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Power supplies

3.0 Switched Mode Power Supplies

What you'll learn in Module 2
Section 3.0 SMPS Introduction.

*Switch Mode Topologies.

*\Voltage Regulation.
*High Frequency Switching.

Section 3.1 Buck Converters.

» The Switching Transistor
* The Flywheel Circuit
« Buck Converter Operation

Section 3.2 Boost Converters.

*Boost Converter Operation.

¢|.C Boost Converters.

Section 3.3 Buck-Boost Converters.

*Advantages of Buck-Boost Converters.
*Buck-Boost Converter Operation.

Section 3.4 Push-Pull SMPS.

*Push-Pull Switching.
*Pulse Width Modulation.
*Voltage and Current Limiting.

Section 3.4 SMPS Quiz.

« Test your knowledge of Switched Mode
Power Supplies

*Stages in a Switched Mode Power Supply.

*Output Voltage Range of Boost Converters.

required, in battery powered systems.

Introduction

Switched Mode Power Supplies, (often
abbreviated to SMPS) are considerably more
complex than the linear regulated power supplies
described irPower Supplies Module. Zhe main
advantage of this added complexity is that
switched mode operation gives regulated DC
supplies that can deliver more power for a given
size, cost and weight of power unit.

Switched Mode Designs

A number of different design types are used.
Where the input is the AC mains (line) supply the
AC is rectified and smoothed by a reservoir
capacitor before being processed by what is in
effect a DC to DC converter, to produce a
regulated DC output at the required level. Hence a
SMPS can be used as an AC to DC converter, for
use in many mains powered circuits, or DC to

DC, either stepping the DC voltage up or down as
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Fig. 3.0.1 Typical SMPS Block Diagram
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Fig. 3.0.1 shows a block diagram example of a gtfMPS with an AC Mains (line) input and a
regulated DC output. The output rectification aitteéf are isolated from the High Frequency
switching section by a high frequency transforraed voltage control feedback is via an opto
isolator. The control circuit block is typical giecialist ICs containing the high frequency
oscillator, pulse width modulation, voltage andreat control and output shut down sections.

Whatever the purpose of a SMPS, a common feattiex @nversion of AC to DC if required) is
the use of a high frequency square wave to driveleetronic power switching circuit. This circuit
is used to convert the DC supply into high freqyeheyh current AC, which by various means,
depending on the design of the circuit, is reco@emto a regulated DC output. The reason for
this double conversion process is that, by chantfiadC or mains frequency AC to a high
frequency AC, the components, such as transfornmetsctors and capacitors, needed for
conversion back to a regulated DC supply, can behmsmaller and cheaper than those needed to
do the same job at mains (line) frequency.

The high frequency AC produced during the convergimcess is a square wave, which provides a
means of controlling the output voltage by meangutée width modulation. This allows the
regulation of the output to be much more efficignatn is possible in linear regulated supplies.

The combination of a square wave oscillator andchwised in switched mode supplies can also be
used to convert DC to AC. In this way the switcheadde technique also be used as an ‘inverter’ to
create an AC supply at mains potential from DC $iapsuch as batteries, solar panels etc.

In most switched mode supplies, regulation of biokh (input voltage) and load (output voltage) is
normally provided. This is achieved by altering thark to space ratio of the oscillator waveform
before applying it to the switches. Control of thark to space ratio is achieved by comparing
voltage feedback from the output of the supply witstable reference voltage. By using this
feedback to control the mark to space ratio ofoballator, the duty cycle and therefore the averag
DC output of the circuit can be controlled. In tivay, protection from both over voltage and over
current may be provided.

Where it is important to maintain electrical isaatfrom the mains supply, this is provided by
using a transformer, either at the AC input whereay also be used to alter the AC voltage prior to
rectification, or between the control section & fower supply and the output section where, as
well as providing isolation, a transformer with itiple secondary windings can produce several
different voltage outputs.

To provide a well-regulated output, a sample of@i@output voltage is normally fed back to the
control circuitry and compared with a stable refieevoltage. Any error produced is used to
control the output voltage. To maintain electrisalation between input and output, feedback will
usually be via a device such as an opto-isolator.
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Using high frequency for the switching drive givweveral advantages:

» The transformer will be of a HF type, which is mwhaller than a standard mains
transformer.

» The ripple frequency will be much higher (e.g. 18@kthan in a linear supply, and so it
needs a smaller value of smoothing capacitor.

» Also using a square wave to drive the switchingdistors (switched mode operation)
ensures that they dissipate much less power tisan\gentional series regulator transistor.
Again this means that, for a given amount of powgput, smaller and cheaper transistors
can be used, than in similarly rated linear powsgpsies.

* The use of smaller transformers and smoothing dapacnakes switched mode power
supplies lighter and less bulky. The added cogtt@ttomplex control circuitry is also offset
by the smaller, and therefore cheaper transforam@issmoothing capacitors, making some
switched mode designs less expensive than equiMalear supplies.

