
APPLICATION NOTE

POWER SWITCHING REGULATOR
DESIGNING WITH THE L296 MONOLITHIC

A cost-effectivereplacement for costlyhybrids, the L296PowerSwitching Regulatordelivers4A at an output
voltage of 5.1V to 40V and includes many popular supply features. This comprehensive application guide
explains how the device operates and how it is used. Typical application circuits are also presented.

AN244/1288

The SGS THOMSON L296 is the first monolithic
switching regulator in plastic package which inclu-
des the power section. Moreover, the circuit inclu-
des all the functions which make it specially suited
for microprocessor supply.

Before the introduction of L296, which realizes the
step down configuration, this function was imple-
mented with discrete power components driven be
integrated PWM regulator circuits (giving a maxi-
mum outputcurrent of 300 to 400mA)or with hybrid
circuits.Bothof thesesolutionsarecharacterizedby
a low efficiency of the power transistor. For this rea-
son it is generallynecessary to operateat frequen-

cies in the 20kHz to 40kHz range. Of the two alter-
nativesdiscretesolutionsareusuallylessexpensive
because they do not include as many functions as
the L296.

With the new L296 regulator the driving problem of
the power control stage has been eliminated. Besi-
des a higher overall efficiency, it is therefore also
possibleto operatedirectlyat frequenciesas highas
100kHz.At 200kHz the device still operates(further
reducing the cost of the L and C external compo-
nents)when a reductionof a few percent in efficien-
cy is acceptable.
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The devicedeliversa maximumcurrentof 4 A to the
load, at an output voltage adjustable from 5.1 to
40V ; the maximum operating input voltage is 46V.
The highvoltageand thehigh currentcapabilitiesof
the device are a result of the special technology
used and thespecialcare taken in designingthe po-
wer transistor.Essentialrequirementsfora goodpo-
wer transistor are high gain and high current levels,
low saturationvoltageand goodsecondbreakdown
robustness.To achievehigh gain at high current le-
vels, the power transistorhas to be designedto ma-
ximize the emitter’s perimeter/area ratio.

In the L296 power transistor, realized with a high
voltage (50V) process, current densities in the ma-
gnitude order of 10mA/Mil2 are achieved.
In its most complete configuration, in which all the
available functions are being used, a significant re-
ductionof theexternalcomponentcountis achieved
compared with discrete componentsolution.
The L296 is mounted in a MULTIWATT plastic
package with 15 pins, minimizing the cost per watt
and allowing a low thermal resistance of 3°C/W be-
tween junction and package and of 35°C/W be-
tweenjunctionandambient.This thermalresistance

(inclucing the contact resistance) is comparable to
that of the more costly metal TO-3 packages.

THE STEP-DOWN CONFIGURATION

Fig. 1 shows the simplified block diagramof the cir-
cuit realizing the step-down configuration. This cir-
cuit operatesas follows : Q1 acts as a switch at the
frequencyf and the ON and OFF times are suitably
controlled by the pulse width modulator circuit.
When Q1 is saturated,energy is absorbed from the
input which is transferred to the output through L.
The emitter voltage of Q1, VE, is Vi-Vsat when Q is
ON and -VF ( with VF the forwardvoltageacross the
D diode as indicated) when Q1 is OFF. During this
second phase the current circulates again through
L and D. Consequently a rectangular shaped vol-
tage appears on the emitter of Q1 and this is then
filtered by the L-C-D network and converted into a
continuous mean value across the capacitor C and
therefore across the load. The current through L
consists of a continuous component, ILOAD, and a
triangular-shapedcomponent super-imposed on it,
∆IL, due to the voltage across L.

Figure 1 : The Basic Step-down Switching Regulator Configuration.
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Figure 2 : Principal Circuit Waveforms of the figure 1 Circuit.

APPLICATION NOTE

3/43



Fig. 2 shows the behaviour of the most significant
waveforms, in different points of the circuit, which
help to understandbetter the operationof the power
section of the switching regulator. For the sake of
simplicity, the series resistanceof the coil has been
neglected.Fig. 2a shows the behaviourof the emit-
ter voltage (which is practically the voltage across
therecirculation diode),where the powersaturation
and the forward VF dropacross the diode era taken
into account.

The ON and OFF times are established by the fol-
lowing expression :

TON
Vo = (Vi – Vsat)

TON + TOFF

Fig. 2b shows the current acrossthe switching tran-
sistor.The currentshape is trapezoidalandthe ope-
ration is in continuous mode. At this stage, the
phenomenadue to the catchdiode,thatwe consider
as dynamically ideal, are neglected. Fig. 2c shows
thecurrent circulating in the recirculation diode.The
sum of the currents circulating in the power and in
the diode is the current circulating in the coil as
shownin fig.2e. Inbalancedconditionsthe∆IL+ cur-
rent increase occuring during TON has to be equal
to the ∆IL– decrease occurring during TOFF. The
mean valueof IL correspondsto the charge current.

The current ripple is given by the following formula :
(Vi – Vsat) – V

∆IL
+

= ∆IL
– = TON =

L
Vo + VF

= TOFF
L

It is a good rule to respect to IoMIN ≥ IL/2 relation-
ship, that implies good operation in continuous
mode. When this is not done, the regulator starts
operating in discontinuousmode. This operation is
still safe but variations of the switching frequency
may occur and the output regulation decreases.

Fig. 2d shows the behaviour of the voltage across
coil L. In balancedconditions, themean valueof the
voltageacross the coil is zero.Fig.2f showsthecur-
rent flowing through the capacitor, which is the dif-
ference between IL and ILOAD.

Inbalancedconditions, the mean current is equalto
zero, and ∆IC = ∆IL. The current IC through the ca-
pacitorgives rise to the voltage ripple.
Thisrippleconsistsof twocomponents: a capacitive
component, ∆VC, and a resistive component,
∆VESR, due to the ESR equivalentseries resistance
of the capacitor. Fig. 2g shows the capacitive com-

ponent ∆VC of the voltage ripple, which is the inte-
gral of a triangular-shaped current as a function of
time. Moreover, it should be observed that vC (t) is
in quadrature with iC(t) and therefore with the volt-
age VESR. The quantity of charge ∆Q+ supplied to
the capacitor is given by the area enclosed by the
ABC triangle in fig. 2f :

1 T ∆IL
∆Q = . .

2 2 2

which thereforegives :
Q ∆IL

∆VC = =
C 8fc

Fig. 2h shows the voltage ripple VESR dueto the re-
sistive componentof thecapacitor.This component
is VESR (t)= iC (t) ⋅ ESR.Fig. 2i shows theoverall rip-
ple Vo, which is the sum of the twoprevious compo-
nents.As the frequencyincreases(> 20kHz),which
is required to reduce both the cost and the sizes of
L and C, the VESR componentbecomes dominant.
Often it is necessary to use capacitors with greater
capacitance(or morecapacitorsconnectedin paral-
lel to limit the value of ESR within the required level.

We will now examine the stepdownconfiguration in
more detail, referring to fig. 1 and taking the beha-
viour shown in fig. 2 into account.

Starting from the initial conditions, where Q = ON,
vC =Vo andiL = iD =0,usingKirckoff secondprinciple
we may write the following expression :

Vi = vL + vC (Vsat is neglected against Vi).
diL diL

Vi = L + vC = L + Vo (1)
dt dt

which gives :
diL (Vi – Vo)

= (2)
dt L

The current through the inductance is given by :
(Vi – Vo)

IL = t (3)
L

When Vi, Vo, and L are constant, IL varies linearly
with t. Therefore, it follows that :

(Vi – Vo) TON
∆IL+ = (4)

L
WhenQ isOFF the current throughthe coilhas rea-
cheditsmaximumvalue,Ipeak andbecauseit cannot
very instantaneously, the voltage across the coil is
inverted and the diode D becomes forward biased
to allow the recirculation of the current through the
load.
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WhenQ switchesOFF, the followingsituationispre-
sent :

vC(t) = Vo, iL (t) = iD (t) = Ipeak

And the equation associated to the following loop
may be written :

diL
VF + L + vC = 0 (5)

dt

where :

vC = Vo

dIL
= – (VF + Vo)/L (6)

dt

It follows therefore that :
VF + Vo

iL (t) = – t (7)
L

The negativesignmay be interpretatedwith the fact
thatthecurrent isnowdecreasing.AssumingthatVF
may be neglected against Vo, during the OFF time
the following behaviouroccurs :

Vo
IL = t (8)

L

therefore :
Vo

∆IL – = TOFF (9)
L

But, because
∆IL+ = ∆IL– if follows that :
(Vi – Vo) TON Vo TOFF

=
L L

which allows us to calculate Vo :
TON TON

Vo = Vi = Vi (10)
TON + TOFF T

where T is the switching period.

