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OBJECTIVE

1. Understanding the operation of power supply circuits.
2. Measuring AG voltages.
3. Measuring DC voltages.

DISCUSSION

All of electronic circuits require certain constant dc supply voltages to supply the
required operating voltages. If only a small amount of power is needed, batterias
can be used to deliver a dec supply, as is the case with portable equipment such as
calculators, watches, transceivers, radios, muMtimetars, and so onm. With larger
electronic systems such as computer systems, and television sets, the dc supply
valtages will be obtained from a dc power supply. The dc power supply converis an
ac line input to the required d¢ voltages.

An ideal dc power supply should have: (1) the output voltage is desired and constant,
(2) no undesired noise or ripple exists in output voltage, and (3) the ac output
impedance is extremely low. In practice, it s difficult to design a power supply to
mest these conditions completaly.

All of dc power supply circuits include the fellowing saction:

(1] Veltage and currant level convarsion
(2) Ractifiar

(3) Filter

(4 Hegulatar

The transformer is used 1o provide a step-up or step-down ac voltage and current
fram the line voltage and current. Most electronic circuits require a step-down
transformar 1o stép down the ac voltages and to stap up thé ac currents from the
outled.
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Power supplies used for tha operation of transistor circuits usually provide only low
dc voltages of about 2 1o 28V. The operation of most operational amplifiers generally
requires symmetrical cc voltages of =12 to £15V. The Vg labeled on op-amp
schematics reprasants the positive with respect to ground, while Vg represents the
negative with respact to ground, The power supply for TTL circuits requires a fixed
voltage of +5V.

The rectifier circuit converts the ac voltage to a pulsating de voltage, also callad
pseudo-dc voltage. The filter cireuit is used to smooth out the pulsating dc and
provides a useful and smeother de voltage for the electronic cireuit. In most cases,
the filter output will change in the variation of the load. Therefore a regulatar cireuit
Is required. The ragulator will tend to keep the output voltage constant by sensing
any changes in output voltage and trying to return it to its original value. Therefare
the ideal voltage regulator could be considered as a voltage source with a constant
output voltage,

Half-wave Rectifiers

Fig.1-1 Half-wave rectifiar circuits

There are three types of rectifiers frequently used to convert AC voltage into DC
voltage. These are half-wava, full-wave, and bridge full-wave rectifiers. The simplest
rectifier circuit shown in Fig. 1=1(a) is a positive half-wave rectifier, Before analyzing
the operation of this rectifier circuit, keep the concept in mind that a rectifier diode
conducts only when a forward bias is applied. On the positive half-cycle of the ac
voltage, the diode D1 is forward-biased and conducts, allowing current to pass
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through the road resistor R. Since the resistance of the forward-biased diode is very
low and negligible, the voltage across R equals the input voltage. On the negative
half-cycle, the diode is reverse-biased and, therefore, nonconducting. No voltage
wave presents in the load circuit. The voltage waveforms in the rectifier circuit are
shown in Fig. 1-2,

Fig. 1-1(b) shows a negative half-wave rectifier circuit. The operation of this circuit
Is opposite to that of pasitive half-wave rectifier. On the negative half-cycle of the ac
voltage, the diode is forward-biased and conducts a current through R, On the

positive half-cycle, the diode is raverse-biased and is not conducting. Tharafore only
the negative half of the ac voltaga is present in the load circuit.

+
01 ON
= |
Fn OFF
Ve=|R -
| |
¥m : :
+ +
— |
VD
H\j U x
Vm

|
Fig.1-2 Voltage waveforms in a half-wave rectifier

In considering rectifier circuits, it is important to consider the ratings of the rectifier
diodes, which include (1) the peak inverse voltage. and (2) the maximum average

forward current. For a half-wave rectifier circuit, the diode conducts in the maximum
forward current of Vi /R, where Vy, is the input paak voltage. The relationship

between the effective value and peak value is expressad by the equation:

Peak value=Effactive valua (RMS) x 1.414---coemmmmmrrmmmmrmemmmesemmeaae( 121
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If & 110-V input voltage is applied, the diode will withstand a reverse voltage of V, =
110V = 1.414=155Y, In such cases the dicde with a peak inverse voltaga (PIV)
rating over this voltage value must be used. Fortunately the PIV ratings of most
rectifier diodes typically vary from about 400 ta 800V

The output average voltage of half-wava ractifier is calculated by

Vip=(1/7) Vygap remmrremmsmmmemsmerasmsmsmammne s nassnmnmnmsmanas s e s ~(1-2)
For the case above, the average voltage would be about 48V,
For the Fig.2-1 example, the maximum current threugh the diede anuu;s at ac peak
voltage applied, that is, I, = V./R. If substituting V,=155V and R=49C into this

equation, the maximum diode current would be 155V/490=3.16A. Therefore the
maximum average forward current is equal to lpg = Vpo/ R =1A.

