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The Basic Power Supply
The Power Supply

The power supply is used to convert the AC energy provided by
the wall outlet to dc energy. In most electronic equipment, the
power cord supplies the ac energy at 120 V,.tothe power supply.
The power supply then provides all the dc voltages needed to run
the equipment.

The basic power supply is broken down into 4 elements as shown.
1) The Transformer
2) The Rectifier
3) The Filter
4) The Voltage Regulator

The Transformer Basic Power Supply -- Block Diagram

Voltage

- usually steps up or steps v,
down the incoming line

voltage depending on the /‘\ /‘\ /‘\ /‘\ /‘\mv

needs of the power supply.

This alternating voltage is \/ \/ \/ \/ \/
then fed to the rectifier.

The Rectifier /\ N N\ N\ N

- 1s a diode circuit that \VARVARAVAAVARY/

converts the ac to pulsating
dc. This pulsating dc is
then applied to the filter.
The Filter

- 1s a circuit that reduces
the variations of the in the
dc voltage. It can include

< VDC
one or several passive v. [
Figure 1
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components such as resistors, capacitors and inductors. We will
study the capacitor as a filter. The filtered dc 1s then fed to a
voltage regulator stage.

The Voltage Regulator

- 1s used to maintain a constant voltage at the power supply output.
[t also provides a further smoothing of the dc voltage.

We will be using a zener diode as a voltage regulator. Modern
day circuits have superceded the zener diode regulator with more
modern integrated circuits. Since the zener diode is the simplest of
these circuits to understand, we will study it as a prerequisite to the
more modern circuits available.

The Transformer Primary
(Input)

Secondary
(Output)

The basic schematic symbol for the
rransformer is shown in Figure 2.
Note that it has two windings , the primary and the secondary. The
input voltage 1s applied to the primary winding and the output
voltage 1s taken from the secondary winding. The vertical lines
petween the windings represent an iron core transformer.

Figure 2

Figure 3 represents a simple transformer. N, 2:1 N,

Note that there 1s no electrical connection ' ‘\
: ‘_O<_
petween the primary and 1 7

secondary windings. AC 1s applied @ Vv
o the primary and this ac current 1
creates a magnetic flux in the core v

D
i; vo‘
0f the transformer. L, — _j

<+— Magnetic Flux

Figure 3
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This magnetic flux grows as the ac current increases in the primary
winding. As the ac current decreases, then reverses, - so does the
magnetic flux.

The ac current has created a constantly changing and reversing
flux in the iron core of the transformer.

This constantly changing flux also passes through the secondary
winding. As it grows, collapses and reverses, it cuts through the
secondary windings and induces a voltage 1n it. The voltage level
that appears across the secondary winding is dependant on the
ratio of primary turns to secondary turns.

Transformer Types

1:2

Step Up Transformers provide a secondary voltage that 1s greater

than the primary voltage
E 30 Vac

Step Down BEEPIR'AS g

Step Down Transformers provide a secondary voltage that is less

than the prlmary voltage
120 Vac g‘ ‘E 120 Vac

Isolation Transformers provide a secondary voltage that is equal
than the primary voltage. This type of transformer is used to isolate
the power supply from the ac power line. This is often necessary
with certain equipment (i.e. television sets) to protect both the
equipment and the technician working on it.
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Calculating Secondary Voltage

In the simple transformer shown in Figure 4, we have 12 turns
creating the magnetic flux in the core. This same flux cuts the
secondary windings. Since only 6 windings are here, the induced
voltage 1s one half of that in the primary. Since 12 windings to 6
windings is a ratio of 2:1, we can calculate the secondary voltage if

1N 2:14N,

the turns ratio 1s known and the primary vol ; = YW,
This gives the formula: | == [
@DV, : V, [
V — & V : 1
2 N, ! \ L= J] —o-

<«— Magnetic Flux

In our case above, 1f V, 1s 12Vac, Figure 4
Then V, would calculate out to be 60 Vac.

1
V, =%Vl V, =512 Vac

=6 Vac

Calculating Secondary Current

Ideally, transformers are 100% efficient. This means that the 1deal
transformer transfers 100% of its power to the secondary (The
actual losses are small, so we ignore them).

If we assume that all the power that goes in 1s transferred to the
output then:
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We know that power is voltage times current then:

V,L=V. 1
And
I, V,
I, V,

A quick look at this last formula should tell you that the current
ratio 1s the inverse of the voltage ratio. This means that:

For a step down Transformer I,> 1,
For a step down Transformer I,<1,

This simply says that if the voltage on the secondary increases,
then the current in the secondary decreases.

Using our simple transformer N, 2:1 N,

2:
4._.

in Fig. 4 as an example: i BN o
7\ :Pp% N
We found before that the @ V, s V, [ad]
secondary voltage was 6 Vac 3 -
when the primary voltage was - —O
12 Vac. S -

<«— Magnetic Flux

Figure 4
Let’s assume that we

measured the primary current and found that it was 1 Ampere. We
know that the current ratio is the inverse of the voltage ratio. This
means that if the voltage drops in half, then the current must
increase by a factor of 2. This means that the current in the
secondary winding is 2 Amperes.
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By formula, if we know the primary current, the primary voltage
and the secondary voltage , then the secondary current is

1= & 1
2 V2 1
If we know the turns ratio then :
N
I=—21
2 N1 1

Example 3-1 shows an example of finding the secondary current.

