
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 out
put voltage of 5.1 V 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 L296 is the first monolithic 
switching regulator in plastic package which in
cludes the power section. Moreover, the circuit in
cludes 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 im
plemented with discrete power components driven 
be integrated PWM regulator circuits (giving a maxi
mum output current 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 it is generally necessary to operate at frequen-
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cies in the 20kHz to 40kHz range. Of the two alter
natives discrete solutions are usually less expens
ive 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. 
Besides a higher overall efficiency, it is therefore 
also possible to operate directly at frequencies as 
high as 100kHz. At 200kHz the device still operates 
(further reducing the cost of the Land C external 
components) when a reduction of a few percent in 
efficiency is acceptable. 
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The device delivers a maximum current of 4 A to the 
load, at an output voltage adjustable from 5.1 to 
40V ; the maximum operating input voltage is 46V. 
The high voltage and the high current capabilities of 
the device are a result of the special technology 
used and the special care taken in designing the 
power transistor. Essential requirements for a good 
power transistor are high gain and high current le
vels, low saturation voltage and good second break
down robustness. To achieve high gain at high 
current levels, the power transistor has to be de
signed to maximize the emitter's perimeter/area 
ratio. 

In the L296 power transistor, realized with a high 
voltage (50V) process, current densities in the mag
nitude order of 1 OmNMil2 are achieved. 
In its most complete configuration, in which all the 
available functions are being used, a significant re
duction of the external component count is achieved 
compared with discrete component solution. 
The L296 is mounted in a MUL TIWATT® 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-' 

tween junction and ambient. This thermal resistance 
(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 operates as follows: 01 acts as a switch at the 
frequency f and the ON and OFF times are suitably 

. controlled by the pulse width modulator circuit. 
When 01 is saturated, energy is absorbed from the 
input which is transferred to the output through L. 
The emitter voltage of 01, VE, is Vi-Vsat when 0 is 
ON and -VF (with VF the forward voltage across the 
D diode as indicated) when 01 is OFF. During this 
second phase the current circulates again through 
Land D. Consequently a rectangular shaped vol
tage appears on the emitter of 01 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, I LOAD, and a 
triangular-shaped component super-imposed on it, 
~IL, 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 understand beller the 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 
the recirculation diode), where the power saturation 
and the forward VF drop across the diode era taken 
into account. 

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

TON 
Va = (Vi - Vsat) T T 

ON + OFF 

Fig. 2b shows the current across the switching tran
sistor. The current shape is trapezoidal and the 
operation is in continuous mode. At this stage, the 
phenomena due to the catch diode, that we 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 
shown in fig. 2e. In balanced conditions the ~IL + cur
rent increase occuring during TON has to be equal 
to the ~IL- decrease occurring during TOFF. The 
mean value of IL corresponds to the charge current. 

The current ripple is given by the following formula: 

A + A - (Vi - Vsat)-V TON--
ulL = ulL = L 

Va+ VF 
L 

TOFF 

It is a good rule to respect to 10MIN ~ hJ2 relation
ship, that implies good operation in continuous 
mode. When this is not done, the regulator starts 
operating in discontinuous mode. 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 balanced conditions, the mean value of the 
voltage across the coil is zero. Fig. 2f shows the cur
rent flowing through the capacitor, which is the dif
ference between IL and ILOAD. 

In balanced conditions, the mean current is equal to 
zero, and ~Ie = ~IL. The current Ie through the ca
pacitor gives rise to the voltage ripple. 
This ripple consists of two components :a capaci
tive component, ~Ve, and a resistive component, 
~ VESR, due to the ESR equivalent series resistance 
of the capacitor. Fig. 2g shows the capacitive com-
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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 ve (t) is 
in quadrature with ie(t) and therefore with the volt
age VESR. The quantity of charge ~O+ supplied to 
the capacitor is given by the area enclosed by the 
ABC triangle in fig. 2f : 

~Q=~ . ~ . ~IL 
2·22 

which therefore gives: 
Q ~IL 

~Ve= - =-.. C 8fc 

Fig. 2h shows the voltage ripple VESR dl,le to the re
sistive component of the capacitor. This component 
is VESR (t) = ie (t) . ESR. Fig. 2i shows the overall 
ripple Va, which is the sum of the two previous com
ponents. As the frequency increases (> 20kHz), 
which is required to reduce both the cost and the 
sizes of Land C, the VESR component becomes 
dominant. Often it is necessary to use capacitors 
with greater capacitance (or more capacitors con
nected in parallel to limit the value of ESR within the 
required level. 

We will now examine the stepdown configuration 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, 
ve = Va and iL = iD = 0, using Kirckoff second prin
ciple we may write the following expression: 

Vi = VL + ve (Vsat is neglected against Vi). 
diL . diL 

Vi = L CIt + ve = L ill + Va 

which gives: 
diL (Vi-Va) 
dt = -L-

(1 ) 

(2) 

The current through the inductance is given by : 

IL - (Vi - Va) t (3) 
- L 

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

~IL+ _ (Vi - Va) TON (4) 
- L 

When 0 is OFF the current through the coil has 
reached its maximum value, Ipeak and because it 
cannot very instantaneously, the voltage across the 
coil is inverted and the diode 0 becomes forward 
biased to allow the recirculation of the current 
through the load. 



When Q switches OFF, the following situation is 
present: 

vc(t) = Va, iL (t) = io (t) = Ipeak 

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

diL 
VF + L dt + Vc = 0 (5) 

where: 

vc = Va 
dlL Cit = - (VF + Vo)/L 

It follows therefore that: 

iL (t) = _ VF + Va t 
L 

(6) 

(7) 

The negative sign may be interpretated with the fact 
that the current is now decreasing. Assuming that 
VF may be neglected against Va, during the OFF 
time the following behaviour occurs: 

Va 
IL= -L-t (8) 

therefore: 

i1IL - = ~ TOFF 
L 

But, because 
i1IL+ = i1IL- if follows that: 

(Vi - Va) TON Va TOFF 
L =-L-

which allows us to calculate Va : 

(9) 

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

where T is the switching period. 