A half-wave rectifier, as its name implies, is a rectifier circuit that only half of the ac
voltage wave is present in the load circuit. The advantages of this rectifier circuit are
simple and inexpensive, However its disadvantages include larger ripple voltage and

smaller average current.

Since the voltage output of the half-wave rectifier is only the positive half-cycle of
the ac input voltage, the output fraquency is equal to the line frequency.

Center-tapped Transformer Full-Wave Rectifier

Fig.1-3 Full-wave rectifier with center-tapped transformer
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For many applications it is desirable to have a rectifier circuit which supplies current
during beth half-cycles of the ac power and, thus provides a more continuous
current to the load. A full-wave rectifier circuit with center-tapped transformer is
shown in Fig. 1-3. This circuit can be considered as two half-wave rectifiers in
parallel with inputs that have a phase difference of 180 degress. The voltage output
of the full-wave rectifier is equal to the voltage daveloped by each half of the
transfarme® secondary. On the positive half-cycle, D1 conducts and D2 is not
conducting. The current path is shown in Fig. 1-4(a). On the negative half-cycle, D2
conducts and the current path is shown in Fig. 1-4(b). In each case, the direction of
current flow through the load resister is the same.

Vim Forward biased,ON

t_ b3
QU_.

F Reverse biased OFF
A +E:1_ PIV=23Vm Va

Vm

3| X
Vm
B +D!-\\
t) Forward biased,ON

Fig.1-4 Center-tapped transformer full-wave rectifiers

Vm

PIV=2¥m

Vm
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The voltage and current waveforms in the full-wave rectifier circuit are shown in Fig.

1=5.
| L
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Fig.1-5 Waveforms in the circuit of Fig.1-4

Nota that the rectifier diodes must withstand the peak inverse voltage of twice the

peak value of the source, or 2Ey,

The average output voltage of the full-wave rectifier is calculated by

2
Wpo = =Vpyyy  =mmssssssmssscssssssmmmnrasssmmssmsmmmnnssmnssnssasansansansss( 1)
1

Comparing Eqgs.(1-2) with (1-3), we see that the average output voltage of full-wave
rectifier is twice the half-wave ractifier,

Bridge Full-Wave Rectifier

¥Ym

Fig.1-86 Bridge full-wave rectifier
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A way to obtain full-wave rectification, which does not require a center-tapped
transformer, is shown in Fig. 1-6. This circuit is called the bridge rectifier because
the connection of these four rectifier dicdes and the load is similar to the bridge
configuration. On the positive half-cycle, D1 and D3 conduct. On the negative
half-cycle, DZ and D4 conduct. As shown in Fig. 1.7, the diode pairs D1-D3 and

D2-D4 conduct alternatively, In each case, the direction of current flow through the
load R is the sama,

Reverse biased, OFF

(@) Forward biased,ON (b)

Fig.1-7 The operation of bridge rectifier
Each diode pair (D1-D3 or D2-D4) must withstand an inverse voltage of 2E,, during
it is reverse-biased. Therefore the required PIV rating of every diode is equal to E,,
Though a bridge full-wave rectifier circuit requires four diodes, it still is the most

popular rectifier because the lower PIV diodes and simpler transformer are sufficient

for the requirements. The voltage and current waveforms in the bridge rectifier
circuit are shown in Fig. 1-8.
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Fig-1-8 Wavaforms in the bridge rectifier circuit

B
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Filters

The output voltages of rectifier circuits vary with time as shown in Fig. 1-8. The
output can be considered as a voltage that varies about the average dc potential.
Often the average dc potential is called the dc component of the output. For the
half-wave rectifier output, the lowest and most predominant frequency of the ac
component 1s the frequency of the ac line. The lowest and most predominant
fraquency of the output from a full-wave rectifier is twice the ac supply frequency,
For most applications, it is necessary to reduce the magnitude of the ac component
of the rectifier output to a value which is very small compared with the average dc
potential. The device that accomplishes this task is called a filter, In short, the use
of a filter is intended to filter out the ac component fram the rectifier output.