Although linear supplies can provide better regatatind better ripple rejection at low power

levels than switched mode supplies, the above adgas make the SMPS the most common choice
for power supply units in any equipment where ait®d supply is needed to deliver medium to
large amounts of power.

A disadvantage of using such a high frequency sgwawe in a powerful circuit such as a SMPS is
that many powerful high frequency harmonics arate, so that without very effective RF
screening and filtering, there is a danger of th#°S creating RF interference.
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Output Without Flywheel

After studying this section, you should be - gwﬁég‘m
able to:

AC Input 20KHz \
Understand the principles of Buck Converters. Switching «” ~ Fywneel ~

Transistor : Circuit ,Load

* The Switching Transistor.

» The flywheel circuit. or
Rectifier &

. L R i
Recognise the limitations on the output voltage. C::‘;’;‘:t‘:}'; T

Recognise different input sources.

Understand the relationship between switching
pulse width and output voltage.

The Buck Converter is used in SMPS circuits whibeeeDRC output voltage needs to be lower than
the DC input voltage. The DC input can be derivednfrectified AC or from any DC supply. It is
useful where electrical isolation is not needeavieen the switching circuit and the output, but
where the input is from a rectified AC source, a@n between the AC source and the rectifier
could be provided by a mains isolating transformer.

The switching transistor between the input and wiut the Buck Converter continually switches
on and off at high frequency. To maintain a corgimioutput, the circuit uses the energy stored in
the inductor L, during the on periods of the swiitghtransistor, to continue supplying the load
during the off periods. The circuit operation degieon what is sometimes also called a Flywheel
Circuit. This is because the circuit acts rathiee b mechanical flywheel that, given regularly
spaced pulses of energy keeps spinning smoothtp\ftitng energy) at a steady rate.

The buck converter is a form of DC to DC convettet can take an input directly from a DC
source, such as a battery. The input could alddMeerived from the AC mains (line) as shown in
Fig. 3.1.1 via a rectifier/reservoir capacitor aitc The AC input to the rectifier circuit could BeC

at high voltage directly from the AC mains suppyalternatively at a lower voltage via a step
down transformer. However the DC applied to thekBQonverter is obtained, it is then converted
to a high frequency AC, using a switching or ‘chepransistor, driven by a (usually pulse width
modulated) square wave. This results in a highueegy AC wave, which can then be re-converted
to DC in a much more efficient manner than woulgbssible in the circuits described in Power
Supplies Module 1.

As shown in Fig. 3.1.1 the buck Converter circoimsists of the switching transistor, together with
the flywheel circuit (DI, L1 and C1). While the trsistor is on, current is flowing through the load
via the inductor L1. The action of any inductor opps changes in current flow and also acts as a
store of energy. In this case the switching traasisutput is prevented from increasing
immediately to its peak value as the inductor st@mergy taken from the increasing output; this
stored energy is later released back into the itiesua back e.m.f. as current from the switching
transistor is rapidly switched off.
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Switching Field

Transistor Expanding
In Fig. 3.1.2 therefore, when the switching tratusiss ON +\ ’ E
switched on, it is supplying the load with current. @ P 8 ?
Initially current flow to the load is restricted asergy
is also being stored in L1, therefore the currarthe +
load and the charge on C1 builds up gradually durin D1 1 ¥ H Load
the ‘on’ period. Notice that throughout the on pdri Reverse - Charging
there will be a large positive voltage on D1 cathod Biased
and so the diode will be reverse biased and therefo ! O
play no part in the action. rhr
When the transistor switches off as shown in Fig33.
the energy stored in the magnetic field aroundd.1 i L )
released back into the circuit. The voltage actioss ~ >"itching c If'e'd,
inductor (the back e.m.f.) is now in reverse poyeo T'aasﬁ:or ° a?'ng
the voltage across L1 during the ‘on’ period, and ~ ~——~ e
sufficient stored energy is available in the cddiag (N PATAY
magnetic field to keep current flowing for at lepatt N
of the time the transistor switch is open. _

DA i ' Load

The back e.m.f. from L1 now causes current to flow Forward| 4 Discharging|
around the circuit via the load and D1, which isvno Biased
forward biased. Once the inductor has returnedge la
part of its stored energy to the circuit and thedlo ju

voltage begins to fall, the charge stored in C1
becomes the main source of current, keeping current
flowing through the load until the next ‘on’ peribegins.

The overall effect of this is that, instead of @&asquare wave appearing across the load, there
remains only a ripple waveform, i.e. a small anuolé, high frequency triangular wave with a DC
level of:

Vour = Vin X (On time of switching waveformdy) / periodic time of switching waveform( T))

: t
or: V. v Jov

our

IN T
. o Xl L
Therefore if the switching waveform has a mark to

space ratio of 1:1, the outpubyr from the buck
Converter circuit will be Y x(0.5/1) or half of \. ri'D C==
However if the mark to space ratio of the switching
waveform is varied, any output voltage between o
approximately OV and \{ is possible.