Transformer Input / OQutput Relationships

Some transformers have their output waveform in phase with the
input waveform. Others do not. While is not an important factor
in the analysis of our power supply, we should be aware of it.

Note the two dots in each of the schematic diagrams. (See Figure
5) The two dots at the top of the windings indicate an “in phase”
relationship between the input and output.

The lower diagram has one dot at the top and one dot at the
bottom indicating a 180° phase shift from input to output.
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Primary Secondary Primary Secondary
(Input) (Output) (Input) (Output)
Primary & Secondary Primary & Secondary
in phase 180° out of phase
Figure 5
Transformer Ratings

While some manufacturers list their transformers by their turns
ratios, others list them by secondary voltage ratings. In the lab, the
transformer we use 1s listed as a 12.6 V transformer. This means
that the secondary output will be 12.6 Vac at 120 Vac input.

[t should be noted that many small transformers are designed to
deliver their rated voltage at a rated current. When the transformer
1s operated below the rated current, it is normal for the secondary
voltage to be above the rated voltage. This is because some of the
output voltage 1s dropped across the secondary winding resistance.

Types of Rectifier Circuits

There are three basic types of rectifier circuits:

1) The Half Wave Rectifier

2) The Full Wave Rectifier

3) The Bridge Rectifier
The most commonly used rectifier 1s the bridge rectifier followed
by the full wave rectifier. The half wave rectifier sees limited use
in today’s circuits.
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The Half Wave Rectifier

The easiest rectifier to understand 1s the half wave rectifier. It 1s
simply a diode and a load as shown in Figure 6.

It 1s used to eliminate cither the negative swing of the ac input
waveform or to eliminate the positive swing of the input

waveform. Vo
) QU ’E‘ S Qﬂ
..... V1pk (;17D:I J \L <_\|,L
H (_J ﬂ 20.7)
o - -1 Figure 6

— Positive Half Cycle =

Basic Operation During the positive half cycle of the input, diode
D, is forward biased and provides a path for the
current through the load. This allows a voltage V, to develop
across the load resistor (R,). This voltage 1s approximately equal
to Vopk - 0.7 V_(using the practical diode).
During the negative half cycle, the diode D1 is reverse biased and
no current flows through the load resistor (Rr) Now the voltage Vi
1s approximately 0 and the voltage across the diode Vo1 is the peak

secondary voltage Vopk. N\
o—0r Lo -V2pk ’I

Vb1 = -V2pk
Ao 3 <2 weo
....... Viok

p

N

(o,

— Figure 7

— Negative Half Cycle
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............... .|.V2pk

N A\ \/
N N N
b #V2pk- 0TV

Output 1 1 ) 1 ) | V
EoigureS

— Input & Output Waveforms

Negative Half Wave Rectifiers

In Fig. 9, the diode is reversed. ‘ ‘ g
The diode is reverse biased on the R

positive half cycles and 1s forward
biased on the negative half cycles.

As a result, the positive half cycle /\ /\ =
1s eliminated at the output.The

operating principles are exactly the \/ \/
same as before, only now the Figure 9

output has been reversed. \/ \/

The direction of the diode determines whether the output of the
rectifier is positive or negative. For circuit recognition, the
following statements will generally hold true:

1) When the diode points toward the load, the output from the
rectifier will be positive.

2) When the diode points toward the transformer, the output
from the rectifier will be negative.
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Calculating Load Voltages and Currents

The peak load voltage 1s found as:
Vipk = V2(pk) - VF

Vipk = V2(pk) -0.7V

this uses the standard 0.7 V for V,
The peak secondary voltage of the transformer is found as:

N
Vapk) === Vipk
N,

where & =the ratio of transformer turns

N,

v, sk = the peak transformer primary voltage

Note that the formula above assumes that the input to the
transformer 1s given as a peak value. More often than not, source
voltages are given as a rms value. When this is the case, use this
formula to convert it to a peak value.

Vrms

0.707

Once the peak load voltage 1s determined, we can find the peak
load current

Vpk =

Vipk

Iy = R

Example 3-2, 3-3 and 3-4 (pages90 & 91) work with peak load
voltages and currents
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The Average Load Voltage - V . 1s the reading you would get if
you used a dc voltmeter to read the pulsating dc output of our
rectifier. The meter averages out the dc pulses and displays this
average. The formulas to calculate V . are:

Average Load Voltage & Current

Vave = ‘%(pk) Or Vave = 0.318VL(pk)

Either equation will find Vave. This is also called the dc equivalent
voltage for our half wave rectifier. Keep in mind that this formula
finds Vave for our half wave rectifier only.

Equivalent DC Voltage Vave

Secondary
Voltage

Output
Voltage

.
.
.
.

------- V ave = 0.318 Vpk
ov

Figure 10

Example 3-5 (page 92) finds Vave.for the half wave rectifier.

Average Load Current

Just as we can convert a peak voltage to average voltage, we can
also a peak current to an average current. The value of the average
load current is the value that would be measured by a dc ammeter.
This value is called the equivalent dc current.
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Average Load Current (Cont)

The value of Iave can be calculated in one of two ways:

1) Find Iave using Ohm’s Law

I ave = ‘]]i;e
2) We can convert Ipk to Iave using the following equations.
I ave = lyi[& 1 ave =0.3181pk

Examples 3.6 and 3.7 use both methods (PP 93 , 94)

Negative Half Wave Rectifiers
To analyze a negative half wave rectifier -- Do the following:

1) Analyze the circuit as if it where a positive half wave
rectifier.