o P

| of Ripple

51 E F D F ETQ PO
- g - X BC eutput
118 A0HE Inpul

| ! Transformer Rectifier Filter

Fig.1-9 Basic block diagram of a dc power supply

There are many configurations of filter in use as shown in Fig. 1-10. These are
RC-type (Fig. 1-10(d)), LR-type (Fig. 1-10(a)), LC-type (Fig. 1-10{b)}, and multiple =
type.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

L L L L

Ll £ Ay
Totesiiner RLS Torectifler €= RLS Torectifler €= €= AL
P—
{a) (b) {c)
L L L
Py e
To rectifier €= RL )= ¢ FL o = e RL
Ta rectifler To nlifﬂ;[ T T
el o . - e
[Li]] (&) (f
R R R
=g
Torsctifier C2n  GZZ RL ¢ ¢ ¢
To rat:tlrler T
T Qe

) {h)
Fig.1-10 Power supply filter configurations

The most popular filters used in power supply circuits are (1) capacitor filter; (2)
inductor-input filter; (3) capacitor-input filter; and (4) resistor-capacitor filter,

(1) Capacitor Filter

Using a large capacitor in parallel with the load R, as shown in Fig. 1-11{a), the
simplest capacitor filter circuit is built. The capacitor may be considered as stering
charge when the ac component is positive and as discharging through the load when
the ac component is negative. When input ac voltage e, is positive and larger than
the cutin voltage of the diode, the diede conducts and the capacitor C charges. The
voltage across the capacitor varies with time and can be evaluated by the charging

farmula.
L = R T —l )

where V; is the voltage across the capacitor, E, the peak value of the input veltage
e, and e is 2.71828. Since the forward resistance of the diode R is very small, the
voltage across the capacitor would quickly reach a constant value equal to the peak
value of the alternating current supplying the rectifier if R, were infinite. In practice

10
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where R, is not infinite, the capacitor begins to discharge through R, as soon as the
input voltage decreases to that voltage to which the capacitor has charged. This
rasults in the output waveforms shown in Fig. 1-11(b). It can be seen from Figs.
1-11(b) and {c) that the magnitude of the ripple voltage will be decreased if RL, C, or
the frequency is increasad.

A Ripple voltage

Cuipui voliage
1 Emax &

Filter output

Fig.i-11 Half-wave rectifier with Capacitor filter.(a) Circ uit,
(b) Action of the capacitor, (c) Load voltage

(2) Inductor-input Filter

Fig. 1-12 shows the inductor-input filter circuit. This circuit is also called the choke
filter or L filter. The use of the inductor is to store up energy in the form of magnetic
field and to release it to the load evenly. Thus the inductor increases its energy
storage during the peaks of the ac component of rectifier output and releases it
when the rectifier output falls below the load voltage.

When the inductance is too small or when the load current is very small, the inductor
does not daliver current over the full cycle. In this case, the filter acts as a capacitor
filter discussed above. Either sufficient inductance is in the filter or the load current
has increased, so that the critical value for the inductance is reached. At this critical
value, the current is flowing at all times in the inductor. This flow of current in the
inductor prevents the capacitor from discharging, and the load voltage is maintained
at a constant value.

The inductance-output voltage relation is shown in Fig. 1-13. The inductance at the
critical point on the ideal load curve is called the critical inductance L. The L¢ value
is the minimum valug of inductance required for keeping the output voltage at a
constant value. It can be calculated by the equations:

11
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xtaaRpee S Ry
LC2 —de= 0rlC 2 —ghem oo (1:5)

where Lg in H and Ry in £). Generally we use L=2L. for normal operation.

Fig. 1-14 shows the voltage regulation curves of an incuctar-input filter. The

practical curve is plotted by considering the dc resistance cf the inductor and the
diode drop.