Expression (10) links the output voltage Va to the 
input voltage Vi and to the duty cycle. The relation
ship between the currents is the following: 

TON 
lioc= 10DC·-,=-

EFFICIENCY 

The system efficiency is expressed by the following 
formula: 

Po 

Pi 
100 

where Po = Vola (with 10 = ILOAO) 

is the output power to the load and Pi is the input 
power absorbed by the system. Pi is given by Po, 
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plus all the other system losses. The expression of 
the efficiency becomes therefore the following: 

Po 
11= (12) 

Po + Psat + Po + PL + Pq + psw 

DC LOSSES 
Psat: saturation losses of the power transistor Q. 

These losses increase as Vi decreases. 
TON Vo 

Psat = Vsat. 10 T = Vsat 10 Iii (13) 

TON Vo 
where -- =-

T Vi 
and Vsat is the power 

transistor saturation at current 10. 

Po: 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-Va Va 
Po = VF 10 -V-i- = VF 10 (1 - \Ii ) (14) 

where VF is the forward voltage of the recirculation 
diode at current 10 . 

PL : losses due to the series resistance Rs of the 
coil 

PL = Rs 102 (15) 

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

TON 
Pq = Vi 1'3q + Vi 1"3q T (16) 

where being: 
TON Vo 
--=r=v;- it follows that: 

Pq = Vi 1'3q + Vo 1"3q in which: 

1'3q = 13q at 0 % duty cycle 

1"3q = i3q(100 % d.c.) - 13q (0 % d.c.) 

SWITCHING LOSSES 

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

Psw = Vi 10 ---zr-
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 assumed that 
i1IL is very small compared to 10) 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 TOFF through (4) and (9) re
spectively it follows that: 

T ~It. L Mi: . L 
ON =--- TOFF 

Vi-Va Va 

But because : 
TON + TOFF = T 
it follows that : 

and 

~IL' L ~IL' L 
--+-- =T 
Vi-Va Va 

Calculating L, the previous relation becomes: 

L= (Vi-Va) Va T 
Vi~IL 

(18) 

Fixing the current ripple in the coil required by the 
design (for instance 30% of 10), and introducing the 
frequency instead of the period, it follows that: 

L = (Vi - Va) Va where L is in Henry and f in Hz 
Vi . 0.3 .10 • f 

Calculation of the output capacitor C 

From the output node in fig. 3 it may be seen that 
the current through the output capacitor is given by : 

ie (t) = iL (t) - 10 

FigiJre 3 : Equivalent Circuit Showing Recircula
tion when Q1 is Turned Off. 
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From the behaviour shown in fig. 2 it may be calcu
lated that the charge current of the output capacitor, 
within a period, is ~1L.l4, which is supplied for a time 
T/2. It follows therefore that: 

~V =~2=~ILT=~ (19) 
c 4C 2 8C' 8fC 

but, remembering expression (4) : 

~IL+ (Vi - Va) TON d T Va T 
L an ON = ---v:-

therefore equation (1.9) becomes: 

~V '= (Vi - Va) Va, 
c 8 Vif2 L C 
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Finally, calculating C it follows that: 
C = '(Vi - Va) Va 

8Vi~Vcf2L 

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

(20) 

Finally, the following expression should be true: 
~VCmax 

ESRmax = (21 ) 
~IL 

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

TRANSIENT RESPONSE 

Sudden variations of the load current give rise to 
overvoltages and undervoltages on the output volt
age. Since ie = C (dvddt) (22), where dVe = ~Vo, the 
instantaneous variation of the load current ~Io is 
supplied during the transient by the output capaci
tor, During the transient, also current through the 
coil tends to change its value, 
Moreover, the following is true: 

VL = L ~ (23) where diL = ~Io. 
dt 

VL=Vi-Vo for a load increase 
VL = Va for a load decrease 

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

L diL = C dVe 
VL ie 

Calculating dVe and equalizing it to ~Vo, it follows 
that: 

~Vo= 
~102 

(24) for + ~Io 
C(Vi - Va) 

~Vo = 
~102 

(25) for - ~Io 
CVo 

From these two expressions the dependence of 
overshoots and undershoots on the Land C values 
may be observed. To minimize ~Vo it is therefore 
necessary to reduce the inductance value L and to 
increase the capacitance value C, Should other au
xiliary functions be required in the circuit like reset 
or crowbar protections and 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. 



DEVICE DESCRIPTION 

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

The internal structure of the device is shown in fig. 5. 
Each block willl10W be examined. 

Power supply 

The device is provided with an internal stabilized 
power supply that, besides supplying the reference 

Figure 4 : Pin Assignments of the L296. 
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voltage of 5.1 V 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. 

CROWBAR DRIVE 
RESET OUTPUT 
RESET DELAY 
RESET INPUT 
OSClll"JOR 
FEEDBACK INPUT 
FREQUENCY COMPENSATION 
GROUND 
SYNC. INPUT 
INHIBIT INPUT 
SOFT-START 
CUR RENT LIMIT 
SUPPLY VOLTAGE 
OUTPUT 
CROWBAR INPUT 

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. 

INHIBIT 
INPUT 

I RESET DELAV 

7/42 

441 



APPLICATION NOTE 

OSCILLATOR 

The oscillator block generates the saw-tooth wave
form that sets the switching frequency of the sys
tem. This signal, compared with the output voltage 
of the error amplifier, generates the PWM signal to 
be sent to the power output stage. The saw-tooth, 
whose amplitude is between 1.2V. and 3.2V; is 
generated by charging rapidly the Cose capacitor 
which then discharges across the Rose resistance. 
As shown in fig. 6, the oscillator is realized by a com
parator (with grounded compatible iriput) with hys
teresis whose thresholds are 1 .2V and 3.2V 
respectively. The Cose capacitor and the Rose 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 81 is closed and the current generator 
charges the Cose capacitor rapidly; in this phase 82 
is also closed. As soon as 3.2V is reached the com
parator output drives 82 open (therefore opening 81, 
too) ; the inverting input voltage is reduced to about 

Figure 6 : Internal 8che:matic of the Oscillator. 
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1.2V and the capacitor starts to discharge itself 
across the Rose resistor (the Ibias effect is neglected). 
When the voltage reaches 1.2V, 82 and 81 close 
again and a new cycle starts. The generated wave
form 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 discharg
ing time. In this way, the oscillation frequency only 
depends on the external components Cose and Rose. 
Forthis reason the capacitor charging current (when 
81 is ON) is typically around 10mA. For example, 
with a 2.2nF capacitor to switch from 1.2V to 3.2V 
about 400ns is required, which is negligible com
pared to the 1 O).lS period that occurs when the oper
ation is performed at 100kHz. The diagrams shown 
in fig. 8 allow the calculation of the Rose value (R1 in 
fig. 8) with Cose as a parameter (C3 in fig. 8) when 
the oscillation frequency required for operation has 
been previously fixed. 