2) After completing your calculations, change all the polarity
signs from positive to negative.

See example 3-8 (Page 94)

Peak Inverse Voltage

The maximum amount of reverse bias that a diode will be exposed
to 1s called the peak inverse voltage. or PIV. For the half wave

rectifier, the value of PIV i1s :

PIV = V2
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The reasoning for the above equation is that when the diode is
reverse biased, there is no voltage across the load. Therefore, all of
the secondary voltage (V2pk) appears across the diode.

The PIV is important because determines the minimum
allowable value of VRrM. for any diode used in the circuit.
Remember that a replacement diode should have a VRrRrm of at
least 1.2 times the PIV in ordinary circumstances.

The Full Wave Rectifier

1
|
Basic Circuit Operation >
The full wave rectifier consists ‘ ‘ RL
of two diodes and a resister as =
shown in Figure 11 >

Figure 11 D2 =

.The transformer has a centre - tapped secondary winding. This
secondary winding has a lead attached to the centre of the
winding. The voltage from the centre tap to either end terminal on
this winding is equal to one half of the total voltage measured

end-to-end. Primary Secondary

For example The transformer 6.3V

you will be using in the lab

has a 12.6 Vac centre tapped ‘ ‘ «~ 12.6V
secondary winding. This

means that the voltage output 6.3V

from the centre to each outer

terminal in one half of the Example of a 12.6 VAC
total voltage or 6.3 Vac. See Centre-Tapped Transformer

Figure 12. Figure 12
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L A V 2(PK)
Positive 2 @

.................. V2(PK) _ 07V
Half CVCIe + 1/“
o S

Ao 3
o . < |

Figure 13 above shows the Dé)peration'during the
positive half cycle of the full wave rectifier. Note that
D, is forward biased and D, is reverse biased. Note the
direction of the current through the load. Also note
that the voltage at point (A) is one half of V,when
measured to ground. This is because the transformer i1s
centre - tapped and only half of the secondary winding  output
is in use during each half cycle. Since 0.7V is dropped "™
across the forward biased diode, the voltage appearing
across the load is one half of V, minus 0.7 V.

During the negative half cycle, (Fig. 14) the
polarity reverses. D, is forward biased and D, is
reverse biased. Note that the direction of current
through the load has not changed even though the
secondary voltage has changed polarity. Thus another
positive half cycle is produced across the load.

| Figure 13

Negative
Half Cycle
o
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Using the practical diode model, the peak load voltage for the full
wave rectifier is found as:

Viek = &(2&) ~0.7V

The full wave rectifier produces twice as many output pulses as the
half wave rectifier. This is the same as saying that the full wave
rectifier has twice the output frequency of a half wave rectifier.

For this reason, the average load voltage 1s found as

Ve ZLan_k) or Vave = 0.636 Viph

Figure 16 below illustrates the average dc voltage for a full wave
rectifier.

Average DC Voltage V_ for a Full Wave Rectifier

.............. +VL(pk)
Peak Load
Voltage
ov

...............

Average DC £ — “-V ave = 0.636 VL(pk)
Volage V. [/ hF RS RF R F

Figure 16
Example 3-9 Page 97 calculates the load voltage for a full wave

rectifier. Example 3-10 determines the peak load current and the
average dc voltage for a full wave rectifier.
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Negative Full - Wave Rectifiers

If we reverse the directions of both diodes in a positive full wave
rectifier, we get a negative output across the load.. Figure 15
shows this. Note both diodes point toward the transformer and that
the output waveform is negative.

Negative Full Wave Rectifiers

D+
4
D—%‘ ‘%T_ R,

A A A

Peak Inverse Voltage

When one of the diodes in a full-wave rectifier is reverse biased,
the voltage across that diode will be approximately equal to V, This

point is illustrated in Figure 16. The 24 V , across the primary

develops peak voltages of +12 V and — 12 V across the secondary
(when measured from end to centre tap). Note that V, ,, equals the

difference between these two voltages: 24 V.



The Full Wave Rectifier

With the polarities shown, D, is conducting, and D, 1s reverse
biased. If we assume D, to be ideal, the voltage drop across the
component will equal 0 V. Thus, the cathode of D, will also be at
+12 V. Since this point 1s connected directly to the cathode of D,,
its cathode 1s also at +12 V. With — 12 V applied to the anode of D,

, the total voltage across the diode is 24 V. The peak load voltage
supplied by the full-wave rectifier is equal to one-half of the
secondary voltage, V.. Therefore, the reverse voltage across either
diode will be twice the peak load voltage.

ETEC 7120
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If we now consider the practical diode, we include the 0.7 V drop
across the diode.

PIV=V2px -0.7V

o +12 Vg D;O|n 12 Vi
i :
PIV 24 V(pk) 12V
using the H 1 § RL
Ideal Diode 12V =, =off
Figure 16 po—I1: 1L 12$V(pk)—R’_I’+ L

24V
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The Full Wave Bridge Rectifier

The bridge rectifier (Figure 17) 1s the most commonly used
rectifier circuit for the following reasons:

° No centre - tapped transformer is required.

e The bridge rectifier produces almost double the output
voltage as a full wave C-T transformer rectifier using the
same secondary voltage.

Basic Circuit Operation

During the positive half cycle(Figure 17) , both D, and D, are
forward biased. At the same time, both D, and D, are reverse
biased. Note the direction of current flow through the load. On the
negative half cycle (Figure 18) D, and D, are forward biased and
D, and D, are reverse biased. Again note that direction of current

through the load 1s in the same direction although the secondary
winding polarity has reversed..

