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METHOD FOR OPERATING A SWITCHED
MODE POWER SUPPLY OF THE BUCK
TYPE AND CORRESPONDING SWITCHED
MODE POWER SUPPLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to French Appli-
cation No. 1859865, filed on Oct. 25, 2018, which applica-
tion 1s hereby incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates generally to an elec-
tronic system and method, and, 1n particular embodiments,

to a method for operating a switched mode power supply
(SMPS) of the buck type and corresponding switched mode

power supply.

BACKGROUND

[0003] The PWM or PFM operating mode of a voltage
step-down switched mode power supply 1s generally deter-
mined according to an output current and a regulated output
voltage level delivered at the output of the switched mode
power supply.

[0004] Generally, such a switched mode power supply
comprises a first transistor referred to as “high-side” and a
second transistor referred to as “low-side” or a diode, known
to the person skilled in the art as a free-wheeling diode,
which are coupled 1n series between the power supply and
ground.

[0005] The first high-side transistor 1s cyclically made
conducting by a first control signal and a second low-side
transistor 1s cyclically made conducting by a second control
signal.

[0006] In pulse width modulation mode, the first and
second transistors are alternately made conducting by the
first and second control signals.

[0007] In pulse frequency modulation mode, the first and
second transistors can additionally be made non-conducting
at the same time as a function of the first and second control
signals.

[0008] When a high output current 1s required in response
to a load of the power supply, the power supply operates in
pulse width modulation mode and the period/frequency of
the control signal 1s hence fixed.

[0009] In this pulse width modulation mode, the power
supply 1s configured to generate via a signal generator circuit
of the power supply an error voltage as a function of the
output voltage and a reference voltage and to generate via a
ramp generation circuit a ramp voltage which increases from
zero up to the error voltage so as to determine the duration
of the first state of the control signal.

[0010] During a light load (1.e., low output current sup-
plied to the load), the switched mode power supply operates
in pulse frequency modulation mode and the frequency of
the control signal 1s, as a result, variable.

[0011] In this pulse frequency modulation mode, the
power supply 1s configured to generate the ramp voltage and
to vary the period/frequency of the control signal as a
function of a comparison between the ramp voltage and the
reference voltage via a comparator.

[0012] It 1s known to the person skilled 1n the art that the
output voltage of the power supply oscillates strongly at the
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moment of a transition from pulse width modulation mode
to pulse frequency modulation mode or of a transition from
pulse frequency modulation mode to pulse width modula-
tion mode 1f, at that moment, the error voltage and the
reference voltage are not equal.

[0013] There 1s thus a need to propose a technical solution
that 1s low 1n complexity and low 1n cost, and provides for
softening the transitions between pulse width modulation
mode and pulse frequency modulation mode and improving
the performance of the switched mode power supply.

SUMMARY

[0014] Implementations and embodiments of the mven-
tion relate to switched mode power supplies (SMPSs), more
particularly voltage step-down (“buck™) switched mode
power supplies, intended to operate 1n a pulse width modu-
lation (PWM) mode or i a pulse frequency modulation
(PFM) mode.

[0015] According to one aspect, there 1s proposed a
method for regulating a voltage step-down switched mode
power supply.

[0016] In some embodiments, the power supply 1s config-
ured to deliver an output voltage and includes a power
transistor configured to be cyclically made conducting by a
first control signal.

[0017] In some embodiments, the power supply 1s
intended to operate 1 a pulse width modulation mode 1n
which 1t 1s configured to generate an error voltage from the
output voltage and from a reference voltage, or in a pulse
frequency modulation mode.

[0018] In some embodiments, the method comprises an
application, 1n pulse width modulation mode, of a first delay
on the control signal. The first delay 1s determined so as to
reduce the difference between the error voltage and the
reference voltage, especially at the transitions between pulse
width modulation mode and pulse frequency modulation
mode.

[0019] In some embodiments, the switched mode power
supply 1s typically configured to generate a ramp voltage
controlled by an additional control signal. This ramp voltage
1s compared with the error voltage in pulse width modula-
tion mode or with the reference voltage in pulse frequency
modulation mode. The first control signal and the additional
control signal are then generated from this comparison.
[0020] However, due to the intrinsic propagation time of
the signals, within the supply, notably for the comparison
between the error voltage and the ramp voltage, the ramp
voltage always reaches the error voltage earlier than 1n the
ideal case of a power supply without intrinsic propagation
time.

[0021] It 1s appropriate to note that the switched mode
power supply operates as a closed loop and 1s configured to
generate a good value of the duty cycle of the first control
signal so as to make the output voltage equal to the reference
voltage, regardless of the input voltage of the switched mode
power supply.