Load

£ www.learnabout-slectrimics.org
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Buck Converter for Negative Supplies

For negative supplies the circuit shown in Fig.8.1
can be used. This involves a change around in the
positions of L1 and D1, and reversing the polaoity
C compared to the circuit in Fig 3.1.2. This vaoat
of the basic buck converter now inverts the positiv
DC input to produce a negative supply in the range
of OV to —Vp.

Switch
+V'N ] _VOUT
I
D1
il % L1 (o =t
* Load
Vo ov

Fig. 3.1.4 Buck Converter for Negative Supplies
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After studying this section, you should be able to: Switched mOde _supplies can be used for many
- purposes including DC to DC converters. Often,

available, its available voltage is not suitable fo
the system being supplied. For example, the

* The Flywheel Circuit motors used in driving electric automobiles
require much higher voltages, in the region of
500V, than could be supplied by a battery
Recognise different input sources. alone. Even if banks of batteries were used, the
extra weight and space taken up would be too
great to be practical. The answer to this problem
is to use fewer batteries and to boost the
available DC voltage to the required level by usargpost converter. Another problem with
batteries, large or small, is that their outputagé varies as the available charge is used upatand
some point the battery voltage becomes too lovwoteep the circuit being supplied. However, if

this low output level can be boosted back up teeful level again, by using a boost converter, the
life of the battery can be extended.

* The Switching Transistor

Recognise the limitations on the output voltage.

Understand the relationship between switching pulse
width and output voltage.

The DC input to a boost converter can be from nsmyces as well as batteries, such as rectified
AC from the mains supply, or DC from solar pangls] cells, dynamos and DC generators. The
boost converter is different to the Buck Conveitethat it’'s output voltage is equal to, or greater
than its input voltage. However it is importantéonember that, as power (P) = voltage (V) x
current (1), if the output voltage is increased; #vailable output current must decrease.

Fig. 3.2.1 illustrates the basic circuit of a

Boost converter. However, in this + oL D1 +
example the switching transistor is a O—""" e DI

power MOSFET, both Bipolar power DC + e
transistors and MOSFETs are used in - Input n — Output
power switching, the choice being Vin C1| Load Vour> Vi
determined by the current, voltage, I / 9 s —_
switching speed and cost considerations Squarewave  MOSFET

The rest of the components are the sam. ~ driving switch  Switch

as those used in the buck converter
illustrated in Fig. 3.1.2, except that their
positions have been rearranged.

L1
Storing Energy
Fig 3.2.2 illustrates the circuit action during théial

L o

high period of the high frequency square wave appio o—*';""""""_-d }{ '

the MOSFET gate at start up. During this time MOSFE pc D1 J_ﬂ,f
conducts, placing a short circuit from the righhtiaide  Input l J

of L1 to the negative input supply terminal. Therefa Vin - CIT Load
current flows between the positive and negativeplup © ,/ E !
terminals through L1, which stores energy in itgnetic Square  MOSFET

field. There is virtually no current flowing in the Wave = Switch

remainder of the circuit as the combination of B1,and HIGH ON

the load represent a much higher impedance thapeite
directly through the heavily conducting MOSFET.
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Fig. 3.2.3 shows the current path during the low

period of the switching square wave cycle. As the L1

MOSFET is rapidly turned off the sudden drop in Returning Energy to Circuit

current causes L1 to produce a back e.m.f.inthe ¥ AL

opposite polarity to the voltage across L1 durimg t © Id 51' L

on period, to keep current flowing. This results in In[:)it ON + bC
two voltages, the supply voltage\and the back v, I1. c1'|' Load L [0
e.m.f.(\M) across L1 in series with each other. 3 / 9 s _ we
This higher voltage (M +V.), nhow that there is no S@,,::if 'ﬂﬁiif Chﬁ,‘ges

current path through the MOSFET, forward biase: LOW OFF toV,+V,

D1. The resulting current through D1 charges up C1

to Vv +VL minus the small forward voltage drop

across D1, and also supplies the load.

Fig.3.2.4 shows the circuit action during MOSFET

on periods after the initial start up. Each time th u al

MOSFET conducts, the cathode of D1 is more Storing.Energy Supplies

¥ — — .4 Load

positive than its anode, due to the charge on Q1. e~

da
o
is therefore turned off so the output of the circsli X D1 ‘J__’
. . R DC + DC
isolated from the input, however the load continue jnpye OFF Output
to be supplied with VIN +VL from the charge on v, IU c1T Load . |V, +V,
C1. Although the charge C1 drains away through . / 2] !

the load during this period, C1 is recharged each Square MOSFET
time the MOSFET switches off, so maintaining an }‘;'I’E"; S‘S;h

almost steady output voltage across the load.