Expression(10) links the outputvoltageVo to the in-
putvoltageVi andto thedutycycle.The relation-ship
between the currents is the following :

TON
IiDC = IoDC

.
T

EFFICIENCY

The system efficiency is expressedby the following
formula :

Po
η % = 100

Pi

where Po = VoIo (with Io = ILOAD)

is the outputpowerto the loadand Pi is the inputpo-
wer absorbedby the system. Pi is given by Po, plus

all theothersystemlosses.Theexpressionof the ef-
ficiency becomes therefore the following :

Po
η = (12)

Po + Psat + PD + PL + Pq + psw

DC LOSSES

Psat : saturation losses of the power transistor Q.
These losses increase as Vi decreases.

TON Vo
Psat = Vsat . Io = Vsat Io (13)

T Vi

TON Vo
where = and Vsat is the power

T Vi

transistorsaturation at current Io.

PD : losses due to the recirculation diode. These
losses increase as Vi increases, as in this
case the ON time of the diode is greater.

Vi – Vo Vo
PD = VF Io = VF Io (1 – ) (14)

Vi Vi

where VF is the forward voltage of the recirculation
diode at current Io.

PL : losses due to the series resistanceRS of the
coil

PL = RS Io2 (15)

Pq : losses due to the stand-by current and to the
power driving current :

TON
Pq = Vi I’3q + Vi I’’3q (16)

T

where being :
TON Vo

= it follows that :
T Vi

Pq = Vi I’3q + Vo I’’3q in which :
I’3q = I3q at 0 % duty cycle

I’’3q = I3q(100 % d.c.) - I3q (0 % d.c.)

SWITCHING LOSSES

Psw : switching losses of the power transistor :
tr + tf

Psw = Vi Io
2T

The switching losses of the recirculation diode are
neglected (which are anyway negligible)as it is as-
sumed that diode is used with recovery time much
smaller than the rise time of the power transistor.

We can neglect losses in the coil (it is assumedthat
∆IL is very small compared to Io) and in the output
capacitor, which is assumed to show a low ESR.
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Calculationof the inductance value, L

Calculation TON and TOFF through (4) and (9) re-
spectively it follows that :

∆IL+ . L   ∆IL– . L
TON = TOFF

Vi – Vo Vo

But because :
TON + TOFF = T and ∆IL+ = ∆IL– = ∆IL,
it follows that :

∆IL . L ∆IL . L
+ = T

Vi – Vo Vo

Calculating L, the previous relation becomes :
(Vi – Vo) Vo

L = T (18)
Vi ∆IL

Fixing the current ripple in the coil required by the
design (for instance 30% of Io), and introducing the
frequency instead of the period, it follows that :

(Vi – Vo) Vo
L = where L is in Henry and f in Hz

Vi . 0.3 . Io . f

Calculationof the output capacitor C

From the output node in fig. 3 it may be seen that
thecurrent throughthe outputcapacitor is given by :

ic (t) = iL (t) – Io
Figure 3 : Equivalent Circuit Showing Recircula-

tion when Q1 is Turned Off.

From the behaviour shown in fig. 2 it may be calcu-
lated that the chargecurrentof the outputcapacitor,
within a period, is ∆IL/4, which is supplied for a time
T/2. It follows therefore that :

∆IL T ∆IL T ∆IL
∆VC = = = (19)

4C 2 8C 8fC

but, remembering expression (4) :
(Vi – Vo) TON Vo

∆IL+ = and TON = T
L Vi

therefore equation(19) becomes :
(Vi – Vo) Vo

∆VC =
8 Vi f2 L C

Finally, calculating C it follows that :
(Vi – Vo) VoC = (20)

8 Vi ∆VC f2 L

where : L is in Henrys
C is in Farads
f is in Hz

Finally, the following expression should be true :
∆VCmax

ESRmax = (21)
∆IL

It may happen that to satisfy relation (21) a capaci-
tancevalue much greater than the value calculated
through(20) must be used.

TRANSIENT RESPONSE

Sudden variations of the load current give rise to
overvoltagesand undervoltages on the output volt-
age. Since ic = C (dvc/dt) (22), where dvc = ∆Vo, the
instantaneous variation of the load current ∆Io is
suppliedduringthetransientbythe outputcapacitor.
During the transient, also current through the coil
tends to change its value.
Moreover, the following is true :

diL
vL = L (23) where diL = ∆Io.

dt
vL = Vi – Vo for a load increase
vL = Vo for a load decrease

Calculating dt from (22) and (23) and equalizing, it
follows that :

diL dvc
L = C

vL ic

Calculating dvc and equalizing it to ∆Vo, it follows
that :

L∆Io2

∆Vo = (24) for + ∆Io
C(Vi – Vo)

L∆Io2

∆Vo = (25) for – ∆Io
CVo

From these two expressions the dependence of
overshootsand undershootson the L and C values
maybeobserved.Tominimize∆Vo it is thereforene-
cessary to reduce the inductancevalue L and to in-
crease the capacitance value C. Should other
auxiliary functionsbe requiredin thecircuit like reset
or crowbar protectionsand very variable loads may
be present, it is worthwhile to take special care for
minimizing these overshoots, which could cause
spurious operation of the crowbar, and the under-
shoot, which could trigger the reset function.
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DEVICE DESCRIPTION

Fig. 4 shows the package in which the device is
mountedand the pin function assignments.

The internalstructureof the deviceis shownin fig. 5.
Each block will now be examined.

Powersupply

The deviceisprovidedwithan internalstabilizedpo-
wer supply that, besides supplying the reference

voltageof 5.1V for the whole system, also supplied
the internal analog blocks.

Special features of the voltage referenceare its ac-
curacy, temperaturestability and high line rejection.
Through zenze-zap trimming, the voltage is within
± 2% limits.

Figure 4 : Pin Assignments of the L296.

Figure 5 : Block Diagram of the L296. In Addition to the Basic Regulation Loop the Device includes Func-
tions such as Reset, Crowbar and Current Limiting.
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OSCILLATOR

The oscillator block generatesthe saw-tooth wave-
formthatsetstheswitchingfrequencyofthe system.
This signal, comparedwith the output voltageof the
erroramplifier, generatesthePWMsignalto besent
to the power output stage. The saw-tooth, whose
amplitude is between 1.2V and 3.2V, is generated
by chargingrapidly theCosc capacitorwhich then di-
scharges across the Rosc resistance. As shown in
fig.6, the oscillator is realizedby a comparator(with
grounded compatible input) with hysteresis whose
thresholdsare 1.2Vand 3.2Vrespectively.The Cosc
capacitorand the Rosc resis-tanceare connected to
the non-inverting input of the comparator which set
the oscillating frequency is fixed. When the voltage
on pin 11 is less than 3.2V, the switch S1 is closed
and the current generator charges the Cosc capaci-
tor rapidly ; in this phase S2 is also closed. As soon
as 3.2V is reachedthe comparatoroutput drives S2
open(thereforeopeningS1, too); theinvertinginput
voltage is reduced to about 1.2V and the capacitor

startsto dischargeitself across theRosc resistor (the
Ibias effect is neglected).When the voltage reaches
1.2V, S2 and S1 closeagain and a newcycle starts.
The generatedwaveform is shown in fig. 7.