EL$

Fig.1-12 Inductor-input filtar

Vo l Below critical valua

vm
‘. 1.0 Ideal curve

Vil s,
0.85

. Practical curve
fo ' -
Le L Bl e ldo

= = —

Fig.1-13 L vs output voltage Fig.1-14 Load curves

(3] Capacitor-input Filtar

A capacitor-input filter is a modified inductor-input filter with a capacitor connected
across the input terminals of the filter as shown in Fig. 1-15. This filter is also called
the = filter. The capacitor-input filter has an output characteristic that is higher than
the industor-input filter. On the other hand, the regulation of the capacitor-input filter
s poorer than that of the inductar-input filter. Because of the additional filtering

12
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affact of tha input capacitor, the percent of ripple is lower than the ripple content of
the inductor-input filter. The output veltage and the percent of voltage regulation
depend on the values of load resistance, diode resistance, and the secondary
resistance of transformer, regardless of the input capacitor. The magnitude of ripple
voltage is determined by the load and the input capacitance.

'%I

%;

l
1

Fig.1-16 Capacitor-input filter

(4) RC Filter

The RC filter shown in Fig, 1-16 is a modified = filter by replacing the inductor with a resistor
The output voltage of the RC filter is equal to that of the « filter minus the resistor drop. If R
equals the inductive impedance, the percent of ripple are the same, Since the factor of the
voltage drop on the resistor, the RC filter is usually used in the dc power supply whose |oad
current is low.

A number of factors should be considered in designing the filter circuit, The size, the
weight, and the cost of the filter parts must be balanced against the electrical

requirements of the filtering problem, the load current, the voltage regulation, and

the percent of ripple. The final filter design is a compromise between these factors.
R

o——ANN l
[+ c2 m.é

O &

Fig.1-18 RC filter

13
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Fig. 1-17 shown the dc power supply with a capacitor filter connected to the
canter-tapped full-wave rectifier output. The output voltage of the rectifier discussed
before varies with time as shown in Fig. 1-17(a). The output voltage varies from 0 to
V, at the frequency of 120Hz. When a large capacilor is connected in parallel with
the load R, as shown in Fig. 1-17(b), the capacitor charges to the peak value of the
input voltage. As soon as the input voltage decreasaes to that voltage to which the

capacitor has charged, the capacitor starts to discharge through R,

1{%\

e

(a) full-wave rectified voltage (b) filtered i:rut;:uut

'I'rn

Fig.1-17 Capacitor filtar oparation

The time constant of R C and the frequency of the input voltage datermine the
magnitude of the ripple voltage. It can be seen from the expression for the ripple
factor, r=11[2-."3_)fCRL and from Fig. 1-18. If f C, or RL is increased, the
magnitude of tha ripple vollage will be decreased ard the average dc output will be

Increased.

R G=r2
Vout |p geri tarl

ri=rd=rl

Fig.1-18 Ripple voltage

14
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IC Voltage Regulators

Today IC voltage regulators are widely used in dc power supply circuits. These
regulators provide the designer a simple, inexpensive way to obtain a source of
requlated de voltage. There are a number of linear voltage regulator types as listed
in Table 1-1. Each has its own particular characteristics and best uses, and
selection depends on the designer's need and trade-offs in performance and cost.

Table 1-1 Classifications of IC voltage regulators

Qutput

Polarity
Adjustable output Positive | LM300 - LM5Q0 - ualﬁTEB « CA3085

voltage regulator | Negative | LM304

(required external | Tracking | SG3501
transistor) Floating | MC1466

Adjustable output | Positive | MC14689 - TAT086M - ME199AY

voltage regulator | Negative | MC1463 - TAT0BSM
Tracking | RC4094 - MC1468 (£ 15V )

Positive | LM340 - pATB00
Negative | LM320

Catagory Typical Device -

Fixed output voltage

It can be seen from Table 1-1 that the regulater categeries include (1) adjustable
output voltage with low output current of a few decade in mA; (2) adjustable output
voltage with high output current of a few hundred in mA; and (3) fixed output voltage.
A tracking regulator provides a regulated source of symmetrical positive and
negative voltage that is required for supplying operational amplifiers, etc. In addition
ta supplying regulated positive and negative voltages, the tracking regulator assures
that these voltages are balanced. The typical products include SG3501, RC4194,
MC1468, LM125, LM126, and LM127.

