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(54) SWITCHED MODE POWER SUPPLY

(57) A switched mode power supply (100) comprises
a reactive element (10) and a control signal generator
(30) is arranged to generate a first control signal at a first
output (31) of the control signal generator (30) and a sec-
ond control signal at a second output (32) of the control
signal generator (30). The first output (31) of the control
signal generator (30) is coupled to a first input (21) of a
switching stage (20) by means of a first control signal
path (40) and the second output (32) of the control signal
generator (30) is coupled to a second input (22) of the
switching stage (20) by means of a second control signal
path (50). The switching stage (20) is arranged to, re-
sponsive to the first and second control signals, alter-
nately charge and discharge the reactive element (10)
by coupling it alternately to first and second supply volt-
ages. A delay detector (60) is arranged to generate a
delay indicator signal indicative of a relative delay be-
tween the first control signal at the first input (21) of the
switching stage (20) and the second control signal at the
second input (22) of the switching stage (20). An adjust-
able delay stage (53) in one of the first and second signal
paths (40, 50) is arranged to, responsive to the delay
indicator signal, control an adjustable delay so that a first
delay experienced by the first control signal passing from
the first output (31) of the control signal generator (30)
to the first input (21) of the switching stage (20) is sub-
stantially equal to a second delay experienced by the
second control signal passing from the second output
(32) of the control signal generator (30) to the second

input (22) of the switching stage (20).
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Description

Field of the Disclosure

[0001] The present disclosure relates to a switched
mode power supply, an envelope tracking amplifier com-
prising a switched mode power supply, wireless commu-
nication device comprising an envelope tracking ampli-
fier, and a method of operating a switched mode power
supply.

Background to the Disclosure

[0002] The use of linear modulation is becoming in-
creasingly important for wireless communication sys-
tems that are required to operate at a high data trans-
mission speed. A wireless transmitter for use with linear
modulation can employ envelope tracking to enable a
power amplifier to attain high power efficiency. Envelope
tracking sets a special challenge for a power supply that
provides an operating voltage for such a power amplifier,
because the operating voltage is not constant, but in-
stead varies according to the envelope of a modulated
signal being amplified. In order to attain high efficiency
of such a wireless transmitter, the power supply must
have high power efficiency. The power supply must pro-
vide a spurious-free voltage for the power amplifier. Ad-
ditionally, the power supply must be able to follow a wide-
band control signal, corresponding to the envelope of the
modulated signal being amplified, with high accuracy.
This means that linearity of the power supply must be
very good.
[0003] Conventional switched mode power supplies
are operated at a relatively low switching frequency in
order to achieve good power efficiency. However, this is
not generally possible for a power supply for use with
envelope tracking as the required modulation bandwidth
is high. For example, the Third Generation Partnership
Project (3GPP) Long Term Evolution standard using a
10MHz bandwidth (LTE10) requires more than 10MHz
bandwidth for the wideband control signal. In general,
the switching frequency of a switched mode power supply
needs to be at least five times the bandwidth of the wide-
band control signal.
[0004] A typical switched mode power supply is based
on the use of an inductor that is switched alternately to
a supply voltage, such as a battery voltage, and to
ground. The duty cycle of the switching determines the
output voltage. The switching employs two switches that
must not both be open at same time. If these two switches
were to be open at same time, there would be a short
circuit between the supply voltage and ground, which
may damage the switched mode power supply, and in
particular the two switches. To ensure that the two switch-
es are not both open at the same time, a gap, also referred
to as a dead time, is provided between switching the in-
ductor from the supply voltage to ground, and between
switching the inductor from ground to the supply voltage.

However, for high power efficiency, the dead time should
be short. There is a trade-off in choosing the dead time.
A short dead time is difficult to implement due to integrat-
ed circuit temperature and process variations that alter
delays in circuitry, and conventionally the dead time
should be long enough to encompass such variations.
Therefore, there is a requirement for an improved
switched mode power supply that can operate at a high
switching frequency.

Summary of the Preferred Embodiments

[0005] According to a first aspect there is provided a
switched mode power supply comprising:

a reactive element;
a control signal generator arranged to generate a
first control signal at a first output of the control signal
generator and a second control signal at a second
output of the control signal generator, wherein the
first output of the control signal generator is coupled
to a first input of a switching stage by means of a
first control signal path and the second output of the
control signal generator is coupled to a second input
of the switching stage by means of a second control
signal path;
wherein the switching stage is arranged to,
during first charging time periods,

- responsive to the first control signal, couple the
reactive element to a first supply voltage for
charging the reactive element, and

- responsive to the second control signal, decou-
ple the reactive element from a second supply
voltage lower than the first supply voltage,

during first discharging time periods,

- responsive to the first control signal, decouple
the reactive element from the first supply volt-
age, and

- responsive to the second control signal, couple
the reactive element to the second supply volt-
age for discharging the reactive element,

during decoupling time periods,

- responsive to the first control signal, decouple
the reactive element from the first supply volt-
age, and

- responsive to the second control signal, decou-
ple the reactive element from the second supply
voltage,

wherein the first charging time periods and the first dis-
charging time periods alternate and are each spaced
apart by one of the decoupling time periods;
a delay detector arranged to generate a delay indicator

1 2 



EP 3 358 731 A1

3

5

10

15

20

25

30

35

40

45

50

55

signal indicative of a relative delay between the first con-
trol signal at the first input of the switching stage and the
second control signal at the second input of the switching
stage; and
an adjustable delay stage in one of the first and second
signal paths and arranged to, responsive to the delay
indicator signal, control an adjustable delay so that a first
delay experienced by the first control signal passing from
the first output of the control signal generator to the first
input of the switching stage is substantially equal to a
second delay experienced by the second control signal
passing from the second output of the control signal gen-
erator to the second input of the switching stage.
[0006] According to a second aspect there is provided
a method of operating a switched mode power supply,
comprising:

generating a first control signal and a second control
signal;
delivering the first control signal to a switching stage
by means of a first control signal path and delivering
the second control signal to the switching stage by
means of a second control signal path;
employing the switching stage for,

during first charging time periods, charging a re-
active element by, responsive to the first control
signal, coupling the reactive element to a first
supply voltage, and, responsive to the second
control signal, decoupling the reactive element
from a second supply voltage lower than the first
supply voltage,
during first discharging time periods, discharg-
ing the reactive element by, responsive to the
first control signal, decoupling the reactive ele-
ment from the first supply voltage, and, respon-
sive to the second control signal, coupling the
reactive element to the second supply voltage,
during decoupling time periods, responsive to
the first control signal, decoupling the reactive
element from the first supply voltage, and, re-
sponsive to the second control signal, decou-
pling the reactive element from the second sup-
ply voltage;

wherein the first charging time periods and the first
discharging time periods alternate and are each
spaced apart by one of the decoupling time periods;
generating a delay indicator signal indicative of a rel-
ative delay, at the switching stage, between the first
control signal and the second control signal; and
controlling, responsive to the delay indicator signal,
an adjustable delay in one of the first and second
control signal paths so that a first delay experienced
by the first control signal in the first control signal
path is substantially equal to a second delay expe-
rienced by the second control signal in the second
control signal path.

