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APPLICATION NOTE

DESIGNING WITH THE L296 MONOLITHIC
POWER SWITCHING REGULATOR

A cost-effective replacement for costly hybrids, the L296 Power Switching Regulator delivers 4A 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.

The SGS THOMSON L2096 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. Both of these solutions are characterized by
a low efficiency of the power transistor. For this rea-
son itis generally necessaryto operate at frequen-

AN244/1288

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

With the new L296 regulatorthe 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 stilloperates (further
reducing the cost of the L and C external compo-
nents)when a reduction of a few percent in efficien-
cy is acceptable.
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APPLICATION NOTE

The device deliversa maximum currentof 4 Atothe
load, at an output voltage adjustable from 5.1 to
40V ; the maximum operating input voltage is 46V.
The highvoltage and the high current capabilities of
the device are a result of the special technology
used and the special care taken in designingthe po-
wer transistor.Essentialrequirementsfora goodpo-
wer transistor are high gain and high current levels,
low saturationvoltage and good second breakdown
robustness. To achieve high gain at high current le-
vels, the power transistor has 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/Mil® 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 MULTIWATTO 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-
tweenjunctionand ambient. Thisthermalresistance

(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 diagram of 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 -V (with VF the forward voltage across 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 thisis 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, lLoap, and a
triangular-shaped component super-imposed on it,
AlL, due to the voltage across L.

Figure 1 : The Basic Step-down Switching Regulator Configuration.
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APPLICATION NOTE

Figure 2 : Principal Circuit Waveforms of the figure 1 Circuit.
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APPLICATION NOTE

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

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

Ton

Vo = (Vi— Vsay) Ton+ Torr

Fig. 2b shows the current acrossthe switching tran-
sistor. The currentshape is trapezoidalandthe ope-
ration is in continuous mode. At this stage, the
phenomenadue tothe catchdiode, thatwe consider
as dynamically ideal, are neglected. Fig. 2c shows
the current 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. Inbalanced conditionsthe AlL* cur-
rent increase occuring during Ton has to be equal
to the AlL™ decrease occurring during Torr. The
mean value of I correspondsto the charge current.

The currentripple is given by the following formula:
(Vi —Vsat-v
L

AL =N = Ton =
_ Mo+ VE

L

It is a good rule to respect to lomin = 1L/2 relation-
ship, that implies good operation in continuous
mode. When this is not done, the regulator starts
operating in discontinuousmode. This operationis
still safe but variations of the switching frequency
may occur and the outputregulation decreases.

Fig. 2d shows the behaviour of the voltage across
coilL. In balanced conditions, the mean value of the
voltageacross the coil is zero. Fig. 2f showsthe cur-
rent flowing through the capacitor, which is the dif-
ference between IL and ILoAD.

Torr

Inbalancedconditions, the mean currentis equalto
zero, and Alc = AlL. The current Ic through the ca-
pacitor gives rise to the voltage ripple.

Thisripple consists of two components: a capacitive
component, AVc, and a resistive component,
AVEsR, dueto the ESR equivalent series resistance
of the capacitor. Fig. 2g shows the capacitive com-
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ponent AVc of the voltage ripple, which is the inte-
gral of a triangular-shaped current as a function of
time. Moreover, it should be observed thatvc (t) is
in quadrature with ic(t) and therefore with the volt-
age Vesr. The quantity of charge AQ" supplied to
the capacitor is given by the area enclosed by the
ABC triangle in fig. 2f :

1 T Al
R=7 -7 3

which therefore gives :

Q _Au

C 8fc
Fig. 2h shows the voltage ripple Vesr dueto the re-
sistive componentof the capacitor. This component
is VEsR (t)= ic (t) (ESR.Fig. 2i shows the overall rip-
ple Vo, whichis the sum of the two previous compo-
nents. Asthe frequencyincreases (> 20kHz), which
is required to reduce both the cost and the sizes of
L and C, the Vesr componentbecomes dominant.
Oftenit is necessary to use capacitors with greater
capacitance(or more capacitorsconnectedin parak
lel to limit the value of ESR within the required level.

We will now examine the stepdown configurationin
more detail, referring to fig. 1 and taking the beha-
viour shownin fig. 2 into account.

Starting from the initial conditions, where Q = ON,
vc =Vo andiL =ip =0, using Kirckoff secondprinciple
we may write the following expression :

Vi =vL +vc (Vsat is neglected against V).

AVc =

o dio oo dic
Vi=L p +vc=L p +Vo Q)
which gives :

dic _ (Vi—Vo)

a L @
The current through the inductance is given by :

Vi—V

= H=Vo) m 2 3)

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

. (Vi— VLo) Ton @

WhenQ is OFFthe current throughthe coilhas rea-
chedits maximumvalue, Ipeak and becauseit 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.

Al
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When Q switches OFF, the following situationis pre-
sent:
ve(t) = Vo, i (1) = ip (1) = Ipeak
And the equation associated to the following loop
may be written :

di.

VF+LF+VCZO )
where :
vc =Vo
diL =—(VF +Vo)/lL (6)
dt
It follows therefore that :
L= Y o

The negative sign may be interpretatedwith the fact
thatthe currentisnow decreasing. AssumingthatVr
may be neglected against Vo, during the OFF time
the following behaviour occurs :

Vo
IL= t 8
L= )
therefore :
- Vo
Al = e TorF 9)
But, because
Al = Al if follows that :
(Vi— Vo) Ton _ Vo Torr
L L
which allows us to calculate Vo :
Ton Ton
Vo =V =V 10
° " Ton + Torr T (10)

where T is the switching period.