I 
______ J 



Figure 7a : Oscillator Waveform at Pin 11 with 
f = 100Khz (Rose = 4.3KQ, 
Cose = 2.2nF). 

Figure 7b : Oscillator Waveform at Pin 11 with 
f = 50Khz (Rose = 9.1 KQ, 
Cose = 2.2nF). 

Figure 8 : Nomogram for the Choice of Oscillator 
Components. 
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Fig. 8 shows two suggested values for the Cose ca
pacitance. Excessively low capacitance value may 
give rise to an inaccuracy of the upper threshold due 
to the switching delays of the comparator. This in
accuracy 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: 

fose = 
Rose Cose 

(26) 

PWM (see fig. 9) 

The PWM signal is generated on the comparator 
output ; the triangular-shaped waveform and the 
continudus signal coming from the output of the 
trarisconductance error amplifier are sent to its in
puts. The PINM signal is then transferred to the driv
ing stage of the output power transistor. 

SOFT START (see fig. 9) 

Soft start is an essential function for correct start-up, 
to prevent stresses and possible breakdown from 
occurring in the power transistor and to obtain a 
monotonically, ihcreasing 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 output to be forced to a 
steady state without the aid of the soft-start facility. 
Soft-start. operates at the start-up of the system, 
after the inhibit has been activated, after an inter
vention of the current limitation and after the inter
vention of the thermal protection. 

The soft-start function is realized through a capaci
tor connected to pin 5 which is charged at constant 
current (= 100IlA) up to a value of about VREF. Dur
ing the charging time, through PNP transistor 058, 
the voltage on pin 9 is forced to increase with the 
same rising speed as on pin 5. Starting from the dis
charged capacitor condition (pin 5 voltage = OV) the 
power transistor is in the OFF condition, as the volt
age on pin 9 is smaller than the minimum level of 
the ramp voltage. As the capacitor is charged, the 
PWM signal begins to be generated as soon as the 
error amplifier output voltage crosses the ramp; the 
power stage starts to switch with steadily increasing 
duty cycle. This behaviour is shown in fig. 10. As 
soon as the steady condition is reached the duty 
cycle sets itself to the right value due to the effect of 
the feedback network while the soft-start capacitor 
completes its charging to a value very close to VREF. 

9/42 

443 



APPLICATION NOTE 

The soft-start effect is determined, apart from the 
switch-on time, when the current limitation operates, 
due to either an overload or a short circuit, to keep 
the mean value of the current absorbed by the 
power supply low. 

Moreover from fig. 1'1 it may be observed that since 
the voltage on pin 9 can decrease under the mini-

mum ramp level and increase over the maximum 
level no limitations have been provided on the duty 
cycle, . which therefore may vary between 0 and 
100%. 

Figure 9 : Partial Internal Schematic Showing PWM and Soft Start Blocks. 
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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. 
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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 
ramp is instantaneous; V, is the output voltage of 
the error amplifier and Ve the ramp voltage (see fig. 
11). The PWM comparator block switches when 
V, = Ve ; therefore: 

V,=Ve=Ee RoseCose 

Consequently: 
E 

t = Rose Case In V, 

The time obtained from this expression is the T OFF 
time of the power transistor. The duty cycle d is given 
by: 

E 
TON T - Rose Cose In Vr 

d = T = ----:T=-----

E Vo 
=1-ln-=-

V, Vi 

(27) 

Consequently, starting with the capacitor dis
charged, the output of the regulator will be at the 
nominal level when the voltage at the terminal of the 
capacitor (which is charged by a constant current) 
hC!s reached V, - O.5V. 

Css (V, - O.5V) 
tstart.up = 

15so 

II 

Vpin5 

5-6798/1 

where Css is the soft-start capacitor and 15so is the 
charging current. 

Considering as the soft-start time the time required 
for the soft-start capacitor to charge from 
(1.2 V - O.5V) to V, - O.5V, gives: 

Css (V, - 1.2) 
tss = -----'.,.------'

Isso 

substituting V, from (27) gives: 

V,= Ee 
- ( 1 - ~~ ) 

substituting into (28) gives: 

( Va -1 ) 
Css Vi 

tss = -1- (E e - 1.2) 
sso 

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 of them as master and the others as slave 
(fig. 12). 

This allows several devices to be operated at the 
same frequency, avoiding undesirable intermodula
tion phenomena. The number if mutually synchro
nizable devices is obviously much greater than the 
three devices shown in the figure. It is anyway diffi-

11142 
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cult to establish an exact maximum number of de
vices, as it depends on different conditions. 
The first consideration concerns the accuracy which 
must be achieved and maintained on the oscillation 
frequency. Since the bias current on pin 7 is an out
put current, the sum of all the bias currents must be 
much smaller than the capacitor discharge current in 
close proximity to the lower discharge threshold. 
Therefore, assuming Cose = 2.2nF and Rose = 4.3KQ, 
it follows that: 

~ =280 A 
4.3KO /l 

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

N = 28/lA 
jbias 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 
introduced along the paths may begin to modify the 
triangular shaped waveform, particularly the rising 
edge which is very steep. This effect would affect 
the devices thafare physically located more distant 
from the master device. 

