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(57) ABSTRACT

A converter for feeding a load via an inductor with a current
having a controlled intensity between a maximum level and a
minimum level may include: a switch switchable on and off to
permit or prevent, respectively, feeding of current towards
said inductor; first and second current sensors sensitive to the
current flowing through said switch when said switch 1s on or
ofl, respectively; comparator circuitry to 1dentify 11 the cur-
rent intensity detected by said first current sensor and said
second current sensor reaches said maximum level and said
minimum level, respectively, by generating respective logical
signals; and drive circuitry for said switch sensitive to said
logical signals and configured to turn off said switch when the
current intensity detected by said first sensor reaches said
maximum level and turning on said switch when the current
intensity detected by said second current sensor reaches said
minimum level.

15 Claims, 6 Drawing Sheets
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1
CONVERTER DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

The present application is a reissue application of U.S. Pat.

No. 8,674,614, issued Mar. 18, 2014, and which claims pri-
ority from Italian application No. [TO2010A00061]}
1020104000961 filed on Dec. 2, 2010, the entire contents of
which are incorporated herein by reference.

TECHNICAL FIELD

Various embodiments relate to converters, for example for
supplying loads such as light sources, e.g. LEDs.

BACKGROUND

In such a context as previously outlined, various solutions
may make use of the well-known design of a ““buck” converter
(1.e., wherein a current 1s supplied to a load via an inductor),
possibly without an output capacitor and/or with a constant-
current control strategy, instead of a typical constant-voltage
control strategy, whereby here by a “constant” current we
mean an “average constant” current, 1.¢. a current which
oscillates and 1s always mncluded within two limait values, so

that the average value 1n time 1s constant.

FIGS. 1 and 3 show various solutions that can be resorted
to 1 order to achieve a control function of the above men-
tioned kind, and FIGS. 4 and 3 show various ways to drive a
switch or an electronic switch, such as a mosfet.

In all Figures, load L. fed from the converter can include
for instance a light source, for example a light source includ-
ing one or several LEDs, possibly forming a so called “LED
string’”.

In such an application, 1t 1s possible to achieve an adjust-
ment of the average brightness and/or of the average colour (if
LEDs with different colour spectres are used) through short
circuiting the whole string or part of 1t by static means, or else
by a PWM (Pulse Width Modulation) technique. In this par-
ticular design, the converter i1s required to be adapted to
maintain current regulation with good accuracy, in spite of the
voltage variations brought about by the modulating circuit
(dimming): see for example U.S. Pat. Nos. 4,743,897, 7,339,
323 or US2007/0262724 Al.

In FIGS. 1 to 3, reference DA denotes 1n general an opera-
tional amplifier, typically structured as differential amplifier
(in the case of FIG. 3, two such amplifiers are present, respec-
tively DA1 and DA2), while references L, D and R ¢, possibly
tollowed by other sulfixes, indicate 1n general an inductor, a
diode and a resistor.

When 1t 1s used as a dertvative resistor or shunt, resistor R
can be connected 1n series with load L., or else with one of the
switches responsible for switching (1.e. an electronic switch
including a mosiet or a diode).

Specifically, in the diagram of FIG. 1, shunt resistor R 1s
connected 1n series between output inductor L and load L..
The current on the load 1s detected throughout the switching
period of differential amplifier DA, which detects the voltage
across resistor R . and drives a control module C correspond-

10

15

20

25

30

35

40

45

50

55

60

65

2

ingly. This 1n turn drives main switch M (for example a
mosiet) adapted to modulate the power supply towards load
L..

The arrangement 1n FIG. 1 1s a good solution in case of
decreased or slow output voltage vanations, taking into
account the performance limitations of amplifier DA 1n terms
of dv/dt. The arrangement of FIG. 1 may be prone to common
mode errors, which can jeopardize overall performance and
limit the width of output voltage.

In the diagram of FIG. 2, where elements or components
identical or equivalent to parts or components already
described are denoted by the same references, shunt resistor
R . 1s connected to the return from load to ground. Once again,
current 1s detected throughout the switching period. In this
case, amplifier DA 1s ground referenced (and therefore there
1s no problem due to common mode errors), but load L.
cannot be connected directly to ground, which may be a
serious problem 1n such applications which require the use of
several strings (multi-string ), wherein 1t 1s paramount to have
a common return.

As has already been stated, the diagram 1n FIG. 3 includes
two amplifiers, the first of which, DA1, senses the voltage
drop across a shunt resistor R connected 1n the input line,
while the second, DA2, senses the drop across a resistor R,
inserted, for example, 1nto a voltage divider R ,, R, connected
in parallel to load L.. The control action on switch M 1s
therefore carried out as a function of the output signals of both
amplifiers DA1 and DAZ2. In this case, current i1s sensed only
during the on-time of electronic switch M, by using and 1nput
side shunt (1.e. resistor R ) connected 1n series to switch M.
Common mode errors of amplifier DA1 are reduced by static
operation at a known and constant voltage.