To achieve a good accuracy of the switching fre-
quency it is essential to have a charging time of the
capacitor which is much smaller than the dischar-
ging time. In this way, the oscillation frequencyonly
dependson the externalcomponentsCosc andRosc.
For thisreasonthe capacitorchargingcurrent(when
S1 is ON) is typically around 10mA. For example,
with a 2.2nF capacitor to switch from 1.2V to 3.2V
about 400nsis required,which is negligiblecompa-
red to the 10µs period that occurs when the opera-
tion is performed at 100kHz. The diagrams shown
in fig.8 allow the calculation of the Rosc value(R1 in
fig. 8) with Cosc as a parameter (C3 in fig. 8) when
the oscillation frequency required for operation has
been previously fixed.

Figure 6 : Internal Schematic of the Oscillator.
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Figure 7b : Oscillator Waveform at Pin 11 with
f = 50Khz (Rosc = 9.1KΩ,
Cosc = 2.2nF).

Figure 8 : Nomogram for the Choice of Oscillator
Components.

Fig. 8 shows two suggestedvalues for the Cosc ca-
pacitance. Excessively low capacitance value may
give rise to an inaccuracyof the upperthresholddue
to the switchingdelaysof thecomparator.This inac-
curacy in caused by an excessively short rise time
of the voltage. A capacitance value too high gives
rise to a charging time which is too compared to the
discharging time. An additional inaccuracy cause
would be therefore present for the switching fre-
quency, now due to spread of the charge current.

The oscillation frequency is given by the following
formula :

1
fosc = (26)

Rosc Cosc

PWM (see fig. 9)

The PWM signal is generated on the comparator
output ; the triangular-shaped waveform and the
continuous signal coming from the output of the
transconductance error amplifier are sent to its in-
puts. The PWM signal is then transferred to the dri-
ving stage of the output power transistor.

SOFT START (see fig. 9)

Softstart is an essentialfunctionforcorrectstart-up,
to prevent stresses and possible breakdown from
occurring in the powertransistor and toobtaina mo-
notonically increasing output voltage.
In particular, the L296, as it does not have any duty
cycle limitation and due to the type of current limita-
tiondoes not allow the output to be forced to a stea-
dy state without the aid of the soft-start facility.
Soft-startoperatesat the start-up of the system, af-
ter the inhibit has been activated, after an interven-
tionof thecurrent limitationandafterthe intervention
of the thermal protection.

The soft-start function is realized through a capaci-
tor connected to pin 5 which is charged at constant
current (≅ 100µA) up to a value of about VREF. Du-
ring the charging time, throughPNP transistorQ58,
the voltage on pin 9 is forced to increase with the
same rising speed as on pin 5. Starting from the di-
scharged capacitor condition (pin 5 voltage = 0V)
the power transistor is in the OFF condition,as the
voltage on pin 9 is smaller than the minimum level
of the ramp voltage.Asthe capacitoris charged,the
PWM signal begins to be generatedas soon as the
error amplifier outputvoltage crossesthe ramp ; the
powerstagestarts to switch with steadily increasing
duty cycle. This behaviour is shown in fig. 10. As
soonas thesteadycondition is reachedthe duty cy-
cle sets itself to the right value due to the effect of
the feedback network while the soft-start capacitor
completesits charging to avalueveryclose to VREF.

Figure 7a : Oscillator Waveform at Pin 11 with
f = 100Khz(Rosc = 4.3KΩ,
Cosc = 2.2nF).
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The soft-start effect is determined, apart from the
switch-ontime,whenthecurrent limitationoperates,
due to either an overload or a short circuit, to keep
the mean value of the current absorbed by the po-
wer supply low.

Moreover from fig. 11 it may be observedthat since
the voltage on pin 9 can decrease under the mini-

mumramplevel and increaseover the maximum le-
vel no limitationshavebeenprovidedon thedutycy-
cle,which thereforemay vary between0 and 100%.

Figure 10 : Soft Start Waveforms. When power is applied, or after an inhibit, the L296’s output current
rises slowly under control of the soft start circuit.

Figure 9 : Partial Internal SchematicShowing PWM and Soft Start Blocks.
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Figure 11 : Waveform for Calculation of Duty Cycle and Soft Start Time.

CALCULATING THE DUTY CYCLE AND
SOFT-START TIME

Assume, for simplicity, that the rising edge of the
rampis instantaneous; Vr istheoutputvoltageof the
erroramplifier and Vc the ramp voltage(see fig. 11).
The PWM comparator block switches when Vr = Vc
; therefore:

t
–

Vr = Vc = E e Rosc Cosc

Consequently:
E

t = Rosc Cosc In
Vr

The time obtainedfrom this expression is the TOFF
timeof thepowertransistor.Thedutycycled isgiven
by :

E
TON T – Rosc Cosc In

Vr
d = = =

T T
(27)

E Vo
= 1 – In =

Vr Vi

Consequently, starting with the capacitor dischar-
ged, the outputof theregulatorwill beat the nominal
level when the voltage at the terminal of the capa-
citor (which is charged by a constant current) has
reached Vr – 0.5V.

Css (Vr – 0.5V)
tstart-up =

I5so

where Css is the soft-start capacitor and I5so is the
charging current.

Considering as the soft-start time the time required
for the soft-start capacitor to charge from
(1.2 V – 0.5V) to Vr – 0.5V, gives :

Css (Vr – 1.2)
tss =

Isso

substituting Vr from (27) gives :
Vo

– ( 1 – )
Vi

Vr = E e

substituting into (28) gives :
Vo

( – 1 )
Css Vi

tss = (E e – 1.2)
Isso

SYNCHRONIZATION

The synchronization function is available on pin 7,
this function allows the device to be switched at an
externally generated frequency (leaving pin 11
open), or to mutually synchronize several devices,
usingone of themas masterand the othersas slave
(fig. 12).

This allows several devices to be operated at the
samefrequency,avoidingundesirableintermodula-
tionphenomena.The numberif mutuallysynchroni-
zable devices is obviously much greater than the
three devices shown in the figure. It is anyway diffi-
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cult to establish an exact maximum number of de-
vices, as it dependson different conditions.
The first consideration concerns the accuracy which
must be achieved and maintained on the oscillation
frequency.Since thebiascurrentonpin7 isanoutput
current, thesumofall thebiascurrentsmustbemuch
smaller than the capacitordischarge current in close
proximity to thelowerdischargethreshold.Therefore,
assuming Cosc = 2.2nF and Rosc = 4.3KΩ, it follows
that :
1.2V

= 280µA
4.3KΩ

Assuming that a 10% variation may be accepted, it
follows therefore that the number of synchronizable
devices is given by :

28µA
N =

Ibias max

This means that if the overall Ibias is too high it may
modify the discharging time of the capacitor.

The second consideration concerns the layout de-
sign.
In the presence of a great number of devices to be
synchronized, the lenght of the paths may become
significant and therefore the distributed inductance
introducedalong the paths may begin to modify the
triangular shaped waveform, particularly the rising
edgewhichis verysteep.Thiseffectwouldaffectthe
devicesthat arephysically locatedmoredistantfrom
the master device.

Theamplitudeof the saw-toothto be externallycon-
nected must be with in 0.5V and 3.5V, values also
representingthe maximumswing of the errorampli-
fier output.

CURRENT LIMITATION

The current limitation function has been realized in
a rather innovative way to avoid overload condition
duringthe short circuit operation.In fact,while for all
theotherdevices a constantcurrent limitation is im-
plementedby acting on the duty cycle (therefore, in
short circuit conditionsan outputcurrent is equal to
themaximum limitationcurrent),thenewcontrolap-
proach allows operation in short circuit conditions
with a meancurrent much smaller than the allowed
4A value.Operationof the current limiter will now be
described.
Refer to the block diagram, fig. 13.