[0007] Controlling the adjustable delay so that the first
delay experienced by the first control signal in the first
control signal path is substantially equal to a second de-
lay experienced by the second control signal in the sec-
ond control signal path enables the decoupling time pe-
riods, corresponding to dead time, to be short and of
equal duration, thereby enabling power efficiency to be
high and enabling high linearity. The high linearity ena-
bles a wireless communication device employing the
switched mode power supply to have a high spectral pu-
rity.
[0008] The reactive element may comprise a first ter-
minal for charging and discharging the reactive element,
a second terminal for an output voltage, an inductive el-
ement coupled between the first and second terminals,
and an output capacitive element coupled to the second
terminal. This configuration enables the output capacitive
element to be charged and discharged via the first ter-
minal and inductive element, and enables an output volt-
age to be provided at the second terminal.
[0009] The switching stage may comprise:

- a first n-channel transistor coupled between a/the
first terminal of the reactive element and a first power
supply rail at the first supply voltage and having a
first gate coupled to the first input of the switching
stage, and

- a second n-channel transistor coupled between the
first terminal of the reactive element and a second
power supply rail at the second supply voltage and
having a second gate coupled to the second input
of the switching stage;

wherein the first n-channel transistor may be arranged,
responsive to the first control signal, to couple the first
terminal of the reactive element to a first power supply
rail at the first supply voltage during the first charging
time periods and to decouple the first terminal of the re-
active element from the first power supply rail during the
first discharging time periods and the decoupling time
periods;
wherein the second n-channel transistor may be ar-
ranged, responsive to the second control signal, to de-
couple the first terminal of the reactive element from a
second power supply rail at the second supply voltage
during the first charging time periods and the decoupling
time periods and to couple the first terminal of the reactive
element to the second power supply rail during the first
discharging time periods; and
wherein the first control signal path may be arranged to
deliver the first control signal to the first input of the switch-
ing stage at, during the first charging time periods, a first
drive voltage higher than the first supply voltage.
[0010] Likewise, the method may comprise:

providing the switching stage with a first n-channel
transistor coupled between a/the first terminal of the
reactive element and a first power supply rail at the
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first supply voltage and having a first gate arranged
for receiving the first control signal from the first con-
trol signal path;
providing the switching stage with a second n-chan-
nel transistor coupled between the first terminal of
the reactive element and a second power supply rail
at the second supply voltage and having a second
gate arranged for receiving the second control signal
from the second control signal path;
employing the first n-channel transistor to, respon-
sive to the first control signal, couple the first terminal
of the reactive element to a first power supply rail at
the first supply voltage during the first charging time
periods and decouple the first terminal of the reactive
element from the first power supply rail during the
first discharging time periods and the decoupling
time periods;
employing the second n-channel transistor to, re-
sponsive to the second control signal, decouple the
first terminal of the reactive element from a second
power supply rail at the second supply voltage during
the first charging time periods and the decoupling
time periods and couple the first terminal of the re-
active element to the second power supply rail during
the first discharging time periods; and
delivering the first control signal to the gate of the
first n-channel transistor at, during the first charging
time periods, a first drive voltage higher than the first
supply voltage.

[0011] The use of the first drive voltage higher than the
first supply voltage enables the first transistor to be an
n-channel transistor, which enables improved perform-
ance with respect to a p-channel transistor. In particular,
an n-channel transistor can be smaller than a p-channel
transistor having the same gain, which leads to lower
resistance and hence greater efficiency, and also lower
parasitic capacitance, which leads to lower drive power,
and also lower output capacitance, which can improve
efficiency.
[0012] The switched mode power supply may com-
prise:

a first capacitive element having a first terminal cou-
pled to the first terminal of the reactive element and
a second terminal coupled to a first node; and
a first charging diode coupled between the first node
and a third power supply rail at a third supply voltage
higher than the second supply voltage, and arranged
for charging the first capacitive element from the third
supply voltage;
wherein the first control signal path is coupled to the
first node and is arranged to determine the first drive
voltage dependent on a difference between a first
node voltage at the first node and a voltage at the
first terminal of the reactive element.

[0013] Likewise, the method may comprise:

providing a first capacitive element having a first ter-
minal coupled to the first terminal of the reactive el-
ement and a second terminal coupled to a first node;
providing a first charging diode coupled between the
first node and a third power supply rail at a third sup-
ply voltage higher than the second supply voltage;
charging the first capacitive element from the third
supply voltage; and
determining the first drive voltage dependent on a
difference between a first node voltage at the first
node and a voltage at the first terminal of the reactive
element.