The lack of current sensing during the off-time of switch M
requires resorting to a slightly different control technique,
while considering the off-time as mnversely proportional to the
output voltage. This therefore requires voltage sensing via
divider R ,, R, together with a programmable timer for the
off-time. The achievable accuracy 1s limited because of the
indirect current evaluation process.

Another aspect to be accounted for 1s the nature of the main
switch, which can include a mosfet transistor.

Two choices are possible 1n this case, N-type or P-type.

N-type 1s faster, less expensive and less dissipative than
P-type; furthermore, the gate charge 1s much lower. N-type,
however, requires a gate voltage which 1s higher than source
voltage, and therefore higher than input voltage, which 1s
usually the highest voltage 1n the circuit.

This calls for some kind of voltage booster, adapted to
consist of a charge pump circuit. Moreover, the mosiet source
terminal 1s tloating, so a floating driver 1s also needed.

A P-type mosiet uses a gate drive voltage which 1s lower
than source, and the source terminal itself 1s connected to a
stable point, which simplifies the operation of the driver.

As a reference, the diagram 1n FIG. 4, where once again
references already used 1n the previous Figures denote 1den-
tical or equivalent components (with the addition, in this case,
of a capacitor C and a turther diode D), shows the presence
ol a bootstrap circuit, which powers a driver D, driving the
gate of mosiet M (1n this case of the N-type). The bootstrap
circuit includes a diode D, and a capacitor C,, which are

connected to the output of switch M. Inthis case, the auxiliary
supply of driver D only operates when switch M 1s periodi-
cally switched, and therefore no static bias can be provided to
the gate.
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The diagram 1n FIG. 5§ shows the use, as switch M, of a
P-type mostet; in this case, 1t 1s possible to supply driver D,
driving the gate of mosiet M, via a dissipative current gen-
erator.

SUMMARY

Various embodiments provide a converter having the fea-
tures specifically set forth in the claims that follow.

The claims are an 1integral part of the technical teaching of
the invention provided herein.

In accordance with some embodiments, a converter for
teeding a load via an inductor with a current having a con-
trolled 1ntensity between a maximum level and a minimum
level 1s provided, the converter including: a switch switchable
on and off to permit or prevent, respectively, feeding of cur-
rent towards said inductor; a first current sensor sensitive to
the current flowing through said switch when said switch 1s
on; a second current sensor sensitive to the current flowing
through said inductor when said switch 1s off; comparator
circuitry to 1dentify 1f the current intensity detected by said
first current sensor and said second current sensor reaches
said maximum level and said minimum level, respectively, by
generating respective logical signals, and drive circuitry for
said switch sensitive to said logical signals and configured to
turn ofl said switch when the current intensity detected by
said first sensor reaches said maximum level and turning on
said switch when the current intensity detected by said second
current sensor reaches said minimum level.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer to
the same parts throughout the different views. The drawings
are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the invention. In the
tollowing description, various embodiments of the invention
are described with reference to the following drawings, 1n
which

FIGS. 1 to 5 show conventional converter circuits,

FIG. 6 1s a block diagram of an embodiment,

FIGS. 7 to 12 show the structure of some blocks of an
embodiment,

FIGS. 13 and 14 show possible modifications of blocks in
embodiments, and

FIGS. 15 to 18 show the behaviour of some signals during
operation of an embodiment.

DETAILED DESCRIPTION

In the following description, numerous specific details are
given to provide a thorough understanding of embodiments.
The embodiments can be practiced without one or several
specific details, or with other methods, components, materi-
als, etc. In other 1instances, well-known structures, materials,
or operations are not shown or described in detail to avoid
obscuring aspects of the embodiments.

Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described 1n connection with the
embodiment is included 1n at least one embodiment. Thus, the
appearances of the phrases “in one embodiment™ or “in an
embodiment” in various places throughout this specification
are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or character-
1stics may be combined 1n any suitable manner 1n one or more
embodiments.
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The headings provided herein are for convenience only and
do not interpret the scope or meaning of the embodiments.
One aspect of various embodiments may be seen in that the
inventors have noted that the various solutions described with
reference to FIGS. 1 to 5 (and any other solution making use
of the same fundamentals) show both advantages and disad-
vantages.
Another aspect ol various embodiments may be seen in that
the mventors have moreover noted that a control strategy
based on the average current 1s not advisable 11 fast and wide
variations ol the output voltage are present, because of the
time delay inherent 1n the control technique itself.
It would be desirable, therefore, to have a solution that
ideally benefits from the advantages of all previously
described techniques, while avoiding the related disadvan-
tages, specifically as concerns the following features:
possibility to return or “close” load L ., for example a string
of LEDs, directly to ground, without the need of adding
components such as a resistor; as previously stated, this
advantage 1s particularly useful when several LED
strings are used for which a common return 1s needed;

possibility to use, as main switch M, an N-type mosiet,
with the consequent advantages (higher speed, lower
cost, lower dissipation and lower gate charge than 1n
P_type):

possibility to sustain a 100% duty cycle, 1.e. an ideally
static mosiet turn-on, thanks to the availability of an
auxiliary power supply which can be derived, for
example, from an auxiliary winding of an 1solation
transiformer, normally placed upstream a converter as
the one considered herein, or through a charge pump
circuit;

high accuracy in the evaluation of average current, for

example thanks to a direct measurement of the peak
current, which can be obtained by two shunts, 1.e., 1n
general, the possibility to base the operation on the real
value of the peak current, and

possibility to use control signals (set-point) with a common

ground reference, which enables for example their con-
nection to a low voltage control “intelligence”.

Various embodiments described herein provide a solution
to the previously outlined needs.

Specifically, an aspect of various embodiments may be
seen 1n that the imventors have observed that in a high-dy-
namic current regulation for a buck converter 1t 1s possible to
adopt a hysteresis control strategy, involving some kind of
load current measurement, for example via two shunt resis-
tors.

In such an architecture, 1t 1s possible to cause the switch or
main switch to close each time that the load current decreases
below a certain low-set-point (SPL), and on the contrary to
open when the load current goes above a certain high-set-
point (SPH).

This behaviour intrinsically involves a continuous conduc-
tion mode (CCM), with an average current I ;- linked to the
value of (SPH+SPL)/2, while the difference SPH-SPL corre-
sponds to the current ripple, 1.e. the “hysteresis™ of the con-
verter.

In various embodiments, the description may refer to non-
1solated switching converters.

In various embodiments, the description may refer to a
generator of “constant” current (as has been outlined 1n the
introduction of the present disclosure, 1.¢. an average constant
current, always oscillating and contained within two limait
values, so that the average value 1s constant 1n time) with a
very high voltage dynamic, 1.e. wherein the output current of
the DC/DC converter delivered to the load remains stable in
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spite of large vanations of the load voltage, so that the con-
verter 1s an almost 1deal current generator.

In various embodiments, the description may apply to light
sources, for example LEDs.

In the diagram of FI1G. 6, reference 10 denotes on the whole
a converter adapted to drive, 1n various embodiments, a load
L. including or consisting for example of one or several LED
light sources.

In various embodiments, load L. can include or consist of
one or several LED strings.

Supply starts from a source that, in various embodiments,
1s configurable as a voltage source VS1, connected to load L
via a switch M and a filter, including or consisting of an
inductor. In various embodiments, switch M can be an elec-
tronic switch, for example a mosiet. In various embodiments,
switch M can be an N-type mosiet.

In the embodiments referred to in the diagram of FIG. 6,
connection between source VS1 and switch M goes through a
resistor R .,-,, and connection between switch M and load L.
goes through an inductor L.

In the presently considered exemplary embodiments, a
diode D1 1s connected with 1ts cathode interposed between
switch M and inductor L, and with 1ts anode connected to a
turther resistor R.,,;, whose end opposed to diode D1 1s
connected to ground.

References SPH and SPL denote, as will be more fully
explained 1n the following, two reference signals which are
adapted to define the high-set-point and the low-set-point of
the possible variation range of current 1, 1n mnductor L and in
load L..

For various embodiments, the diagram 1n FIG. 6 exempli-
fies therefore a converter enabling the supply aload L, viaan
inductor L, with a current 1, of controlled intensity, included
between a maximum and a minimum level 1dentified by sig-
nals SPH and SPL.

Switch M can be turned on and off selectively, 1n order to
enable or to prevent, respectively, the power supply from
source VS1 towards inductor L.

Shunt resistor R .+, 1s a first current sensor, sensitive to the
current flowing through switch M when that switch 1s on (1.¢.
conductive).

Shunt resistor R ,,; 1s a second current sensor, sensitive to
the current flowing towards load L . through inductor L when
switch M 1s off (1.e., non conductive), and diode D1 1s closed
to recirculate the current 1n inductor L.