The theoretical DC output voltage is determinedhegyinput voltage (W) divided by 1 minus the
duty cycle (D) of the switching waveform, which lldle some figure between 0 and 1
(corresponding to 0 to 100%) and therefore candberchined using the following formula:

If the switching square wave has a period of 1@pesjnput voltage is 9V and the ON is half of the
periodic time, i.e. 5us, then the output voltagk be:

Vour = 9/(1- 0.5) = 9/0.5 = 18V (minus output diodetagke drop)

Because the output voltage is dependent on theoyualg, it is important that this is accurately
controlled. For example if the duty cycle increafedh 0.5 to 0.99 the output voltage produced
would be:

Vour = 9/(1- 0.99) = 9/0.01 = 900V

Before this level of output voltage was reached énewv, there would of course be some serious
damage (and smoke) caused, so in practice, umlessrtuit is specifically designed for very high
voltages, the changes in duty cycle are kept monel than indicated in this example.
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A

0
11
1

Load
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Because of the ease with which boost converter g ME20

can supply large over voltages, they will almost v sy 104H  MBRO530* Vour
always include some regulation to control the f AP 7
output voltage, and there are many I.Cs. /1 220pF
manufactured for this purpose A typical 51K 120pF ] + H
example of an I.C. boost converter is shown in f;f,;' Load
Fig. 3.2.6, in this example the LM27313 from al a

Texas Instruments. This chip is designed for ust 224 T 4.7uF S
in low power systems such as PDAs, cameras, % Vop= 12V @260mA
mobile phones, and GPS devices. =20V@ 130mA*

In this circuit, an appropriate fraction of the

output voltage (¥ur), dependent on the ratio of R2:R3 is used as pleaamd compared with a
reference voltage within the I.C. This producesanr voltage that is used to alter the duty cgdle
the switching oscillator, enabling a range of awtoally regulated boost voltages between 5V and
28V to be obtained.

The LM27313 contains an internal oscillator opeigtt a fixed frequency of about 1.6MHz. The
FET switching transistor is also internal and shats the current through L1 via the SW terminal.
Notice also that a Schottky diode with an apprdpnieltage and current rating is used for D1 to
keep losses due to the forward voltage drop oflitbde as small as possible, and to enable high
switching speeds to be achieved. The I.C. alsalsdmut down (SHDN) facility, operated by
external logic, by which the boost converter maylisabled when not required, to save battery
power.

Other safety features provided by the I.C. are guerent shut down, which disables the switch on
a cycle-by-cycle basis if too much current is sdpnaed an over temperature shut down facility.

Another problem facing designers of high frequelmagst converters is that of stability, as at MHz
frequencies both negative and positive feedbaclocanr simply due to electromagnetic fields
radiating between components within the circuipeesally where the circuit components are in
very close proximity as in surface mount layout®.i€therefore added to improve stability and
prevent possible oscillation due to unwanted pesifeedback occurring.
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After studying this section, you should be able to:

Understand the need for a choice of DC to DC
converter designs.

Understand the principles of Buck-Boost Converters.
* The switching transistors.

* Switching control systems.

A Buck-Boost converter is a type of switched
mode power supply that combines the
principles of the Buck Converter and the
Boost converter in a single circuit. Like other
SMPS designs, it provides a regulated DC
output voltage from either an AC or a DC

input.
Understand the relationships between different
converter designs.

* Buck converters. The Buck converter described in Power

Supplies Module 3.1 produces a DC output in
a range from OV to just less than the input
voltage. The boost converter will produce an
output voltage ranging from the same voltage
as the input, to a level much higher than the

Recognise typical commercial I.Cs. using buck boost input.
technology.

* Boost converters.
» Buck-Boost converters.

Recognise the limitations on the output voltage.

There are many applications however, such as paitavered systems, where the input voltage
can vary widely, starting at full charge and grdijudecreasing as the battery charge is used up. At
full charge, where the battery voltage may be highan actually needed by the circuit being
powered, a buck regulator would be ideal to keepstipply voltage steady. However as the charge
diminishes the input voltage falls below the leregjuired by the circuit, and either the battery immus
be discarded or re-charged; at this point the idkafnative would be the boost regulator described
in Power Supplies Module 3.2.

By combining these two regulator designs it is gmledo have a regulator circuit that can cope
with a wide range of input voltages both highelosver than that needed by the circuit. Fortunately
both buck and boost converters use very similarpmorants; they just need to be re-arranged,
depending on the level of the input voltage.

In Fig. 3.3.1 the common components of the buck ¢

boost circuits are combined. A control unit is atlde

which senses the level of input voltage, then sglec Tr1

the appropriate circuit action. (Note that in the CONTROLUNIT || E

examples in this section the transistors are stasvn | (Oscillator, } CA
MOSFETs, commonly used in high frequency powe| "™ & €ontrol S~ Tr2
converters, and the diodes shown as Schottky type
These diodes have a low forward junction voltage
when conducting, and are able to switch at high
speeds).