+V2(pk)
—>:—> —> —> —> —> —b —>

Positive — — — — «— — «—
Half Cycle Figure 17 -
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Negative
Half Cycle Figure 18 —

Note that the current passes through 2 diodes on each half cycle.
This means that two diode drops must be accounted for when
calculating the peak load voltage.

View=Vig-14V

Example 3-11 p102 shows an example of calculating the dc load
voltage and current values for a bridge rectifier..

Tip
It 1s easy to remember how the individual diodes are placed in a
bridge rectifier circuit.
o All diodes point toward the load.

e The corner opposite the load in grounded
e The acis applied to the top and bottom.
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Peak Inverse Voltage

In order to understand the Peak Inverse Voltage across each diode,
look at the diagrams below: Note: We are using the ideal diode.

} T
Figure 19 ‘ ‘ \fpk)

Consider Fig 19 above. This circuit 1s simplified to show the
circuit conditions during the positive half cycle. The load &
ground connections are removed because we are concerned with
the diode conditions only. Using the ideal diode note:
e Diodes D, and D, are forward biased & act like
closed switches. They are replaced with wires.
e Diodes D, and D, are reverse biased and act like

open switches.

+ L | 2
T 4+ _L+
Figure 20 H \fpk) A A

Consider Fig. 20 above. It 1s an equivalent circuit of Fig 19,, just
redrawn. You can see that both diodes are:

e reverse biased

e in parallel

e directly across the secondary winding

Therefore:| P1IV =V, m‘ Ideal Diode

PIV =V, . - 0.7V| Practical Diode
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Rectifier Summary

Putting It All Together

The Half Wave Rectifier
e is the simplest of the 3 types
e produces a single half cycle output for each input cycle
e output polarity depends on the direction of the diode.
e can be directly connected to the ac line.

The Full Wave Rectifier
e uses 2 diodes and a centre - tapped transformer
e produces two half cycle output for each input cycle
e output polarity depends on the direction of the diode.
e cannot be directly connected to the ac line.

The Bridge Rectifier

e uses 4 diodes and does not require a centre tap

e produces twice the peak output voltage of the full wave
rectifier above.

e can be directly connected to the ac line
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Half Wave Full Wave Bridge

e }“ b }'EEL : i

Waveform| /\ /N /N OOV

Peak Load
Voltage V2(pk) - 0.7V V2(pk) - 0.7V V2(pk) - 1.4V
VL(pk) 2
VL (pk) 2VL(pk) 2 VL(pk)
DC Load [ ] | i |
Voltage or or or
0.318 VL(pk) 0.636 VL(pk) 0.636 VL(pk)
DC Load Vave Vave Vave
Current RL RL RL
PIV Equal to V2(pk) V2(pk) - 0.7V V2(pk) - 0.7V

Frequency| fout=fin=60 Hz |fout=2fin =120 Hz|f out = 2fin = 120 Hz
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Half Wave

Full Wave

Bridge

1(pK) -

}

‘ V2(pk)

\L 1kQ

8:1
11\’
120VAC|
60 HZ

8:

T 1 T
w l Tl R,
1kQ

8:1

e

120VAC L
60HZ [ — \L =

R,
1kQ

@ Find Vi =120 V = 169.73 Vs
707

@ Find Vaer = N2 Vi

1

1.169.73 Vi
8

= 2121 Vpk

@ Find Vipy = Same = 169.73 V,

@ Find Vapk = Same = 21.21 Vi

(D Find Vigx = Same = 169.73 V,

@ Find Vapk = Same = 21.21 Vi

@ Find the Peak Load Voltage

Vipk = Vopk- 0.7V
= 21.21Vx-0.7V
Vip = 20.51 Vik

® Find the Peak Load Voltage

Vipk = Vopkn- 0.7V

2
= 2121 Vx-0.7V
2
= 10.6 Vk-0.7V
Vip = 9.9 Vi

@ Find the Peak Load Voltage
Vipw = Vopw-1.4V
=21.21Vx-14V

Vi = 19.81 Vi

@ Find the DC Load Voltage
Vave OF Voc = Vipk(.318)
— 20.51 Ve (.318)
Vae = 6.52V

@ Find the DC Load Voltage
Vave OF Voc = Vipk (.636)

_ 9.9 Vi (.636)
=6.3V

\/ave

@ Find the DC Load Voltage

Vave OF Voc = Vipk (.636)
—19.81 Vi (.636)

Vae =126V

® Find the DC Load Current
Iave = \ﬂa

R

_6.52V
~ 1kQ

=6.52 mA

|ave

® Find the DC Load Current

lave = \ﬂa
R
_6.3V
“1kQ
lave = 6.3 MA

® Find the DC Load Current
Iave = \ﬂa

R

® Find the Peak Inverse Voltage
Equal to Vzpk

PIV =21.21V

® Find the Peak Inverse Voltage

= Vo - 0.7V
21.21 V- 0.7V

PIV =20.51V

® Find the Peak Inverse Voltage

= Vo - 0.7V
21.21 V- 0.7V

PIV =20.51V

@ Find the Output Frequency
fout = ﬁn

fout = 60 Hz

@ Find the Output Frequency
fout = 2ﬁn

fou = 120 Hz

@ Find the Output Frequency
out = 2f;n

fox = 120 Hz
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The Filter Capacitor What is it?