Expression (10) links the outputvoltage Vo to the in-
putvoltageViandto the duty cycle. The relation-ship
between the currents is the following :

Ton
lipc = lope - T
EFFICIENCY

The system efficiency is expressed by the following
formula:

Po

n%= 100

where Po :VOIO (W|th Io = ILOAD)

is the outputpowerto the load and Pj isthe input po-
wer absorbedby the system. Pj is given by Po, plus

all theothersystemlosses. The expressionofthe ef-
ficiency becomes therefore the following :

Po

n= (12)
Po + Psat + Pp + PL + Pqg + psw

DC LOSSES

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

Ton Vo
Psat = Vsat . lo — = Vsat lo — 1
sat = Vsat . lo —¢ sat lo Vi (13)
T V .
where % = 70 and Vsat is the power
1

transistor saturation at current lo.

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

Vi-Vo _ Vo

Vi =VFlo (1- Vi ) (14)

where VE is the forward voltage of the recirculation
diode at current lo.

PL: lossesdue to the series resistance Rs of the
coil
PL = Rs lo? (15)

Pq: losses due to the stand-by currentand to the

power driving current :
T
Pg = Vi I'sq + Vi I"3q %N (16)

Pp=VF lo

where being:
Ton _ Vo . .
T TV it follows that :
Pg = Vil'aq +Vo I"3q in which:
I'3g = l3q at 0 % duty cycle

1"3q =13q(100% d.c) - |13q 0% d.c.

SWITCHING LOSSES

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

Psw = Vi lo

We can neglectlossesin the coil (itis assumedthat

AlL is very small compared to lo) and in the output
capacitor, which is assumed to show a low ESR.
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Calculation of the inductance value, L

Calculation Ton and Torr through (4) and (9) re-
spectively it follows that :

(3
Ton = \? I_ VI; Torr AE}O' L
But because:
Ton+Torr=T and ALY = Al = Al
it followsthat :
AIL-L+ Al L
Vi—Vo Vo

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

Vi Al
Fixing the current ripple in the coil required by the

design (for instance 30% of lo), and introducing the
frequencyinstead of the period, it follows that :

L: !Vi—Vo!Vo
Vi-03:.lo-f

L= (18)

whereL isin Henry and fin Hz

Calculation of the output capacitor C

From the output node in fig. 3 it may be seen that

the current throughthe outputcapacitoris given by :

ic (@)=iL(®)—lo

Figure 3 : Equivalent Circuit Showing Recircula-
tion when Q1 is Turned Off.
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From the behaviour shownin fig. 2 it may be calcu-
lated that the charge current of the output capacitor,
within a period, is AlL/4, whichis supplied for a time
T/2. It follows therefore that :

Ay T AT Al

Finally, calculating C it follows that :

c=Li=Vol Vo (20)
8 ViAVc 2L
where: Lisin Henrys
CisinFarads
fisin Hz
Finally, the following expression should be true :
AV
ESRmax = —SCmax- (21)
Al

It may happen that to satisfy relation (21) a capack
tance value 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. Sinceic = C (dvc/dt) (22), where dve = AV, the
instantaneous variation of the load current Alo is
suppliedduringthetransientbythe outputcapacitor.
During the transient, also current through the coil
tendsto change its value.

Moreover, the following is true :

di
vL =L TtL (23) where diL = Alo.
vL =Vi—Vo for a load increase
VL =Vo for a load decrease

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

Calculating dvc and equalizing it to AVo, it follows
that:

LAl
AVO = C(V| _ Vo) (24) for + Alo
AVo = LAl (25)  for—Alo
CVo

From these two expressions the dependence of
overshootsand undershootson the L and C values
maybe observed. Tominimize AV, itis thereforene-
cessary to reduce the inductance value L and toin-
crease the capacitance value C. Should other

AVc = = = 1 - ; e A
7 ac 2 8C 8fC (19) auxiliary functionsbe requiredin thecircuit like reset
. : ) or crowbar protectionsand very variable loads may
but, rerr:/gmt\)/erltlrg expression (4) .V be present, it is worthwhile to take special care for
Al :m andTon= —>= T minimizing these overshoots, which could cause
Vi spurious operation of the crowbar, and the under-
therefore equation (19) becomes : shoot, which could trigger the reset function.
(Vi — Vo) Vo
AVc =
8Vif2LC
6/43 L7 SGS-THOMSON
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DEVICE DESCRIPTION

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

The internal structure of the deviceis showninfig. 5.
Each block will now be examined.

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

Special features of the voltage reference are its ac-
curacy, temperature stability and high line rejection.
Through zenze-zap trimming, the voltage is within

* 2% limits.
Power supply

The deviceis providedwith an internal stabilized po-
wer supply that, besides supplying the reference

Figure 4 : Pin Assignments of the L296.
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OSCILLATOR

The oscillator block generatesthe saw-tooth wave-
formthat setsthe switching frequencyofthe system.
This signal, compared with the output voltage of the
erroramplifier, generatesthe PWM signalto be sent
to the power output stage. The saw-tooth, whose
amplitude is between 1.2V and 3.2V, is generated
by chargingrapidly the Cosc capacitorwhich then di-
scharges across the Rosc resistance. As shown in
fig. 6, the oscillator is realized by a comparator (with
grounded compatible input) with hysteresis whose
thresholdsare 1.2V and 3.2V respectively. The Cosc
capacitorand the Rosc resis-tance are 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 chargesthe Cosc capack
tor rapidly ; inthis phase Sz is also closed. As soon
as 3.2V is reachedthe comparator output drives Sz
open (thereforeopening S1, too) ; theinvertinginput
voltage is reducedto about 1.2V and the capacitor

Figure 6 : Internal Schematic of the Oscillator.

startsto dischargeitself across the Rosc resistor (the
Ivias effectis neglected). When the voltage reaches
1.2V, Sz and S1 close again and a new cycle starts.
The generated waveformis shownin fig. 7.