References VS2 and VS3 denote two auxiliary generators,
the function whereotf will be more clearly defined in the
tollowing. Generators VS2 and VS3 can be designed accord-
ing to criteria known in the art, so that they do not require a
detailed description herein.

In various embodiments, converter 10 1s split 1into two
sections, that 1s a high side or section 10A, and a low side or
section 10B.

The high side or section 10A 1s tied to line V, that con-
nects source VS1 to load L. (that 1s, 1n practice, the common
return for all circuits on the high side 10A), and 1s provided
with its own power supply VS3. The high side or section 10 A
1s adapted to sense current 1, that flows through switch M (1.e.
through load L) when switch M 1tself 1s closed (“on™). This
takes place through cooperation with shunt resistor R,
which, 1 the presently considered embodiment, 1s connected
in series with the N-type mosiet drain, of which switch M
consists. The high side or section 10A 1ncludes three blocks,
denoted by B2, B3 and B4, which will be described 1n greater
detail with reference to FIGS. 7 to0 9.

The low side or section 10B is on the contrary tied to the
common ground (1.e. the load return) and to references SPH
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and SPL, with 1ts own power supply VS2. The low side or
section 10B 1s adapted to sense current 1, tflowing through
inductor L (1.e. through load L.) when switch M 1s open
(“off”) and diode D1 1s closed, 1.e. conductive. This takes
place through the second shunt resistor R .,,. The low side or

section 10B includes blocks B1, B5S and B6, which will be

described as well 1n greater detail with reference to FIGS. 10
to 12.

In various embodiments, the plural blocks B1 to B6 can be

defined, as for the function they perform, as follows:
B1: level shifter,

B2: high side current comparator,

B3: main control logic,

B4: driving unit of switch M (of the mosfet gate, 1n the

presently considered example),

BS: low side current comparator, and

B6: pulse former and level shifter.

The reference to these general functional elements high-
lights the fact that the present description 1s 1n no way limited
to the specific embodiments described 1n the following: those
skilled 1n the art will readily realize equivalent processing
functions by resorting to different circuit architectures.
Theretore, 1n the following, various possible embodiments of
functional block B4 will be described.

Those skilled 1n the art will moreover appreciate that vari-
ous aspects of the functions and/or of the processing circuits
described in the following are not compulsory 1n order to
implement the embodiments.

Starting from block B1l, a comparative examination of
FIGS. 6 and 10 shows that input IN of that block includes the
high reference signal SPH that undergoes, 1n the presently
considered embodiment, a simple voltage-to-current conver-
s10n, via an operational amplifier 12. Amplifier 12 recerves
signal SPH at 1ts non mverting input, and drives a mosiet 14
adapted to generate an output current signal OUT, sent
towards block B2 (refer to F1G. 6), for example with a resistor
16 determining the relationship between input voltage IN and
output current OUT.

Block B2 (referring jointly to FIGS. 6 and 7) receives atthe
input denoted as SP (set point) the reference value corre-
sponding to level SPH, converted into current by block B1,
and processes 1t on the basis of a measurement signal M
which represents the value of current 1, (this value can be
inferred for example on the basis of the voltage drop across
shunt resistor R.;,-;). The output signal from block B2,
denoted OUT, 1s essentially a logic level, which signals that
current 1, 1n the load has reached the upper level identified on
the basis of level SPH. In practice, when the current 1n the
load reaches the (upper) level SPH, block B2 can supply a
corresponding signal IN1 to logic block B3, which will be
detailed 1n the following.

In the presently considered exemplary embodiment, block
B2 essentially includes or consists of an operational amplifier
22, and serves as a set-point recovery circuit by working
substantially as a current/voltage converter. In the presently
considered embodiment, moreover, there 1s also provided a
comparator 24, that senses the output of amplifier 22 and
asserts a given logic level (“low”, 1n the presently considered
example) when the load current reaches the level identified by
SPH.

References 25, 26, 27 and 28 1dentily the resistors associ-
ated to the above-mentioned components 22 and 24, 1n order
to perform said function. The connection criteria of such
resistors are well known and can be chosen on the basis of the
sought purpose, and therefore they do not require a detailed
description herein.
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Betore describing blocks B3 and B4, for simplicity block
B3 1s to be described. The latter 1s adapted to perform, on the
low side, a similar function to the one performed by block B2

on the high side.
Therelore, block B5 receives, at input SP (see jointly FIGS.
6 and 11), the reference signal or low set point 1dentified by

SPL.

Input M towards block BS 1s simply a signal representing,
load current 1,, measured on the “low” side, for example by
sensing the voltage drop across shunt resistor R o, .

Output OUT from block B3, adapted to be 1ssued towards
block B6, 1s a logic signal adapted to signal, to logic block B3
(through block B6, in the presently considered example), the
fact that the current has reached the low threshold level,

identified by SPL.