[0022] Moreover there 1s a difference between the error
voltage and the reference voltage notably as a function of the
input voltage of the switched mode power supply. The
greater this input voltage, the greater the difference between
the error voltage and the reference voltage.

[0023] Applying the first delay on the first control signal
when the power supply operates 1n pulse width modulation
mode advantageously provides for starting the generation of
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the ramp voltage before the power transistor 1s made con-
ducting so as to compensate for the intrinsic propagation
time and to reduce the difference between the error voltage
and the reference voltage, and reducing, or even eliminating,
the influence of the iput voltage on the quality of the
transition between pulse frequency modulation mode and
pulse width modulation mode.

[0024] As such, the transitions between pulse width modu-

lation mode and pulse frequency modulation mode become
more stable and bring about less oscillations on the output

voltage.

[0025] Moreover, the error voltage also becomes more
stable and more precise control on the output voltage of the
switched mode power supply can be achieved, which 1s
critical 1n order to control the energy consumption of a
microcontroller including such a switched mode power

supply.

[0026] According to one embodiment, the supply 1s con-
figured to generate, 1n pulse width modulation mode, a first
intermediate signal from the error voltage and from a ramp

voltage. In an embodiment, the first delay 1s equal to the
duration of the generation of the first intermediate signal.

[0027] It 1s appropriate to note that the intrinsic propaga-
tion time of the power supply in pulse width modulation
mode 1s for example mainly linked to a comparator intended
to receive the error voltage and the ramp voltage and
configured to generate the first intermediate signal.

[0028] Consequently, the first delay applied corresponds
to this propagation time.

[0029] According to another embodiment, the method
additionally includes an application, 1n pulse frequency
modulation mode, of a second delay on the first control
signal.

[0030] The supply can for example be configured to
generate, 1n pulse frequency modulation mode, a second
intermediate signal from the reference voltage and from a
ramp voltage. In an embodiment, the second delay 1s equal
to the duration of the generation of the second intermediate
signal.

[0031] Advantageously, in pulse frequency modulation
mode, this second delay, corresponding to the intrinsic
propagation time of another comparator intended to receive
the reference voltage and the ramp voltage and configured to
generate the second intermediate signal, can also be com-

pensated for.

[0032] By way of non-limiting indication, the first and
second delays can for example be equal.

[0033] According to another embodiment, the method
comprises a transition from pulse frequency modulation
mode to pulse width modulation mode when first transition

conditions are fulfilled.

[0034] The supply typically additionally includes a syn-
chronous transistor and a power inductor which 1s coupled
both to the power transistor and to the synchronous transis-
tor and configured to deliver an inductance current flowing
through the power inductor.

[0035] Also, according to one embodiment, the fulfilled
first transition conditions include a detection of a passing of
the inductance current through zero in a predetermined
direction and a detection of the output voltage lower than the
reference voltage.
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[0036] According to yet another embodiment, the method
comprises a transition from pulse width modulation mode to
pulse frequency modulation mode when second transition
conditions are tfulfilled.

[0037] The fulfilled second transition conditions include
for example a detection of a passing of the inductance
current through zero in a predetermined direction and a
detection of the first control signal 1n a state making the
power transistor conducting.

[0038] The predetermined direction can for example cor-
respond to a passing of the inductance current through zero
from 1its positive values.

[0039] According to another aspect, there 1s proposed a
voltage step-down switched mode power supply configured
to deliver an output voltage and including a power transistor
configured to be cyclically made conducting by a first
control signal.

[0040] The power supply 1s intended to operate 1n a pulse
width modulation mode or 1n a pulse frequency modulation
mode.

[0041] The power supply includes a processing circuit
configured to generate an error voltage from the output
voltage and from a reference voltage and to apply 1n pulse
width modulation mode a first delay on the control signal,
the first delay being determined so as to reduce the differ-
ence between the error voltage and the reference voltage,
especially at the transitions between pulse width modulation

mode and pulse frequency modulation mode.

[0042] According to one embodiment, the processing cir-
cuit includes a first signal generator circuit intended to
receive the error voltage and a ramp voltage.

[0043] The first signal generator circuit has a first intrinsic
propagation time. The first delay 1s equal to the first intrinsic
propagation time.

[0044] According to another embodiment, the processing
circuit 1s additionally configured to apply, 1n pulse frequency
modulation mode, a second delay on the first control signal.

[0045] The processing circuit can for example include a
second signal generator circuit configured to generate, in
pulse frequency modulation mode, a second intermediate
signal from the reference voltage and from a ramp voltage.

[0046] The second signal generator circuit has a second
intrinsic propagation time, and the second delay 1s equal to
the second 1ntrinsic propagation time.