To achieve a good accuracy of the switching fre-
guency it is essentialto have a chargingtime of the
capacitor which is much smaller than the dischar-
ging time. In this way, the oscillation frequency only
dependson the externalcomponents Cosc and Rosc.
For thisreasonthe capacitorcharging current (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 negligible compa
red to the 10us 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 (Cz in fig. 8) when
the oscillation frequency required for operation has
been previously fixed.

L296

YRer

cosc-IL Rosc
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Figure 7a: Oscillator Waveform at Pin 11 with
f =100Khz (Rosc = 43KQ,
Cosc :22nF)

Figure 7b: Oscillator Waveform at Pin 11 with
f =50Khz (Rosc = 9.1KQ,
Cosc :22I’IF)
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Figure 8 : Nomogram for the Choice of Oscillator
Components.
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Fig. 8 shows two suggested values for the Cosc ca-
pacitance. Excessively low capacitance value may
giverise to aninaccuracyof the upperthreshold due
to the switching delays of the comparator. Thisinac-
curacy in caused by an excessively short rise time
of the voltage. A capacitance value too high gives
rise to a charging time whichis too comparedto the
discharging time. An additional inaccuracy cause
would be therefore present for the switching fre-
guency, now due to spread of the charge current.

The oscillation frequency is given by the following
formula:
1

f = 26
ose 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)

Softstartis an essentialfunctionfor correct start-up,
to prevent stresses and possible breakdown from
occurring inthe powertransistor and to obtaina 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-
tion does not allow the outputto be forced to a stea-
dy state without the aid of the soft-start facility.
Soft-startoperates at the start-up of the system, af-
ter the inhibit has been activated, after an interven-
tion ofthe currentlimitation and afterthe intervention
of the thermal protection.

The soft-start function is realized through a capack
tor connected to pin 5 which is charged at constant
current (00 100pA) up to a value of about Vrer. Du-
ring the charging time, through PNP transistor Q58,
the voltage on pin 9 is forced to increase with the
samerrising 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 generated as soon as the
error amplifier outputvoltage crossesthe ramp ; the
power stage starts to switch with steadily increasing
duty cycle. This behaviour is shown in fig. 10. As
soonas the steadyconditionis reachedthe duty cy-
cle sets itself to the right value due to the effect of
the feedback network while the soft-start capacitor
completesits chargingto avalue very close to VRer.

L7 S6s:THOMSON oas
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The soft-start effect is determined, apart from the
switch-ontime, whenthe currentlimitation operates,
due to either an overload or a short circuit, to keep

the mean value of the current absorbed by the po-

wer supply low.

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

mum ramp level and increase overthe maximum le-
vel nolimitationshave been provided on theduty cy-
cle, which thereforemay vary between 0 and 100%.

Figure 9 : Partial Internal Schematic Showing PWM and Soft Start Blocks.

NNN

7

S5-6704

YREF .
L296
50,:.«1 lwopA PW PWM
COMP. M]_
) +
]
VREF
ad
ERRO
AMPL, FLIP
10 A COMP R
058 FLOP
t ; o—1t g
Q193 0.4V
0188
i i
5
[=

fCSOFT START

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.

NOMINAL

OUTPUT

OUTPUT
CURRENT

ERROR AMP —

OSCILLATOR
ouUTPUT

CLAMPED-ERRQR
AMP QUTPUT

SOFT START RAMP

-

5 -5835

10/43

o7}

SGS-THOMSON
MICROELECTRGMICS




APPLICATION NOTE

Figure 11: Waveform for Calculation of Duty Cycle and Soft Start Time.
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CALCULATING THE DUTY CYCLE AND
SOFT-START TIME

Assume, for simplicity, that the rising edge of the
rampisinstantaneous; Vr isthe outputvoltageof the
erroramplifier and V¢ the ramp voltage (see fig. 11).
The PWM comparator block switches when Vr = V¢
; therefore:

t

Vr=Vc=Ee B Rosc Cosc

Consequently:

E
t = Rosc Cosc IN—
0sc ‘“0sc Vr
The time obtained from this expression is the Torr
timeofthe powertransistor. Theduty cycled isgiven

by :

E
TON T- Rosc Cosc In—
d= = Vr =
T T
27
—1-1In E Vo 27)
Y,

Consequently, starting with the capacitor dischar-
ged, the outputof the regulator will be at 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 (Vi — 0.5V)

tstart-up = |
5s0

"_l SGS-THOMSON

where Css is the soft-start capacitor and Isso is the
charging current.
Considering as the soft-starttime the time required
for the soft-start capacitor to charge from
(1.2V-0.5V)to Vr- 0.5V, gives:

Css (Vr - 12)

ISSO

substituting Vr from (27) gives :
Vo

~(1-+0)

r= Ee
substituting into (28) gives :
Vo )
-1
V.
fog = 5 Ee V!

ISSO

tss =

~12)

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,
using one ofthemas masterand the othersas slave
(fig. 12).

