To a secénd approxunauon

p(out)"' 17V - 14V— 156V

Now, let’s compare the theoretical values with the measured values, The sensitivity of channel 1 is 100 V/Div.
Since the sine-wave input reads approximately.1.7 Div, its peak value is apprommately 170 V. Charinel 2 has a sensitivity
of § V/Div. Since the hatf-wave cutput reads approximately 3.2 Div, its peak value is approximately 16, V. Both input and
output readmgs are approx1mately the same as the theoretical values.

PRACTICE PROBLEM 4~5 Asin Exampie 4-5, c,a]culate the ideal and second approx1mauon V,{out) values using a

5:1 transformer turns ratio,

Diode Circuits

4-5 The Choke-Input Filter

Atone time, the choke-input filter was widely used to filter the  output of arectifier.

Although not uged i much. anymore bétaise of its cost, b , bulk and weight, ‘this type e of

filter has T mstrucuonal value and helps. make it easier to understand other ﬁlters

Basic idea

L quk atFig. 4—10a ThlS type of ﬁlter is calied 2 choke~mput ﬁlter. The ac. source

has a reactance given by

it reduces the ac load Current to 2 very small vm Ml us ﬁnd out why.-

Thie first requuement of 2 well-desipned choke-input ﬁltmg: “Is to have Xc
at the input frequency “be much smallcz than RL When tins condlt

- greater thanX¢ at the mput frequency When this condmon 1$ satlsﬁe,d “the’ ac

Figure 4-10 (a Ch.bke-input filter; (-b) ac equiv?lent circuit.
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output voltage approaches zero, On the other hand, since the choke approximates
a short circuit at 0 Hz and the capacitor approximates an open at ( Hz, the dc cur-
rerit can be passed to the load resistance with minimum loss.

In Fig. 4-10b, the circuit acts like a reactive voltage divider. When X, 1s‘
much greater than X¢, almost all the ac voltage is droppe:d across the choke. In this
case, the ac output voltage equals:

X ‘ .
Vou = 3 Vi | : “9
For instance, if X; = 10k{}, Xc = 100 {}, and Vin = 15V, the ac output voltage is:
1000
Vour = 1ok, 1BV =015V

_ In this exampie, the choke-input filter reduces the ac voltage by a factor of 100,

Filtering the Output of a Rectifier

Figure 4-1la shows a choke-input filter between a rectifier and a load. The recti-

fier can be a half~wave, full-wave, or bridge type. What effect does the choke-
) B . ETPCTTRA

Figure 4-11  {d) Rectifier with choke-input fitter; () rectificr out‘pdt has de and ac
components; (¢} de eguivalent circuit; (@) fiiter output is direct eurrent with small ripple,
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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
moxre sources, 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 voitages acts like a separate source. As far as the ac voltage 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 appraximation 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

- R, 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 is almost constant, like the
voltage out of a battery. Figure 4-11d shows the filtered output for a full-wave sig-
nal. The only deviation from a perfect dc voltage is the small ac load voltage
shown in Fig. 4-114. This small ac load 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 serious 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 Filtér

The choke-input filter produces 2 de output voltage equal to the average value of
the rectified voltage. The capacitor-input filter produces a dc output, voltage
equak to the peak value of the rectified veltage. This type of filter is the most
widely used in power suppiies.

Basic ldea

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

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

ing the first quarter cycle
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