[0014] This feature enables the first drive voltage to be
determined despite variations in the voltage at the first
terminal of the reactive element, such as can occur when
the switched mode power supply is employed to deliver
modulated power.
[0015] The first control signal path may comprise a first
power supply input coupled to the first node and a second
power supply input coupled to the first terminal of the
reactive element, wherein the first control signal path is
arranged to determine the first drive voltage dependent
on the first node voltage and the voltage at the first ter-
minal of the reactive element.
[0016] Likewise, the method may comprise providing
the first control signal path with a first power supply input
coupled to the first node and a second power supply input
coupled to the first terminal of the reactive element, and
arranged to determine the first drive voltage dependent
on the first node voltage and the voltage at the first ter-
minal of the reactive element.
[0017] This feature enables the first control signal path
to determine the first drive voltage despite variations in
the voltage at the first terminal of the reactive element,
such as can occur when the switched mode power supply
is employed to deliver modulated power.
[0018] The switched mode power supply may compris-
ing a voltage regulator coupled to the first node and to a
fourth power supply rail at a fourth supply voltage higher
than the third supply voltage, and the voltage regulator
may be arranged to control the first node voltage depend-
ent on the fourth supply voltage.
[0019] Likewise, the method may comprise employing
a voltage regulator to control the first node voltage de-
pendent on a fourth supply voltage higher than the third
supply voltage.
[0020] This feature can enable improved performance
when the voltage at the first terminal of the reactive ele-
ment varies, such as can occur when the switched mode
power supply is employed to deliver modulated power.
[0021] The switched mode power supply may com-
prise:

a second capacitive element having a first terminal
coupled to the first terminal of the reactive element
and a second terminal coupled to a second node; and
a second charging diode coupled between the sec-
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ond node and the fourth power supply rail and ar-
ranged for charging the second capacitive element
from the fourth supply voltage;
and the voltage regulator may comprise a first reg-
ulator terminal coupled to the second node, a second
regulator output coupled to the first node, and a third
regulator terminal coupled to the first terminal of the
reactive element, and the voltage regulator may be
arranged to control the first node voltage dependent
on a difference between a second node voltage at
the second node and the voltage at the first terminal
of the reactive element.

[0022] Likewise, the method may comprise:

providing a second capacitive element having a first
terminal coupled to the first terminal of the reactive
element and a second terminal coupled to a second
node;
providing a second charging diode coupled between
the second node and the fourth power supply rail;
charging the second capacitive element from the
fourth supply voltage; and
employing the voltage regulator to control the first
node voltage dependent on a difference between a
second node voltage at the second node and the
voltage at the first terminal of the reactive element.

[0023] This feature can enable improved performance
when the voltage at the first terminal of the reactive ele-
ment varies, such as can occur when the switched mode
power supply is employed to deliver modulated power,
and in particular can enable improved power efficiency.
[0024] The delay detector may comprise a delay de-
tection capacitive element coupled to a charge control
circuit, wherein the charge control circuit is arranged to
alternately charge the delay detection capacitive element
during second charging time periods of duration depend-
ent on the first delay and discharge the delay detection
capacitive element during second discharging time peri-
ods of duration dependent on the second delay, and the
delay indication signal may be dependent on a voltage
across the delay detection capacitive element.
[0025] Likewise, in the method, generating the delay
indicator signal may comprise alternately charging a de-
lay detection capacitive element during second charging
time periods of duration dependent on the first delay and
discharging the delay detection capacitive element dur-
ing second discharging time periods of duration depend-
ent on the second delay, and the delay indication signal
may be dependent on a voltage across the delay detec-
tion capacitive element.
[0026] This feature enables the delay indication signal
to be generated in a low complexity manner.
[0027] In a first preferred embodiment, the charge con-
trol circuit may comprise:

a first comparison circuit arranged to determine the

duration of the second charging time periods de-
pendent on a time difference between the first control
signal at the first output of the control signal gener-
ator and the first control signal at the first input of the
switching stage; and
a second comparison circuit arranged to determine
the duration of the second discharging time periods
dependent on a time difference between the second
control signal at the second output of the control sig-
nal generator and the second control signal at the
second input of the switching stage.

[0028] Likewise, in a first preferred embodiment the
method may comprise:

determining the duration of the second charging time
periods dependent on a time difference between the
first control signal as generated and the first control
signal as delivered to the switching stage; and
determining the duration of the second discharging
time periods dependent on a time difference be-
tween the second control signal as generated and
the second control signal as delivered to the switch-
ing stage.

[0029] These first preferred embodiments enable the
delay indication signal to be generated in a low complex-
ity manner.
[0030] In a second preferred embodiment, the charge
control circuit may comprise:

a third n-channel transistor coupled to a third node,
and a fourth n-channel transistor coupled to the third
node, wherein the charge control circuit is arranged
to generate a shadow signal at the third node by
switching the third n-channel transistor responsive
to the first control signal at the first input of the switch-
ing stage and switching the fourth n-channel transis-
tor responsive to the second control signal at the
second input of the switching stage;
a first comparison circuit arranged to determine the
duration of the second charging time periods de-
pendent on a time difference between the first control
signal at the first output of the control signal gener-
ator and the shadow signal; and
a second comparison circuit arranged to determine
the duration of the second discharging time periods
dependent on a time difference between the second
control signal at the second output of the control sig-
nal generator and the shadow signal.

[0031] Likewise, in a second preferred embodiment
the method may comprise:

providing a third n-channel transistor coupled to a
third node, and a fourth n-channel transistor coupled
to the third node,
generating a shadow signal at the third node by
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switching the third n-channel transistor responsive
to the first control signal as generated and switching
the fourth n-channel transistor responsive to the sec-
ond control signal as generated;
determining the duration of the second charging time
periods dependent on a time difference between the
first control signal as generated and the shadow sig-
nal; and
determining the duration of the second discharging
time periods dependent on a time difference be-
tween the second control signal as generated and
the shadow signal.

[0032] These second preferred embodiments enable
the delay indication signal to be determined with improve
accuracy, in particular when the switched mode power
supply is employed to deliver modulated power, thereby
enabling the decoupling time periods to be short, leading
to improved power efficiency.
[0033] The first comparison circuit may be a logical
AND gate. Similarly, the second comparison circuit may
be a logical AND gate. This feature enables low com-
plexity implementation.
[0034] There is also provided an amplifier, for example
an envelope tracking amplifier, comprising a switched
mode power supply according to the first aspect. There
is also provided a wireless communication device com-
prising the amplifier.
[0035] The scope of the invention is, however, defined
in the attached claims.

Brief Description of the Drawings

[0036] Preferred embodiments will now be described,
by way of example only, with reference to the accompa-
nying drawings, in which:

Figure 1 is a schematic diagram of a switched mode
power supply;
Figure 2 illustrates waveforms of signals;
Figure 3 is a schematic diagram of a voltage regu-
lator;
Figure 4 is a schematic diagram of a delay detector;
Figure 5 is a schematic diagram of a switched mode
power supply;
Figure 6 is a schematic diagram of a delay detector;
Figure 7 is a schematic diagram of a shadow stage;
Figure 8 is flow chart of a method of operating a
switched mode power supply;
Figure 9 is a schematic diagram of an envelope track-
ing amplifier; and
Figure 10 is a schematic diagram of a wireless com-
munication device.