This allows several devices to be operated at the
same frequency,avoiding undesirableintermodula-
tion phenomena. The numberif mutually synchroni-
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 concems the accuracy which
must be achieved and maintained on the oscillation
frequency.Since thebias currenton pin 7 is an output
current, the sum of all the bias currents mustbe much
smaller than the capacitor discharge current in close
proximity to the lower discharge threshold. Therefore,
assuming Cosc = 2.2nF and Rosc =4.3KQ, it follows
that:

=280
4.3KQ HA
Assuming that a 10% variation may be accepted, it
follows therefore that the number of synchronizable
devicesis given by :

28uA

Ibias max

N =

This means that if the overall Ipias 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
introduced along the paths may begin to modify the
triangular shaped waveform, particularly the rising
edgewhichis very steep. This effectwould affectthe
devicesthat are physically located more distantfrom
the master device.

Theamplitude of the saw-toothto be externallycon-
nected must be with in 0.5V and 3.5V, values also
representingthe maximum swing of the error ampli-
fier output.

CURRENT LIMITATION

The current limitation function has been realized in
a rather innovative way to avoid overload condition
duringthe shortcircuit operation. In fact, while for all
the other devices a constantcurrent limitation is im-
plemented by acting on the duty cycle (therefore, in
short circuit conditions an outputcurrent is equal to
the maximum limitation current), the new control ap-
proach allows operation in short circuit conditions
with a mean current much smaller than the allowed
4A value. Operation ofthe currentlimiter will now be
described.

Refer to the block diagram, fig. 13.

The currentwhichis delivered from the outputtran-
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 delay of about1psec. The purpose of this de-
lay is to avoid triggering of the protection circuit on
the current peak that occurs during the recirculation
phase. Therefore, the outputQ 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
constantcurrent (about 50pA).

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
the soft-startphase starts again. When the limitation
cause, either overload or short circuit, is still present
the cycle repeatsagain. The waveformof the output
currenton pin 2 is shown in fig. 14.

Figure 12 : In multiple supplies several 1296’s can be synchronized as shown here.
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Fromfig. 14 it may be observedhow this currentli-
mitation technique allows the short circuit operation
with a very low outputcurrent value.

It is possible to reduce the maximum current value
by actingon pin4. Onthispin a voltageof about3.3V

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

Figure 13 : Partial Schematic Showing the Current Limiter Circuit.
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APPLICATION NOTE

Figure 14b: Load Current in Short Circuit Conditions
(Vi= 40V, L =300uH, f = 100KQ).

t: Bms/div

Figure 14c: Currentat Pin 2 when the Outputis
Short Circuited.

t: 5ms/div

RESET

The reset function is of greatimportance when the
device is used to supply microprocessors, 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
signalis generatedwhen the outputvoltageis within

14/43
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the limits required to supplythe microprocessor cor-
rectly.

The reset function is realized through the use of 3
pins : the resetinput pin 12, the reset delay pin 13
andtheresetoutputpin 14. Whenthe voltage on pin
12 is smaller than 5V the comparator outputis high
and the reset capacitor is not charged because 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 generator of about 100pA. When
the voltage on pin 13 goesabove 4.5V the output of
the related comparator switches low and the pin 14
goes high. As the output consists of an open collec-
tortransistor, a pull-up external resis-tance is requi-
red. In contrast, when the reset input voltage goes
below5V, lessa hysteresisvoltage of 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 under4.5V.

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
minimumresetinput of 4.75V, the value requiredfor
correct operation of the microprocessor even in the
presence of the minimum Vger 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
inputvoltage, the function is called "power fail”. Fig.
16 and fig. 17 show the two possible usages.

The"power-fail” functionis usedto predict, 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.

HMICREELECTRONICS
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Figure 15 : Partial Schematic Showing Reset Circuit.
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APPLICATION NOTE

Figure 18 : Waveform of the Reset Circuit.
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This protection function is realized by a completely
independent block, using pin 1 as input and pin 15
as output. It is used to preventdangerous over vol-
tagesfrom occurringwhen the outputexceeds20%
of rated value. Pin 15 is able to outputa 100mAcur-
rentto besenttothe gate ofa 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 power supply is blown andto
bring the system backto 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 Vrer value the output stage is activated, which
sends a current to the SCR gate, after a delay of
about 5psec to make the system insensitive to low
duration spikes. When activated, the output stage
delivers about100mA ; whennot activated, it drains
about 5mA and shows a low impedanceto the SCR
gate to avoid incorrecttriggering due to random noi-
se. If the crowbar functionis not used connectpin 1
to ground.

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

5-6775
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Figure 20 : Connectionof Crowbar Circuit at Output for Output Voltages above 5.1V.
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Figure 21 : Connection of Crowbar Circuit to Protect Input. When triggered, the scr blows the fuse.
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INHIBIT

The inhibitinput (pin 6) is TTL compatible and is ac-
tivated when the voltage exceeds 2V and deactiva-
ted when the voltage goes under 0.8V. As may be
seeninthe block diagram, the inhibitacts on the po-
wer transistor, instantaneously switching it off and
also acts on the soft-start, discharging its capacitor.
When the functionis unused, pin 6 must be groun-
ded.

THERMAL PROTECTION

The thermal protection function operates when the
junctiontemperaturereaches 150°C; it acts directly
on the powerstage,immediately switchingit 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
necessary towaitfor the junctiontemperatureto de-
crease of about 30°C below the intervention thre-
shold.