The capacitor is a device consisting essentially of two conducting
surfaces separated by an insulating material.

This insulating material, called a dielectric. can be air, mica, glass,
plastic film or oil.

In modern day capacitors, the dielectric 1s generally a type of thin
plastic with a very high insulating value.

Electrically, the filter capacitor acts as a storage device. It
essentially blocks the flow of dc current but will allow the passage
of ac current.

[ts ability to pass ac current is dependant on the capacitor’s size
and the frequency of the ac current.

Basic Theory

In order to understand how the
filter capacitor works, consider
the simple capacitor shown.

It consists of two conductive

lates, separated by an air — - %
p p y —

space. A wire 1s attached to
each plate.

There 1s no connection
between the two plates.
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Basic Theory (Cont)

+

This explanation uses electron 10 V?—_ - ——
flow .not conventional flow. —— _—

In figure 1,we have connected our
capacitor to a power supply and fig 1
inserted a current limiting resistor.

With the switch open and the capacitor discharged, the electrons in
the conductive plates are evenly spread throughout the plates and
there are the same number of electrons in each plate.

Electrons repel each other, and this is why they spread evenly.

S\
In figure 2, we close the switch. R s =
Suddenly, there 1s a voltage

t
| t
pressure across the two plates. = ===

|+

Electrons rush off the upper plate ==
and gather on the lower plate. t t

This creates a sudden high ===

current as the electrons rush fig 2

through the power supply to

change plates. Remember that electrons repel each other. As more
and more electrons collect on the lower plate, they are forced closer
together. This causes a reverse pressure to build as more and more
electrons are forced into the plate. As the reverse pressure builds,
the current flows slows down and stops when the reverse pressure
1s equal to the power supply voltage.Now the upper plate is positive
and is deficient in electrons and the lower plate is negative and has
a n excess in electrons.
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Basic Theory (Cont) e

In Fig. 3, the switch 1s now opened

Even though the power supply is 10V—= S
disconnected from the capacitor, e
the voltage across the capacitor Fig 3

remains at 10 V.

Electrostatic
\ Field

The top plate is still positive and is @y | 0 0
deficient in electrons; and the

bottom plate 1s still negative and has an excess of electrons.

The capacitor is in a charged state and will remain there as long as
there 1s no leakage path for the electrons to escape from the bottom
plate & return to the top plate.

Between the plates, there exists an electrostatic field of attraction ,
since one plate 1s positive and the other negative.

If we were to increase the supply voltage to 20 V and then closed
the switch again, a current would flow again from the positive to
the negative plate.

More electrons would be forced into the negative plate and the
same number of electrons would be forcibly removed from the
positive plate.

The process would continue and the reverse pressure would
increase until it matched the supply pressure. As the pressures
become equal, the current will trickle down and stop. The voltage
pressure between the plates i1s now 20V, double what it was before
we increased the supply voltage.
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There 1s a limit to how high we can increase the supply voltage. If
we increase it too high, the force of attraction between the plates
becomes so strong that electrons on the negative plate jump across
the gap and return to the positive plate.

Now our capacitor has suffered dielectric breakdown. In most
cases, this event is catastrophic and will destroy the capacitor.

Important Things to Know

e The capacity of the capacitor 1s measured in micro Farads (uF)

e The schematic symbol is ‘ T ‘
the (+) denotes the positive lead T T

e The capacity to store energy is affected by these 3 Factors:

1) The area of the plates -larger area , larger capacity.
2) The distance between the plates -Less distance, larger capacity
3) The type of dielectric -(insulating material between the plates)

e Capacitors have a maximum working voltage. This is a never
exceed value. Be careful not to exceed this voltage or
catastrophic breakdown of the capacitor 1s likely.

Note: Some capacitors can explode in this condition.

e Some types of capacitors are polarity sensitive. Be careful not
to install this type in your circuit the wrong way. It will often

destroy the capacitor.
Note: Some capacitors can explode in this condition.
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Axial Leads

Your parts kit has several capacitors similar these. This
type of capacitor is called an electrolytic capacitor, and
1s made by rolling two foils with an dielectric between
them into a cigar shape as shown. Then leads are
attached to each foil and the unit is inserted in a case.

Most electrolytic capacitors are polarity sensitive and
will breakdown if installed wirth the wrong polarity.

Radial
Leads

Chal’ging & DiSCharging Kietal foils

How long does it take for the capacitor in the circuit shown to
charge up once the switch is closed?

This circuit has a time constant that 1s determined by R times C.
It is called Tau () and is 1 k€2 times 1000uF = 1 Second.

In 1 time constant, the voltage across the capacitor will ris?/frtom 0
to 63.2 % of maximum. (by definition) oltage

f——w— [
+ . 1kQ _E/"
— 1000F 7:/
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Charging & Discharging (Cont.)

In 5 time constants

ETEC 7120

(57) , the capacitor
has charged to 99.3 ] ///

% of maximum. For ,_ /

Our purposes we can s /

consider the 57
capacitor fully :_ /
charged. In our 2

example then, the 1—/

capacitor will fully T 2 3 i

charge in 5 seconds Capacitor Charging Time Constant
(5x 1 Sec.=5 Sec.)

The time 1t takes a capacitor to charge is a function of R and C.

e If the capacitor is made larger, then the time constant
Increases

e If the resistance is made larger, then the time constant
Increases

It always takes 5 time constants to reach 99.3% of maximum
charge.