The amplitude ofthe saw-tooth to be externally con
nected must be with in 0.5V and 3.5V, values also 
representing the 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 
during the short circuit operation. In fact, while for 
all the other devices a constant current limitation is 
implemented by acting on the duty cycle (therefore, 
in short circuit conditions an output current is equal 
to the maximum limitation current), the new control 
approach allows operation in short circuit conditions 
with a mean current much smaller than the allowed 
4A value. Operation of 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 delay of about 1 flSec. The purpose of this 
delay is to avoid triggering of the protection circuit 
on the current peak that occurs dUQ!lg the recircu
lation phase. Therefore, the output Q goes low and 
the power ..§.tage is immediately switched off, while 
the output Q goes high and acts directly on the soft
start capacitor dischargng the soft-start capacitor at 
a constant current (about 50/lA). ' 

When the voltage on pin 5 reaches O.4V the com
parator triggers, supplying a reset pulse to the flip
flop; from now on, the power stage is enable and 
the soft-start phase starts again. When the limitation 
cause, either overload or short circuit, is still present 
the cycle repeats again. The waveform of the out
put current on 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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From fig. 14 it may be observed how this current 
limitation technique allows the short circuit operation 
with a very low output current value. 

It is possible to reduce the maximum current value 
by acting on pin 4. On this pin a voltage of about 

APPLICATION NOTE 

3.3V is present; by connecting a resistance a con
stant current, given by 3.3/R, is sent to ground. This 
current reduces the offset voltage of the current 
comparator, therefore anticipating its triggering thre
shold. 

Figure 13 : Partial Schematic Showing the Current Limiter Circuit. 
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Figure 14a : Current Limiter Waveforms. 
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APPLICATION NOTE 

Figure 14b: Load Current in Short Circuit Conditions 
(Vi = 4OV, L = 30011H, f = 100KQ). 
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Figure 14c : Current at Pin 2 when the Output is 
Short Circuited. 
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RESET 

The reset function is of great importance 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 di
agram of the function is shown in fig. 15. A reset sig
nal is generated when the output voltage is within 
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the limits required to supply the microprocessor cor
rectly. 

The reset function is realized through the use of 3 
pins: the reset input pin 12, the reset delay pin 13 
and the reset output pin 14. When the voltage on 
pin 12 is smaller than 5V the comparator output is 
high and the reset capacitor is not charged because 
the transistor 0 is saturated and the voltage on pin 
14 is at low level, since 02 is saturated, too. When 
the voltage on pin 12 goes above 5V, the transistor 
o switches OFF and the capacitor can start to 
charge through a current generator of about 100!lA. 
When the voltage on pin 13 goes above 4.5V the 
output of the related comparator switches low and 
the pin 14 goes high. As the output consists of an 
open collector transistor, a pull-up external resis
tance is required. In contrast, when the reset input 
voltage goes below 5V, less a hysteresis voltage of 
about 100mV, the comparator triggers again and 
instantaneously sets the voltage on pin 14 low, 
therefore forcing to saturation the 01 transistor, that 
starts the rapid discharge of the capacitor. Obvious
ly, the reset delay is again present when the voltage 
on pin 13 is allowed 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 
minimum reset input of 4.75V, the value required for 
correct operation of the microprocessor even in the 
presence of the minimum VREF value. 

Norl)1ally 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, 
when it is connected through resistive divider, to the 
input voltage, the function is called "power fail". Fig. 
16 and fig. 17 show the two possible usages. 

The "power-fail" function is used to predict, with a 
given 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 oper
ation. 



Figure 15: Partial Schematic Showing Reset Circuit. 

L296 

13 

$-67f16 

I CRESET 

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

RESET 
OUT 

~ 

14 

APPLICATION NOTE 

RESET 
14 OUTPUT 

L296 2 = DVo 

13 12 10 ~ .. 

I ~ 1 --
CRESE! 

5 - 677] 

Figure 17 : To obtain a power fail signal, the reset block is connected like this. 
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APPLICATION NOTE 

Figure 18 : Waveform of the Reset Circuit. 
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!his protection function is realized by a completely 
Independent block, using pin 1 as input and pin 15 
as output. It is used to prevent dangerous overvolt
ages from occurring when the output exceeds 20% 
of rated value. Pin 15 is able to output a 1 OOmA cur
~ent to be sent to the gate of a SCR which, trigger
ing, short circuits either output or the input. When 
connected to the input, as the SCR is triggered a 
fuse in series connected to power supply is blown 
and to bring the system back to operation manual 
intervention is requested. Figs. 19, 20 and 21 show 
the different configurations. 

-------

DELAY 

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 51lsec to make the system insensitive to low
duration spikes. When activated, the output stage 
delivers about 1 OOmA ; when not activated, it drains 
about 5mA and shows a low impedance to the SCR 
gate to avoid uncorrect triggering due to random 
noise. If the crowbar fu nction is not used connect 
pin 1 to ground. 

Figure 19 : Connection of Crowbar Circuit at Output for 5.1 V Output Applications. 
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APPLICATION NOTE 

Figure 20: Connection of Crowbar Circuit at Output for Output Voltages above 5.1 V. 

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

The inhibit input (pin 6) is TIL compatible and is ac
tivated when the voltage exceeds 2V and deacti
vated when the voltage goes under O.8V. As may 
be seen in the block diagram, the inhibit acts on the 
power transistor, instantaneously switching it off and 
also acts on the soft-start, discharging its capacitor. 
When the function is unused, pin 6 must be 
grounded. 

THERMAL PROTECTION 

The thermal protection function operates when the 
junction temperature reaches 150"C ; it acts direct
lyon the power stage, immediately switching it off, 
and on the soft-start capacitor, discharging it. The 
thermal protection is provided with hysteresis and, 
therefore, after an intervention has occurred, it is 
necessary to wait for the junction temperature to de
crease of about 30"C below the intervention thre
shold. 

APPLICATIONS 

Though the L296 is designed for step-down regula
tor configurations it may be used in a variety of other 

3 L296 
15 I 

1 l ...()INPUT 
CROWBAR 

applications. We will now examine these possi
bilities and show how the capabilities of the device 
may 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
shed by the voltage divider constituted by R7 and Rs 
resistances. The following table is helpful for a quick 
calculation of some standard output voltages: 

Resistor Value for Standard Output Voltages 

Vo Ra Ry 

12 V 4.7 kQ 6.2 kQ 
15V 4.7 kQ 9.1 kQ 
18 V 4.7 kQ 12 kQ 
24 V 4.7 kQ 18 kQ 

To obtain Va = VREF the pin 10 is directly connected 
to the output, therefore eliminating both R7 and Rs. 
The switching frequency is 100kHz. 