Woaas .:Ir' o

L D2
] Load

LA
| —
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The basic operation of the buck boost convertdlustrated in Figs. 3.3.2 to 3.3.5

Fig. 3.3.2 shows the circuit operating as a Buck
Converter. In this mode Tr2 is turned off, and &1 |Vs ON
switched on and off by a high frequency square + u’@‘
wave from the control unit. When the gate of Trl i Tr

high, current flows though L, charging its magneti(| “*™°5
field, charging C and supplying the load. The OFF|

Schottky diode D1 is turned off due to the positive
voltage on its cathode. s ——

Fig 3.3.3 shows the current flow during the buck
operation of the circuit when the control unit
switches Trl off. The initial source of current is

now the inductor L. Its magnetic field is collapsin
the back e.m.f. generated by the collapsing field ]Vs OFF - +
reverses the polarity of the voltage across L, tvhic |+ ©117] *"""{Tﬁ'—'
turns on D1 and current flows through D2 and the T -

CONTROL UNIT || £
load. J

OFF]

As the current due to the discharge of L decrease
the charge accumulated in C during the on perioc . ©
of Trl now also adds to the current flowing througn

the load, keeping ¥t reasonably constant during

the off period. This helps keep the ripple amplktud

to a minimum and ¥yt close to the value ofy/

. . : Tr1
applied to Tr2 gate. During the on periods when coNTRO[U%I'L OFF

In Boost Converter mode, Trl is turned on ]Vs ON + .
continually and the high frequency square wave + @‘

Tr2 is conducting, the input current flows through

the inductor L and via Tr2, directly back to the JILL
supply negative terminal charging up the magnet
field around L. Whilst this is happening D2 canng =

conduct as its anode is being held at ground
potential by the heavily conducting Tr2.

For the duration of the on period, the load is geinpplied entirely by the charge on the capacitor
C, built up on previous oscillator cycles. The gralddischarge of C during the on period (and its
subsequent recharging) accounts for the amoungbffrequency ripple on the output voltage,
which is at a potential of approximately ¥ V, .

(Contd.)
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At the start of the off period of Tr2, L is chargesd Vg ON ON VO“_T_=_> V_S
C is partially discharged. The inductor L now . '_ryvvul"‘_..i_, X
generates a back e.m.f. and its value that depmmds ™ L bz | Ripple
the rate of change of current as Tr2 switches df an [ conmotunm]| - OFF ~ - : Ve

on the amount of inductance the coil possesses; T U]t/ cF Ve
therefore the back e.m.f can be any voltage over a OFF L T2

wide range, depending on the design of the circuit. o]

Notice particularly that the polarity of the voleag

across L has now reversed, and so adds to the input

voltage \& giving an output voltage that is at least

equal to or greater than the input voltage. D2oww forward biased and so the circuit current
supplies the load current, and at the same tinohaeges the capacitor tasV V. ready for the
next on period of Tr2.

Buck Converter Boost Converter

n

Y YL, Om
@ L L B’i
Tr1

o | F

cT - CT
Tr2
O

A Buck-Boost Converter is a combination of
the two basic converters. CLICK TO COMBINE

@ www. learnabout-electronics.org
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There are a number of variations of this basic BBokst circuit, some designs working at lower
frequencies or at high voltages may use bipolaststiors instead of MOSFETS; at low frequencies
the higher speed switching of MOSFETS is less add@rantage. Also, in high voltage designs,
silicon diodes may be used in preference to Schoypes due to the silicon diode’s higher reverse
voltage capabilities. Another variation is to ugechronous switching where, instead of using
diodes that simply respond to the voltage poladyoss them, four synchronised (by the control
unit) MOSFETSs do all the switching.

The control unit may also carry out over currerd amer voltage protection, as well as the normal
oscillator and pulse width modulation functiongegulate the output voltage.

Another commonly used facility is ‘pulse skippinghere the control unit prevents charging on one
or more oscillator pulses when it senses thatdhé turrent is low. This reduces the overall curren
drawn from the (typically battery) supply, prolongibattery life.

Buck-Boost Converter |.Cs. are commonly used toyaaut the control unit functions. These range
from very low power, high efficiency I.Cs. for pabile devices such as mobile phones and
automotive applications, such as the TPS63000sskoen Texas Instruments, and the LTC3789
from Linear Technology, to large industrial highyse DC-DC converters providing many
kilowatts of output power.
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PRIMARY CIRCUIT SECONDARY CIRCUIT
After studying this section, you should be able to: 45 Ic2
Comparator
Volts Emor
Understand the operation of a push pull DC to DC o S -
converter. ) Isolating
L VR2 Transformer
) . ) Current
Understand the operation of a typical switch mode Limit
Ty ! —
controller I.C. Pulse Sower M| o Wave PL;:; o
o ; it switching || Jn¢ | Rectifier o S
* Power switching transistors. uator 30 L ||
i R12
» Pulse width modulator. ﬁ Curent
Sensing

« Over current & over voltage protection. 1C1 UC3594N D %

* Current sensing. 1C3 Opto-Isolator

Recognise components and methods used for output
isolation.

Fig. 3.4.1 shows a block diagram of a switched nupaleer supply designed around a UC3524
Advanced Regulating Pulse Width Modulator by Telxasruments.

The circuit is a DC to DC converter using a DC inpoitage of 15V to 30V and produces a
regulated 5V output at a current up to about 250it#e circuit uses push pull power switching
driving a high frequency transformer, which fulbplates the output circuit from the input. The
output is short circuit protected, and the outmlitage can be manually adjusted. Maximum current
can be also manually set using adjustable cunmitirig.