[0047] The first and second delays can be equal.

[0048] According to another embodiment, the power sup-
ply additionally includes a control circuit configured to
make the supply change from pulse frequency modulation
mode to pulse width modulation mode when first transition
conditions are fulfilled.

[0049] As indicated above, the power supply typically
includes a synchronous transistor and a power inductor
which 1s coupled both to the power transistor and to the
synchronous transistor and 1s configured to deliver an induc-
tance current flowing through the power inductor.

[0050] According to one embodiment, the processing cir-
cuit additionally includes a detection circuit configured to
detect a passing of the inductance current through zero 1n a
predetermined direction and to compare the output voltage
and the reference voltage.

[0051] The fulfilled first transition conditions include a
detection of the passing of the inductance current through
zero 1n a predetermined direction and a detection of the
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output voltage (or a first voltage based on the output voltage,
such as a scaled version of the output voltage) lower than the
reference voltage.

[0052] According to yet another embodiment, the control
circuit 1s additionally configured to make the power supply
change from pulse width modulation mode to pulse fre-
quency modulation mode when the second transition con-
ditions are fulfilled.

[0053] The fulfilled second transition conditions include
for example a detection of the passing of the inductance
current through zero in a predetermined direction and a
detection of the first control signal 1n a state that makes the
power transistor conducting.

[0054] The predetermined direction can for example cor-
respond to a passing of the inductance current through zero
from 1ts positive values.

[0055] According to another aspect, a power supply man-
agement unit 1s proposed, comprising at least one voltage
step-down switched mode power supply as defined above.
[0056] According to yet another aspect, a microcontroller
1s proposed, incorporating a power supply management unit
as defined above.

[0057] According to yet another aspect, an electronic
apparatus 1s proposed, such as a connected object, incorpo-
rating at least one microcontroller as defined above.
[0058] Other advantages and features of the invention will
become clearer upon examining the detailed description of
implementations and embodiments, which are not at all
limiting, and the accompanying drawings 1n which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] For a more complete understanding of the present
invention, and the advantages thereof, reference i1s now
made to the following descriptions taken 1in conjunction with
the accompanying drawings, in which:

[0060] FIGS. 1 to 6 schematically illustrate implementa-
tions and embodiments of the invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0061] The reference AE 1n FIG. 1 denotes an electronic
apparatus, 1n this case for example a connected intelligent
apparatus of the connected thermostat type AE.

[0062] The connected thermostat AE comprises a detec-
tion stage 1 configured to detect ambient parameters such as
ambient temperature and ambient humidity around the ther-
mostat AE, a processing circuit 2 coupled to the detection
stage 1 and configured to process parameters detected by the
detection stage 1, and a communication circuit 3 coupled to
the processing circuit 2 and configured to communicate with
another connected object or a server via an Internet network.
[0063] The processing circuit 2 includes a microcontroller
4, 1n this case for example an STM32® microcontroller
which 1s commercially available from the company STMi-
croelectronics.

[0064] The microcontroller 4 includes a power supply
management unit 5 configured to dynamically manage vari-
ous power supplies and including at least one oscillator 6, a
finite state machine (FSM) 7 and at least one switched mode
power supply 8 configured to deliver one or more stable
internal supply voltages.

[0065] For simplification, only one voltage step-down (or
“buck™) switched mode power supply 8, for example, 1s
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illustrated here, intended to operate in a pulse width modu-
lation PWM mode or 1n a pulse frequency modulation PFM
mode known to the person skilled in the art.

[0066] Reterence 1s now made to FIG. 2 to illustrate 1n
greater detail an example embodiment of the switched mode
power supply 8.

[0067] As shown in FIG. 2, the switched mode power
supply 8 includes: a chopper 9, a processing circuit that
includes a first signal generator circuit 10a, a second signal
generator circuit bob, a detection circuit 11, a ramp genera-
tion stage 12 and a delay stage 14, and a control circuit 13.

[0068] The chopper 9 includes a power transistor TP (e.g.,
a P-type MOS transistor) coupled between a supply voltage
(e.g., an mput voltage Vin) and an intermediate node NI, a
transistor TS (e.g., an N-type MOS ftransistor) coupled
between the intermediate node NI and ground GND. A
power inductor LP 1s coupled between the intermediate node
NI and an output terminal BS, and a capacitor C 1s coupled
between the output terminal BS and ground GND.

[0069] The chopper 9 1s configured to deliver an output
voltage Vout on the output terminal BS and an inductance
current IL flowing through the power inductor LP.

[0070] The gate of the power transistor TP 1s intended to
receive a first control signal SC1, while the gate of the
transistor TS 1s intended to receive a second control signal

SC2.