17142 

451 



APPLICATION NOTE 

Figure 22 : Schematic, PCB Layout and Suggested Component Values for the Evaluation Circuit used to 
characterize the L296. This is a typical stepdown application which exercises all the device's 
functions. 
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SUGGESTEDINDUCTOR(U) SUGGESTED INDUCTOR (L1) (continued) 

Core Type No Wire Air 
Turns Gauge Gap 

Core Type No Wire Air 
Turns Gauge Gap 

Magnetics 58930 - 43 1.0 mm. 
A2MPP 

Siemens EC 35/17/10 
(86633 & - G0500 - x 127) 40 2 x 0.8 mm. 

Thomson GUP 65 0.8 mm. 1 mm. 
.20 x 16 x 7 

VOGT 250 IlH Toroidal Coil, Part Number 
5730501800 
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Figure 23 : Oscilloscope Photographs Showing 
Main Waveform of the Figure 22 
Circuit. 
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The oscilloscope photographs of the main wave
forms are shown in fig. 23. The output voltage ripple 
!Y.Vo depends on the current ripple in the coil and on 
the performance of the output capacitor at the 
switching frequency (100kHz). A capacitor suitable 
for this kind of application must have a low ESR and 
be able to accept a high current ripple, at the work
ing frequency. For this application the Roederstein 
EKR series capacitors have been selected, desi
gned for hig h frequency applications (>200kHz) and 
manufactured to show low ESR value and to accept 
high current ripples. To minimize the effects of ESR, 

APPLICATION NOTE 

two 1 00llF/40V capacitors have been connected in 
parallel. The behaviour of the impedance as a func
tion of frequency is shown in fig. 24. 

Also the selection of the catch diode requires spe
cial care. The best choice is a Schottky diode which 
minimizes 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
quired in this application it is possible to use superfast 
siodes with 35 to 50ns rated recovery time, where no 
more problems on the backward voltage occur (on the 
other hand, they show a greater forward voltage). The 
use of slower diodes, with trr = 1 OOns or more is not 
recommended; The photographs in fig. 25 show the 
effects on the power current and on the voltage on pin 
2, due to the diodes showing different speeds. Diodes 
showing trr greater than 35-50ns will reduce the over
all efficiency olthe system, increasing the power dissi
pated by the device. 

The third component requiring care is the inductor. 
Fig. 22a shows the part numbers of some types 
used fortesting. Besides having the required induct
ance value, the coil has to show a very high satura
tion current. 
Therefore, a correct dimensioning requires a satu
ration current above the maximum value of 12L, the 
current limit threshold. 
T.o achieve high saturation with ferrite cores an air 
gap between the two core halves must be provided; 
the air gap causes a leakage flux which is radiated 
in the surrounding space. To better limit this phe
nomenon "pot cores" may be used, whose geometry 
is such to better limit the flux radiated to the outside. 
Using toroidal cores, for instance of Magnetic 58930-
A2 moly-permalloy kind, both the requirements of high 
saturation and low leakage flux are satisfied. The satu
ration is softer that the saturation shown by the ferrite 
materials. The air gap is not concentrated in one area, 
but is finely distributed along the whole core ;this gives 
the low leakage flux value. -
Careful selection of the extemal components there
fore allows the realization of a power supply system 
whose benefits are significant when compared to a 
system with the same performance but realized with 
the linear technique. 
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APPLICATION NOTE 

Figure 24 : Typical Impedance/Frequency curves 
for EKR Capacitors . 
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Figure 25 : Oscilloscope Photographs Showing 
the Waveform obtained with Diodes 
having Different trr Values. 
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LOW COST APPLICATION AND PRERE· 
GULATOR 

Fig. 26 shows the low cost application of a 4A and 
Vo = 5.1 V 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. 

This application is very well suited not only as a low
cost power supply, but also as pre-regulator for post
regulators distributed in different circuit points, or 
even on different boards (fig. 27). The -post-regula
tors may be selected among the low-drop types, like 
L4805 and L387 for example, still obtaining a high 
efficiency, combined with an excellent regulation. 
The use of L387 device allows us to use also the 
reset function, useful to power a microprocessor. 



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 equival
ent linear and switching regulators. For example, 
suppose that we want a 4 N5 V supply. 

APPLICATION NOTE 

Linear 

For a good linear regulator the minimum dropout w1ll 
be at least 5V at 4A. The minimum input voltage is 
given by: 

1 
Vi min = Va + Vdrop + 2 Vripple 

where: 
10 t1 4 x S x 10 - 3 

VriPPle:=C = 10x 10 3 =3.2V 

Vf 
I I 
I I 

V ----- -
i(min) - --- ~ =-= _IVripp'e 

, I 

I t) J ._ I, 

I 

(a good approximation is Sms for t1 at mains fre
quency of 50Hz and 1 O.OOOIlF for C, the filter capa
citor after the bridge). Therefore Vimin:= 1.6V. Since 
operation must be guaranteed even when the mains 
voltage falls 20%, the nominal voltage on load at the 
terminals of the regulator must be : 

Vnom = V,m,n = 10.6 =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 Va) 10 = 36W 

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

Rth heats. = O.S"CIW 

and the transformer must supply a power of : 

Pdiss = 14 x 4 = 56W 

It must therefore be dimensioned for: 

PD= ~ =62VA 
0.9 

. , 
5-59% 

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; the L296 itself and the recirculation diode. 

It follows that the transformer must be roughly 30VA 
and the heatsink thermal resistance about 11 "CIW. 

Linear Switching 

Transformer 62 VA 30 VA 
Heatsink 0.8°C/W 11 °C/W 

This comparison shows that the L296 switching regu
lator allows a saving of roughly 50% on the cost of the 
transformer and an impressive SO-90% on the cost of 
the heatsink. Considering also the extra functions in
tegrated by the L296 the total cost of active and passive 
components is roughly the same for both types. 

Finally, it is important to note that a lower power 
dissipation means that the ambient temperature in 
the regulator enclosure can be lower - particularly 
When the circuit is enclosed in a box - with all the 
advantages cooler operation brings. 

If for some reason it is necessary to use higher sup
ply voltages the switching technique, and hence the 
L296, becomes even more advantageous. 
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APPLICATION NOTE 

Figure 26 : A Minimal Component Count 5.1 V / 4A Supply . 
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Figure 27 : The L296 may also be used as a preregulator in distributed supply systems. 
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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 5.1 V to 15V. 