APPLICATIONS

Though the L296 is designed for step-downregula-
tor configurationsit may be usedin a variety of other

"_l SGS-THOMSON

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

In fig. 22 the complete typical applicationis 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-
shed by the voltage divider constitutedby R7 andRsg
resistances. The following tableis helpfulfora quick
calculation of some standard output voltages :

Resistor Value for Standard Output Voltages

Vo Rg Rz
12V 4.7 kQ 6.2 kQ
15V 4.7 kQ 9.1 kQ
18V 4.7 kQ 12 kQ
24V 4.7 kQ 18 kQ

To obtain Vo = Vrer the pin 10 is directly connected
to the output, therefore eliminating both R7 and Rs.
The switching frequencyis 100kHz.

17/43
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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.
RESET
o
R&
e I
"0 1
4 1 10 L1
ey - v
2 300pH O
L296 Q R?
15
1 c7 ce
10uF S E 5 3 s 8 100uF | 100uF
63V L0V] 40OV RB
DIAR =2 == 47
R c4 RS[ 15 Schottky K0
10 Ka —— diode
Ka z.g c5 %‘;0 Riim
P
Sl
GND O V O GND
0
INHIBIT 5-6280i2
C7, C8: EKR (ROE)
SUGGESTED INDUCTOR (L1) SUGGESTED INDUCTOR (L1) (continued)
Core Type No Wire Air Core Type No Wire
Turns Gauge Gap Turns Gauge
Magnetics 58930 - 43 1.0 mm. Siemens EC 35/17/10 40 2 x 0.8 mm.
A2MPP (B6633 & - GO500 - x 127)
Thomson GUP 65 0.8 mm. 1 mm. VOGT 250 pH Toroidal Coil, Part Number
20 x16 x 7 5730501800
18/43 (37 SGS-THOMSON
Y/ ricrozLEcTRONICS




APPLICATION NOTE

Figure 23 : Oscilloscope Photographs Showing
Main Waveform of the Figure 22
Circuit.

pin 2 IREER TR
20V /div

induct. cu!...
e

t: 2us/div

The oscilloscope photographs of the main wave-
forms are showninfig. 23. The outputvoltageripple
AV, dependson the current ripple in the coil and on
the performance of the output capacitor at the swit-
ching frequency (100kHz). A capacitor suitable for
this kind of application must have a low ESR and be
able to accepta high current ripple, at the working
frequency.Forthisapplicationthe RoedersteinEKR
series capacitorshave been selected, desi-gnedfor
high frequency applications (> 200kHz) and manu-
factured to show low ESR value and to accept high
currentripples. To minimize the effects of ESR, two

"_l SGS-THOMSON

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

Alsothe selection of the catchdiode requires special
care. The best choice is a Schottky diode 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-
quiredinthisapplicationitis possibleto use superfast
siodeswith 35 to 50nsrated recovery time, where no
more problemsonthe backwardvoltageoccur(onthe
otherhand,they showa greaterforwardvoltage).The
use of slower diodes, with trr = 100ns or more is not
recommended ; The photographsin fig. 25 showthe
effectsonthe power currentand on the voltageon pin
2,duetothediodesshowing differentspeeds.Diodes
showing trr greaterthan 35-50ns will reduce the ove-
rall efficiency of the system, increasing the powerdis-
sipated by the device.

The third componentrequiring care is the inductor.
Fig. 22a shows the part numbers of some types
used for testing. Besides havingthe 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 Iz, the
current limit threshold.

To achieve high saturation with ferrite cores an air
gap betweenthe two core halves must be provided ;
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 suchto better limit the flux radiated to the outside.
Using toroidal cores, for instance of Magnetic 58930-
A2 moly-permalloy kind, boththerequirementsofhigh
saturationand low leakage flux are satisfied. The sa-
turation is softer that the saturation shown by the fer-
rite materials. The air gap is not concentratedin one
area, butis finely distributedalongthe wholecore ; this
givesthe low leakage flux value.

Careful selection of the external componentsthere-
fore allows the realization of a power supply system
whose benefits are significant when comparedto a
systemwiththe same performance butrealized with
the linear technique.
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Figure 24 : Typical Impedance/Frequencycurves
for EKR Capacitors.
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Figure 25 : Oscilloscope Photographs Showing
the Waveform obtained with Diodes
having Different tr Values.

t: 2us/div

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 cannotreach
the steady state and there is also a serious risk of
damaging the device.

Thisapplicationis very well suited not only as a low-
costpowersupply, butalsoas pre-regulatorfor post-
regulators distributed in different circuit points, or
even on different boards (fig. 27). The post-regula-
torsmay be selectedamongthe low-drop types, like

t: 2ps/div L4805 and L387 for example, still obtaining a high
efficiency, combined with an excellent regulation.
The use of L387 device allows us to use alsothe re-
set function, useful to power a microprocessor.
20/43 57 SGS-THOMSON
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SWITCHING vs LINEAR

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

We can estimate the savings by comparing equiva-
lent linear and switching regulators. For example,
supposethatwe wanta 4 A/5V supply.