If an output voltage exceeding 40V is required, a floating ragulator such as MC 1486
can be used, An auxiliary supply is used to power the MC14686. This supply must be
isolated from the main supply voltage since the MC14686 floats on the output voltage.
A standard regulator such as pA723, and LM304 can be used fo regulate output
voltages above 40V by the use of level shifting techniques,

15
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The specifications of IC voltage regulators are listed in Table 1-2.
Table 1-2
imput | Oulput | Iepub | Peak Tempera
E votige | voge | oot [ ot | | | sabiy
i o - range | range |differemtial| current | (%)
v \J M | (mA) g el (0-75°¢)
W30 | Postie | 85+30 | 220 | 3-20 |isomw)| o1 | o1 | 03
L3058 | Posifve | B5~30 | 45~40 | '3-30 [moowW)| 002 | o038 | 03
_— LR | Negadve | -0 (0530 | 05-40 |(S00mW)| 1mA, | 0.5
B LM3T6 | Postwe | 9-40 | 5~37 | 330 |(o0mW)| 02 | o0 | 03
PATZC | Positve | 05~40 | 2C~37 | 3~38 | OS5 | oM 0.01 0.75
(or Neg 600 mW)
MCI46G | Flostng | EXTR | BATR | BATR | BLTR | 000 | 003
+imy
MCIAGER | Positve | §-35 | 25-3 | 21-33 | &0 0005 | 0.003 | 0.5
MCI463R | Negaliee | 9~-35 |-38~-32 | 3=35 | %0 | o005 | om | o5
Variablo (MSTAY | Posifve | 95-~-35 | 2632 | 25-33 [ 100 | o | __ | on
mecium MC1468 | Trdiy |417.5-226 | £145420| 211 100 00 0008 | 015
power 1563601 | Trorp (£16.5226 | #10~423 | 2-15 | 100 | (omV) | (Om) |
[RCHHTK | Trory | 495-436 [ 00623 [ 3=35 | 280 0.001 0.02 0.3
RCHETK | Tody | +8~+30 | #(15405) | 3=15 | 180 | G0 | (o | 038
M09 | Pose | 735 | 5 | 2:30 | 1500 | (50a¥) | [l [Long-em
ILM3A0- XX Posifve |35(5~18V) | 56,812 | 2mn | 1500 stabily
40(24Y) | 15,18 24 AmV
" o degte| 5 | 642 [ o | s
g (543 | 4248
H(13
~40(-13)
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For further understanding the operation of IG voltage regulatars, a typical type of
CA3085 is introduced as follows.

The CA3085 series monolithic |Cs are positive-voltage regulators capable of

providing output currents up to 100MmA with wide input ranges from 1.7V 1o 40V,

Unreguiated Current Compansationd
Inptlﬂi\f* @ hunlldlm@nhmwhlhlt

Currént
source

Binrting
clrault

Reguiated
putput

Subatrate
V-{E}vmﬁb@wu Input &J Gurrent limiting

Fig.4-19 Block diagram of CA3085

The block diagram of CA3085 is shown in Fig. 118 Fundamentally, the circult

includes;

1, Starting circuit
Reference voltage source
Current source

Error amplifier

Serigs pass amplifier
Current limiting

17
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Fig.1-20 Schematic diagram of CA3088

Fig. 1-20 provides the schematic diagram of CA3085. The circuit description is made
by refsrring to Figs. 1-18 and 1-20,

(1) When the unregulated input voltage is applied to terminal 3, the reference dinde
D3 receives a current of approximately 620 mA from the constant-current circuit
consisting of Q3 and the current-mirrar 06, Q1, and Q2, and then a nominal
reference voltage of 5.5V is developed. Current to startup the constant-current
source initially is provided by auxiliary zener diode D1 and R1. Diode D2 blocks
current from R1-D1 source after latch-in of the constant-current source
establishes a stable reference potential

(2) The voltage ceveloped across D3 drives the series divider network consisting of
the B-E junction of Q3, diode D4, resistors R2 and R3, and diode DS, ard a
voltage of approximately 4V is developed between the cathode of D4 and the
terminal 4,

(3) Transistors Q5 and Q6 comprise the differential amplifier that is used as a
voltage-error amplifier to compare the stable reference voltage applied at the
base of Q5 with a sample of the regulater output voltage applied at terminal 6.
The error voltage output of the differential amplifier is then fed to the base of
e

18
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(4) The darlington pair G13-Q14 performs the basic series-pass regulating function
between the unregulated input voltage at terminal 3 and the regulated output
voltage at tarminal 1.

(5) Transistor Q15 provides current-limiting function to protect the CA3085 and/or
lirnit the load current.