Detailed Description of Preferred Embodiments

[0037] Referring to Figure 1, a switched mode power
supply 100 comprises a reactive element 10 having a

first terminal 12, a second terminal 14, an output capac-
itive element Cout coupled to the second terminal 14 of
the reactive element 10, and an inductive element Lout
coupled between the first terminal 12 and the second
terminal 14 of the reactive element 10. A control signal
generator 30 has an input 33 for an input signal Venv.
The control signal generator 30 generates the first control
signal S1 that it delivers at a first output 31 of the control
signal generator 30 and the second control signal S2 that
it delivers at a second output 32 of the control signal
generator 30. A switching stage 20 has a first input 21
for the first control signal S1, a second input 22 for the
second control signal S2, and a terminal 23 coupled to
the first terminal 12 of the reactive element 10.
[0038] The first output 31 of the control signal gener-
ator 30 is coupled to the first input 21 of the switching
stage 20 by means of a first control signal path 40 for
conveying the first control signal S1 to the switching stage
20, and the second output 32 of the control signal gen-
erator 30 is coupled to the second input of the switching
stage 20 by means of a second control signal path 50 for
conveying the second control signal S2 to the switching
stage 20. More particularly, the first output 31 of the con-
trol signal generator 30 is coupled to an input 41 of the
first control signal path 40, and an output 42 of the first
control signal path 40 is coupled to the first input 21 of
the switching stage 20. Correspondingly, the second out-
put 32 of the control signal generator 30 is coupled to an
input 51 of the second control signal path 50, and an
output 52 of the second control signal path 50 is coupled
to the second input of the switching stage 20.
[0039] Referring to Figure 2, waveform a) is a wave-
form the first control signal S1 at the first output 32 of the
control signal generator 30, and waveform b) is a wave-
form of the second control signal S2 at the second output
33 of the control signal generator 30. The first control
signal S1 has first pulses P1 having a first pulse duration
T1, and the second control signal S2 has second pulses
P2 having a second pulse duration T2. Both the first and
second control signals S1, S2 are periodic, having a com-
mon and constant pulse repetition rate, that is, pulse fre-
quency F, and a common period 1/F. The first and second
control signals S1, S2 have, therefore, a constant time
between the start of each of the first pulses P1 and a
constant time between the start of each of the second
pulses P2. The first pulses P1 do not overlap in time the
second pulses P2, each first pulse P1 occurring in a gap
between two consecutive second pulses P2, and each
second pulse P2 occurring in a gap between two con-
secutive first pulses P1. There are intervals T3 between
the end of each first pulse P1 and the start of the next
second pulse P2, and between the end of each second
pulse P2 and the start of the next first pulse. The intervals
T3 have a constant duration. However, the control signal
generator 30 is arranged to control the first and second
pulse durations T1, T2 dependent on the input signal
Venv at the input 33 of the control signal generator 30.
When the input signal Venv increases, the first pulse du-
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ration T1 increases and the second pulse duration de-
creases, thereby maintaining constant the interval T3 and
the pulse frequency F, and when the input signal Venv
decreases, the first pulse duration T1 decreases and the
second pulse duration increases, also maintaining con-
stant the interval T3 and the pulse frequency F.
[0040] Referring again to Figure 1, the switching stage
20 comprises a first transistor Q1 coupled between the
first terminal 12 of the reactive element 10 and a first
power supply rail 90 at a first supply voltage V1. The first
transistor Q1 has a first gate 24 coupled to the first input
21 of the switching stage 20. The first transistor Q1, in
response to the first control signal S1, adopts a conduct-
ing state for the first pulse duration T1 thereby coupling
the first terminal 12 of the reactive element 10 to the first
power supply rail 90, during which time the output capac-
itive element Cout charges via the output inductive ele-
ment Lout, and for the remainder of the common period
1/F adopts a non-conducting state thereby decoupling
the first terminal 12 of the reactive element 10 from the
first power supply rail 90. The first pulse duration T1 is,
therefore, a first charging time period. The switching
stage 20 comprises a second transistor Q2 coupled be-
tween the first terminal 12 of the reactive element 10 and
a second power supply rail 92 at a second supply voltage
V2 which is lower than the first supply voltage V1, and
which in Figure 1 is illustrated as a ground. The second
transistor Q2 has a second gate 25 coupled to the second
input 22 of the switching stage 20. The second transistor
Q2, in response to the second control signal S2, adopts
a conducting state for the second pulse duration T2 there-
by coupling the first terminal 12 of the reactive element
10 to the second power supply rail 92, during which time
the output capacitive element Cout discharges via the
output inductive element Lout, and for the remainder of
the common period 1/F adopts a non-conducting state
thereby decoupling the first terminal 12 of the reactive
element 10 from the second power supply rail 92. The
second pulse duration T2 is, therefore, a first discharging
time period. An output voltage Vout at the second termi-
nal 14 of the reactive element 10 is indicative of the
charge in the reactive element 10, or more specifically in
the output capacitive element Cout. As the input signal
Venv at the input 33 of the control signal generator 30
varies, the first and second pulse durations T1, T2 vary
causing the first charging and first discharging periods
to vary, and therefore the output voltage Vout is indicative
of the input signal Venv. The intervals T3 are provided
to ensure that the first terminal 12 of the reactive element
10 is not simultaneously coupled to both the first power
supply rail 90 and the second power supply rail 92, which
could cause a large current to flow from the first power
supply rail 90 to the second power supply rail 92 and
thereby damage the switched mode power supply 100.
The intervals T3 are, therefore, decoupling time periods,
during which the first terminal 12 of the reactive element
10 is decoupled from both the first and second power
supply rails 90, 92.