As already stated above, the output capacitors have 
to show some speciale features, like low ESR and 
high current ripple, to obtain low voltage ripple 
values 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 par
allel connected 3300IlF/50V EYF (ROE) capacitors 
have been used. 

POWER SUPPLY WITH MAINS SWIT
CHING PREREGULATOR 

When it is desirable to eliminate the 50/60Hz trans
former - in portable or volume-limited equipment-a 

APPLICATION NOTE 

mains preregulator can be added to reduce the input 
voltage to a level acceptable for the L296. 

In this case the pre-regulator circuit is connected to 
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 
function it is possible to compensate mains variation 
within wide limits. The secondary voltage is there
fore only affected by load variations. Using one or 
more L296s as postregulators, feedback to the pri
mary is no longer necessary, reduces the complex
ity and cost of the transformer which needs only a 
single secondary winding. 

Fig. 28A shows a mUlti-output supply with a mains 
preregu lator. 

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

Figure 28A : A Multiple Output Supply using a Switching Preregulator rather than a Mains Transformer. 

POWER SUPPLY WITH 0 - 30V 
ADJUSTABLE VOLTAGE 

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

Calibration is performed by grounding the P1 slider. 
Acting on P2, the current which flows through the 
1 OkQ resistor is fixed at approximately 2.5mA to Qb
tain an output voltage of 30V. The equivalent circuit 
is shown in fig. 30. 

Acting now on the slider of P1, the current flowing 
through the divider may be varied. The new equival~ 
ent 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 = VREF. When the voltage on the slider of P1 
exceeds VREF, the current star! to flow in opposite 
direction and Vo begins to decrease below 5V. 

When 11 x 10kQ = VREF it follows that Vo = O. 
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DUAL OUTPUT REGULATOR 
The application shown in fig. 32 is specially interes~ 
ting because it provides two output voltages. The 
first voltage, the main one, is directly controlled by 
the feedback circuit. The second voltage is obtained 
through an auxiliary winding. 

It often happens, when microprocessors, logic de
vices etc., have to be power supplied, that a main 
5V output and an auxiliary + 12V or - 12V output 
are required, the latter with lower current require
ments (100 + 200mA) and a stabilization level not 
excessively high. As the auxiliary power supply is 
obtained through a completely separated winding, 
it is possible to obtain either a positive or negative 
voltage (compared to the main voltage or also a 
completely isolated voltage. With Vi variable be
tween 20V and 40V, Vo = 5.1 V and 10 = 2.5A, the 
auxiliary- 12V/0.2A voltage is within a ± 2% toler
ance. 



APPLICATION NOTE 

Figure 29 : Variable 0-30V supply illustrating how output voltages below 5.1 V 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. 
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Figure 31 : Partial Schematic showing Output 
Voltage Adjustment of Figure 29. 
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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
ible to obtain a four output power supply suitable for 
power a microprocessor system. 

V01 =5.1V/4A 
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V02 = 12V/2.5A (up 0 4A) 
V03 = - 5V/0.2A 
V04 = - 12V 10.2A 
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 Qutput. 



APPLICATION NOTE 

Figure 33 : Microcomputer Supply with 5V, - 5V, 12V and - 12V Outputs. 
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APPLICATION NOTE 

The feedback is direct, no other external component 
is used and no calibration is therefore required. An 
output is obtained with the accuracy of the reference 
voltage (± 2%). For the 12 V output, by using a re
sistive divider with 1 % resistance an output is ob
tained 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 
component saving is achieved. 

The crowbar function is implemented on both 5V and 
12V outputs, using a single SeR connected to the 
input. The latter, by discharging to ground the electro
lytic filter capacitors, blows the fuse connected in 
series with the devices power supply. In this way, 
should a faulty be present on either of the mEli n out
puts, the supply is switched off for whole system. 

To inhibit both the devices with a single input signal,' 
it is possible to connect the two inhibit inputs (pin 6) 
together; the 5KQ resistance is used when the inhibit 
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 < 50nsec) ; should slower diodes be required 
some more turns have to be added to the auxiliary 
winding. 

BATTERY CHARGER 

When the device has to be used as current genera
tor it is necessary to avoid the internal current limiter 
is operated fig. 34 shows the circuit realizing con
stant 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 available, 
which is large enough for batteries up to 40-45Ah 
(for 12V type). With reference to the electric diag
ram through tne 2KQ potentiometer the max output 
current is set, while through the Rl - R2 output 
divider the voltage is set. (Rl may be replaced by 
either a potentiometer or a 3 position switch, to di
rectly obtain the three 6V, 12V and 24V voltages). 

Figure 34 : Battery charger circuit illustrating how the device is used to regulate the output current. 

~.7Kn 

L296 

5 

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 exceed this limit. 
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This system is particularly useful when operating at 
low output voltages. In this case a mean current hoc 
which has a low value when compared to 10 is ob
tained. In fact, since Vo = Vi (ToNfT) and Vo 10 = Vi 
hoc (assuming the device has an ideal efficiency), it 
follows that hoc = 10 (ToNfT). 



Assuming to be : 

Vo = 5V 10 = 4A and V3 ~ 37V 

it follows that : 
5 

TON IT = Vo I Vi =3"7 = 0.135 

hoc = 4 x 0.135 = 0.54A. 

With input voltage 50V and 10 = 4A, the external tran
sistor dissipates about 7W. High good efficiency is 
still achieved, around 74% ; in the real case, con
sidering also the device losses, an efficiency around 
62% is achieved. 

During output short circuits the external transistor is 
not overloaded because in this condition liOC re-

APPLICATION NOTE 

duces to values lower than 100mA. It is not possible 
to realize this application with series post-regulator 
because the efficiency would be unacceptably low. 

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 
1 OOW and provided with a tachometer generator for 
a good speed control. 