Linear

Fora goodlinearregulator the minimum dropoutwill
be at least 5V at 4A. The minimum input voltage is
given by :

1
Vimin = Vo + Vdrop + —5 Vripple
where :

lbt1 4x8x10°3
Vipple —— =~ ———3

c ~ 10x10® 32V

5-5996

(a good approximation is 8ms for t1 at mains fre-
guency of 50Hz and 10.000puF for C, thefilter capa-
citor after the bridge). Therefore Vimin 01.6V. Since
operationmustbe guaranteedevenwhenthe mains
voltagefalls 20%, the nominal voltage on load at the
terminals of the regulator must be :

Vi min _ 10.6

08 08
To allow even a small margin we have to choose :
Vhom = 14V

The powerthatthe series element must dissipate is
therefore :

Pd = (Vhom Vo) lo = 36W

and a heatsinkwill 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 musttherefore be dimensioned for ;

56
PD= —— =62VA
0.9

=13.25V

Vnom =

"_l SGS-THOMSON

Switching (L296)

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

It follows thatthe transformermustbe roughly 30VA
and the heatsinkthermal resistance about 11°C/W.

| +Linear | +Switching
Transformer 62 VA 30 VA
Heat sink 0.8 °X/W 11 X/IW

This comparison shows thatthe L296 switching regu-
lator allows a saving of roughly 50% onthe cost ofthe
transformerand an impressive 80-90% on the cost of
the heatsink. Considering also the extra functionsin-
tegratedbythelL296thetotalcostofactiveandpassive
componentsis roughly the same for bothtypes.

Finally, itis importantto note that a lower power dis-
sipation means that the ambient temperature in the
regulatorenclosure can be lower - particularly when
the circuit is enclosed in a box - with all the advan-
tages cooler operation brings.
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Figure 26 : A Minimal Component Count 5.1V / 4A Supply.
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Figure 27 : The L296 may also be used as a preregulatorin distributed supply systems.
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APPLICATION NOTE

Iffor some reasonit is necessaryto use higher sup-
ply voltages the switching technique,and hencethe
L296, becomes even more advantageous.

POWER SUPPLY COMPLETE WITH
TRANSFORMER

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

Asalready stated above, the outputcapacitors have
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-
guency. The current ripple is rather high, greater
than the load current. For this application, two pa-
rallelconnected3300uF/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 portable or volume-limited equipment-a
mains preregulatorcan be addedto reducetheinput
voltageto a level acceptable for the L296.

In this case the pre-regulator circuit 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 is possible to compensate mains variation
within wide limits. The secondary voltageis 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 secondary winding.

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

Figure 28 : A Typical Variable Supply showing the Mains Transformer.
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Figure 28A: A Multiple Output Supply using a Switching Preregulator rather than a Mains Trans-
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POWER SUPPLY WITH 0O - 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 outputvoltage of 30V. The equivalentcircuit
is shown in fig. 30.

Acting now on the slider of P1, the current flowing
throughthe divider may be varied. The new equiva-
lent circuit is shown in fig. 31.

Reducing the current flowing, also the voltage drop
across the 10kQ resistance is reduced, together
with Vo. When the current reaches zero, it follows
that Vo = Vrer. When the voltage on the slider of P1
exceeds VRer, the current start to flow in opposite
direction and Vo beginsto decrease below 5V.

When 11 x 10kQ = VRer it follows that Vo = 0.

24/43
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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
through an auxiliary winding.

It often happens, when microprocessors, logic de-
vices etc., have to be power supplied, that a main
5V outputand an auxiliary +12V or —12V outputare
required, the latter with lower current requirements
(100 to 200mA)and a stabilization level not exces-
sively high. As the auxiliary power supplyis obtained
througha completely separatedwinding, it is possi-
ble to obtain either a positive or negative voltage
(comparedto the main voltage or also a completely
isolated voltage. With Vi variable between 20V and
40V, Vo = 5.1V and lo = 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.
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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.

L296 10

5-67TN

o7 SGS-THOMSON
Y1 NicRoeLECTROMICS

25/43




APPLICATION NOTE

Figure 32: Dual output regulator showing how an additional winding can be added to the inductor to

generate a secondary output.
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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.

Vo1 =5.1V/4A
Vo2 = 12V/2.5A (up to 4A)

26/43 L3y $55.THOMSON

Voz =-5V/0.2A
Vo4 =-12V/0.2A

The schematic diagram is shown in fig. 33. The 5V
outputis 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.
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The feedbackis direct, no other externalcomponent
is used and no calibration is therefore required. An
outputis obtainedwith the accuracyofthereference
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 connectedto
the input. The latter, by discharging to ground the
electrolyticfilter capacitors, blows the fuse connec
ted in series with the devices power supply. In this
way, should a faulty be presenton either of the main
outputs, the supplyis switched off forwhole system.

To inhibitboth the devices with a singleinputsignal,
it is possible to connectthe two inhibit inputs (pin 6)
together;the5kQ resistanceis used when theinhibit
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 voltagesis very simple and cost-effective.

It is suggested that the diodes are fast types (trr <
50ns); should slowerdiodes be required some more
turns have to be added to the auxiliary winding.
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BATTERY CHARGER

When the device has to be used as current gener-
atorit 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 voltages a 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 2kQ potentiometer the max.
outputcurrentis 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 obtainthe 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 hecessary
to exceedthis limit.

This system is particularly useful when operating at
low outputvoltages.Inthis casea mean current lipc
which has a low value when compared to lo is ob-
tained. In fact, since Vo = Vi (Ton/T) and Vo lo =V
libc (assuming the device has an ideal efficiency), it
follows that libc = lo (Ton/T).

HMICREELECTRONICS
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Assuming to be:
Vo =5V Ip=4Aand V3= 37V
it follows that:

S _
37 =0.135

libc =4 x0.135=0.54A.