[0071] In pulse width modulation PWM mode, when the
first control signal SC1 1s 1n a first state (which makes the
power transistor TP conducting), the transistor TS (con-
trolled by the second control signal SC2) 1s 1n its blocked
state.

[0072] Conversely, in PWM mode, when the first control
signal SC1 1s 1n a second state (which makes the power
transistor TP non-conducting), the transistor TS 1s 1n 1its
conducting state.

[0073] In an embodiment, n PWM mode, the transistor
TS 1s controlled by the same control signal SC1 as the one
controlling the power transistor TP and 1s 1n a blocked state
when the power transistor TP 1s in a conducting state and
vice versa. Transistor TS 1s denoted by the designation of

“synchronous” transistor, which 1s well-known to the person
skilled 1n the art.

[0074] However, in PFM mode, beyond the two cases
described for PWM mode, the first and second control
signals SC1 and SC2 can both be 1n a state which makes the
power transistor TP and the transistor TS non-conducting.

[0075] The transistor TS nonetheless retains designation
of “synchronous transistor.”

[0076] The detection circuit 11 1s coupled to the chopper
09 and intended to receive the inductance current IL, the
output voltage Vout and a reference voltage Vref.

[0077] The detection circuit 11 1s configured to detect a
passing of the inductance current IL through zero 1n a
predetermined direction, in this case for example from its
positive values, and to deliver a first detection signal SD1
representing the result of the detection.

[0078] By way of example, the first detection signal SD1
1s 1n a high state (*1”) when the value of the inductance
current IL falls to zero.

[0079] The detection circuit 11 1s additionally configured
to compare the output voltage Vout and a reference voltage
Vrel. The reference voltage Vret 1s for example the value of
the output voltage Vout desired.
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[0080] To this end, the detection circuit 11 1s configured to
deliver a second detection signal SD2, the value of which
represents the result of the comparison.

[0081] The second detection signal SD2 can for example
be 1n a high state (*1”) when the output voltage Vout 1s lower
than the reference voltage, and 1n a low state (“0””) when the
output voltage Vout 1s higher than the reference voltage Vret.
[0082] The ramp generation stage 12 includes a ramp
transistor TR (e.g., of the N-type) having a gate coupled to
an additional control signal SCC, a current source Srcl
coupled between a power supply VCC and the drain of the
ramp transistor TR and configured to deliver a bias current
Ip, and a ramp capacitor LR charged by the bias current Ip
and coupled between the drain of the ramp transistor TR and
ground GND.

[0083] When the additional control signal SCC 1s 1n a high

state (“1””) making the ramp transistor TR conducting, the
ramp transistor TR 1s 1n a conducting state so as to connect
the drain of the ramp transistor TR to ground GND. As such,
the voltage on the drain of the ramp transistor TR, 1n other
words the ramp voltage Vr, falls back to zero.

[0084] When the additional control signal SCC 1s 1n a low
state (“0”) making the ramp transistor TR non-conducting,
the ramp transistor TR 1s 1 a blocked state and the bias
current Ip begins to charge the ramp capacitor LR so as to
increase the ramp voltage Vr.

[0085] The first signal generator circuit 10aq includes an
operational amplifier AO having a first input EAO1 intended
to receive the reference voltage Vref, and a second input
EAQO2 intended to receive the output voltage Vout, and a
feedback circuit CR coupled to the operational amplifier
AQ.

[0086] For simplification, a simplified feedback circuit CR
as 1llustrated here, which comprises a feedback resistor RCR
and a feedback capacitor CCR coupled 1n parallel between
the first input EAO1 and the output SAO.

[0087] The operational amplifier AO and the associated
teedback circuit CR are configured to amplity the diflerence
between the output voltage Vout and the reference voltage
Vrel so as to generate at the output SAO of the operational
amplifier AO an error voltage Verror.

[0088] The first signal generator circuit 10aq additionally
includes a first comparator COMP1, the first input E1ICOMP
of which 1s intended to receive the error voltage Verror, and
the second 1input E2COMP of which 1s coupled to the ramp
generation stage 12 and intended to receive the ramp voltage
Vr.

[0089] The first comparator COMP1 1s configured to gen-
erate at the output SCOMP1 a first intermediate signal SI1

as a function of the error voltage Verror and the ramp voltage
Vr

[0090] By way of indication, the first intermediate signal
SI1 1s 1n a high state when the ramp voltage Vr 1s lower than
the error voltage Verror and 1n a low state when the ramp
voltage Vr 1s higher than the error voltage Verror.

