V, = 115V and Vo = 12. 6 V. The turns ratio at the
rated load current of 1.5 Ais:
N = s
No. 126

This is an approximatioﬁ because the calculated turns ratio decreases when the
load cumrent decréases.

e = 913

Calculating Fuse Current

When troubleshooting, you may need to calculate the primary current to deter-
mine whether a fuse is adequate or not. The easiest way to do this with a real trans-

former is to assume that the input power equals the output power; Piy = Py For -

instance, Fig. 4-20b shows a fused transformer dnvmg 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 Joad power

Pom =VI= (I5V)(1.2A)= 18 W

Ignc-re the power losses in the rectifier and the tra.nsformer Since the mput power -
must equal the output power:

Pp,=18W
Since Py, = V1ly, we can solve for the primary current:
18 W )
L= 115V =156 A

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
becanse of these addmonal losses. In any case, the fuse is inadequaté. It should be

“atleast 0.25 A,

| Slow-Blow Fuses

Assume that a capaditor-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 reasén

is the surge current, described earlier. Most power supplies use a slow-blow fuse,
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one that can temporarily vmhstand overloads in current. For mstance, a 0.25-A
slow-blow fuse can withstand

2Afor0.1s

1.5Aforls

lAafor2s
and so on, With a slow-blow fuse, the circuit has time to charge the capacitor. Then,
the primary current drops down to its normal level with the fuse still intact.

Calculating Diode Current

Whether & half-wave rectifier is filtered or not, the average current through the
diode has to equal the do 1oad current because there is only cne path for current.
As a derivation:

Hialf wave: Tuote = Fac . (415)

) On the other hand, the average current throngh 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 Joad. Similarly, each diode in a bridge rectifier has to
withstand an average current of half the dc foad current. As a derivation:

Full wave: Lo = 0570 ‘ ' (4-16)

Summary Table 4»-2 comparcs 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 re;vérse voltage, Ve on the data sheet, is the same as the peak inverse
voltage discussed earlier. The data sheet says that the IN4001 can withstand a

voltage of 50 V in the reverse direction.

The average rectified forward current—Iravy, Jmax), OF Io—is the dc or
average current through the diode. For a half-wave rectifier, the diede current

" equals the dc'load current. For a full-wave or bridge rectifier, it equals half the dc

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 2 bridge rectifier.

Num‘be-r of diodes

B Recﬁﬁér input‘ : V i Vpgzj o 05\/‘,;2; ‘
DC output {ideal) . 7. : Vp(z) '7 ‘-: .‘ ‘_-‘7-‘, : .0.-:5\/,‘,(.‘21:‘ ’ ‘
_DC output (éd) . 'v,,m-,w;'o.?v;' "0.'_"‘5Vp(z) - 07V Vi
Ripple .freq;:éﬁcy' o e o 2f,
PV T SR Vet
Diode cu.r'rc.nt . 7 ." - {;:c ‘ 0.5lfdc;" ‘

. *V,,m peaklecondary valtage; V,(.,,m peakou:pntvoltage. lio = de load cument,

' cjh&bter 4
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Figure 4-21 (a BC filtering; £ LC filtering; (&) vq!fnag'e—i’egulatcrﬁlte;iﬁg.' ' R '
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Notice also the surge-current rating Irsy. The data sheet says that a IN4001 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 load resistance. Nowadays, you rarely see passive
filters used in semiconductor power supplies, but there might be special applica-

‘tions, such as-dudio power amplifiers, in which yon might encounter theém,

Figure 4-21a shows a bridge rectifier and a capacitor-input filter. Usu-

.a'lly, 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,
or C components. By deliberate design, R is much greater than X¢ at the ripple fre-
quency. Therefore, the ripple is reduced before it reaches the load resistor, Typi-
cally, R is at least 10 times greater than Xc. This means that each section attenu-
ates (reduces) the ripple by a factor of at least 10. The disadvantage of an RC filter
is the loss of dc voltage across each R. Becaunse of this, the RC filter is suitable
only for very light loads (smallload current or large load resistance).