A 100kHz oscillator within IC1 (UC3524) generategges, which are processed by the pulse width
modulator (within IC1) used to drive the power shihg transistors. The width of the processed
drive pulses controls the length of time for whible power switching transistors conduct, and
therefore the amount of power delivered to thesti@amer.

The pulse width and therefore the output voltagecantrolled by the error amplifier in IC1. This
measures the difference between a sample of tipaitouitage, fed back via the opto-isolator, and
a reference voltage set by Vrl. When these twagehk are equal, the circuit output voltage is
correct. If there is a difference, the width of thdses produced by the pulse width modulator is
increased or decreased to correct the error.

Over current protection is provided to ensure thatsupply is shut down in the event of too high a
current demand at the output. The output termicatseven be shorted together without damaging
the supply.

Each pulse of current in the power switching trstoss produces a voltage pulse across the sensing
resistor R12. The amplitude of these pulses isgit@mal to the current being delivered to the
transformer by the switching circuit. If the peallue of any of these pulses exceeds the DC voltage
set by Vr2 (Current limit) then the output from I@#I cause pulse width modulator input to

reduce the width of the pulse being produced byrtbdulator at that time, momentarily reducing

the output voltage. If the over current conditiosaghpears, the output voltage will be restoredsto i
normal level, but if the load current remains hitjie current limiter will continue to reduce the
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pulse width, dependent on the amount of over ctrearen down to zero in the case of a short
circuit output.

The push pull switching transistors create an A@ei@m across the transformer primary winding,
and the secondary winding feeds a conventionalifaite rectifier and LC low pass filter to supply
the load with a stable 5V at the output terminisgative feedback to the voltage regulating circuit
in IC1 is via the opto-isolator (IC3). The highketoutput voltage, the brighter the glow from an
LED sealed within the secondary side, and the fafgeDC output voltage derived from pin 4 of
IC3 in the primary side of the device. This voltagesed as a sample at the inverting input of the
error amplifier in IC1 where it is compared witlv@tage from the ‘set voltage’ control VR1, to
control the pulse width modulator.

The full schematic diagram for the circuit is showrig. 3.4.2.

O

+V,, (15-30V) RS [ |R6 R7 Tr3 D1
' T ! 680R| |680R 680R TIP41C BYV28-50
a o.swllosw 5W I
100n | R4 i
10K 8 % 2 T
R1 = | 4n7 1] D2
100R ) 1
T 7] ~ame i) RO | PPl evvasso
al it BFY50 [ >
VR1 +4? li] 2 l EI L1 n
5K 2] n
I I Tr4 47{]!_||_|§"
3 : 14 TIP41C c |
r;ll_?r ck ] s o 0
R2 _r 3l o 2 | soour
100R 4 switch| 5~ J13f a7, 2
T Logic
['5] 1]
L] @.1_2] Tr2 Load
BFYS0 PR oY
e La E Ao = Jov 5
a7 = €9 lusolated)
7 Osc l.‘ 'ID. 500uF
1K +
[ Hoh =
----------- = c5 27|( Hl2
10K 100pF ZD1
— > vR2  [BZX85C12 “""
UC3524N  470n K cn
| Ic3 | 47n
(it i A .
ov mr 4"25 T H
R13
RIT 't‘" 600R
470R -

The oscillator within IC1 produces narrow 100kHpBox) pulses that are used as clock pulses for
the Switch Logic within IC1. The timing componefas the oscillator are R3 and C2. The ramp
waveform produced as C2 charges is also used iapainto the inverting input of the comparator

in IC1. The pulse width modulator comprises the parator within IC1 and the switching logic,
which consists of a bistable and two three inpuR\Ngates. The outputs of this block supply
variable width pulses to the two transistors Qa@bd
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The error amplifier compares a stable reference
voltage on pin 1 (set by Vrl supplied from an sampiol 1T A, «—1——16) vrer (+5v)
internally regulated 5V from pin 16) with a sampl vres
of the load voltage developed across the opto- | _ . (5 } } = 18) +v (15-30v)
isolator emitter resistor, R11. The resulting error

voltage is used as the non-inverting input to the
PWM comparator.

Switch

Drive A
3 i 13 Speed up

Pulse A

The facilities of the UC3524 that are used in this @
circuit are shown in more detail in Fig. 3.4.3
(Note: Some unused facilities of the UC3524 hay
been omitted for clarity, for more information see @
the Texas Instruments UC3524 data sheet).