[0091] The duration of the high state of the first interme-
diate signal SI1 corresponds to a growing period of the ramp
voltage Vr which 1s variable as a function of the error voltage
Verror.

[0092] Since the error voltage Verror 1s generated as a
function of the difference between the reference voltage Vref
and the output voltage Vout, this duration of the high state
of the first intermediate signal SI1 1s also a function of the
reference voltage Vrel and the output voltage Vout.
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[0093] Consequently, the first intermediate signal SI1 1s a
cyclic signal and its duty cycle depends on the difference
between the reference voltage Vrel and the output voltage
Vout.

[0094] Since the first signal generator circuit 10a includes
the first comparator COMP1 comprises several transistors,
which brings about a relatively significant processing time
with respect to the period of the clock signal CLK, the first
signal generator circuit 10a therefore has a first intrinsic
propagation time TPI1, in other words a time required for the
propagation of signals within the first signal generator
circuit 10aq.

[0095] It 1s appropriate to note that the first signal gen-
erator circuit 10a 1s configured to be used in pulse width
modulation PWM mode while the second signal generator

circuit bob 1s configured to be used in pulse frequency
modulation PFM mode.

[0096] The second signal generator circuit bob 1ncludes a
second comparator COMP2 having a first input E1COMP2
intended to receive the reference voltage Vrel, and a second
input E2COMP?2 1ntended to receive the ramp voltage Vr.

[0097] The second signal generator circuit bob 1s config-
ured to generate at its output SCOMP2 a second interme-
diate signal SI2 as a function of the reference voltage Vref
and the ramp voltage Vr.

[0098] The second comparator COMP2 also comprises
several transistors, which generates a second intrinsic propa-
gation time TPI2 for the second signal generator circuit bob.

[0099] As a variant, this additional second intrinsic propa-
gation time TPI2 can also be compensated for when the

power supply 8 operates in pulse frequency modulation
PFM mode.

[0100] However, since the reference voltage Vref used 1n
order to be compared with the ramp voltage Vr 1s a fixed
voltage, compensating for the second intrinsic propagation
time TPI2 1s optional.

[0101] It 1s appropriate to note that the first intermediate
signal SI1 1s delivered by the first signal generator circuit
10a for pulse width modulation PWM mode and that the
second intermediate signal SI2 1s delivered by the second
signal generator circuit bob for pulse frequency modulation

PFM mode.

[0102] By way of example, the first and second compara-
tors COMP1, COMP2 can be i1dentical and the first and
second 1ntrinsic propagation times TPI1, TPI2 can be equal.

[0103] The control circuit 13 may be, e.g., a digital
controller, for example of the Finite State Machine (FSM)
type, and 1s mtended to receive the first and second 1mme-
diate signals SI1, SI2, the first and second detection signals

SD1, SD2, a clock signal CLK and a delayed clock signal
CLKT.

[0104] The delay stage 14 1s intended to receive the clock
signal CLK and configured to deliver the delayed clock
signal CLKr having for pulse width modulation PWM
mode, a first delay R1 which 1s equal to the first intrinsic
propagation time TPI1 of the first signal generator circuit
10a, and for pulse frequency modulation PFM mode, a
second delay R2 which 1s equal to the second intrinsic
propagation time TPI2 of the second signal generator circuit

bob.

[0105] For the case 1in which the first and second 1ntrinsic
propagation times TPI1, TPI2 are equal, the first and second
delays R1, R2 are also equal.
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[0106] The first and second intrinsic propagation times
TPI1, TPI2 can for example be measured beforehand 1n a
sampling phase.

[0107] FIG. 3 illustrates an example embodiment of the
delay stage 14 for the case 1n which the first and second
delays R1, R2 are equal.

[0108] The delay stage 14 includes an inverter INV having
a P-type MOS ftransistor and an N-type MOS transistor
coupled 1n series between the supply voltage VCC and
ground GND.

[0109] The gates of the P-type and N-type MOS transis-
tors are coupled together so as to form an mput terminal
BEINV.

[0110] The drains of the P-type and N-type MOS transis-
tors are coupled together so as to form an output terminal
BSINV.

[0111] The delay stage 14 additionally includes a Schmitt
trigger BSCH, the mput of which 1s coupled to the output
terminal BSINV, and an additional capacitor CS coupled
between the output terminal BSINV and ground GND.
[0112] By appropriately choosing the dimensions of the
transistors of the inverter INV, the delay stage 14 generates
at the output of the Schmatt trigger BSCH the delayed clock
signal CLKr having with respect to the clock signal CLK a
delay which 1s close to, or even equal to, the first or second
intrinsic propagation time TPI1, TPI2.