The current which is delivered from the output tran-
sistor to the load flows through the current sensing
resistor RS. When the voltage drop on RS is equal
to the offset voltage of the current comparator, the
comparator generates a set pulse for the flip-flop,
with a delayof about1µsec.The purposeof this de-
lay is to avoid triggering of the protectioncircuit on
thecurrent peak that occursduring the recirculation
phase.Therefore,theoutputQ goeslowand the po-
wer stageis immediately switched off, while the out-
put Q goes high and acts directly on the soft-start
capacitor dischargng the soft-start capacitor at a
constant current (about 50µA).

When the voltage on pin 5 reaches 0.4V the com-
parator triggers, supplying a reset pulse to the flip-
flop ; from now on, the power stage is enable and
thesoft-startphase startsagain.When the limitation
cause,either overloador short circuit, is still present
thecycle repeatsagain.Thewaveformof theoutput
current on pin 2 is shown in fig. 14.

Figure 12 : In multiple supplies several l296’s can be synchronized as shown here.
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From fig. 14 it may be observedhow this current li-
mitation techniqueallows the short circuit operation
with a very low outputcurrent value.

It is possible to reduce the maximum current value
byactingonpin4. Onthispina voltageof about3.3V

is present ; by connecting a resistance a constant
current, given by 3.3/R, is sent to ground. This cur-
rent reduces the offset voltage of the current com-
parator, therefore anticipating its triggering
threshold.

Figure 13 : Partial SchematicShowing the Current Limiter Circuit.

Figure 14a : Current Limiter Waveforms.
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Figure 14c : Current at Pin 2 when the Output is
Short Circuited.

RESET

The reset function is of great importance when the
device is used to supplymicroprocessors, logic de-
vices, and so on. This function differentiates the
L296 device from all previous devices. The block
diagram of the function is shown in fig. 15. A reset
signal is generatedwhen the outputvoltageis within

the limits required to supplythe microprocessorcor-
rectly.

The reset function is realized through the use of 3
pins : the reset input pin 12, the reset delay pin 13
andthe reset outputpin14. Whenthe voltageonpin
12 is smaller than 5V the comparator output is high
and the reset capacitor is not chargedbecause the
transistor Q is saturated and the voltage on pin 14
is at low level, since Q2 is saturated, too. When the
voltage on pin 12 goes above 5V, the transistor Q
switches OFF and the capacitor can start to charge
through a current generatorof about100µA. When
the voltageon pin13 goesabove4.5V the outputof
the related comparator switches low and the pin 14
goes high. As the output consists of anopen collec-
tor transistor, a pull-upexternal resis-tance is requi-
red. In contrast, when the reset input voltage goes
below5V, lessa hysteresisvoltageof about100mV,
the comparatortriggers again and instantaneously
sets the voltage on pin 14 low, therefore forcing to
saturation the Q1 transistor, that starts the rapid di-
scharge of the capacitor. Obviously, the reset delay
is again present when the voltage on pin 13 is allo-
wed to go under 4.5V.

To achieve switching operations without uncertain-
ties the two comparators have been provided with
an hysteresis of about 100mV. In every operating
condition the reset switching is guaranteed with a
minimumreset input of 4.75V,the value requiredfor
correct operationof the microprocessor even in the
presence of the minimum VREF value.

Normally pin 12 is used connected to pin 10. When
it is connected to the output, the function may be
more properly called ”reset” ; on the other hand,
whenit is connectedthroughresistive divider, to the
input voltage, the function is called ”power fail”. Fig.
16 and fig. 17 show the two possible usages.

The”power-fail” functionis usedtopredict,with a gi-
ven advance, the drop of the regulator output volt-
age, due to main failures, which is enough to save
the data being processed into protected memory
areas. Fig. 18 summarizes the reset function ope-
ration.

Figure 14b : LoadCurrent in ShortCircuit Conditions
(Vi = 40V, L = 300µH, f = 100KΩ).
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Figure 15 : Partial SchematicShowing Reset Circuit.

Figure 16 : For Power - On reset the reset block is connectedas shown here.

Figure 17 : To obtain a power fail signal, the reset block is connected like this.
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Figure 18 : Waveform of the Reset Circuit.

CROWBAR

This protection function is realized by a completely
independent block, using pin 1 as input and pin 15
as output. It is used to prevent dangerousover vol-
tagesfrom occurringwhen the outputexceeds20%
of ratedvalue. Pin 15 is able tooutputa 100mAcur-
rent to besent to thegateofa SCRwhich,triggering,
short circuits either output or the input. When con-
nected to the input, as the SCR is triggered a fuse
in series connectedto powersupply is blown and to
bring the systembackto operationmanual interven-
tion is requested. Figs. 19, 20 and 21 show the dif-
ferent configurations.

When the voltage on pin 1 exceeds by about 20%
the VREF value the output stage is activated, which
sends a current to the SCR gate, after a delay of
about 5µsec to make the system insensitive to low
duration spikes. When activated, the output stage
delivers about100mA; whennot activated, it drains
about 5mA and showsa low impedanceto the SCR
gate to avoid incorrect triggeringdue to randomnoi-
se. If the crowbar function is not used connectpin 1
to ground.

Figure 19 : Connectionof Crowbar Circuit at Output for 5.1V Output Applications.
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Figure 20 : Connectionof Crowbar Circuit at Output for Output Voltages above 5.1V.

Figure 21 : Connectionof Crowbar Circuit to Protect Input. When triggered, the scr blows the fuse.

INHIBIT

The inhibit input (pin 6) is TTL compatibleand isac-
tivated when the voltage exceeds2V and deactiva-
ted when the voltage goes under 0.8V. As may be
seen in the blockdiagram, the inhibitacts on the po-
wer transistor, instantaneously switching it off and
also acts on the soft-start,discharging its capacitor.
When the function is unused, pin 6 must be groun-
ded.

THERMAL PROTECTION

The thermal protection function operates when the
junction temperaturereaches 150°C; it actsdirectly
on thepowerstage,immediatelyswitchingit off,and
on the soft-start capacitor, discharging it. The ther-
mal protection is provided with hysteresis and, the-
refore, after an intervention has occurred, it is
necessarytowait for the junction temperatureto de-
crease of about 30°C below the intervention thre-
shold.

APPLICATIONS

Though the L296 is designedfor step-downregula-
torconfigurationsit may beusedin a varietyof other

Resistor Value for Standard Output Voltages

Vo R8 R7

12 V
15 V
18 V
24 V

4.7 kΩ
4.7 kΩ
4.7 kΩ
4.7 kΩ

6.2 kΩ
9.1 kΩ
12 kΩ
18 kΩ

applications. We will now examine these possibili-
tiesand showhow the capabilitiesof thedevicemay
be extended.

In fig. 22 the complete typical application is shown,
where all the functions available on the device are
being used. This circuit delivers to the load a maxi-
mum current of 4A and a voltage which is establi-
shedby the voltagedivider constitutedby R7 andR8
resistances.The following tableis helpful fora quick
calculation of some standard output voltages :

To obtain Vo = VREF thepin 10 is directly connected
to the output, therefore eliminating both R7 and R8.
The switching frequency is 100kHz.
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Figure 22 : Schematic, PCB Layoutand Suggested Component Values for the Evaluation Circuit used to
characterizethe L296. This is a typical stepdown application which exercises all the device’s
functions.

C7, C8 : EKR (ROE)

SUGGESTED INDUCTOR (L1)

Core Type No
Turns

Wire
Gauge

Air
Gap

Magnetics 58930 -
A2MPP

43 1.0 mm.

Thomson GUP
20 x 16 x 7

65 0.8 mm. 1 mm.

SUGGESTED INDUCTOR (L1) (continued)

Core Type No
Turns

Wire
Gauge

Siemens EC 35/17/10
(B6633 & - G0500 - x 127)

40 2 x 0.8 mm.