Timing R @—

Speed up
12 Pulse B

Switch

1) brive B

The action of the pulse width modulator, describ  timingc s Shut

by the waveforms shown in Fig. 3.4 4 is as (Ramp) 7 . 10 ) Down

follows:

10K Shut Down
Gnd @ 9 Compensation

Clock pulses (CK) from the oscillator are fed to
the Bi-stable (flip-flop), which produces a square
wave with a 1:1 mark/space ratio and a frequency
of 50kHz, (half that of the oscillator) at its Qtput,

and an inverted version of this wave at its oQtput. cK J [ [ {
LOW LOW Low

Output Q provides an input to NOR gate a, and dut|
Q (the opposite of Q) provides an input to NOR Low Low

gates b. The logic rule for a NOR gate is that its 5
output will be high, only when all its three inpatse Low

low. Notice that the Q and_QignaIs go low at the Ranr —<|

(pin7)
start of alternate clock pulse low states. Thelcloc ~ fror :\/i Vi Vi i\/
signal also provides an input to both NOR gates. 7

COMPARATOR
OUTPUT

The third input to each of the NOR gates is prodide ou Low Low
by the comparator output, which is a series ofald€  , sase/emrrrer | HicH HIGH
width low state pulses, produced by comparing the =~ ©"TeHPRYE |

DC error voltage from the error amplifier in IC1ttwi oh
the ramp produced by the oscillator timing capacito b paseemrer ’7

(SWITCH DRIVE)
C2.

As each NOR gate output goes high, only when all | gacouscToR
its three input signals are low, alternate highesta

pulses, whose width depends on the value of tloe er

voltage, are fed to the bases of the internal istors sShgonEeToR

Qa and Qb. The lower the value of the error voltage Vinx2- N —— =
(due to a higher value of "sample” voltage at jin 1  Transroruer

the narrower the pulses produced. These narrower in— - - -
pulses, when used to turn on the power switching

transistors TR3 and Tr4, will lead to a reduction i v ——-———1-— -
power in the transformer and a reduction in load

voltage.
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Tr1 conducts heavily &

| _ :
__— discharges Tr3 base/emitter To Transformer

Tr3 Base as Tr3 switches off Primary
Drive q.‘\
e TIP41C
Tr1 Base — an7
Drive —
RS
| 1K
\ ] Tr1 Base Drive maﬁégnﬂs?n
Differentiated ; a
by C8/R9 Resistor R12

The internal drive transistors Qa and Qb each mresla series of pulses at its collector, and an a
series of anti-phase pulses at its emitter. Thétensignals a and b drive the power switching
transistors Tr3 and Tr4 respectively, and the ctdlesignals drive the speed up circuits Tr1/Tr2.

The reason for including the speed up circuite isviercome the delay that would normally happen
because while the power switching transistors TuBla4 are conducting, their base/emitter
junction (which naturally forms a small capacitoiedo the depletion layer between the base and
emitter layers in the transistor) is charged upl, st be discharged before the transistor wily/ful
turn off.

The power transistor junctions are rapidly disclkdrgy momentarily turning on Trl or Tr2 using a
differentiated pulse generated from the rising eafghe waveform from the collector of Qa or Qb
in IC1, which of course happens at exactly the sastant as Tr3 or Tr4 is turning off, as
illustrated in Fig 3.4.5.

Because the transformer primary centre tap is aaddo the main (+\) supply, it will always
be at the supply potential. The collector voltagie$r3 and Tr4 will also be at ¥ during the
periods when both transistors are turned off.

During the ‘on’ pulse of Tr3, its collector will ket approximately OV, and due to the centre tapping
of the transformer primary winding the bottom haflthe primary will be in anti-phase to the top
half, so the collector of Tr4 will be positive atite the value of +){ for the period of the Tr3 ‘on’
pulse. This situation is reversed during the ‘aulsp of Tr4. This action produces a stepped type of
waveform with an amplitude of y¥x 2 across the transformer primary as shown irSBHg.

The resulting secondary voltage is rectified byddtl D2, and smoothed by the low pass filter
L1/C10 before being supplied to the load. A sangplne load voltage is fed back to the LED
within opto-isolator IC3 via the LED current linmg resistor R13.
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Because of the push pull design used by this ¢jrtus a simple
matter to arrange for such a circuit to have midtqutputs. P
Different (higher or lower) voltages can be obtdiby using a l
transformer similar to the one illustrated in Bg.6, which has

multiple secondary windings with appropriate turasos.

The total current supplied to the multiple outpudsvever, must
not exceed the maximum current rating of the SME®h supply
line will have its own rectifier and filter systemnd may also
include some extra point of load regulation. A agk sample will | Nee. : i
normally be taken from only one of the outputs tovide Fig. 3.4.6 Typical High Frequency
feedback to the pulse width modulator however cadrolling the Multi-Secondary Transformer
power applied to the transformer primary will cahtll the

voltage outputs.

Current limiting

Current limiting, which is capable of completelyuging down the circuit under extreme overload
conditions is provided by the action of IC2 and shet down transistor between pins 9 and 10
within IC1.

Pin 3 of IC2 is provided with a stable referencéage derived from the shunt voltage regulator
R7/ZD1 via the current limit control Vr2. The nomverting input of IC2 is connected to a low
resistance current sensing resistor R12 in thet@nidéad common to both switching transistors
Tr3/Tr4.

Every time either transistor conducts, the resgltarge emitter current produces a voltage pulse
across R12. The peak voltage of this pulse wilbtmportional to the emitter current flowing in
Tr3/Tr4 and therefore, also to the output current.