[0113] As a variant, the delay stage 14 can for example
include the same structure as that of the first or second signal
generator circuit 10a, 105 so as to reproduce more precisely
the same first or second intrinsic propagation time TPI1 or

TPI2.

[0114] The control circuit 13 1s configured to generate the
first and second control signals SC1, SC2 from first and
second intermediate signals SI1, SI2.

[0115] The first and second control signals SC1, SC2 are
for example different and not synchronized with the clock
signal CLK when the switched mode power supply 8
operates 1n pulse frequency modulation PFM mode.

[0116] In that PFM mode, the frequency and the period of
the first control signal SC1 can be modulated so as to
respond to a low output current at the output terminal BS of
the chopper 9.

[0117] In that case, starting the generation of the ramp
voltage Vr and making the power transistor TP conducting
can for example be synchronized.

[0118] FIG. 4 1llustrates a timing diagram of the switched
mode power supply 8 operating in pulse frequency modu-
lation PFM mode.

[0119] The top part of FIG. 4 illustrates the change 1n the
output voltage Vout and the reference voltage Vrel.

[0120] When the output voltage Vout 1s lower than the
reference voltage Vret, the second detection signal SD2 1s in
the high state after a second predetermined delay RP2
corresponding to the duration of the comparison between the
output voltage Vout and the reference voltage Vret carried

out by the detection circuit 11 so as to trigger each period of
the first control signal SC1 and of the additional control
signal SCC.

[0121] When the first control signal SC1 1s 1n the low
state, the P-type power transistor TP 1s made conducting and
the inductance current IL increases.

[0122] In the same period, the additional control signal
SCC 1s also 1n the low state and the ramp voltage Vr
increases so as to exceed the reference voltage Vref.
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[0123] The second signal generator circuit 106 also has the
second 1ntrinsic propagation time TPI2. The second inter-
mediate signal SI2 1s 1n the high state at a moment corre-
sponding to the instant when the ramp voltage Vr exceeds
the reference voltage Vref increased by the second delay R2,
equaling the second intrinsic propagation time TPI2.
[0124] The second intermediate signal SI2 triggers the
switchovers of the control signal SC1 and the additional
control signal SCC to the high state.

[0125] Following these switchovers, the inductance cur-
rent IL falls and the ramp voltage Vr 1s reset to zero.
[0126] The detection circuit 11 1s configured to generate
the first detection signal SD1 1n the high state at a moment
corresponding to the instant when the inductance current IL
passes below zero (becomes negative), increased by a pre-
determined first delay RP1 corresponding to the duration of
the comparison between the inductance current IL and the
value zero carried out by the detection circuit 11.

[0127] The control circuit 13 1s additionally configured to
make the power supply 8 change from pulse frequency
modulation PFM mode to pulse width modulation PWM
mode as a function of the detection of the passing of the
inductance current IL through zero and of the comparison
between the output voltage Vout and the reference voltage
Vrel.

[0128] Retference 1s now made to FIG. 5 to illustrate the
timing diagram of an example implementation of this tran-
sition from PFM mode to PWM mode.

[0129] Itis observed that in the left-hand part of FIG. 5 the
power supply 8 operates in pulse frequency modulation
PFM mode and 1n the right-hand part of FIG. 5 the power
supply 8 operates 1n pulse width modulation PWM mode.
[0130] When a passing of the inductance current IL
through zero from its positive values 1s detected and the
output voltage Vout 1s lower than the reference voltage Vret,
the control circuit 13 1s configured to make the power supply
8 change from pulse frequency modulation PFM mode to
pulse width modulation PWM mode at the next rising edge

of the clock signal CLK.

[0131] It can be observed 1n FIG. 5 that the frequency and
the period of the first control signal SC1 and of the addi-
tional control signal SCC are constant during pulse width
modulation PWM mode and that the first control signal SC1
1s delayed with respect to the additional control signal SCC
by a duration equal to the first intrinsic propagation time
TPI1 of the first signal generator circuit 10a.

[0132] There will now be described, more particularly
with reference to FIG. 6, a transition from PWM mode to
PFM mode.

[0133] The control circuit 13 1s configured to make the
power supply 8 change from pulse width modulation PWM
mode to pulse frequency modulation PFM mode as a func-
tion of the first and second detection signals SD1, SD2.
[0134] FIG. 6 1llustrates the timing diagram of an example
implementation of this transition from PWM mode to PFM
mode.