[0041] In this way, therefore, the switching stage 20 is
arranged to, during the first charging time periods, re-
sponsive to the first control signal S1 couple the reactive
element 10 to the first supply voltage V1 for charging the
output capacitive element Cout of the reactive element
10 and responsive to the second control signal S2 de-
couple the reactive element 10 from the second supply
voltage V2 which is lower than the first supply voltage
V1, during first discharging time periods, responsive to
the first control signal S1 decouple the reactive element
10 from the first supply voltage V1 and responsive to the
second control signal S2 couple the reactive element 10
to the second supply voltage V2 for discharging the out-
put capacitive element Cout of the reactive element 10,
and during decoupling time periods, responsive to the
first control signal S1 decouple the reactive element 10
from the first supply voltage V1 and responsive to the
second control signal S2 decouple the reactive element
10 from the second supply voltage V2. The first charging
time periods and the first discharging time periods alter-
nate, and successive ones of the first charging time pe-
riods and first discharging time periods are spaced apart
by one of the decoupling time periods.
[0042] It is desirable for the intervals T3, corresponding
to the decoupling time periods, to be short, in order to
enable high power efficiency, enable a highly linear re-
lationship between the input signal Venv and the output
voltage Vout, and enable a high dynamic range of the
switched mode power supply 100. However, the selec-
tion of a value for the intervals T3 should take into account
different delays experienced by the first and second con-
trol signals S1, S2 in, respectively, the first and second
control signal paths 40, 50. When the switched mode
power supply 100 is implemented in an integrated circuit,
these delays can vary due to temperature and process
variations, and, as explained below, can also vary due
to variation of the input signal Venv.
[0043] A substrate of the first and second transistors
Q1, Q2 is coupled to the second power supply rail 92. A
first protection device D1, in particular a diode, is coupled
between the first power supply rail 90 and the first termi-
nal 12 of the reactive element 10, and is arranged to
protect the first transistor Q1 should the voltage at the
input 12 of the reactive element 10, referred to as the
inductor node voltage Vind, reach a high value with re-
spect to the first supply voltage V1. A second protection
device D2, in particular a diode, is coupled between the
second power supply rail 92 and the first terminal 12 of
the reactive element 10, and is arranged to protect the
second transistor Q2 should the inductor node voltage
Vind at the first terminal 12 of the reactive element 10
reach a low value with respect to the second supply volt-
age V2.
[0044] A delay detector 60 has a first input 61 coupled
to the first output 31 of the control signal generator 30
for receiving the first control signal S1, a second input 62
coupled to the second output 32 of the control signal gen-
erator 30 for receiving the second control signal S2, a
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third input 63 coupled to the first input 21 of the switching
stage 20 for receiving the first control signal S1 after it
has passed through the first control signal path 40, and
a fourth input 64 coupled to the second input 22 of the
switching stage 20 for receiving the second control signal
S2 after it has passed through the second control signal
path 50. The first control signal S1 and the second control
signal S2 may undergo different delays in, respectively,
the first and second control signal paths 40, 50. The delay
detector 60 is arranged to generate a delay indicator sig-
nal S3 indicative of a relative delay between the first con-
trol signal S1 at the first input 21 of the switching stage
20 and the second control signal S2 at the second input
22 of the switching stage 20. It may do this by comparing
the first control signal S1 at its first input 61 and at its
third input 63 to determine a first delay ΔS1 of the first
control signal S1, and by comparing the second control
signal S2 at its second input 62 and its fourth input 64 to
determine a second delay ΔS2 of the second control sig-
nal S2, and generating the delay indicator signal S3 in-
dicative of a difference between the first delay ΔS1 and
the second delay ΔS2. The delay detector 60 delivers
the delay indicator signal S3 at an output 65 of the delay
detector 60.
[0045] The second signal path 50 comprises an ad-
justable delay stage 53 coupled between the input 51 of
the second control signal path 50 and the output 52 of
the second control signal path 50 for delaying the second
control signal S2 by an adjustable delay. The output 65
of the delay detector 60 is coupled to a control input 59
of the adjustable delay stage 53, and the adjustable delay
stage 53 controls the adjustable delay in response to the
delay indicator signal S3 in order to reduce the difference
between the first delay ΔS1 and the second delay ΔS2.
In this way, the adjustable delay stage 53 compensates,
partially or fully, for the difference in delay of the first and
second control signals S1, S2 in, respectively, the first
and second control signal paths 40, 50, thereby ensuring
that the first and second control signals S1, S2 are de-
livered to the switching stage 20 with no, or only a small,
difference in delay. The adjustable delay stage 53 may
be implemented as, for example, a plurality of inverter
elements coupled in series and powered by power supply
voltages which are controlled dependent on the delay
indicator signal S3. Typically, an even number of the in-
verter elements can be used, so that the second control
signal S2 at the output 56 of the adjustable delay stage
53 is not inverted with respect to the second control signal
S2 at the input 55 of the adjustable delay stage 53. Typ-
ically, positive and negative power supply voltages of the
adjustable delay stage 53 can be controlled in opposite
directions dependent on the delay indicator signal S3,
such that the mean value of the positive and negative
power supply voltages is constant.
[0046] Referring to Figure 2, waveform c) is a wave-
form of the first control signal S1 at the output 42 of the
first control signal path 40, delayed, with the respect to
the first control signal S1 at the input 41 of the first control