L

120V
BOHI

Fig.1-21 Basic power supply using CA3085

Fig 1-21 shows a basic regulated power supply using the CA3085. The AC 120-V
line voltage is stepped down by the power transformer, full-wave rectified by the
diode bridge circuit, and smoothed by 500-uF capacitor to provide unregulated de to
the CA3085 regulator input. Terminals 2 and 3 are fied together to eliminate the
voltage drop which would otherwise be developed across resistor R5, thus the
regulator can operate at the highest current levels.

The 5.6-0) resistor is used to determine the maximum output current. As the voltage
drop across the resistor increases, base drive is supplied to transister @15 so that it
becomes increasingly conductive and diverts base drive from Q13-Q14 pass
transistor to reduce output current accordingly.

The output voltage is divided by the series divider network consisting of resistors
8.2K 10KQ, and 1K to obtain a portion of output voltage. This voltage varies with
the variation of the output voltage and is fed back to the inverting input (terminal &)
of the error amplifier. The output voltage can be adjusted to the minimum value of
1,7V by varying the potentiomater 10KQ.

19
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Frequency compensation of the error-amplifier is provided by the 100-pF capacitor
between terminals 6 and 7. The small capacitor connected between terminal 5 and
ground bypasses residual noise in the reference-voltage source, and thus decreases
the incremental noise voltage in the regulator output.

Three-terminal IC regulators are avallable in a variety of positive or negative output
voltages and current ranges from 100 mA to 3A. The advantages of thesa regulators
include (1) internal overcurrent and thermal protection, (2) no circuit adjustments
necessary, (3) easy to use, and (4) low lost,

Fig. 1-22(a) shows a typical three-terminal IC voltage regulator cireuit, E,
represents the unregulated input voltage from the filter output and E,,, represents
the regulated output voltage.

Input [~ 7] 2 Ouput

EmanEln:L l"—" J Gnmm
1 Jil

(a)

(b) {d:‘

Fig.1-22 Cennections and packages of three-terminal
IC voltage regulators

The input capacitor C1 is required if regulator is located an appreciable distance
from power supply filter, The output capaciter C2 is necessary for to improve
stability and transient response.

Two typical three-terminal devices are LM340 and LM320 developed by National,
The LM340 is a positive output regulater while the LM320 is a negative output
regulator. The equivalent devices are 78xx and 78xx series by Moterela. The output
voltages are listed in Table 1-3.

20
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Table 1-3

Device Output Voltage
7805 +5V
7812 +12V
7815 +15V
i Sl +18V
7905 SV
7912 2V
1915 15V
7918 18V

Description of Experiment Circuit

Fig. 1-23 shows the circuits of the power supply unit KL-51001. The unit furnishes
the following outputs:

1. Fixed 110Vac is made available for the use of the high power devices such as ac
motor and electric lamp.

2. Dual fixed 18V-0-18Vac are supplied from the secondary windings of the
step-down transformer,

3. Dual fixed 12V-0-12Vac are supplied from the secondary windings of the

step-down transformer,
4. Fixed 12Ydc is supplied from the three-terminal regulator output of 7812.

5. Fixed 5Vdc is supplied from the three-terminal regulator output of 7803,
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POWER SUPPLY UNITS
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Fig.1-23 Power supply unit
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Supplied AC Voltages

The ac voltages, dual 18V-0-18V and dual 12V-0-12V, are available from the
center-tapped secondary windings of the transformer. The input line voltage of 110V
or 220V is stapped down to these required voltages.

Transformers are widely used in electronic circuits, According to the operating
{requency, transformers can be divided into four basic types. They are:

(1) RF transformers — Radio-frequency transformers are usually used as the
antenna coils in transmitters or receivers. 1

(2) IF transformers — Intermediate-frequency transformers are used in IF amplifier
circuits,

(3) Audio transformers — are used in audio amplifiers.

(4) Power transformers — are used to step-up or step-down the line voltage.

Transformers are constructed by winding the wires onta the iron cores as shown in
Fig. 1-23. There are two windings called the primary and the secondary windings in
a basic transformer. The primary winding or cail is usually used to connect to an ac
voltage source and the load is electrically connected to the secondary winding or
coil. The primary coil and the secondary coil are elactrically isolated each ather.