VOGT 250 µH Toroidal Coil, Part Number
5730501800
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Figure 23 : Oscilloscope PhotographsShowing
Main Waveform of the Figure 22
Circuit.

The oscilloscope photographs of the main wave-
forms are shown in fig. 23. Theoutputvoltageripple
∆Vo dependson the current ripple in the coil and on
the performanceof the outputcapacitor at the swit-
ching frequency (100kHz). A capacitor suitable for
this kind of applicationmust havea low ESRand be
able to accept a high current ripple, at the working
frequency.ForthisapplicationtheRoedersteinEKR
series capacitorshavebeenselected,desi-gnedfor
high frequency applications (> 200kHz) and manu-
factured to show low ESR value and to accept high
current ripples. To minimize the effectsof ESR, two

100µF/40V capacitors have been connected in pa-
rallel. The behaviourof theimpedanceasa function
of frequency is shown in fig. 24.

Alsothe selectionof thecatchdioderequiresspecial
care. The best choice is a Schottkydiode which mi-
nimizes the losses because of its smaller forward
voltage drop and greater switching frequency rate.
A possible limitation comes from the backward volt-
age, that generally reaches 40V max.
When the full input voltage range of the device is re-
quiredin thisapplicationit ispossibleto usesuperfast
siodeswith 35 to 50nsrated recovery time, where no
moreproblemsonthebackwardvoltageoccur(onthe
otherhand,theyshowa greaterforwardvoltage).The
use of slower diodes, with trr = 100ns or more is not
recommended; The photographsin fig. 25 showthe
effectsonthepowercurrentandon thevoltageonpin
2,dueto thediodesshowingdifferentspeeds.Diodes
showing trr greaterthan 35-50nswill reducethe ove-
rall efficiencyof thesystem,increasing thepowerdis-
sipatedby the device.

The third component requiring care is the inductor.
Fig. 22a shows the part numbers of some types
used for testing. Besideshavingthe required induc-
tance value, the coil has to show a very high satu-
ration current.
Therefore, a correct dimensioning requires a satu-
ration current above the maximum value of I2L, the
current limit threshold.
To achieve high saturation with ferrite cores an air
gapbetweenthe two core halvesmust beprovided ;
the air gap causes a leakage flux which is radiated
in the surroundingspace.To better limit this pheno-
menon ”pot cores” may be used, whose geometry
is such to better limit the flux radiatedto the outside.
Using toroidal cores, for instanceof Magnetic 58930-
A2moly-permalloykind,boththerequirementsofhigh
saturationand low leakageflux are satisfied. The sa-
turation issofter that thesaturation shown by the fer-
rite materials. The air gap is not concentrated in one
area,butis finelydistributedalongthewholecore ; this
gives the low leakageflux value.
Careful selectionof the externalcomponentsthere-
foreallows the realizationof a powersupplysystem
whose benefits are significant when compared to a
systemwiththe sameperformancebutrealized with
the linear technique.
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Figure 24 : Typical Impedance/Frequencycurves
for EKR Capacitors.

LOW COST APPLICATION AND PRE-
REGULATOR

Fig. 26 shows the low cost application of a 4A and
Vo = 5.1V power supply. A minimum amount of es-
sential external components is required, which are
necessary for correct operation. It is impossible to
save other components, specially the soft-start ca-
pacitor. Without soft-start, the system cannot reach
the steady state and there is also a serious risk of
damaging the device.

Thisapplication is very well suited not only as a low-
costpowersupply,butalsoaspre-regulatorforpost-
regulators distributed in different circuit points, or
even on different boards (fig. 27). The post-regula-
torsmay be selectedamongthe low-drop types, like
L4805 and L387 for example, still obtaining a high
efficiency, combined with an excellent regulation.
The use of L387 deviceallows us to usealso the re-
set function,useful to power a microprocessor.

Figure 25 : Oscilloscope PhotographsShowing
the Waveform obtained with Diodes
having Different trr Values.
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SWITCHING vs LINEAR

Switching regulators are more efficient than linear
types so the transformerand heatsinkcan be smal-
ler and cheaper.But how much can you gain ?

We canestimate the savings by comparing equiva-
lent linear and switching regulators. For example,
suppose that we want a 4 A/5 V supply.

Linear

For a goodlinearregulator theminimumdropoutwill
be at least 5V at 4A. The minimum input voltage is
given by :

1
Vi min = Vo + Vdrop + Vripple

2

where :
Io t1 4 x 8 x 10 – 3

Vripple ≅ = = 3.2 V
C 10 x 10 – 3

(a good approximation is 8ms for t1 at mains fre-
quencyof 50Hz and 10.000µF for C, the filter capa-
citor after the bridge). ThereforeVimin ≅ 1.6V. Since
operationmustbe guaranteedevenwhenthe mains
voltagefalls 20%,the nominal voltageon load at the
terminals of the regulator must be :

Vi min 10.6
Vnom = = = 13.25V

0.8 0.8

To allow even a small margin we have to choose :

Vnom = 14V

The power that the series element must dissipate is
therefore :

Pd = (Vnom Vo) Io = 36W

and a heatsink will be necessary with a thermal re-
sistance of :

Rth heats. = 0.8°C/W

and the transformer must supply a power of :

Pdiss = 14 x 4 = 56W

It must therefore be dimensioned for :
56

PD = = 62VA
0.9

Switching (L296)
Assuming the same nominal voltage(14V), the L296
data sheet indicates that the power dissipated in this
case is only 7W. And this power is dissipated in two
elements; theL296 itself and the recirculation diode.

It follows that the transformermustbe roughly30VA
and the heatsink thermal resistanceabout 11°C/W.

Thiscomparisonshowsthatthe L296switchingregu-
latorallowsa savingof roughly50%onthecost ofthe
transformerandan impressive 80-90%on thecostof
the heatsink.Considering also the extra functions in-
tegratedbytheL296thetotalcostofactiveandpassive
componentsis roughly thesame forboth types.

Finally, it is important to note that a lowerpower dis-
sipationmeans that the ambient temperature in the
regulatorenclosurecanbe lower - particularlywhen
the circuit is enclosed in a box - with all the advan-
tages cooler operation brings.

+Linear +Switching

Transformer
Heat sink

62 VA
0.8 °Χ/W

30 VA
11  Χ/W
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Figure 26 : A Minimal Component Count 5.1V / 4A Supply.

Figure 27 : The L296 may also be used as a preregulator in distributedsupply systems.

(*) L2 and C2 are necessary to reduce the switching frequency spikes.
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If for some reason it isnecessaryto use higher sup-
ply voltagesthe switching technique,and hence the
L296, becomes even more advantageous.

POWER SUPPLY COMPLETE WITH
TRANSFORMER

Fig. 28 shows a power supplycompleteof transfor-
mer, bridge and filter, with regulation on the output
voltage from 5.1V to 15V.

Asalreadystatedabove,the outputcapacitorshave
to show some speciale features, like low ESR and
high current ripple, to obtain low voltage ripple va-
lues and high reliability. The input filter capacitors
must not be neglected because they have to show
excellent features, too, having to supply a pulsed
current, required by the device at the switching fre-
quency. The current ripple is rather high, greater
than the load current. For this application, two pa-
rallelconnected3300µF/50VEYF(ROE)capacitors
have been used.

POWER SUPPLY WITH MAINS SWITCH-
ING PREREGULATOR

When it is desirable to eliminate the 50/60Hz tran-
sformer - in portableor volume-limited equipment-a
mainspreregulatorcanbeaddedto reducetheinput
voltage to a level acceptable for the L296.

In this case the pre-regulatorcircuit is connectedto
the primary of the transformer which now operates
at the switching frequency and is therefore smaller
and lighter.

Using a UC3840 which includes the feed-forward
functionit ispossible tocompensatemainsvariation
within wide limits. The secondary voltage is therefo-
re only affected by load variations. Using one or
more L296s as postregulators,feedback to the pri-
mary is no longer necessary, reduces the comple-
xity and cost of the transformerwhich needs only a
single secondarywinding.