Figure 35 : The maximum input voltage can be raised above 46V by adding a transistor as shown here. 
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Figure 36: With a tacho dynamo supplying feedback the L296 can be used as a motor speed controller. 
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APPLICATION NOTE 

HIGHER CURRENT REGULATORS 

It is possible to increase the output current to the 
load above 4A through the use of an external power 
transistor. Fig. 37 shows a suitable circu it. The fre
quency is 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 : through a sensing resistor connected in 
series with the collector of the external power tran
sistor or through a 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 
than its VCEsat ; when the resistor is connected in 
series to the collector VCE is reduced; consequent
ly s.ince the overall dissipated power is constant, the 
power dissipated by the sensing resistor is sub
tracted from that dissipated by the power transistor. 
The values indicated in figs. 38 and 39 realize ad
justable 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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STEP-UP CONVERTER 

With the L296 it is also easy to realize a step-up con
verter, by using a MOS power transistor. Fig. 40 
shows the electric diagram of the step-up converter. 
The frequency is 100kHz, operation is in discontinu
ous mode and the device internal current limiter is 
used. Therefore no other external protection is re
quired. 

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

DESCRIPTION OF OPERATION 

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

When the transistor 01 is ON, the inductance L 
charges itself with a current given by : 
. Vi 
IL= T" t 

The peak current in the coil is : 
Vi 

Ipeak = -L- TON 

Figure 40: A Step-up Converter using a Power MaS Transistor. 

Figure 41 : Basic Schematic for Step-up Configu
rations. 

5-6779 

In this configuration, unlike the step-down configu
ration, the peak currentis not strictly related to the 
load current. The energy stored in the coil is suc-
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cessively discharged across the load when the tran
sistor switches OFF. To calculate the 10 load current, 
the following procedure may be used: 

1 2 ""2 L I peak = Vo 10 T 

I L 12peak 
0= 2 Vo T 

For a greater output power to be available, the in
ternallimitation must be replaced by an external cir
cuit to protect the external power devices and to 
limit the current peak to a convenient value. A dual 
comparator (LM393) with hysteresis is used to avoid 
uncertainties when the current limitation operates. 
The electric diagram is shown in fig. 42. 
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APPLICATION NOTE 

LAYOUT CONSIDERATIONS 

Both for linear and switching power supplies when 
the current exceeds 1 A a careful layout becomes 
important to achieve a good regulation. The prob
lem becomes more evident when designing switch
ing regulators in which pulsed currents are over 
imposed 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 value. 

When operating at high frequencies the path length 
becomes extremely important. The paths introduce 

distributed inductances, producing ringing phe
nomena and radiating noise into the surrounding 
space. 

The recirculation diode must be connected close to 
pin 2, to avoid giving rise to dangerous extra nega
tive voltages, due to the distributed inductance. 

Fig. 43 and fig. 44 respectively show the electric di
agram and the associated layout which has been 
realized 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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INHIBIT 
C7. C8 : EKR (ROE) 

SUGGESTED INDUCTOR (L1) Resistor Value for Standard Output Voltages 

Core Type No Wire Air 
Turns Gauge Gap 

Vo Rs R7 

12 V 4.7 kQ 6.2 kQ 

Magnetics 58930 - 43 1.0 mm. A2MPP 

15 V 4.7 kQ 9.1 kQ 
18 V 4.7 kQ 12 kQ 
24 V 4.7 kQ 18 kQ 

Thomson GUP 
65 0.8 mm. 1 mm. 

20 x 16 x 7 

Siemens EC 35/17/10 
(86633 & - G0500 - 40 2 x 0.8 mm. 
x 127) 

VOGT 250 J.lH Toroidal Coil, Part Number 
5730501800 
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Figure 44 : A Suitable PCB Layout for the Figure 43 Circuit realized in Accordance with the Suggestions 
in the Text (1 : 1 scale). 

HEATSINK DIMENSIONING 

The heats ink dissipates the heat produced by the 
device to prevent the internal temperature from re
acing values which could be dangerous for device 
operation and reliability. 

Integrated circuits in plastic package must never ex
ceed 150'C even in the worst conditions. This limit 
has been set because the encapsulating resin has 
problems of vitrification if subjected to temperatures 
of 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 
should keep the junction temperature between 90'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 
circuit where R1, R2 represent the thermal resis
tance of the elements (expressed in 'C/W) (see 
fig. 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. 

PLASTIC PACKAGE 

5 - 5 511 

Figure 46. 
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Figure 47. 

5-5536 

But since the aim of this section is not that of stud
ing the transistors, the circuit can be further reduced 
as shown in figure 48. 

Figure 48. 

If we now consider the ground potential as ambient 
temperature, we have: 
Tj=Ta+(Rjc+Rh)Pd a) 

Tj - Ta - Rjc Pd b) 
Rh = Pd 

c) 

Thermal contact resistance depends on various fac
tors such as the mounting, contact area and pla
narity of the heatsink. With no material between the 
device and heatsink the thermal resistance is 
around OSC/W ; with silicone grease roughly 
0.3"C/W and with silicone grease plus a mica insu
lator about OA"C/W. See fig. 49. In application 
where one external transistor is used together, the 
dissipated power must be calculated for each com
ponent. The various junction temperature can be 
calculated by solving the circuit shown in fig. 50. This 
applies if the dissipating elements are fairly close 
with respect to the dissipator dimensions, otherwise 
the dissipator can no longer be considered as a con
centrated constant and the calculation becomes dif-
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ficult. This concept is better explained by the graph 
in fig. 51 which shows the case (and therefore junc
tion) temperature variation as a function of the dis
tance between two dissipating elements with the 
same type of heatsink and the same dissipated 
power. The graph in fig. 51 refers to 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 de
pend on the total dissipated power and on the 
devices geometrical positions. We want to show that 
there exists an optimal position between the two de
vices: 

d = --}. sid e of the plate 

Figure 49. 

Figure 50. 

Fig. 52 shows the trend of the temperature as a func
tion of the distance between two dissipating ele
ments whose dissipated power is fairly different 
(ratio 1 to 4). This graph may be useful in applica
tion with two L296 synchronized. 
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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 A 1 shows the entire control system of the 
switching regulator. 

The problem which arises immediately is the trans
fer function of the PWM block and output stage, 
which is non-linear. If this function can be con
sidered linear the analysis is greatly simplified. 

Since the circuit operates at a constant frequency 
and the internal logic is fairly fast, the error intro
duced by assuming that this function is linearis mi
nimized. 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
troduced by magnetic part. 