If the peak voltage of any of these pulses appbeitie non-inverting input of IC2 exceeds the
stabilised DC voltage at the inverting input, aifpes pulse will be produced at the output, and
therefore at the base of Qc within IC1. This wilise the collector voltage of this transistor th fa
also reducing the error amplifier output that istcolling the pulse width modulator. This action
has the effect of reducing the width of the pulsespntly being produced, thus instantly reducing
output voltage. If the current overload disappetdus pulse width modulator will return to normal
operation. If not, subsequent pulses will be furtieeluced until the output voltage falls (if
necessary) to zero.

The action of the current limit circuit is not ahgely instant however, due to the presence of C4
on the shut down compensation pin (9) of IC1. Taigacitor tends to integrate the voltage changes
on the collector of the shut down transistor st Weay rapid (cycle by cycle) variations of the

output voltage during current limiter action areiaed.
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Try our quiz, based on the information you can imé&ower Supplies Module 3. Check your
answers afttp://www.learnabout-electronics.org/PSU/psu35.ahg see how many you get right.
If you get any answers wrong, just follow the hitetsind the right answer, and learn about
Switched Mode Power Supplies as you go.

Which answer from the following list is a major adv antage of switched mode power supplies over series
regulated supplies?

a) Switched mode supplies create smaller amplitude ripple waveforms than series regulators.
b) Switched mode supplies dissipate less power in the control element than series regulators.
¢) Switched mode supplies provide better regulation at low power than series regulators.

d) Switched mode supplies work digitally, so are more efficient than series regulators.

Which answer from the following list is a disadvant age of switched mode power supplies compared with
series regulated supplies?

a) Switched mode supplies are less suitable for high power applications.
b) Switched mode supplies are more expensive to implement than series regulated supplies.
c) It is more difficult to prevent high frequency electrical interference in switched mode supplies.
d) Over voltage protection is not possible in switched mode power supplies.
Which one of the following acts as an energy store in a DC to DC Converter?
a) The inductor.
b) The high frequency switching transistor.
¢) The load.

d) The flywheel diode.

Refer to Fig 3.5.1. Which of the following componen  ts is not active during the ON period of the switch ing
waveform?

a)Trl AC Input m
a'a's's
b) D1 L1 l
c) L1 o c } y R + Load
R ]
d) C2 : :
rr

Fig 3.5.1

What type of circuit is illustrated in Fig 3.5.2?
a) Buck Converter.

L1 D1

b) Boost Converter. © i ’I L+

¢) Buck-boost Converter. M@ C'-I- Load
d) Flyback Converter Sq%ar{; — ’ e .

drivingswitch  Ejqg 3,5.2
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Which of the following is one of the main advantage s of a push-pull converter compared to buck or boos t
DC to DC converters?

a) It works at twice the frequency of other DC to DC converters.
b) It uses pulse width modulation.
c) It provides an output voltage of twice the amplitude of the input .

d) It uses a transformer to isolate the output from the input.

Which of the following statements is true of a Buck -Boost Converter?

a) The output power may be less than, or greater than the input power.
b) The output voltage is always greater than the input voltage.
¢) The output current is always greater than the input current.

d) The output voltage may be less than, or greater than the input voltage.

o
+V, (15-30V) RS [ |R6 R7 Tr3 D1
! T ! 630R| |680R 680R TIP41C BYV28-50
3 o.swLlo.sw SW n
A !
R1 @07 .
100R Error\_/4 | - . D2
—I 1§S0P E"V‘e’ T BYV28-50
L ra . m ?ﬁ BFY50 I
VR1 < 4?@“'? Comp 'El X,
5K | 1Y | :I] Tr4 4?0m4§::
3 . TIPA1C =
5 T H= s @ 5 ol
100R 4 Swiitch| OF E] 8 | 300uF
T Logic
) E E..JE] Tr2 Load
Frso + O
EE—| Lol = v +5v
1K €9 |isolateq)
4n? ol 500pF
74 0sc 10} | M
T -
-—l_t@j """""" 27K R12
1K ZD1 ﬁi
o 4 VR [BZX85C12
UC3524N  470n 5K cn
o ic3 | a7n|
ov mn A — s
| T R13
RT1 LY 600R
470R .

Fig. 3.5.3

Refer to Fig. 3.5.3. What is the purpose of Trland  Tr2?
a) They act with Tr3 and Tr4 to form two Darlington Pair output stages.

b) They isolate the output transistors from the common ground connection.
¢) They speed up the switch off time of the output transistors.

d) They integrate the square wave signals to the bases of Tr3 and Tr4.
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9.
Refer to Fig. 3.5.3. What is the purpose of IC2?

a) It acts as a comparator for the current limiter.
b) It acts as an error ampilifier for the current limiter.
c) It acts as a comparator for the over voltage control.

d) It acts as an error amplifier for the over voltage control.

10.
Refer to Fig. 3.5.3. What type of signal will be pr  esent at pin 4 of IC3.

a) 50kHz pulses with an amplitude proportional to the output voltage.

b) A DC voltage proportional to the output current.

¢) 100kHz pulses with an amplitude proportional to the output current.

d) A DC voltage proportional to the output voltage.
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