Fig. 28A shows a multi-output supply with a mains
preregulator.

Figure 28 : A Typical Variable Supply showing the Mains Transformer.

Vo = 5.1 to 15V
Io = 4A max. (min. load current = 100mA)
ripple ≤ 20mV
load regulation (1A to 4A) = 10mV (Vo = 5.1V)
line regulation (200V ± 15% and to Io = 3A) = 15mV (Vo = 5.1V)
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Figure 28A: A Multiple Output Supply using a Switching Preregulator rather than a Mains Trans-

POWER SUPPLY WITH 0 - 30V
ADJUSTABLE VOLTAGE

When outputvoltages lower than 5V are required,
the circuit shown in fig. 29 may be used.

Calibration is performed by groundingthe P1 slider.
Acting on P2, the current which flows through the
10kW resistor is fixed approximately 2.5mA to ob-
tain an outputvoltageof 30V. The equivalentcircuit
is shown in fig. 30.

Acting now on the slider of P1, the current flowing
throughthedivider may be varied. Thenew equiva-
lent circuit is shown in fig. 31.

Reducing the current flowing, also the voltage drop
across the 10kΩ resistance is reduced, together
with VO. When the current reaches zero, it follows
that VO = VREF. When the voltageon the slider of P1
exceeds VREF, the current start to flow in opposite
direction and VO begins to decrease below 5V.

When I1 x 10kΩ = VREF it follows that VO = 0.

DUAL OUTPUT REGULATOR

The application shown in fig. 32 is specially intere-
sting because it provides two output voltages. The
first voltage, the main one, is directly controlled by
thefeedbackcircuit. The secondvoltageis obtained
throughan auxiliary winding.

It often happens, when microprocessors, logic de-
vices etc., have to be power supplied, that a main
5V outputand an auxiliary +12Vor –12V outputare
required, the latter with lower current requirements
(100 to 200mA)and a stabilization level not exces-
sivelyhigh.As theauxiliarypowersupply isobtained
througha completely separatedwinding, it is possi-
ble to obtain either a positive or negative voltage
(compared to the main voltageor also a completely
isolated voltage. With Vi variable between 20V and
40V, VO = 5.1V and IO = 2.5A, the auxiliary -
12V/0.2Avoltage is within a ±2% tolerance.
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Figure 29: Variable 0-30V supply illustrating how output voltages below 5.1V are obtained.

Figure 30: When setting up the figure 29 circuit
the slider of P1 is grounded, giving
the equivalent circuit shown here,
and P2 adjusted to give an output
voltage of 30V.

Figure 31: Partial Schematic showing Output
Voltage Adjustment of Figure 29.
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Figure 32: Dual output regulator showing how an additional winding can be added to the inductor to
generate a secondary output.

PERSONAL COMPUTER POWER SUPPLY

Using two mutually synchronized devices it is pos-
sible to obtain a four output power supply suitable
for power a microprocessor system.

V01 = 5.1V/4A

V02 = 12V/2.5A(up to 4A)

V03 = –5V/0.2A

V04 = –12V/0.2A

The schematic diagram is shown in fig. 33. The 5V
output is also provided with the reset function, that
is available also for the 12V output.
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Figure 33: Microcomputer Supply with 5V, –5V, 12V and –12V Outputs.
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Figure 34: Battery charger circuit illustrating how the device is used to regulate the output current.

The feedbackis direct,no otherexternalcomponent
is used and no calibration is thereforerequired. An
outputisobtainedwith theaccuracyof thereference
voltage (±2%). For the 12V output, by using a resi-
stive divider with 1% resistance an output is obtai-
ned whose spread is within ±4%.

The two devices are mutually synchronized not to
give rise to intermodulation which could generate
unpleasant noise and, at the same time, a further
componentsaving is achieved.

The crowbar function is implemented on both 5V
and 12V outputs, using a single SCR connected to
the input. The latter, by discharging to ground the
electrolytic filter capacitors,blows the fuse connec-
ted in series with the devices power supply. In this
way,shoulda faultybe presentoneitherof the main
outputs,the supply is switched off forwhole system.

To inhibitboth the devices with a single input signal,
it is possible to connect the two inhibit inputs(pin 6)
together;the5kΩ resistanceis usedwhentheinhibit
input is left open. If this input is not used it must be
grounded.

As may be noted in the diagram, to obtain the two
auxiliary voltages is very simple and cost-effective.

It is suggested that the diodes are fast types (trr <
50ns);shouldslowerdiodesbe requiredsomemore
turns have to be added to the auxiliary winding.

BATTERY CHARGER

When the device has to be used as current gener-
ator it is necessaryto avoid the internal current limi-
ter is operated fig. 34 shows the circuit realizing
constant current limitation. In this way it is possible
to obtain a 6V, 12V and 24V battery charger. For
each of these voltagesa max. current of 4A is avai-
lable, which is large enough for batteries up to 40-
45Ah (for 12V type). With reference to the electric
diagram through the 2kΩ potentiometer the max.
outputcurrent is set, while throughthe R1 – R2 out-
put divider the voltage is set. (R1 may be replaced
by either a potentiometeror a 3 position switch, to
directly obtain the three 6V, 12V and 24V voltages).

HIGHER INPUT VOLTAGE

Since a maximum input voltage of 46V (operating
value) may be applied to the device the diagram
shown in fig. 35 may be used when it is necessary
to exceedthis limit.

This system is particularlyuseful when operatingat
low outputvoltages.In this casea meancurrent IiDC
which has a low value when compared to IO is ob-
tained. In fact, since Vo = Vi (TON/T) and Vo Io = Vi
IiDC (assuming the device has an ideal efficiency), it
follows that IiDC = IO (TON/T).
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Assuming to be:

Vo = 5V Io = 4A and V3 ≈ 37V

it follows that:

TON/T = Vo / Vi =
5

37
= 0.135

IiDC = 4 x 0.135 = 0.54A.

With inputvoltage50VandIo = 4A,the externaltran-
sistor dissipates about 7W. High good efficiency is
still achieved, around 74%; in the real case, consi-
dering also the device losses, an efficiency around
62% is achieved.

During outputshort circuits the externaltransistor is
not overloaded because in this condition IiDC redu-
ces to values lower than 100mA. It is not possible
to realize this application with series post-regulator
because the efficiency would be unacceptablelow.

MOTOR CONTROL

The L296 is also suitable for use in motor controls
applications. Fig. 36 shows how to use the device
to drive a motor with a maximum power of about
100Wand providedwith a tachometergeneratorfor
a good speed control.

Figure 35: The maximum input voltage can be raised above 46V by adding a transistor as shown here.

Figure 36: With a tacho dynamo supplying feedback the L296 can be used as a motor speed controller.
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HIGHER CURRENT REGULATORS

It is possible to increase the output current to the
load above4A throughthe useof anexternalpower
transistor. Fig 37 shows a suitable circuit. The fre-
quencyis around40kHz to prevent the device from
loosingexcessivepowerdue toswitchingon the ex-
ternal power.

The circuits shown in fig. 38 and fig. 39 show how
current limitation may be realized in two different
ways:throughasensingresistorconnectedin series
with the collector of the external power transistor or
througha current transformer.

In the first case, the sensing resistor is a low value
resistorable to withstandthe maximum loadcurrent
required. The VCE of the power transistor is higher
than its VCEsat; when the resistor isconnectedin se-
ries to the collector VCE is reduced; consequently
since the overall dissipated power is constant, the
power dissipatedby the sensing resistor is subtrac-
ted from that dissipated by the power transistor.
The values indicated in figs. 38 and 39 realize adju-
stable current limitation for load currents around
10A.

Figure 37: The output current may be increased by adding a power transistor as shown in this circuit.
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Figure 38: This circuit shows how current limiting for the external transistor is obtained with a sensing
resistor.