Withinputvoltage 50V and |, = 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.

ToN/T=Vo ! Vi

During output short circuits the externaltransistor is
not overloaded because in this condition lipc 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
100W and provided with a tachometergeneratorfor
a good speed control.

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

S—6782

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 above 4A throughthe use of an external power
transistor. Fig 37 shows a suitable circuit. The fre-
guencyis around 40kHz to prevent the device from
loosing excessive power due to switching on 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
resistor able to withstand the maximum load current
required. The Vce of the power transistor is higher
thanits Vcesat; when the resistor is connectedin se-
ries to the collector Vce is reduced; consequently
since the overall dissipated power is constant, the
power dissipated by 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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APPLICATION NOTE

Figure 38: This circuit shows how current limiting for the external transistor is obtained with a sensing

resistor.
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Figure 39: A small transformer is used in this example for current limiting.
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Figure 40: A step-up Converter using a Power MOS Transistors.
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STEP-UP CONVERTER

Withthe L296it isalsoeasyto realize a step-upcon-
verter, by using a MOS power transistor. Fig. 40
shows the electric diagram of the step-upconverter.
The frequency is 100kHz, operation is in disconti-
nuous mode and the device internal current limiter
is used. Therefore no otherexternal protectionis 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.
Lower outputvoltage values may be obtained by re-
ducing the value of R7.

DESCRIPTION OF OPERATION

Fig. 41 shows the diagram of the circuit realizing the
step-up configuration.

When the transistor Q1 is ON, the inductance L
chargesitself with a current given by:
_Vi

IL—rt

The peak current in the coil is:

Vi

—T

[ TON

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

|peak =

32/43
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Figure 41: Basic Schematic for Step-up Configu-

rations.
D1
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L

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

L I2peak: VoloT

2

| _ LI%peak _ Vi’ Ton?
°T 2VoT T 2LVoT

For a greater output power to be available, the in-
ternallimitation must be replaced by an externalcir-
cuitto protectthe external power devicesand to limit
the current peak to a convenientvalue. A dual com-
parator (LM393) with hysteresisis usedto avoid un-
certaintes when the current limitation operates.
The electric diagram is shown in fig. 42.
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Figure 42: High power step-up converter showing how the current limiting function is realized exter-
nally.

19449-5

—t
UNOoL

Hooesxg

I nor T

oTYesos

33/43

SGS-THOMSON
OELECTRONICS

RIICH

o7}




APPLICATION NOTE

LAYOUT CONSIDERATIONS

Both for linear and switching power supplies when
the current exceeds 1A a careful layout becomes
importanttoachieve agoodregulation. The problem
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.

When operating at high frequenciesthe path length
becomesextremely important. The pathsintroduce

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

The recirculation diode must be connected close to
pin2, to avoid giving rise to dangerous extra negati-
ve voltages, due to the distributed inductance.

Fig. 43 andfig. 44 respectivelyshowthe electricdia-
gramand the associatedlayoutwhichhas 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.
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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).

{ AOWRAR
i

Vo O

I AL T

HEATSINK DIMENSIONING

The heatsink dissipates the heat produced by the
deviceto preventthe internaltemperature from rea-
cing values which could be dangerous for device
operation and reliability.

Integratedcircuits in plastic package must neverex-
ceed 150°C even in worst conditions. This limit has
been set because the encapsulating resin has pro-
blems of vitrification if subjectedto temperatures of
more than 150°C for long periods or of more than
170°Cfor short periods. In any case thetempera-
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
thermal circuit can be considered to be an electrical
circuitwhere R1, R2 representthe thermalresistan-
ce ofthe elements(expressedin °C/W) (seefig. 46).

c1,c2 are the thermal capacitance (expressed in
°CIW)

| is the dissipated power

\Y, is the temperature difference with respect to

the reference (ground)

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

GHDC OV,
Cc is the thermal capacitance of the die plus
that of the tab.
Ch is the thermal capacitance of the heatsink
Ric is the junction case thermal resistance
Rh is the heatsink thermal resistance
Figure 45.

PLASTIC PACKAGE
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Figure 47.

5-5536

Butsince the aim of this sectionis not that of studing
the transistors, the circuit can be furtherreducedas
shown in figure 48.

Figure 48.

T Rje 1c An

Pg

5-5%13 Ta

If we now consider the ground potentialas ambient
temperature, we have:

Tj=Ta+ (Rjc + Rn)Pd a)
_Tj —Ta— ch Pd

Rnh = T Ps b)

T(; = Ta + Rh Pd C)

Thermal contactresistance dependson various fac-
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 micainsu-
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 appliesif the dissipating elements are fairly clo-
se with respect to the dissipator dimensions, other-

36/43
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wise the dissipator can no longer be considered as
a concentrated constant and the calculation beco-
mes difficult.

This conceptis better explained by 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.
Thgraphin 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-
sipatedpower and on the total dissipated powerand
on the devices geometrical positions. We want to
show that there exists an optimal position between
the two devices:

Figure 49.
Tj ch TC R Tc Rp
— 0
Pd
T
5 -5514 3
Figure 50.

d= % [kide of the plate.

Fig. 52 showsthe trend of the temperature as a fun-
ction of the distance between two dissipating ele-
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Figure 51.
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APPENDIX A

CALCULATING SYSTEM STABILITY

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

Figure Al 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
generatedin the power stage and non-linearity in-
troduced by magnetic part.

Inthe case ofthe L296, inwhichthe powertransistor
is internaland driven by well-controlled and efficient
logic, the contributionto non-linearityis furtherredu-
ced.