5t

Discharge voltage
. L Wi
. 99
How long does it take+ - 1k
the capacitor to —_— 1000 F
completely discharge
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In 1 time constant, algu_'\
fully charged 8
capacitor will 7 \
discharge to 36.8% °~ \
of its full charge. In |,

5 time constants 3m \

(5t) 1t will contain  ? ~

only 0.67% of its '~ \\E_
full charge. For our ¢ 7 2 3 i 57
purposes we can Capacitor Discharging Time Constant

assume that the
capacitor 1s discharged after 5 7. In our example, this is again 5

seconds.
The Power Supply Filter

The third circuit in our power supply is the filter.
e They reduce the variations in the rectifier output signal

Our goal 1s to produce a constant dc output voltage . The filter
capacitor will remove most of the variations in our rectifier output
waveform. The remaining voltage variation 1s called the ripple
voltage Vr.

The amount of ripple voltage left by a given filter depends on the
three things:

1) Type of rectifier (half or full wave)

2) The the capacity of the fiter capacitor

3) The load resistance
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Power supplies are designed to produce as little ripple voltage as
possible.

For Example

e In audio amplifiers, too much ripple shows up as an annoying
60 Hz or 120 Hz audible hum.

e In video circuits, excessive ripple shows up as “hum”bars in
the picture.

e In digital circuits it can cause erroneous outputs from logic
circuits.

The Basic Filter Capacitor

The capacitor is the most basic filter type and is the most
commonly used. It is simply a capacitor connected 1n parallel with
the load as shown below.

%;;g:ﬁeﬁlg; ! During the positive half cycle, D,
Y will conduct, and the capacitor
‘ ‘ oL R charges rapidly.

444444444
L

D,
L
| 3y

A Disharge V¥

As the input starts to go negative, D, T
turns off, and the capacitor will ‘ ‘ C, =+ TSR

slowly dlscharge through the load.. N v

44444444:




Electro - Principles I /i

Page 12-32

ETEC 1120 The Filter Capacitor

The Filter - Charge & Discharge

There are two distinct time constants in the filter circuit.
e The Charging Time Constant
e The Discharging Time Constant

The Charging Time Constant
In the diagram, if D, has a forward resistance of 5€2, then the RC
time constant 1s:

7 =RC
= (5€Q2)(100 uF)
=500 us

and the total capacitor charge time 1s:
T=35(RC)

= 5(500 us)

=2.5ms

+ |

Thus, the capacitor charges to the peak input voltage in 2.5 ms.

The Discharging Time Constant

The discharging path is through the load resistor. The discharge
time constant 1s:
7 =RC
= (1k€2)(100 uF)
= 100 ms
and the total capacitor charge time is:
T=5(RC)
= 5(100 ms)
=500 ms
Note that the capacitor charges completely 1s short time (2.5 ms) ,
but it takes 500 ms to discharge. The next charging cycle 1s
provided by the rectifier long before the capacitor is discharged.
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Charging Time - Discharging Time What does it mean ?

Using the previous half wave rectifier as an example, we will
examine what 1s happening with our filter.

We know that our unfiltered output from the half wave rectifier

looks like this. N\ /\ N\

If our capacitor charges in 2.5 ms, then it will fully charge on the
first pulse from the rectifier. After the first pulse passes, there 1s
slightly more than 8 ms before the next pulse from the rectifier
arrives.

ov

During this period of no input, the capacitor discharges through the
load. If 1t takes 500 ms for the capacitor to completely discharge,
then it will be still at a high charge after only 8 ms of discharge.

When the next pulse does arrive, it charges the capacitor back to
full charge as shown. The red line shows the charge - discharge
waveform at the capacitor.

OUtPUt W\I

What does the load see?

The load sees a reasonably constant dc voltage now, with a ripple
voltage on top of it.

OUtpUt [\,\/\w
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The Effects of R and C

How changing the load resistance affects Ripple.

What will happen to our ripple level if we changed the value of our
load resistance. If the load resistance goes down , then a heavier
current will be drawn from our supply.

Note that if R, 1s 1000 €2, then the capacitor discharges at the rate
shown by the red line in the diagram.

R = 1500 Q (Blue)
rr R = 1000 @ (Red)
R = 500 Q (Green)
/ﬁ

Capacitor is constant & R, is varied

If we decrease R, to 500 €2, then the capacitor discharges faster
and more ripple voltage 1s present. This 1s indicated by the green
line.

If we increase R, to 1500 €2, then the capacitor discharges at a

slower rate and less ripple voltage is present. This 1s indicated by
the blue line.
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The Filter Capacitor
The Effects of R and C
How changing the the capacitance affects Ripple.

This time we will use a constant load resistance and we will use 3
different capacitance values to see how capacitance affects our
output ripple.

The red line indicates our 100 uF capacitor that we have used in
the example.

The green line indicates that by using a larger capacitance of
470 uF, that the output voltage does not drop to the level it was
with 100 uF. This has reduced the ripple voltage.

C = 1000 uF (Blue)
C = 470 uF (Green)
~ C = 100 uF (Red)

)

Resistance is constant & C is varied
The blue line indicates that by using a larger capacitance of
1000 uF, that the output voltage does not drop to the level it was
with 470 uF. This has reduced the ripple voltage further.

We can minimize ripple by:

e Using a large value of capacitance
e Using a high value of load resistance.
There are practical limitations to both of these.
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The Limits of R & C - How big (or small can they be)
The Load Resistance

Remember that, in reality, the load resistance is generally some
other circuit that requires power. The resistance that it presents to
our power supply 1s governed by its need for power.