Figure 39: A small transformer is used in this example for current limiting.
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STEP-UP CONVERTER

With theL296it isalsoeasyto realizea step-upcon-
verter, by using a MOS power transistor. Fig. 40
shows the electricdiagramof thestep-upconverter.
The frequency is 100kHz, operation is in disconti-
nuous mode and the device internal current limiter
is used.Thereforeno otherexternalprotectionis re-
quired.

The input voltage could be a 12V car battery, from
which an outputvoltage of 35V may be obtained.
Lower output voltage of 35V may be obtained.
Loweroutputvoltagevaluesmay beobtainedbyre-
ducing the value of R7.

DESCRIPTION OF OPERATION

Fig. 41 shows the diagramof the circuit realizing the
step-up configuration.

When the transistor Q1 is ON, the inductance L
charges itself with a current given by:

iL =
Vi

L
t

The peak current in the coil is:

Ipeak =
Vi

L
TON

In this configuration, unlike the step-down configu-
ration, the peak current is not strictly related to the
load current.Theenergystoredin thecoil is succes-
sively discharged across the load when the transi-

stor switches OFF. To calculate the Io load current,
the following procedure may be used:

1
2

L I2peak = Vo Io T

Io = L I2peak
2 Vo T

=
Vi

2 TON
2

2 L Vo T

For a greater output power to be available, the in-
ternal limitation must be replacedby an externalcir-
cuit toprotect the externalpowerdevicesand to limit
the currentpeak to a convenientvalue. A dual com-
parator(LM393) with hysteresis is usedto avoidun-
certaintes when the current limitation operates.
The electric diagram is shown in fig. 42.

Figure 40: A step-up Converter using a Power MOS Transistors.

Figure 41: Basic Schematic for Step-up Configu-
rations.
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Figure 42: High power step-up converter showing how the current limiting function is realized exter-
nally.
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LAYOUT CONSIDERATIONS
Both for linear and switching power supplies when
the current exceeds 1A a careful layout becomes
importanttoachieveagoodregulation.Theproblem
becomes more evident when designing switching
regulators in which pulsed currents are over impo-
sed on dc currents. In drawing the layout, therefore,
special care has to be taken to separate ground
paths for signal currents and ground paths for load
currents, which generally show a much higher va-
lue.

Whenoperatingat high frequenciesthe path length
becomesextremely important. The paths introduce

distributed inductances, producing ringing pheno-
mena and radiating noise into the surroundingspa-
ce.

The recirculation diodemust be connected close to
pin2, to avoid giving rise to dangerousextra negati-
ve voltages,due to the distributed inductance.

Fig. 43andfig.44 respectivelyshowtheelectricdia-
gramand theassociatedlayoutwhichhas beenrea-
lized taking these problems into account. Greater
care must be taken to follow these rules when two
or more mutually synchronized devices are used.

Figure 43: Typical application circuit showing how the signal and power grounds are connected.

SUGGESTED INDUCTOR (L1)

Core Type No.
Turns

Wire
Gauge

Air
Gap

Magnetics 58930 -
A2MPP

43 1.0mm.

Thomson GUP
20 x 16 x 7

65 0.8mm. 1mm.

Siemens EC 35/17/10
(B6633 & - G0500 -
x 127)

40 2 x 0.8mm.

VOGT 250µH Toroidal Coil, Part Number 5730501800

Resistor Value for Standard Output Voltages

Vo R8 R7

12V
15V
18V
24V

4.7kΩ
4.7kΩ
4.7kΩ
4.7kΩ

6.2kW
9.1kΩ
12kΩ
18kΩ
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Figure 44: A Suitable PCB Layout for the Figure 43 Circuit realized in Accordance with the Sugges-
tions in the Text (1:1 scale).

HEATSINK DIMENSIONING
The heatsink dissipates the heat produced by the
device to prevent the internal temperaturefrom rea-
cing values which could be dangerous for device
operation and reliability.

Integratedcircuits in plasticpackagemustneverex-
ceed 150°Ceven in worst conditions. This limit has
been set because the encapsulating resin has pro-
blems of vitrification if subjectedto temperaturesof
more than 150°C for long periods or of more than
170°C for short periods. In any case the tempera-
ture accelerates the ageing process and therefore
influences the device life; an increase of 10°C can
halve the device life. A well designed heatsink
shouldkeepthe junctiontemperaturebetween90°C
and 110°C. Fig. 45 shows the structure of a power
device. As demonstrated in thermo-dynamics, a
thermalcircuit canbe considered to be an electrical
circuit where R1,R2 representthe thermalresistan-
ce ofthe elements(expressedin °C/W) (seefig.46).

C1,C2 are the thermal capacitance (expressed in
°C/W)

I is the dissipated power

V is the temperature difference with respect to
the reference (ground)

This circuit can be simplified as shown in fig. 47,
where:

CC is the thermal capacitance of the die plus
that of the tab.

Ch is the thermal capacitance of the heatsink

Rjc is the junction case thermal resistance

Rh is the heatsink thermal resistance

Figure 45.

Figure 46.
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But since the aimof thissection is not thatof studing
the transistors, the circuit can be furtherreducedas
shown in figure 48.

If we now consider the groundpotentialas ambient
temperature,we have:

Tj = Ta + (Rjc + Rh)Pd a)

Rh =
Tj – Ta – Rjc Pd

Pd
b)

Tc = Ta + Rh Pd c)

Thermalcontactresistancedependsonvariousfac-
tors such as the mounting, contact area and plana-
rity of the heatsink. With no material between
thedevice and heatsink the thermal resistance is
around 0.5°C/W; with silicone grease roughly
0.3°C/W and with silicone grease plus a mica insu-
lator about 0.4°C/W. See fig. 49.
In applicationwhere one external transistor is used
together, the dissipated power must be calculated
for each component.The various junction tempera-
ture can be calculated by solving the circuit shown
in fig. 50.
This applies if thedissipating elementsare fairly clo-
se with respect to the dissipator dimensions, other-

wise the dissipator can no longer be considered as
a concentrated constant and the calculation beco-
mes difficult.
This concept is better explainedby the graph in fig.
51 which shows the case (and therefore junction)
temperature variation as a function of the distance
between two dissipating elements with the same
type of heatsink and the same dissipated power.
Th graph in Fig. 51 refersto the specific case of two
elements dissipating the same power, fixed on a
rectangular aluminium plate with a ratio of 3 be-
tween the two sides.

The temperature jump will depend on the total dis-
sipatedpowerand on thetotaldissipatedpowerand
on the devices geometrical positions. We want to
show that there exists an optimal position between
the two devices:

d =
1
2

⋅ side of the plate.

Fig. 52 showsthe trendof the temperatureas a fun-
ction of the distance between two dissipating ele-

Figure 47.

Figure 48.

Figure 49.

Figure 50.
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Figure 51.

Figure 52.
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APPENDIX A

CALCULATING SYSTEM STABILITY

This section is intended to help the designer in the
calculation of the stability of the whole system.

Figure A1 shows the entire control system of the
switching regulator.

The problem which arises immediately is the tran-
sfer function of the PWM block and output stage,
which is non-linear. If this function can be conside-
red linear the analysis is greatly simplified.
Since the circuit operates at a constant frequency
and the internal logic is fairly fast, the error introdu-
ced by assuming that this function linear is minimi-
zed. Factors which could contribute to the
non-linearity are an excessive delay in the output
power transistor, ringing and parasitic oscillations
generated in the power stage and non-linearity in-
troducedby magnetic part.

In thecase of theL296,inwhich the powertransistor
is internaland drivenby well-controlledand efficient
logic, the contributiontonon-linearityis furtherredu-
ced.

For the assumptionof linearity to be valid thecut-off
frequency of the LC filter must be much lower than
the switching frequency.In fact,switching operation
introduces singularities (poles) at rougly half the
switching frequency. Consequently, as long as the
LC filter is still dominant, its cut-off frequency must
be at least an order of magnitude lower than the
switching frequency.This condition is not, however,
diffucultto respect.Thecharacteristicsof LCfilteraf-
fect the output voltage waveforms; is generally
much less than an order of magnitude below the
switching frequency.