In the presently considered example, block BS includes a
comparator 52, having i1ts non-inverting input connected to
ground, and whose inverting input serves as a summing point,
adapted to receive, respectively through a resistor 54 and
through a resistor 56, the signal at input SP (1.e. the low
threshold level, 1dentified by SPL), and a signal stating the
measured current (signal M, generated from shunt resistor
R .-, ). Inthe presently considered embodiment, the output of
comparator 52 1s connected to a logic mverter 58, adapted to
generate the output signal of block BS, denoted by OUT.

This signal 1s brought to the input of block B6 (see FIGS. 6
and 12 jointly), the function whereot 1s to recerve the logic
level coming from the current comparator on the low side BS,
in order to generate a signal IN2 for logic block B3, which 1s
compatible with this logic block being on the high side of
converter 10. In the presently considered example, block B6
1s substantially comparable, for the presence of clement
which will be described in the following, to a derivative
network with a start-up circuit, made up by a retriggerable
astable oscillator.

Specifically, reference 62 denotes a logic gate NAND
which receives at one mput IN the output signal from block
BS, and at the other input the signal of a feedback network
substantially similar to an RC circuit (resistor 64 and capaci-
tor 65), wherein resistor 64 1s connected 1n parallel with a
series connection of a resistor 65 and a diode 67, with the
cathode turned towards condenser 65 and gate 62. Moreover,
the gate output 62 1s connected to the respective output, which
1s sent to block B3 through a condenser 69.

The circuit operates by generating an output pulse OUT
every time one of them arrives at input IN, or when a certain
time elapses from the arrival thereof or from the last one
having been sent to the output, so as to enable the start or a
new start of the cyclic operation (see below).

Referring now to the logic block B3, in the presently con-
sidered and merely exemplary embodiment 1t 1s a logical latch
circuit with active-low mputs.

In the presently considered, merely exemplary embodi-
ment, 1t 1s essentially a bistable logic circuit, built around two
logic gates NAND 32, 34, each of which receives, at an input,
one of the signals IN1 and IN2 respectively coming from the
high-side comparator B2 and from the low-side current com-
parator BS (through block B6) and, at the other mnput, the
output of the corresponding gate (1.e., the output of gate 34 for
gate 32, and the output of gate 32 for gate 34). Reference 36
denotes a biasing resistor.

An output of block B3 (in the presently considered
embodiments, output 34) can be used to drive switch M
through block B4, together with the logic function of closing,
the switch when a signal arrives from B6, and to open 1t again
when 1t arrives from B2.
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By considering what has previously been stated, the logic
signals IN1 and IN2 provided to block B3 from blocks B2 and
BS indicate that the current level has reached one of the limits
of the possible vanation range, 1.e.:

the upper limit level, identified by signal SHP—block B2,

or else

the lower limit level, 1dentified by signal SPL—block B5.

For example, when the current reaches the level of high
set-point (SPH), the output of block B3 goes to a level corre-
sponding to the switching off or opening of switch M, so as to
interrupt the current flowing towards inductor L.

On the contrary, if the current reaches the level of low
set-point (SPL), the output of block B3 goes to a level corre-
sponding to the switching on or closing of switch M, so as to
re-establish the tlow of current towards inductor L.

In various embodiments, block B3 can also perform other
functions, for example an enable/disable function, system
start-up management, auxiliary protection. Some of the func-
tions of block B3 may 1n case be shared with block B6, or
transierred to such block, so as to have a common ground for
auxiliary signals.

Block B4 (of which, as has been done previously for all
presently considered blocks B1 to B6, only possible exem-
plary embodiments will be described) has essentially the
function of driving switch M.

For example, if switch M 1s a mosfet, for example an
N-type mosiet, block B4 can convert the logical level gener-
ated at output OUT of block B3 into an actual drive signal for
the mosiet gate. This may mvolve for instance the functions of
level shifting and/or current or voltage amplification, so as to
ensure driving of the switch M 1n the desired conditions.

In one possible embodiment, circuit B4 can include or

consist of a simple bulfer/amplifier 42, supplied for example
by high-side source VS3, at least 1n static conditions or during
circuit start-up.

FIG. 13 shows possible implementations, in various
embodiments, of the driving of switch M starting from block
B3.

As for this point, 1t 1s to be noted that:

in FIG. 13, parts or elements which have already been

described in the foregoing are denoted by the same ref-
erences, so as to make i1t unnecessary to repeat the
description of such parts or elements;

for clarity and simplicity of illustration, the diagram of

FIG. 13 only shows, from the general diagram of FIG. 6,
those elements that are meaningiul for the following
description.