Primary
call
e = 1 Primary
Primary ¢~ ¢ coil
cail — 3
b Ei B
Sacondary Secondary Segondary
aail eoll aail
(a] (b) c)

Fig.1-24 Transformer configurations

A special transformer called the autotransformer is constructed by winding a
continuous coil onto a core, which acts as both the primary and secondary. It is
shown in Fig. 1-24,
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Imiml

Fig.1-26 E-l core

Primary
{ coll
{
g
/ Seconary
) coll
L e
Autotransformer

There are many types of iron core used in transformers. The mast popular type is
E-| cora shown in Figs. 1-26 and 1-27,

I
Fig.1-27 Pressed E-l core

Fig. 1-28 shows the transformer with C-type core. It is suitable for the use of small
size and large capacity applications.

Fig.1-28 C-cora transformer
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For convenience sake, we introduce the characteristics of the ideal transformer. The
ideal transformer means that the transformer has no losses.

1. Turns Ratio;
The turns ratio is the ratio between the number of turns in the primary N1 and the
number of turns in the secondary N2.

Turng fatio = —=K

2. Voltage Ratio:

The voltage ratic is the ratio between the primary voltage V1 and the secondary
voltage V2.

i i . 5 S
va_ - Nz - K

If the secondary voltage V2 is smaller than the primary voltage V1, the transformer
is called a step-down transformer. If the secondary voltage V2 is greater than the
primary voltage V1, the transformer is called a step-up transformer.

3. Currant Ratio:

The current ratio is the ratio batween thae primary current |1 and the secondary
current 12,

2N
1~ N2

=K
The current ratio is inversely proportional to the turns ratio or the voltage ratio,

2 _ ¥1 N
[ N R

4. Impedance Ratio;

From Z =V /|, the primary impedance Z, equals ¥, / |, or l;=V, / Z,. The
secondary impedance Z; is V: /l; or 2 = Vs [ 2y,
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WA, w2 V2
D (e S, |
77 ()
Ll N1
wers R
g; = | E; ¥R or Z1=22 K
Power Ratio:

w

The power in the secondary of the transfermer is equal to the power in the
primary. The input power in the primary is equal to P1=V1xI1 and the output
power in the secondary is equal to P2=V2xI2. For an ideal transformer, the power
ratio is 1 and therefore the efficiency is 100%,

The efficiency of the transformer is the ratio of the output power te the input
power,

Qutput powear or enargy i Output power
Input power or energy Qutput power+Dissipated power

Efficiency =

From the above equation, the efficiency of a practical transformer is always less
than 1 because the transformer exists a number of losses,

When using a power transformer, the following rules must be strictly followed to
protect the transformer and to avoid electric shock:

1. A proper fuse( should be inserted in the line between the primary coil and line
input.

2. Ambient temperature should be below 90°C.

3, Place the transformer apart from any audie or radio amplifiers as possible to

prevent these devices from electromagnetic interference,
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4. Make sure that proper voltages and currents before using a power
transformer,

5 Do not connect the coils to a de power sUpply.

6. Do not pull the cail terminals.

7 Do not touch the transformer to avoid electric shock,
Supplied DC Voltages
The power supply unit provides two dc voltages: +5V and +12‘u".-These two fixed
voltages are provided by three-terminal IC regulaters pA7805 and pA7812,

respectively. Fig. 1-29 shows the schematic diagram of nAT8Mxx series and pATBEX
series devices.

o IXPLT
R it %m
190 [} L1
Lf] Rif
LK =809 qi8
ge
- L __an
YR
: ——t
iR
4
A
T
SRIT BRI
?m
=ik a OUTPLT
R0
b= 10K
L1T Rie
K
sl GO AIHIDY

Fig.1-29 Schematic of uA78xx series
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The maximum output current of pA78xx series positive voltage regulators is
approximately 1A, while uA78Cxx series and pA78Mxx series provide the maximum
output current of about 0.5A. The maximum output current is determined by the
resistors RY, R11, and R16,

The temperature-compensation circuit for 5V reference is formed by transistors
Q1~Q7 and resistors R1~R3, R10, and R14~R18, and capacitor C1, Darlington pair
Q3-Q4 forms the voltage-grror amplifier, Transistor Q11 acts as a dynamic load of
the voltage-error amplifier and determines the gain of this amplifier. Transistors Q8
and Q8 form the current source circuit to supply the collector current of Q11. The
base of Q13 s biased at the reference voltage of 8V. The reference voltage Is

developed by diode D1 and the series divider network consisting of the base-emitter
Junction of @12, resistars RS, R6, and R7.