signal path 40, by the first delay AS1, and waveform b)
is a waveform of the second control signal S2 at the sec-
ond output 52 of the second control signal path 50, prior
to the compensation by the adjustable delay stage 53,
delayed, with the respect to the second control signal S2
at the input 51 of the second control signal path 50, by
the second delay ΔS2, where ΔS1 is greater than ΔS2.
A consequence of the first and second delays ΔS1, ΔS2
being different is that the interval T3 between the end of
each first pulse P1 and the beginning of the next second
pulse P2 is decreased, and therefore denoted T3- in Fig-
ure 2, and the interval T3 between the end of each second
pulse P2 and the beginning of the next first pulse P1 is
increased, and therefore denoted T3+ in Figure 2. The
operation of the adjustable delay stage 53 compensates,
partially or fully, for the difference between T3+ and T3-,
tending to restore these to the value of T3.
[0047] In the embodiment illustrated in Figure 1, with-
out the adjustable delay provided by the adjustable delay
stage 53, the first control signal path 40 would introduce
a greater delay than the second control signal path 50.
In other embodiments, the adjustable delay stage 53 may
instead be provided in the first control signal path 40 if,
without the adjustable delay provided by the adjustable
delay stage 53, the second control signal path 50 would
introduce a greater delay than the first control signal path
40. Therefore, the adjustable delay stage 53, in one of
the first and second signal paths 40, 50, is arranged to,
responsive to the delay indicator signal, control the ad-
justable delay so that the first delay ΔS1 experienced by
the first control signal S1 passing from the first output 31
of the control signal generator 30 to the first input 21 of
the switching stage 20 may be substantially equal to the
second delay ΔS2 experienced by the second control
signal S2 passing from the second output 32 of the control
signal generator 30 to the second input 22 of the switch-
ing stage 20.
[0048] In the embodiment of Figure 1, the first transis-
tor Q1 and the second transistor Q2 are both n-channel
transistors, although in other embodiments the first tran-
sistor Q1 may be a p-channel transistor and the second
transistor Q2 may an n-channel transistor. The use of an
n-channel transistor for the first transistor Q1 is advan-
tageous in enabling a higher power efficiency of the
switched mode power supply 100. During the charging
periods, the inductor node voltage Vind at the first termi-
nal 12 of the reactive element 10 is pulled up towards
the first supply voltage V1. The use of an n-channel tran-
sistor for the first transistor Q1 requires the first control
signal S1 during the first charging time periods, that is
during the first pulses P1 of the first control signal S1, to
be delivered to the first gate 24 at a first drive voltage
that is positive, during the charging periods, with respect
to the inductor node voltage Vind, and therefore is higher
than the first supply voltage V1, which may be a battery
voltage at, for example, 6 volts. Therefore, the first drive
voltage of the first control signal at the output 42 of the
first control signal path 40 can be higher than a voltage
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of the first control signal S1 at the first output 31 of the
control signal generator 30, and higher than a voltage of
the second control signal S2, during the discharging time
periods, at the second output 32 of the control signal
generator 30 and higher than a second drive voltage of
the second control signal S2 at the output 52 of the sec-
ond control signal path 50. In order to provide such a
higher voltage, the switched mode power supply 100
comprises a first capacitive element C1 coupled between
the first terminal 12 of the reactive element 10 and a first
node 91, and a first charging diode D3 is coupled between
the first node 91 and a third power supply rail 93 which
is at a third supply voltage V3 higher than the second
supply voltage V2. During the discharging time periods,
the inductor node voltage Vind is decreased towards the
second supply voltage V2 of the second power supply
rail 92 because the second transistor Q2 is in a conduct-
ing state, and the first transistor Q1 is in a non-conducting
state. This results in the first capacitive element C1 being
charged from the third power supply rail 93 via the first
charging diode D3 to a first node voltage Vnode. During
the charging time periods, the second transistor Q2 is in
a non-conducting state and the first transistor Q1 is in a
conducting state, which results in the inductor node volt-
age Vind being increased towards the first voltage V1 of
the first power supply rail 90. Consequently, the first node
voltage Vnode at the first node 91 is raised. The value
of the first node voltage Vnode to which the first node 91
is raised depends on the duty cycle of the first and second
control signals S1, S2, which in turn depends on the input
signal Venv at the input 33 of the control signal generator
30, and can be up to the sum of the first supply voltage
V1 plus the first node voltage Vnode reached during a
charging time period less a threshold voltage of the first
charging diode D3, and so can exceed the first supply
voltage V1.
[0049] The first control signal path 40 is powered by
having a first power supply input 441 coupled to the first
node 91 which is at the first node voltage Vnode, and a
second power supply input 442 coupled to the first ter-
minal 12 of the reactive element 10 which is at the induc-
tor node voltage Vind , and so is powered at a voltage
equal to a voltage across the first capacitive element C1.
Both the inductor node voltage Vind and the first node
voltage Vnode vary as the reactive element 10 is charged
and discharged, and also as the input signal Venv varies.
The first control signal path 40 is therefore able to provide
the first control signal S1 to the first input 21 of the switch-
ing stage 20, and therefore to the first gate 24 of the first
transistor Q1, at a voltage which is higher during the
charging time periods than the first supply voltage V1.
More particularly, the first control signal path 40 compris-
es a level shifting circuit 43 having an input 45 coupled
to the input 41 of the first control signal path 40 and an
output 46 coupled to an input 47 of a first driver 44. The
first driver 44 has an output 48 coupled to the output 42
of the first control signal path 40. The level shifting circuit
43 increases the voltages of the first control signal S1,