[0135] Itis observed that in the left-hand part of FIG. 6 the
power supply 8 operates 1n pulse width modulation PWM
mode and in the right-hand part of FIG. 6 the power supply
8 operates 1n pulse frequency modulation PFM mode.
[0136] When a passing of the inductance current IL
through zero from its positive values 1s detected (in other
words the first detection signal SD1 1s 1n the high state), and
when the low state of the first control signal SC1 1s detected
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by the control circuit 13 (1n other words the power transistor
TP 1s made conducting), the control circuit 13 1s configured
to make the power supply 8 change from pulse width
modulation PWM mode to pulse frequency modulation
PFM mode at the next rising edge of the second detection
signal SD2.

[0137] It can be observed in FIG. 6 that the frequency and
the period of the first control signal SC1 and of the addi-
tional control signal SCC are variable during pulse fre-
quency modulation PFM mode and that the first control
signal SC1 1s not delayed with respect to the additional
control signal SCC.

[0138] It 1s appropriate to note that 1t 1s also possible to
apply the first delay R1 equaling the first intrinsic propaga-
tion time TPI1 of the first signal generator circuit 10a
between the first control signal SC1 and the additional
control signal SCC during both PFM and PWM modes.
[0139] As such, at least the first intrinsic propagation time
TPI1 of the first signal generator circuit 10a 1s compensated
for 1 pulse width modulation PWM mode so as to stabilize
the error voltage Verror, notably at the moment of the
transition to one or the other of PWM and PFM modes, and
to more precisely control the output voltage Vout of the
switched mode power supply 8.

What 1s claimed 1s:

1. A method for operating a voltage step-down switched
mode power supply, the method comprising:

delivering an output voltage with an output stage having

a power transistor that 1s cyclically made conducting by

a first control signal; and

when operating the switched mode power supply in a

pulse width modulation (PWM) mode,

generating an error voltage based on the output voltage
and a reference voltage; and

applying a first delay on the first control signal, the first
delay being determined so as to reduce a difference
between the error voltage and the reference voltage.

2. The method of claim 1, wherein generating the error
voltage comprises comparing the output voltage with the
reference voltage.

3. The method of claim 1, further comprising generating,
when operating the switched mode power supply in the
PWM mode, a first intermediate signal based on the error
voltage and on a ramp voltage, wherein the first delay 1s
about equal to a duration of the generation of the first
intermediate signal.

4. The method of claim 1, further comprising transitioning
the switched mode power supply from the PWM mode to a
pulse frequency modulation (PFM) mode.

5. The method of claim 4, wherein the output stage turther
comprises a synchronous transistor coupled to the power
transistor via an intermediate node, the intermediate node
coupled to a power inductor, the method turther comprising
delivering an inductance current flowing through the power
inductor to generate the output voltage, wherein transition-
ing the switched mode power supply from the PWM mode
to the PFM mode comprises transitioning the switched mode
power supply from the PWM mode to the PFM mode when
the inductance current passes through zero in a predeter-
mined direction and the first control signal 1s in a state that
makes the power transistor conducting.

6. The method of claim S5, wherein the predetermined
direction corresponds to a passing of the inductance current
through zero from a positive value.
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7. The method of claim 4, further comprising, when
operating the switched mode power supply in the PFM
mode, applying a second delay on the first control signal.

8. The method of claim 7, further comprising generating,
when operating the switched mode power supply 1n the PFM
mode, a second intermediate signal based on the reference
voltage and a ramp voltage, wherein the second delay 1s
about equal to a duration of the generation of the second
intermediate signal.

9. The method of claim 7, wherein the first and second
delays are about equal.

10. The method of claim 4, further comprising transition-
ing the switched mode power supply from the PFM mode to

the PWM mode.

11. The method of claim 10, wherein the output stage
further comprises a synchronous transistor coupled to the
power transistor via an intermediate node, the intermediate
node coupled to a power inductor, the method further
comprising delivering an 1inductance current flowing
through the power inductor to generate the output voltage,
wherein transitioning the switched mode power supply from
the PFM mode to the PWM mode comprises transitioning
the switched mode power supply from the PFM mode to the
PWM mode when the inductance current passes through
zero 1n a predetermined direction and a first voltage based on
the output voltage 1s lower than the reference voltage.

12. The method of claim 11, wherein the first voltage 1s
equal to the output voltage.

13. The method of claim 11, wherein the predetermined
direction corresponds to a passing of the inductance current
through zero from a positive value.

14. A voltage step-down switched mode power supply
comprising:

an output stage comprising a power transistor configured
to be cyclically made conducting by a first control
signal; and

a processing circuit configured to generate an error volt-
age based on an output voltage of the switched mode
power supply and on a reference voltage and to apply,
in a pulse width modulation (PWM) mode, a first delay
on the first control signal, the first delay being deter-
mined so as to reduce a difference between the error
voltage and the reference voltage.