Transistor Q14 performs thermal overload protaction. When the oparating
temperature increases over 175°C, Q14 conducts and diverts base drive from
Q16-Q17 pass transistor to reduce output current,

Transistor Q15 is used for short-circuit current limiting, In normal operation, the
Darlington pair Q16-Q17 performs the basic series-pass regulating function between
the unregulated Input voltage and the regulated output voltage, If the output Is
short-circuited, the large amount of output current flows through R11 and the voltage
drop across this resistor increases, base drive is supplied to transistor Q15 so that i
becomes increasingly conductive and diverts base drive from Q16-Q17 pass
transistor to reduce output current, The components R11, R12, R13 D2, and Q15
perform the function of output transistor safe-area compensation to limit the ranges
of cutput current and input-autput voltage difference.
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EQUIPMENT REQUIRED

1 - Power Supply Unit KL-51001
1 - Isolation Transformer KL-58002
1 - Meter Unit KL-58001

PROCEDURE

[ 1. Connect AC LINE INPUT of Power Supply Unit KL-51001 - KL-58002 to an AC outlat
using the supplied power cord,

A. AC Voltage Measurements

[72. Connect the ac voltmeter (0-110V scale) across the ac output terminals labeled AC18V
and 0 with test leads.

[]3. Turn on the power. Measure and record the ac output voltage as indicated by the ac

voltmeter.
Vac = W
[14. Turn off the power. Exchange test leads and repeat step 3.
Wag = W

|s there good agreement between steps 3 and 47

Turn off the power.

[15. Connect the ac voltmater (0-110% scale) across the ac output terminals labeled AC1BY
and AC18Y with test leads

[16, Turn on the power, Measure and record the ac cutput voltage as indicated by the ac
voltrmater,

Vac = W
|7. Turn off the power. Exchange test leads and repeat step 6.

Vac = Y
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Is there good agreement between steps 6 and 77

State the relation between steps 7 and 4.

Turn off the power.

8. Connect the ac voltmater (0-110V scale) across the ac output terminals labeled AC12V
and 0 with test lsads,

9. Tum on the power. Measure and record the ac output voltage as indicated by the ac
voltmatar,

Vac= ¥

10. Turn off the power, Exchange test laads and repeat step 8,

Vac= '}

Is there good agreement batween steps 9 and 107

Turn off the power.

"% Connect the ac voltmeter (0-110V scale) across the ac output terminals labeled AC12V
and AC12V with test leads.

_ "2 Tum on the power, Measure and racord the ac cutput voltage as indicated by the ac
voltmeter,

Vac =
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[713. Turn off the power. Exchange test leads and repeat step 12.
Vac= \

|s there good agresment between steps 12 and 137

State the relation between steps 10 and 13.

Turn off the power.

B. DC Voltage Measurement

[]14. Connect the de voltmeter (0-20V scale) across the dc output terminals labeled DC12V
and GND with test leads. For the proper polarity connections, the terminal DG12V
(the positive) should be connected to the terminal 20V (the positive) and the terminal

GND (the negative) to terminal 0 (the negative).

115. Turn on the power. Measure and record the dc output valtage as indicated by the dc

voltmeter,
i comes vhitmanie s N

146, Tumn off the power, Connect the dc voltmeter (0-20V scale) across the dc output
terminals labeled DCSV and GND with test leads. The terminal DC3V should be
connected to the terminal 20V and the terminal GND to terminal 0.

17, Tum on the power, Measure and record the dc output voltage as indicated by the dc

voltmeter.

Vde = W
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[ 18. Tum off the power. Connect the dc voltmeter (0-10V scale) across the dc output
terminals labeled DCSY and GND with test leads. The terminal DC5V should be
connected to the terminal 10V and the terminal GND to terminal 0.

_19. Turn on the power. Measure and record the dc output voltage as indicated by the dc
voltmeter.

Vidc = W

Is there good agreement between steps 17 and 197

CONCLUSION

The DC votmeter is the measuring instrument used to measure d voltages. It is ahways
annected in peralll with the terminals of the circutt compongnt whose voltage we wish to
measure. Verity the polarty and measurement range before applying power to the circut
Lnoosing & range too small or reversing the polarty will cause the pointer to hit the
mechanical stop at the end of the scale. It wil be impossible to obtain a valid reading in this
%28, and the voltmeter may be damaged.

e AC voltmeter is the measuring instrument used to measure ac vottages. The same rules
0ut the DC voltmeter apply to the AC voltmeter except that the polarty is regardless.
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