This automatically limits the value of R, to the needs of the load. If
R, was very high, then the output current would be very low, and
our circuit being driven likely would not work.

The Capacitor
The value of C 1s limited by three factors:

e The maximum allowable charge time for the component.

e The amount of surge current, I, that the diodes can
withstand

e The cost of “larger than needed” filter capacitors

surge?

The capacitor is not only involved in the discharge action. If you
make the value of C too high, your discharge time will be greatly
increased, but so will the charge time.

If the charge time becomes too great, then the capacitor may
never reach full charge from the incoming pulses from the
rectifier.
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When you first turn the power supply on, the filter capacitor has no
accumulated charge to oppose V, . For the first instant, the

capacitor appears as a short circuit.

D, short circuit
+ |
C, R,
100 uF 1 k<2
L

This means that the current in the diodes is limited only by the
transformer secondary winding resistance and the bulk resistance
of the diodes. These resistances are generally very low, which
means that the initial current will be extremely high.

The surge current 1s found as:

V2(pk)

LR+ R,

where: V, ., = the peak secondary voltage
R, = the resistance of the secondary windings
R, = the total diode bulk resistance

Example 3-14 calculates the surge current. p 113
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Surge Current (Cont)

The surge current can be very high but generally 1s not a problem.
The 1N400X series of diodes has a non-repedative surge current
(Issy) 0f 30 A. If your surge current will be above the value of I,
then the problem can be resolved using a series current limiting
resistor.

| i —

Surge current can also be limited by using a smaller capacitor
Smaller capacitors charge in a shorter period of time

The formula is:
o 10
AV,
where C = the capacitance in farads
I  =the dc (average) charge/discharge current

t = the charge/discharge time
AV = the change in capacitor voltage during
charge/discharge

If we need to find the charge/discharge time then re-arrange the

above:

|
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The Filter Output voltage (V) 1s shown to equal V ,, minus
one-half of the peak-to-peak value of ripple voltage.

Vde = Vpk - &
2

where Vv = the peak rectifier output voltage
V: = the peak to peak ripple voltage

To find the ripple voltage Vr , use either of these two formulas:

Vr =11t V= 1L
ALt 7 AL
c|] ¢ iC
where I. = the dc load current

t = the time between charging peaks
C = the capacitance in farads
f = the frequency in hertz
The Ripple Voltage

f = 60 Hz (Half Wave)

| \/L(pl) M ¢ _ 120 Hz (Full Wave)
3 ;

16.67 ms (Half Wave)
8.33 ms (Full Wave)
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Finding Vpc  To find Vdc:

(1) Assume that Vdc =Vipu

@ Find the approximate I using I = ¥_L
L

(@ Find the value of Vr | V" =L oV

C

=l
fC

@ Find the new actual value of Vg |Vie = Ve - Ve

Example 3.15 & 3.16 page 115-117 2
Filter Effects on Diode PIV

Full Wave

The filter has no significant effect and the formulas are:

PIV=V2px -0.7V

Half Wave

The half wave rectifier diode, when filtered, will have a
PILV of twice the secondary voltage

PIV =2 V2ppk)

Other Filter Types

Each filter type shown here makes use of the reactance properties
of capacitors and/or inductors. In each filter, the series impedance
1s designed to be very high, while the shunt impedance 1s designed
to be very low Therefore, whatever ripple is not dropped by the
series component 1s greatly reduced by the shunt component.

[o} PN rWY\ @

o—e—AWW—0r T o—1N___o
* * . . +

RC 7 filter

LC 7 filter LC filter
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Zener Voltage Regulators

The final circuit in the basic power supply 1s the voltage regulator.

Although there are many different types of voltage regulators, we
will concentrate on the simple zener regulator as shown here.

3

Remember that the zener
diode operates in the - - -
reverse breakdown region
as shown in Figure 1.

The zener has almost a
constant voltage across it as
long as the zener current is
between the knee current I,
and the maximum current
rating [,,,.

T 1 zr

Since the load resistance i1s
in parallel with the zener
diode, the load voltage
remains constant as long as _
the zener voltage remains Vzm e 1 lzm
constant. l

\ 4

Figure 1
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If the zener current leaves the allowable range, the zener voltage,
and the load voltage will change.

The key to keeping the load voltage constant is to keep the zener
current within its specified range. (Between I, & 1,,)

The Total Circuit Current

For the circuit below, the total current drawn from the source is:

IT = Vs -Vz
Rs
Where It = the total current drawn from the filtered rectifier

Vs = the source voltage
Vz = the nominal (rated) zener voltage
Rs = the series resistor

VR = Vs -Vz

It 1s the total current passing through Rs. Since Vz is known and
Vs 1s known, then the voltage VR can be found by subtraction.
Now since the resistance of Rs is known, we can find It using

Ohm’s Law.

RL

< q v 9q4q4aa4ay
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Example 3-17 Page 121 1s an example of finding total current.

In Figure 2 below note that the total current (IT) splits up and part

passes through the zener diode and the rest passes through the
load.

If we can find the load current, then finding the zener current is
easy since it 1s simply whatever is left.

The load current is easy to find, since we know the load resistance
and we know the voltage across the load is Vz.

_Vz
IL—RL

b

AT y

: v

Emy v Dl v

v v

Figure 2 VA ILy

Now find I,

Iz=Ir-IL
Examples 3.18 & 3.19 find these currents.