In the case of the L296, in which the power transis
tor is internal and driven by well-controlled and effi
cient logic, the contribution to non-linearity is further 
reduced. 

For the assumption of 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 roughly 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, 
difficult to respect. The characteristics of LC filter 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. 

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

TON 
Vo=Vi-

T 
A variation L'>TON in the conduction time of the 
switching transistor causes a corresponding vari
ation in the output voltage, L'>Vo, giving: 

L'>Vo _ Y.J.. 
L'>TON - T 

Indicating with Vr the output voltage of the error am
plifier, and with Vet the amplitude of the ramp (the dif
ference between the maximum and minimum values), 
TON is zero when Vr is atthe minimum value and equal 
to T when Vr is at a maximum. Consequently: 
L'>TON T 

L'>Vr = Vct 
The gain-is given by : 

I':No Vi 
L'>Vr = 'Jct 
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Since Vet is absolutely constant the gain of the PWM 
block is directly proportional to the supply voltage Vi. 

Figure A2 : Open Loop Frequency and Phase 
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The error amplifier is a transconductance amplifier 
(it transforms 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 compensation network connected between its out
put and ground. 

Inthe application aseries RC network is recommended 
which gives high system gain at low frequency - to en
sure good precision and mains ripple rejection and a 
lower gain at high frequencies to ensure stability of the 
system. Figure A2 shows the gain and phase curves 
of the uncompensated error amplifier. 

The amplifier has one pole at about 7kHz and a 
phase shift which reaches about - 90' at frequen
cies around 1 MHz. 

The introduction of a series network Rc Cc between 
the output and ground modifies the circuit as shown 
in figure A3. 

Figure A4 shows the gain and phase curves of the 
compensated error amplifier. 

Figure A3 : Compensation Network of the Error 
Amplifier. 

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

CALCULATING THE STABILITY 

For the stability calculation refer to the block diag
ram 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 : 

1 + s Rc Cc 
GEA = gm Zc = 

S Cc 

1 
(gm = 2500 ) 

The DC gain must be considered equal to : 

Ao = gm Ro 

PWM block and output stage: 

GpWM= 
Vi 

LC FILTER: 
1 + S C· ESR 

S2 LC + S C ESR + 1 

where ESR is the equivalent series resistance of the 
output capacitor which introduces a zero at high fre
quencies, indispensable for system stability. Such a 
filter introduces two poles at the angular frequency. 

1 
000 = VIC 

Refer to the literature for a more detailed analysis. 
Feedback: consists of the block labelled ex 

ex = 1 when Vo = VREF (and therefore Vo = 5.1V) 

and 

when Vo > VREF 

Figure AS : Block Diagram Used in Stability 
Calculation. 
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To analyse the stability we will use a Bode diagram. 
The values of Land C necessary to obtain the re
quired regulator output performancen, once the fre
quency is fixed, are calculated with the following 
formulae: 

C= 

(Vi- Va) Vo 

Vi f L'>IL 

(Vi- Va) Vo 

8L f2 L'>Vo 

Since this filter introduces two poles at the angular 
frequency 

1 
(00 = .j LC 

we place the zero of the Re Ce network in the same 
place: 

1 
COz = Rc Cc 

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

The slope where the curve crosses the axis at OdB 
is about 40dB/decade therefore the circuit is un
stable. 

Taking into account now the zero introduced by the 
equivalent series resistance (ESR) of the output ca
pacitor, we have further condition for dimensioning 
the Re Ce network. Knowing the ESR (which is sup
plied by the manufacturer for the quality compo
nents) we can determine the value of Re so that the 
axis is crossed at OdB with a single slope. The zero 
introduced by the ESR is at the angular frequency: 

1 
WzESR = 

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 Account. 
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Figure A7 : Bode Plot of Complete System Taking 
into Consideration the Equivalent 
Series Resistance of the Output 
Capacitor. 
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DC GAIN AND LINE REGULATION 

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

Vi R2 

Vet 

When Va = VREF, the gain becomes: 
Vi 

At=Ao --
Vet 

Considering the block diagram of figure A8 and cal
culating the output variation L'> Va caused by a vari
ation of Vi, from the literature we obtain: 

L'>Vi 

Va AD Vi • ~ 
Vet Rl + R2 

This espression is of general validity. In our case the 
percentage variation of the reference must be 
added by vector addition. 

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

REDUCING INTERFERENCE 

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

For each application it is therefore necessary to 
study specific means to reduce this interference 
within the limits allowed by the appropriate stand
ards. 

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 connection wires. Parasitic inductances are 
generally found distributed along the strips of the 
printed circuit board. 

Fast switching of the power transistors tends to 
cause ringing and oscillations as a result ofthe para
sitic elements. The use of a diode with a fast reverse 
recovery time (trr) contributes to a reduction in the 
noise flowing by the current peak generated when 
the diode is reverse biased. 

Radiated interference is usually reduced by enclos
ing the regulator in a metal box. 

To reduce conducted electromagnetic interference 
(or radio frequency interferences - RFI) to the levels 

permitted a suitably dimensioned filter is added on 
the supply line. The best method, generally, to re
duce conducted noise is to filter each output termi
nal of the regulator. The use of a fixed switching 
frequency allows the use of a filter with a relatively 
narrow bandwidth. For off-line switching regulators 
this filter is usually costly and bulky. In contrast, if 
the device is supplied from a 50/60 Hz transformer 
the RFI filter problem is greatly reduced. 

Tests have been carried out at the laboratories of 
Roederstein 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 Va = 5.1 V and 10 = 4A. The switching frequency 
is 100kHz. 

Figure B1 shows the results obtained by introduc
ing on the transformer primary a 0.01 f.lF/250V -
class X capacitor (type ERO F1772-31 0-2030). To 
reduce interference further below the limit set by the 
standards an additional inductive filter must be 
added on the primary of the transformer. 

Figure B2 shows the curves obtained by introduc
ing this inductive filter (type ERO F1753-21 0-124). 
Measurements have also been performed beyond 
30MHz ; the maximum value measured is still well 
below the limit curve. 

Figure 81 : EMI Measurements with a Capacitor Connected across the Primary Transformer with Screen 
Grounded (A) 
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Figure 82 : EMI results with the addition of an inductive filter on the mains input. 
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