and the first driver 44 operates at these increased volt-
ages. In this way, the first control signal path 40 is ar-
ranged to determine the voltage of the first control signal
S1 delivered to the first input 21 of the switching stage
20, dependent on a difference between the first node
voltage Vnode and the inductor node voltage Vind.
[0050] In contrast, the second control signal path 50 is
powered by being coupled to the second power supply
rail 92 at the second voltage V2, and the third power
supply rail 93 at the third supply voltage V3. The adjust-
able delay stage 53 has an input 55 coupled to the input
51 of the second control signal path 50 and an output 56
coupled to an input 57 of a second driver 54. An output
58 of the second driver 54 is coupled to the output 52 of
the second control signal path 50. The second driver 54
delivers the second control signal S2 to the second input
22 of the switching stage 20, and therefore to the second
gate 25 of the second transistor Q2, at a voltage which
is lower during the discharging time periods than the volt-
age of the first control signal S1 at the first gate 24 of the
first transistor Q1 during the charging time periods.
[0051] The voltage at the first terminal 12 of the reactive
element 10 is dependent on the duty cycle of the first and
second control signals S1, S2, which are dependent on
the input signal at the input 33 of the control signal gen-
erator 30. This can result in variation in the first node
voltage Vnode at the first node 91 as the input signal
Venv varies, and variation in the time required to charge
the first capacitive element C1. This, in turn, can lead to
a variation in the delay of the first control signal S1 in the
first signal control path 40. This variation in delay may
occur too fast to be compensated, or fully compensated,
by the adjustable delay stage 53 in the manner described
above, as the delay adjustment may be slow in relation
to the changes in the input signal Venv. Moreover, the
time available for charging the first capacitive element
C1 depends on the duty cycle of the first and second
control signals S1, S2, and the need to ensure sufficient
time for charging the first capacitive element C1 places
a constraint on the range of duty cycle values that may
be used, which constrains linearity and power efficiency.
[0052] Further improvements can be provided by a
voltage regulator 70 that has an input 71 coupled, by
means of a second charging diode D4 to a fourth power
supply rail 94 which is at a fourth supply voltage V4 higher
than the third supply voltage V3. The input 71 of the volt-
age regulator 70 is also coupled to the first terminal 12
of the reactive element 10 by means of a second capac-
itive element C2. A port 73 of the voltage regulator 70 is
coupled to the first terminal 12 of the reactive element
10. The second charging diode D4 is arranged for charg-
ing the second capacitive element C2 from the fourth
power supply rail 94. An output 72 of the voltage regulator
70 is coupled to the first node 91. The voltage regulator
70 is arranged to reduce the variations of the first node
voltage Vnode at the first node 91. This reduces the var-
iations in the charging time of the first capacitive element
C1, and also enables a higher mean value of the first
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node voltage Vnode to be provided, thereby enabling the
speed of charging the first capacitive element C1 to be
increased, enabling a greater range of duty cycle values
to be used. This can also lead to further improved power
efficiency by enabling the first power supply rail V1 to
operate at a lower value of the first supply voltage V1.
Power efficiency can be optimum if most of the current
drawn at the first node 91 by the first control signal path
40 is supplied from the third power supply rail 93, and
current is drawn from fourth power supply rail 94 via the
voltage regulator 70 only when the duty cycle of the first
or second control signals S1, S2 is close to 100%.
[0053] An embodiment of the voltage regulator 70 is
illustrated in Figure 3, although alternative embodiments
may be employed. Referring to Figure 3, a third transistor
Q3 is coupled in series with a first current source I1 be-
tween the first input 71 of the voltage regulator 70 and
the second power supply rail 92. A fourth transistor Q4
is coupled between the first input 71 of the voltage reg-
ulator 70 and a reference node 96, and a first resistor R1
is coupled between the reference node 96 and the port
73 of the voltage regulator 70. A gate of the third transistor
Q3 and a gate of the fourth transistor Q4 are coupled
together and to a drain of the third transistor Q3. A source
of the third transistor Q3 and a source of the fourth tran-
sistor Q4 are coupled to the input 71 of the voltage reg-
ulator 70. The third transistor Q3, first current source 11,
fourth transistor Q4 and the first resistor R1 are arranged
as a current mirror and establish a reference voltage Vref
at the reference node 96. A fifth transistor Q5 is coupled
between the input 71 and the output 72 of the voltage
regulator 70. Second and third resistors R2, R3, are cou-
pled between the output 72 of the voltage regulator 70
and the port 73 of the voltage regulator 70. An amplifier
74 has a non-inverting input 75 coupled to the reference
node 96 for receiving the reference voltage Vref, and an
inverting input 76 coupled to a junction between the sec-
ond and third resistors R2, R3 for sampling a fraction of
the first node voltage Vnode at the output 72 of the voltage
regulator 70. An output 77 of the amplifier 74 is coupled
to a gate of the fifth transistor Q5 for controlling the gain
of the fifth transistor Q5. A fourth resistor R4 and a reg-
ulator capacitive element Cr are coupled in series be-
tween the output 77 of the amplifier 74 and the output 72
of the voltage regulator 70 for smoothing voltage varia-
tions at the output 72 of the voltage regulator 70.
[0054] Referring to Figure 4, the delay detector 60
comprises a sixth transistor Q6, which is a p-channel
MOSFET, having a drain terminal coupled to the third
power supply rail 93 by means of a second current source
12 and a source terminal coupled to the output 65 of the
delay detector 60. A seventh transistor Q7, which is an
n-channel MOSFET, has a drain terminal coupled to the
output 65 of the delay detector 60 and a source terminal
coupled to the second power supply rail 92 by means of
a third current source 13. A detector capacitive element
Cd is coupled between the output 65 of the delay detector
60 and the second power supply rail 92. The second and