LC Filter 7
When the load eurrent is large, the LC filters of F’ig. 4.215 are an irmprovement over
RC filters. Again, the idea is to drop the ripple across the series components, in this

case, the inductors. By making X; much greater than X, we can reduce the ripple
t0 a very low level. The dc voltage drop across the inductors is much smaller than

it is across the resistors of RC sections because the winding resistance is smaller. -

The LC filter was very popular at one time. Now, it’s becoming obsolete

i typical power supplies because of the size and cost of inductors. For low-voltage

7



Purpose

Provides proper |
secondary ac
voltage and ac

* ground isolation

Types

GOOD TO KN

Afiltetmade of an inductor plac
in between two capacitors is often

gailcd a pi{m) filter.

118

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

oW

Changes ac input Smooths Provides a constant
_to pulsating dc out de pulses output voltage under
varying loads and ac
input voltage

Half-wave, full- . Choke-inptt; Discrete

wave, full-wave " capacitor - components,
bridge . © input integrated
b : T eireuit {IC)

power supplies, the LC filter has been replaced by an integrated eircuit (IC).
This is a device that contains diodes, transistors, resistors, and other components

in a miniaturized package to perform a speecific function.

.Figure 4-21c illustrates the idea. An IC voltage regulaior, one type of

Aintegrated circuit, is between the filter capacitor and theéload 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 theirlow cost, IC voltage
regulators are now the standard method used for ripple reduction;

Sumimary Table 4-3 breaks the power supply down into functional blocks.

4-5 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 dc voltages needed by transistors and other

devices. If a piece of electronics equipment is not working properly, start ybur
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 dc load voltage. It should be approzimately the'same as the peak
secondary voliage. If not, there ate two possible courses of action.

_ First, if there is no load voltage, you can use a floating VOM or DMM i
measure the secondary voltage (ac range). The reading is the rms voltage across the
gecondary winding. Convert this to peak value. You can estimate the peak value by

"adding 40 percent to the rms 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 voltaga, but it is lower than it-should be, lock
at the de load volfage with an oscilloscope and measure the ripple. A peak-to-peak
ripple around 10 percent of the ideal load voltage is reasonable. The ripple may be
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Figure 4-22  Troubleshooting.
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somewhat more or less than this, depending on the design. Furthermore, the rip-
ple frequency should be 120 Hz for a full-wave or bndge 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 bndge rect;ﬁers with capacxtor» _
input filters:

1

2.

3.

. If the fuse is open, there will be no voltages anywhere in the circuit.

If the filter capacitor is open, the de load voltage will be low because the
output will be an unfiltered full-wave signal.

If ane of the diodes is open, the de Joad voitage will be low because there
willl be only half-wave rectification. Also, the ripple frequency will be 60 Hz
instead of 120 Hz. If all diodes are open, there will be no output, :

4. 1f the load 1s shorted, the fuse will be blown. Possibly, one or more diodes

may be ruined or the transformer may be damaged.
. Sometimes the filter ¢capacitor becomes leaky with age, and this reduces the
de Joad voltage.

6. Occasionally, shorted wmdm gs.in the transformer reduce the dec output volt-

age. In this case, the transformer often feeis very warm to the touch.
. Besides these troubles, you can have solder bridges, cold-solder joints, bad
connections; and 5o on.

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

Fuse blow.n

* Capacitor open
One diode open
All diodes open
Lload shortéd
Leaky capacitor

Shorted windings

Diode Circuits

v

Zero

OK

0K

. QK

Zero

CK

0K

Vi ' Ve Fippic - . Scope on Output
Zero ‘ Zero . IZero‘ Zem. : ~ Nooutput - |
oK Low High 120Hz - Full-wave signal
oK, " Low High 60 Hz Half-wave r.ipple
“OK Zero Zero Zero | No output
Zerg Zem‘ Zero Zero ‘No output
oK Low A High W 120Hz Low output
tow Low oK 120Hz Low output
11%
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