According to the solution shown in FIG. 13, the drive
circuit for switch M can be implemented by resorting to two
current generators Igl and Ig2, each of them preferably
including or consisting of a BJT PNP transistor Q1, Q2 and of
a resistor 70a, 70b, which establishes the fed current. The
generators are triggered one at a time, respectively to switch
the mosfet off or on. Both generators Igl and Ig2 are triggered
by complementary outputs OUT1 and OUT2 of block B3.
Generator Igl 1s 1n charge of switching the mosfet off, and
includes or consists of Q1 and resistor 70a; generator Ig2, on
the contrary, switches the mosiet on, through Q2 and 70b.

Both current generators Igl and Ig2 are constrained to
voltage Vs3, 1.e. a higher voltage than main supply voltage
Vs1, therefore being adapted to trigger the N-type mosiet.

In the 1llustrated embodiment, between both current gen-
erators Igl and Ig2 and switch Q1 there are further:

a first common emitter iverting amplifier (transistor Q3

with related resistors 80a and 80b), which amplifies the
current of Igl, and
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a complementary pair of transistors Q4 and (3, which
constitute a current amplifier or buffer (also known as
complementary emitter tracker) driving the mosiet gate.

The group Q3, Q4, Q5 1s linked to the source of mostet M,
and therefore 1t 1s “tloating”’, 1.e. without a stable reference.

In the illustrated embodiment, there are moreover present:

a zener diode Dz, adapted to limit the gate voltage of switch
M, so as to protect the mosiet from damage, and

a bootstrap circuit, including or consisting of a capacitor
Cb and a diode Db, connected to the lower auxiliary
supply V_,, and adapted to supply the buifer when the
mosiet 1s switched.

The above described circuit (various components whereot,
it will be noted, may 1n various embodiments be dispensed
with, or replaced with equivalent components) operates as
follows.

When a low active signal gets at IN1 (B3), signal OUT1
switches on the current generator Igl which, through the
collector of Q1, sends a current to (Q3; this current 1s amplified
by Q3 and then by bufier Q4. The effect consists of the
discharge of the gate charge of mosiet M at its very source,
and therefore opens 1t.

The voltage at mostet source then goes down very rapidly
to ground; the amplifier unit Q3, Q4, Q3 undergoes the same
decrease together with the collector of Q1, which however
keeps on providing the switch-oif current. In this stage, Q2 1s
open and does not generate any collector current.

When a low active signal gets at IN2, Ig2 1s triggered by
OUT2, so as to supply a current directly into butier S, which
amplifies this current via the energy stored 1in Cb, and turns
the mosfet on. At this stage Q1, Q3 and Q4 are mnactive.

Transistor Q5 can get energy from Cb, because the mosfet
1s periodically switched, so as to recharge Cb at each cycle
through diode Db from source Vs2 (actually, this circuit 1s
called “bootstrap™).

When capacitor Cb 1s discharged, the very current coming,
from 2, while tlowing through the direct base-emitter junc-
tion at Q5, charges the mosfet gate and turns it on.

This operation guarantees the static working of the driver
circuit, and enables start-up of the bootstrap circuit. In order
to avoid excessive dissipation 1n a periodic switching mode,
in various embodiments it can be supported by the bootstrap
circuit itsel.

FIG. 14 shows that, in various embodiments, it may be
usetul to have an analog signal expressing the value of aver-
age current to the load.

Once again:

in FIG. 14, parts or elements previously described are
denoted by the same references already used before, and
therefore the description thereof will be omitted;

for clarity and simplicity of illustration, the diagram in
FIG. 14 shows, from the general diagram in FIG. 6, only
the elements which are of interest for the description that
follows.

In the specific topology shown, 1t 1s possible to obtain a
signal representative of the value of the average current to the
load by simply summing the average current values obtained
by each shunt (R« € Rorr).

In the diagram shown for exemplary purposes in FIG. 14
there 1s depicted a possible solution, wherein a differential
amplifier 90a obtains the current mean value for the high side
of the circuit; the presence of a capacitor 91a expresses the
integrating feature of the amplifier: 1.e., the output 1s the
average value of the mput differential signal.

One further differential amplifier 90b obtains the average
current value for the low part of the circuit; the presence of a
capacitor 91b expresses an integrating feature of the ampli-
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fier, 1.e. the output 1s the mean value of the ditferential input
signal, which can be used for various functions, possibly
associated with the described circuit.

There 1s also provided a block 94, which performs the sum
of both obtained signals 1n order to yield the value of the
average current on the load.