See page 122
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Load Regulation

A constant voltage will be maintained across the load if the zener
current 1s maintained between I, and L,,.

What happens with a varying load resistance? We will examine the
two extremes.

Rs
Shorted load - In Fig. 3, the IT”’QQ”"””’;
load resistance has dropped Iz=(TD1 v
to zero. All the current now IL=ITY
passes through the load and L v

none passes through the Fig3  Load Shorted
zener. The zener current is
now less than I, (the knee current) and regulation is lost.

Open Load - InFig. 4 the load resistance is infinity and no current
passe through the load. Now all the current passes through the
zener diode. This 1s not a problem unless this current exceeds the
maximum of L,,. If this happens, the zener will be destroyed. Here,

R, must be made large Rs

enough to prevent this from | W' ;

happening. RL
PPEIIRE Iz=Ir" A Di =0

The Minimum Value of RL v |

is determined by the zener Fig4  Load Open -

voltage and the value of 1zk.
To maintain regulation, the minimum zener current is Izx. Then:
ILmax) = IT - 1zK V7

Since Ii(max) occurs when RL is minimum, then: | RL(min) =

IL(max)
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Example 3.20 page 123 finds the minimum allowable RL
Zener Reduction in Ripple Voltage
The zener regulator, in addition Rs

to regulating the output, also  o——\MW—r
reduces the ripple voltage

present at the output. DT RL

ETEC 7120
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We know that Z, is an ac value =+ ==

called zener lmpedance It must This zener regulator is equlvalent to
p

be considered in any analysis Rs ‘

involving a change in current or 0—\/WW‘
77
1

voltage.

Since ripple voltage is a jVZ

changing quantity , it 1s affected = =

by Z,. The varying ripple voltage sees this
> ]

If we consider the circuits to the \ ,‘Rn S,\ X ‘

right, we can see that D, is really

a series combination of V, and Zz|[Rv

the zener impedance Z,

The ripple voltage sees only Ry This voltage divider circuit gives
in series with the parallel us this formula

.. p ]
combination of Z, and R,. ‘
This means that a voltage divider Vr(out) = (Zz||Rr) Ve
exists that affects the ripple (Zz||RL) +Rs
voltage only. Figure 6

Example 3.21 uses this equation.
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The Final Analysis

Now we will put the four main parts of our power supply together
into a complete basic power supply.

In Summary:

The Transformerconverts the incoming line voltage to a lower
secondary voltage.

The Rectifier  converts the secondary ac voltage to pulsating dc

voltage.

The Filter reduces the variations in the rectifier dc output
voltage.

The Zener Regulator

Performs two functions:

1) It reduces the ripple variations in the output
voltage further than the filter can do alone.

2) It ensures that the dc output from the power
supply will be relatively constant despite
variations in load demand.

The following pages analyze a complete basic power supply to
determine the values of dc output voltage, ripple , and load current
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Analyzing the Basic Power Supply
Procedure for finding the values of V, ., V.., . and I,

1/ Determine the rms value of the secondary voltage

2/ Determine the value of V2pk

3/ Determine the value of Vpx) at the rectifier output.

4/  Determine the total current through the series resistor.
(Call this current Ir)

5/ Determine the value of ripple voltage for the filter using the
value of Ir determined above.

6/ Find Vi at the output. (this value will be the Vz rating of the
zener diode 1n normal circumstances).

7/ Using the rated value of Zz, find the approximate final ripple
VOltage Vr(out).

8/ Using V:and Rc, determine the value of load current.

Example

Solve for the values of Vi, Viouw , and IL

‘ ‘ 500 Q
== Ru
= Vz=10V
470 uF|  Zz=20 QTDl 5.1 kQ

1/ Determine the rms value of the secondary voltage.

The secondary “rated” value 1s given at 24 Vac. This 1s the rms
value of the transformer secondary voltage.
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2/ Determine the value of V:zpu.

Vagk) = % —33.95 Vi

3/ Determine the value of V,,, at the rectifier output.
V=V -14V

=3395V, -14V
=3255V,

4/ Determine the current through the series resistor. Call this

current I,. Assume that V, found in step 3 is the dc source
voltage V.

S

500 U

— — RL
24 Vac 470 /JF Vz.=

5/ Determine the value of ripple voltage from the filter using
the value of I, determined in step 4.

This 1s a full wave rectifier , therefore the frequency 1s 120 Hz and
the period (T) 1s 8.33 ms.
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_ Irey V: = _Ir
-t e
_ 45 1 mA (833 ms) _ 45.1 mA
470 uF Or 120 Hz(470 uF)

_ (451 x10°)(8.33 x 107) _ (45.1x10°)
470 x 10 (120)(470 x 107)
=0.799V_jor 799 mV =0.799V_,or799 mV
Rs
‘ ‘ 500 Q
— T RL
= 5.1 kQ
24 Vac 470 uF| V21O Y D
(rated) = = =

6/ Find Vi at the output. (this value will be the Vz rating of the
zener diode under normal circumstances.

Vaie=Vz=10V
7/ Using the rated value of Zz, approximate the final output
voltage
Zz7 || RL
= Vr out) = r
Z7=20€Q (out) (ZZHRL)—I—RSV
19.92 Q 799 MV

“19.92Q+500Q
=30.61 Ian-p
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8/ Using Vz and Ri, determine the value of load current.

ILzﬁ

I
o
@)\
=
>