15. The switched mode power supply of claim 14,
wherein the processing circuit comprises a first signal gen-
erator circuit configured to generate, in PWM mode, a first
intermediate signal based on the error voltage and a ramp
voltage, the first signal generator circuit having a first
intrinsic propagation time, wherein the first delay 1s about
equal to the first 1ntrinsic propagation time.

16. The switched mode power supply of claim 15, further
comprising a ramp generator configured to generate the
ramp voltage.

17. The switched mode power supply of claim 14,
wherein the processing circuit 1s further configured to apply,
in a pulse frequency modulation (PFM) mode, a second
delay on the first control signal.

18. The switched mode power supply of claim 17,
wherein the processing circuit comprises a second signal
generator circuit configured to generate, in the PFM mode,
a second intermediate signal based on the reference voltage
and a ramp voltage, the second signal generator circuit
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having a second intrinsic propagation time, wherein the
second delay 1s about equal to the second intrinsic propa-
gation time.

19. The switched mode power supply of claim 17,
wherein the first and second delays are about equal.

20. The switched mode power supply of claim 14, further
comprising a control circuit configured to make the switched
mode power supply change from a pulse frequency modu-

lation (PFM) mode to the PWM mode to.

21. The switched mode power supply of claim 20,
wherein the output stage further comprises a synchronous
transistor configured to be coupled to a power inductor via
an intermediate node, the mtermediate node being coupled
to the power transistor, wherein an inductance current 1s
configured to flow through the power inductor, wherein the
processing circuit further comprises a detection circuit con-
figured to detect a passing of the inductance current through
zero 1n a predetermined direction and to compare the output
voltage and the reference voltage, wherein the control circuit
1s configured to make the switched mode power supply
change from PFM to PWM when the inductance current
passes through zero 1n a predetermined direction and a first
voltage based on the output voltage 1s lower than the
reference voltage.

22. The switched mode power supply of claim 14, further
comprising a control circuit configured to make the switched
mode power supply change from the PWM mode to a pulse
frequency modulation (PFM) mode.

23. The switched mode power supply of claim 22,
wherein the output stage further comprises a synchronous
transistor configured to be coupled to a power inductor via
an intermediate node, the mtermediate node being coupled
to the power transistor, wherein an inductance current 1s
configured to flow through the power inductor, wherein the
processing circuit further comprises a detection circuit con-
figured to detect a passing of the inductance current through
zero 1n a predetermined direction, wherein the control circuit
1s configured to make the switched mode power supply
change from the PWM mode to the PFM mode when the
inductance current passes through zero in a predetermined
direction and the first control signal 1s 1n a state that makes
the power transistor conducting.
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24. The switched mode power supply of claim 23,
wherein the predetermined direction corresponds to a pass-
ing of the inductance current through zero from a positive
value.

25. A device comprising:

an output stage configured to generate an output voltage

and comprising a power transistor configured to be

cyclically made conducting by a first control signal;

a control circuit configured to receive a clock signal and

a delayed clock signal and configured to generate the

first control signal based on a first intermediate signal

or on a second mtermediate signal; and

a processing circuit comprising:

a ramp generator configured to generate a ramp voltage,

a first signal generator circuit comprising an amplifier
that 1s configured to generate, in a pulse width
modulation (PWM) mode, an error voltage based on
the output voltage and on a reference voltage, the
first signal generator circuit configured to generate,
in the PWM mode, the first intermediate signal based
on the error voltage and the ramp voltage, the first
signal generator circuit having a first intrinsic propa-
gation time,

a second signal generator circuit configured to gener-
ate, 1n a pulse frequency modulation (PFM) mode,
the second intermediate signal based on the reference
voltage and the ramp voltage, the second signal
generator circuit having a second intrinsic propaga-
tion time, and

a delay circuit configured to receive the clock signal,
and generate, in the PWM mode, the delayed clock
signal having a first delay with respect to the clock
signal, the first delay being about equal to the first
intrinsic propagation time, wherein the control cir-
cuit 1s configured to delay the first control signal by
the first delay in PWM mode.

26. The device of claim 25, wherein the delay circuit 1s
further configured to generate, in the PFM mode, the
delayed clock signal having a second delay with respect to
the clock signal, the second delay being about equal to the
second 1ntrinsic propagation time.

27. The device of claim 25, wherein the device 1s a
microcontroller.



	Page 1 - Bibliography/Abstract
	Page 2 - Drawings
	Page 3 - Drawings
	Page 4 - Drawings
	Page 5 - Drawings
	Page 6 - Description
	Page 7 - Description
	Page 8 - Description
	Page 9 - Description
	Page 10 - Description
	Page 11 - Description/Claims
	Page 12 - Claims