The operation 1s based on the fact that the integral of the
sum o1 the currents (which equals the current supplied to the
load) corresponds to the sum of the integrals (i.e. of the single
components respectively yielded by 90a and 90b).

FIGS. 15 to 18 are chronograms referring to a common
time scale, and adapted to show the conditions of switching
onor closing (“on”) or else of switching oif or opening (“off™)
of switch M, as a function of the current behaviour 1n load 1,
(FIG. 15), which vanies around an average value between a
maximum and a minimum level, represented by levels SPH
and SPL.

The diagrams in FIGS. 16 and 17 show the corresponding
current behaviour across the high-side shunt resistors Rcz,7;
(F1G. 16) and across the low-side shunt resistor R .,, (FIG.
17).

FIGS. 15 to 18 refer to a possible operation of embodi-
ments, wherein a steady state 1s assumed with a constant
output voltage which 1s lower than 1nput voltage, and assum-
ing to start from an 1mtial condition wherein switch M 1s
closed, 1.e. conductive.

In these conditions, current flowing towards load L. via
inductor L increases with a corresponding behaviour, which
1s mirrored by the voltage that can be sensed across shunt
resistor R,,., (FIG. 16).

It 1s assumed that at time t1 the current has reached the
maximum level, identified by signal SPH. This event 1s
sensed by block B2, which acts upon block B3 (signal IN1),
so that the latter opens switch M via block B4.

In these conditions (1.e, at the opening of switch M), the
current in the drain net (and therefore also the current through
shunt resistor R .-,-;) goes to zero, while diode D1, which acts
as a freewheeling diode, starts conducting, so that the shunt
resistor on the low side R -,; 1s traversed by the same current
1, that flows 1n the load L . via inductor L.

Now, the output current starts to decrease until, at time 2,
it reaches the lower level, 1dentified by signal SPL. This event
1s 1identified by block BS, which acts on block B3 (signal IN2),
so that the latter, once again via block B4, triggers switch M
again. As a consequence, the current through low shunt resis-
tor R .,, drops to zero, and diode D1 opens.

Now the cycle starts again, with a new increase of the
current across inductor L.

In case the output current does not reach the upper value,
identified by level SPL, 1n various embodiments switch M can
be driven so that 1t stays on indefinitely.

Of course, without prejudice to the underlying principle of
the invention, the details and the embodiments may vary, even
appreciably, with respect to what has been described by way
of example only, without departing from the scope of the
invention as defined by the annexed claims. For example, 1n
various embodiments, diode D1 can be substituted, 1n 1ts
function of “automatic” switch which, while switch M 1s
switched off, lets resistor R;,; be traversed by the current
flowing via said inductor L, with a second controlled switch,
specifically according to criteria which complement those
adopted for main switch M. All this takes place on the basis of
criteria known in themselves (so called synchronous rectifi-
cation).

In accordance with various embodiments, a converter 1s
provided for feeding a load via an inductor with a current
having a controlled intensity between a maximum level and a
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mimmum level, the converter including: a switch switchable
on and off to permit or prevent, respectively, feeding of cur-
rent towards said inductor; a first current sensor sensitive to
the current flowing through said switch when said switch 1s
on; a second current sensor sensitive to the current flowing
through said imductor when said switch 1s ofl; comparator
circuitry to i1dentily if the current intensity detected by said
first current sensor and said second current sensor reaches
said maximum level and said minimum level, respectively, by
generating respective logical signals; and drive circuitry for
said switch sensitive to said logical signals and configured to
turn off said switch when the current intensity detected by
said first sensor reaches said maximum level and turning on
said switch when the current intensity detected by said second
current sensor reaches said minimum level.

In accordance with some embodiments, said switch may be
an electronic switch, such as a mosiet, preferably of the N

type.

In accordance with some embodiments, said first sensor
may include a resistor traversed by the current flowing
through said switch.

In accordance with some embodiments, said second sensor
may 1nclude a resistor coupled to the converter output, and a
turther switch may be interposed between said switch and
said resistor coupled to the converter output, said further
switch conductive when said switch 1s turned off, whereby,
with said switch turned off, said resistor coupled to the con-
verter output 1s traversed by the current flowing through said
inductor.

In accordance with some embodiments, the converter may
include a high level comparator coupled to said first current
sensor and having an input coupled with a level shifter, prel-
erably 1n the form of a voltage/current converter, to shift the
level of an mput signal to the converter representative of said
maximum current level.

In accordance with some embodiments, the converter may
include a low level comparator coupled to said second current
sensor having its output coupled with a pulse former, prefer-
ably 1n the form of a derivative network, to generate as an
output said respective logic level to feed to said drive cir-
cuitry.