Figure A1: The control Loop of the Switching Regulator.

GAIN OF THE PWM BLOCK AND OUTPUT
STAGE
The equation which links Vo to Vi is:

Vo = Vi
TON

T

A variation ∆TON in the conduction time of the swit-
ching transistor causesa correspondingvariation in
the output voltage, ∆Vo, giving:

∆Vo

∆TON
=

Vi

T

Indicatingwith Vr the outputvoltageof the error am-
plifier,andwithVct theamplitudeof the ramp (thedif-
ference between the maximum and minimum
values), TON is zero when Vr is at the minimum va-
lues), TON is zero when Vr is at the minimum value
and equal to T when Vr is at a maximum. Conse-
quently:

∆TON

∆Vr
= T

Vct

The gain is given by:

∆Vo

∆Vr
=

Vi

Vct

SinceVct isabsolutelyconstantthe gain of thePWM
blockis directly proportionalto the supplyvoltageVi.

Figure A2: Open Loop Frequency and Phase
Response of Error Amplifier
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The error amplifier is a transconductanceamplifier
(it trasforms a voltage variation at the input into a
current variation at the output). It is used in open
loop configuration inside the main control loop and
its gain and frequency responseare determined by
a compensationnetworkconnectedbetweenitsout-
put and ground.

In theapplicationa seriesRCnetworkis recommen-
ded which gives high system gain at low frequency
to ensuregood precision and mains ripple rejection
and a lower gain at high frequencies to ensure sta-
bility of the system. Figure A2 shows the gain and
phasecurvesof the uncompensatederror amplifier.

Theamplifierhasone poleat about7kHzand a pha-
se shift which reaches about –90° at frequencies
around 1MHz.

The introductionof a seriesnetworkRcCc between
the outputand groundmodifies the circuit as shown
in figure A3.

Figure A4 shows the gain and phase curves of the
compensatederror amplifier.

Figure A3: Compensation Network of the Error
Amplifier

Figure A4: Bode Plot Showing Gain and Phase
of Compensated Error Amplifier.

CALCULATING THE STABILITY

For the stability calculation refer to the block dia-
gram shown in figure A5.

The transfer functions of the various blocks are re-
written as follows.

The simplified transfer functionof the compensated
error amplifier is:

GEA = gm Zc =
1 + s Rc Cc

s Cc




gm = 1

2500




The DC gain must be consideredequal to:

Ao = gm Ro

PWM block and output stage:

GPWM =
Vi

Vct

LC FILTER:

GLC =
1 + s C ⋅ ESR

s2 LC + s C ESR + 1

WhereESRis theequivalentseriesresistanceof the
outputcapacitorwhich introducesa zeroat high fre-
quencies, indispensablefor systemstability. Such a
filter introduces two poles at the angular frequency.

ωο = 1
√LC

Refer to the literature for a more detailed analysis.

Feedback: consists of theblock labelled α
α = 1 when Vo = VREF (and therefore Vo = 5.1V)

and

α =
R2

R1 + R2
when Vo > VREF

Figure A5: Block Diagram Used in Stability Cal-
culation.
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To analysethe stability we will use a Bodediagram.
The values of L and C necessary to obtain the re-
quired regulator output performance, once the fre-
quency is fixed, are calculated with the following
formulae:

L =
(Vi – Vo) Vo

Vi f ∆IL

C =
(Vi – Vo) Vo

8L f2 ∆IL
Since this filter introduces two poles at the angular
frequency

ωο = 1
√LC

we place the zero of the Rc Cc network in the same
place:

ωz =
1

Rc Cc

Taking into accountalso the gain of the PWMblock,
the Bode plot of figure A6 is obtained.

The slope where the curve crosses the axis at 0dB
is about 40dB/decadetherefore the circuit is unsta-
ble.

Taking into account now the zero introducedby the
equivalentseries resistance (ESR) of the outputca-
pacitor, we have further condition for dimensioning
the Rc Cc network.Knowing the ESR (which is sup-
plied by the manufacturer for the quality compo-
nents) we can determine the value of Rc so that the
axis is crossedat 0dB with a single slope. The zero
introduced by the ESR is at the angular frequency:

ωzESR =
1

ESR ⋅ C

The overall Bode diagram is therefore as shown in
figure A7.

Figure A6: Bode Plot of System Taking Filter
and Compensation Network into Ac-
count.

Figure A7: Bode Plot of Complete System Tak-
ing into Consideration the Equivalent
Series Resistance of the Output Ca-
pacitor.

DC GAIN AND LINE REGULATION
Indicating the open-loop gain of the error amplifier
with Ao, the overall open-loopgain of the system is:

At = Ao
Vi

Vct
⋅ R2

R1 +R2

When Vo = VREF, the gain becomes:

At = Ao
Vi

Vct

Considering the block diagramof figure A8 and cal-
culating the outputvariation ∆Vo causedby a varia-
tion of Vi, from the literature we obtain:

∆Vo

Vo
=

∆ Vi

Vi

Ao Vi

Vct
⋅ R2

R1 + R2

Thisespressionis ofgeneralvalidity. In ourcase the
percentage variation of the reference must be ad-
ded by vector addition.

Figure A8: Block Diagram for Calculation of Line
Regulation.
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APPENDIX B

REDUCING INTERFERENCE

The main disadvantage of the switching technique
is the generationof interferencewhich can reach le-
vels which cause malfunctions and interfere with
other equipment.

For eachapplicationit is thereforenecessarytostu-
dy specificmeans to reducethis interferencewithin
the limits allowed by the appropriate standards.

Among the main sources of noise are the parasitic
inductances and capacitances within the system
which are charged and discharged fastly. Parasitic
capacitances originate mainly between the device
case and the heatsink, the windings of the inductor
and the connectionwires. Parasitic inductancesare
generally found distributed along the strips of the
printed circuit board.

Fastswitching of the powertransistorstendsto cau-
se ringingand oscillationsas a result of the parasitic
elements.The useof a diode with a fast reverse re-
covery time (trr)contributesto a reductionin thenoi-
se flowing by the current peak generated when the
diode is reverse biased.

Radiated interference is usually reduced by enclo-
sing the regulator in a metal box.

To reduce conducted electromagnetic interference
(or radio frequencyinterferences- RFI) to the levels
permitted a suitably dimensioned filter is added on

the supply line. The best method, generally, to re-
duce conductednoise is to filter each output termi-
nal of the regulator. The use of a fixed switching
frequency allow the use of a filter with a relatively
narrowbandwidth.Foroff-lineswitchingeregulators
this filter is usuallycostlyand bulky. In contrast,if the
device is supplied from a 50/60Hz transformer the
RFI filter problem is gratly reduced.

Testshave beencarriedout thelaboratoriesof Roe-
derstein to determine the dimensions of a mains
supply filter which satisfies the VDE 0871/6.78,
class B standard. The measurements (see figs. B1
and B2) refer to the application with the L296 sup-
pliedwith a filtered secondaryvoltageof about 30V,
with Vo = 5.1V and Io = 4A. Theswitching frequency
is 100kHz.

FigureB1 showsthe results obtainedby introducing
on the transformer primary a 0.01µF/250V ~ class
X capacitor(type ERO F1753-210-124).To reduce
interference furtherbelow the limit set by the stand-
ards an additional inductive filter must be addedon
the primary of the transformer.

FigureB2 shows thecurvesobtainedby introducing
this inductive filter (type ERO F1753-210-124).
Measurements have also been performed beyond
30MHz; the maximum value measured is still well
below the limit curve.

Figure B1: EMI Measurements with a Capacitor Connected across the Primary Transformer with
Screen Grounded (A)
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Figure B2: EMI results with the addition of an inductive filter on the mains input.
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