For the assumptionof linearity to be valid the cut-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 conditionis not, however,
diffucultto respect. The characteristics of LCfilter af-
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.
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GAIN OF THE PWM BLOCK AND OUTPUT A\
STAGE ~ Vet
AVr VCt

The equation which links Vo to Vi is:
T

A variation ATon in the conductiontime of the swit-

Since V¢t isabsolutelyconstantthe gain of the PWM
blockis directly proportionalto the supplyvoltage Vi.

Figure A2: Open Loop Frequency and Phase
Response of Error Amplifier

ching transistor causesa correspondingvariationin Gy ¥
the outputvoltage, AVo, giving: i
AVO :ﬁ 50 ~ \GV Q
ATon T \ \
Indicatingwith V; the outputvoltage of the error am- © - Y ad
plifier, andwith Vet the amplitude of the ramp (the dif- o N, -
ference between the maximum and minimum . N %
values), Ton is zero when V is at the minimum va- 20 N -0
lues), Ton is zero when Vi is at the minimum value m
and equal to T when V¢ is at a maximum. Conse- -
quently: 0
ATon _ l -10
AVr - Vct ) 0 W0 Ik WK 100K M 1 (Hz)

The gain is given by:
38/43
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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 response are determined by
a compensationnetworkconnectedbetweenits out-
put and ground.

Inthe applicationa series RC networkis recommen-
ded which gives high system gain at low frequency
to ensure good 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
phase curves of the uncompensatederror amplifier.

The amplifier hasone poleat about7kHzand a pha-
se shift which reaches about —90° at frequencies
around 1MHz.

The introduction of a series network Rc Cc between
the outputand ground modifies 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

5-6858

Figure A4: Bode Plot Showing Gain and Phase

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 function of the compensated
error amplifier is:

Gea = Z_1+SRCCC _ 1 0O
AT On =75 c, 5™ 25001

The DC gain must be considered equal to:
Ao =0m Ro
PWM block and output stage:

Vi
Gpwm = o
PWM Vo
LC FILTER:
1+sCL[ESR
GLc =

s°LC+sCESR+1

Where ESRisthe equivalentseriesresistanceof the
outputcapacitorwhichintroducesa zero at high fre-
guencies, indispensablefor system stability. Such a
filter introducestwo poles at the angularfrequency.

ol
vLC
Referto the literature for a more detailed analysis.
Feedback: consists of the block labelled a
a =1 whenV, = Vrer (and therefore Vo =5.1V)
and
R2

=————whenVo >V
R1+ R2 o~ VREF

a

Figure A5: Block Diagram Used in Stability Cal-

of Compensated Error Amplifier. culation.
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To analysethe stability we will use a Bode diagram.
The values of L and C necessary to obtain the re-
quired regulator output performance, once the fre-
guency is fixed, are calculated with the following
formulae:

— (Vi - Vo) Vo
Vif Al
C= (Vi - Vo) Vo
8L 2 AlL

Since this filter introduces two poles at the angular
frequency
oL

VvLC
we place the zero of the Rc C¢ networkin the same
place:

1
Rc Cc

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

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

Taking into account now the zero introduced by 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 R¢ sothat the
axisis crossedat 0dB with a single slope. The zero
introduced by the ESR is at the angularfrequency:

(*)Z:

_ 1

GZESR = ESR [T

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

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

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

S5- 6855

DC GAIN AND LINE REGULATION

Indicating the open-loop gain of the error amplifier
with Ao, the overall open-loop gain of the systemiis:

Vi _ R2
A= Ao o
=R Vo RiR2

When Vo =VReF, the gain becomes:
Vi
At=Ac—
‘ Vet

Considering the block diagram of figure A8 and cal-
culating the outputvariation AV, caused by a varia-
tion of Vj, from the literature we obtain:

AV,
MNVo _ Vi
Vo AoV R2
Vet R1+R2

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

count. Figure A8: Block Diagram for Calculation of Line
Regulation.
dB 4
+ Vi ¥
Veer fo T Var e
R?
RI+R2
5 6B57
5-6856
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APPENDIX B

REDUCING INTERFERENCE

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

Foreachapplicationitis thereforenecessaryto stu-
dy specific meansto reducethis interference within
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. Parasiticinductancesare
generally found distributed along the strips of the
printed circuit board.

Fast switching of the power transistors tendsto cau-
se ringing and oscillations as a result of the parasitic
elements. The use of a diode with a fast reverse re-
covery time (trr) contributes to a reductionin the noi-
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
(orradio 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
narrow bandwidth. For off-line switching eregulators
thisfilteris usuallycostly and bulky. In contrast, if the
device is supplied from a 50/60Hz transformer the
RFI filter problem is gratly reduced.

Testshave beencarried out the laboratoriesof 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-
plied with a filtered secondary voltage of about 30V,
with Vo, =5.1Vand |, = 4A. The switching frequency
is 100kHz.

Figure B1 showsthe results obtainedby introducing
on the transformer primary a 0.01uF/250V ~ class
X capacitor (type ERO F1753-210-124). To reduce
interference furtherbelow the limit set by the stand-
ards an additionalinductive filter must be added on
the primary of the transformer.

Figure B2 shows the curves obtained by 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
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Figure B2: EMI results with the addition of an inductive filter on the mains input.
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Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for
the consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its
use. No license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specification
mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information previously
supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems
without express written approval of SGS-THOMSON Microelectronics.
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