In accordance with some embodiments, the converter may
include a logical circuit sensitive to said respective logical
signals to generate at least one resulting logical output signal,
a drive circuit to generate, starting from said at least one
resulting logical output signal, a drive signal for said switch.

In accordance with some embodiments, said drive circuit
may 1nclude: a pair of current generators alternatively acti-
vated by said at least one resulting logical output signal, to
turn said switch on and off, respectively, and current amplifier
or butier driven by said current generators and in turn driving
said switch.

In accordance with some embodiments, said current gen-
erators may drive said current amplifier or buffer via an inter-
mediate amplifier which amplifies the current of one of said
current generators.

In accordance with some embodiments, a converter 1n
accordance one or more embodiments described herein above
may be used to drive a load 1n the form of a light source, such
as a LED light source.

While the invention has been particularly shown and
described with reference to specific embodiments, 1t should
be understood by those skilled in the art that various changes
in form and detail may be made therein without departing
from the spirit and scope of the mvention as defined by the
appended claims. The scope of the invention 1s thus indicated
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by the appended claims and all changes which come within
the meaning and range of equivalency of the claims are there-
fore intended to be embraced.

What 1s claimed 1s:

1. A converter for feeding a load via an inductor with a
current having a controlled intensity between a maximum
level and a minimum level, the converter comprising:

a switch switchable on and off to permit or prevent, respec-

tively, feeding of current towards said inductor,

a first current sensor sensitive to the current flowing
through said switch when said switch 1s on,

a second current sensor sensitive to the current flowing
through said inductor when said switch 1s off,

comparator circuitry to identity if the current intensity
detected by said first current sensor and said second
current sensor reaches said maximum level and said
minimum level, respectively, by generating respective
logical signals, and

drive circuitry for said switch sensitive to said logical sig-
nals and configured to turn off said switch when the
current intensity detected by said first sensor reaches
said maximum level and turning on said switch when the
current intensity detected by said second current sensor
reaches said minimum level.

2. The converter of claim 1, wherein said switch 1s an

clectronic switch.

3. The converter of claim 2, wherein said electronic switch
1s a mosiet.

4. The converter of claim 3, wherein said mostet 1s an N
type mosiet.

5. The converter of claim 1, wherein said first sensor com-
prises a resistor traversed by the current flowing through said
switch.

6. The converter of claim 1, wherein said second sensor
includes a resistor coupled to the converter output, and a
turther switch 1s interposed between said switch and said
resistor coupled to the converter output, said further switch
conductive when said switch 1s turned off, whereby, with said
switch turned off, said resistor coupled to the converter output
1s traversed by the current flowing through said inductor.

7. The converter of claim 1, further comprising a high level
comparator coupled to said first current sensor and having an
input coupled with a level shifter, to shiit the level of an input
signal to the converter representative of said maximum cur-
rent level.

8. The converter of claim 7, wherein the level shifter 1s
configured 1n the form of a voltage/current converter.

9. The converter of claim 1, further comprising a low level
comparator coupled to said second current sensor having 1ts
output coupled with a pulse former, to generate as an output
said respective logic level to feed to said drive circuitry.

10. The converter of claim 9, wherein the pulse former 1s
configured 1n the form of a derivative network.

11. The converter of claim 1, further comprising:

a logical circuit sensitive to said respective logical signals

to generate at least one resulting logical output signal,

a drive circuit to generate, starting from said at least one
resulting logical output signal, a drive signal for said
switch.

12. The converter of claim 11, wherein said drive circuit

includes:

a pair ol current generators alternatively activated by said
at least one resulting logical output signal, to turn said
switch on and off, respectively, and

a current amplifier or butfer driven by said current genera-
tors and 1n turn driving said switch.
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13. The converter of claim 12, wherein said current gen-
erators drive said current amplifier or buifer via an interme-
diate amplifier which amplifies the current of one of said
current generators.

14. Use of a converter to drive a load 1n the form of a light
source, wherein the converter comprises:

a switch switchable on and off to permit or prevent, respec-

tively, feeding of current towards said inductor,

a first current sensor sensitive to the current flowing

through said switch when said switch 1s on,
a second current sensor sensitive to the current flowing
through said inductor when said switch 1s off,

comparator circuitry to identify it the current intensity
detected by said first current sensor and said second
current sensor reaches said maximum level and said
minimum level, respectively, by generating respective
logical signals, and

drive circuitry for said switch sensitive to said logical sig-

nals and configured to turn off said switch when the
current intensity detected by said first sensor reaches
said maximum level and turning on said switch when the
current intensity detected by said second current sensor
reaches said minimum level.

15. Use of a converter as claimed 1n claim 14, wherein the
light source 1s a LED light source.
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