third current sources 12, 13 are matched, such that they
provide the same current when the same voltage differ-
ence is applied across their respective terminals. The
detector capacitive element Cd is charged when the sixth
transistor Q6 is in a conductive state and the seventh
transistor Q7 is in a non-conductive state, and is dis-
charged when the sixth transistor Q6 is in a non-conduc-
tive state and the seventh transistor Q7 is in a conductive
state. The delay detector 60 receives the first control sig-
nal S1 at its first input 61, and a delayed version of the
first control signal S1, having been transmitted through
the first control signal path 40, at its third input 63. A first
AND gate 66 has a first input 661 coupled to the first input
61 of the delay detector 60, and a second input 662 cou-
pled to the third input 63 of the delay detector 60 by means
of a first inverter 630. A signal at an output 663 of the
first AND gate 66 has a duty cycle that is indicative of the
first delay ΔS1 experienced by the first control signal S1
whilst being transmitted through the first control signal
path 40, and, after inversion by a second inverter 660, is
applied to a gate terminal of the sixth transistor Q6, there-
by switching the sixth transistor Q6 into a conducting
state for a period of time corresponding to the first delay
ΔS1 experienced by the first control signal S1 whilst being
transmitted through the first control signal path 40. Sim-
ilarly, the delay detector 60 receives the second control
signal S2 at its second input 62, and a delayed version
of the second control signal S2, having been transmitted
through the second control signal path 50, at its fourth
input 64. A second AND gate 67 has a first input 671
coupled to the second input 62 of the delay detector 60,
and a second input 672 coupled to the fourth input 64 of
the delay detector 60 by means of a third inverter 640. A
signal at an output 673 of the second AND gate 67 has
a duty cycle that is indicative of the second delay ΔS2
experienced by the second control signal S2 whilst being
transmitted through the second control signal path 50,
and, is applied to a gate terminal of the seventh transistor
Q7, thereby switching the seventh transistor Q7 into a
conducting state for a period of time corresponding to
the second delay ΔS2 experienced by the second control
signal S2 whilst being transmitted through the second
control signal path 50. The detector capacitive element
Cd operates as an integrator. The average charge on the
detector capacitive element Cd, and consequently the
delay indicator signal S3 at the output 65 of the delay
detector 60, is indicative of the difference, ΔS1-ΔS2, in
delay between the first control signal S1 being transmit-
ted through the first control signal path 40 and the second
control signal S2 being transmitted through the second
control signal path 50. By applying the delay indicator
signal S3 to adjust the adjustable delay provided by the
adjustable delay stage 53, a loop is formed which drives
this difference in delay to zero. Such an embodiment of
the delay detector 60 that operates by charging the de-
tector capacitive element Cd may also be referred to as
a charge time detector (CDT). Therefore, in the embod-
iment described with reference to Figure 4, the first AND
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gate 66 is a first comparison circuit which is arranged to
determine the duration of the second charging time pe-
riods dependent on a time difference, corresponding to
the first delay ΔS1, between the first control signal S1 at
the first output 31 of the control signal generator 30 and
the first control signal S1 at the first input 21 of the switch-
ing stage 20, and the second AND gate 67 is a second
comparison circuit 67 arranged to determine the duration
of the second discharging time periods dependent on a
time difference, corresponding to the second delay ΔS2,
between the second control signal S2 at the second out-
put 32 of the control signal generator 30 and the second
control signal at the second input 22 of the switching
stage 20.
[0055] In the case of the delay detector 60 described
with reference to Figure 4, in embodiments of the
switched mode power supply 100 where the first transis-
tor Q1 is an n-channel transistor and the first control sig-
nal S1 applied at the first gate 24 is at the first drive voltage
which is higher than the first supply voltage V1, the first
control signal S1 applied at the third input 63 of the delay
detector 60 has different voltage levels than the first con-
trol signal S1 applied at the first input 61 of the delay
detector 60. Therefore, it can be advantageous to em-
ploy, for delay detection, an alternative to the first control
signal S1 at the first drive voltage.
[0056] Also in the case of the delay detector 60, in em-
bodiments of the switched mode power supply 100 where
the first control signal path 40 is powered from the induc-
tor node voltage Vind at the first terminal 12 of the reactive
element 10 and by the first node voltage Vnode at the
first node 91, the inductor node voltage Vind and the first
node voltage Vnode both toggle at the pulse frequency
F. The inductor node voltage Vind can toggle between
the first voltage V1, or close to the first voltage V1, and
the second voltage V2, or close to the second voltage,
and the first node voltage Vnode tracks these changes,
remaining higher than the inductor node voltage Vind by
the voltage across the first capacitive element C1. More-
over, the inductor node voltage Vind, and current flowing
to and from the reactive element 10 at the first terminal
12 of the reactive element 10, and also the first node
voltage Vnode, all vary dependent on the input signal
Venv. The effect of these variations is that tracking of
transitions in the first control signal S1 by the first inverter
630 may be unreliable, leading to an error in the detected
delay, and therefore an error in the delay indicator signal
S3. Therefore, it can be advantageous to employ a delay
detector 60 that provides some protection from these var-
iations when detecting the delay.
[0057] Referring to Figure 5, a switched mode power
supply 200 is identical to the switched mode power supply
100 described with reference to Figure 1, except that it
employs a delay detector 60’ having a different embod-
iment than the delay detector 60 described with reference
to Figures 1 and 5, and is arranged in the switched mode
power supply 200 in a different way, in order to address
the disadvantages described above. Only the differences

between the switched mode power supplies 100, 200
and between the embodiments of the delay detectors 60,
60’ are described below.
[0058] In addition to the first to fourth inputs 61, 62, 63,
64 and output 65 as described in relation to the delay
detector 60, the delay detector 60’ comprises a fifth input
68 coupled to the first node 91 for receiving the first node
voltage Vnode, and a sixth input 69 coupled to the first
terminal 12 of the reactive element 10 for receiving the
inductor node voltage Vind.
[0059] Referring to Figure 6, the delay detector 60’
comprises all the elements of the delay detector 60 de-
scribed with reference to Figure 4, although there are
some differences in the way the elements are coupled.
There is also an additional shadow stage 80. Only the
differences of the delay detector 60’ with respect to the
delay detector 60’ are described below. The second input
662 of the first AND gate 66, instead of being coupled,
by means of the first inverter 630, to the third input 63 of
the delay detector 60’ for receiving the first control signal
S1 after it has been transmitted through the first control
signal path 40, is coupled, by means of the first inverter
630, to an output 85 of the shadow stage 80 for receiving
a shadow inductor node voltage Vsind. The first input
671 of the second AND gate 67, instead of being coupled
directly to the second input 62 of the delay detector 60’
for receiving the second control signal S2 before it has
been transmitted through the second control signal path
50, is coupled to the second input 62 of the delay detector
60’ by means of the third inverter 640. The second input
672 of the second AND gate 67, instead of being coupled,
by means of the third inverter 640, to the fourth input 64
of the delay detector 60’ for receiving the second control
signal S2 after it has been transmitted through the second
control signal path 50, is coupled directly, to the output
85 of the shadow stage 80 for receiving the shadow in-
ductor node voltage Vsind.
[0060] By operation of the switching stage 20, the in-
ductor node voltage Vind is indicative of the switching of
the first and second control signals S1, S2, in particular
their rising and falling edges, and therefore contains in-
formation that can be used by the delay detector 60’ for
generating the delay indicator signal S3, instead of em-
ploying directly the first and second control signals S1,
S2 at the outputs 42, 52 of the respective first and second
control signal paths 40, 50, which can employ different
drive voltages as described above. The shadow stage
80 generates the shadow inductor node voltage Vsind
which mimics the switching of the inductor node voltage
Vind but is not affected by current flowing to and from
the reactive element 10, and which switches between
lower voltage levels than the first control signal S1 at the
output 42 of the first control signal path 40.
[0061] Continuing to refer to Figure 6, the shadow
stage 80 has a first input 83 coupled to the third input of
the delay detector 60’ for receiving the first control signal
S1 from the output 42 of the first control signal path 40,
a second input 84 coupled to the fourth input of the delay
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detector 60’ for receiving the second control signal S2
from the output 52 of the second control signal path 50,
a third input 88 coupled to the fifth input 68 of the delay
detector 60’ for receiving the first node voltage Vnode,
and a fourth input 89 coupled to the sixth input 69 of the
delay detector 60’ for receiving the inductor node voltage
Vind.
[0062] Referring to Figure 7, the shadow stage 80 com-
prises an eighth transistor Q8, a ninth transistor Q9, a
tenth transistor Q10 and an eleventh transistor Q11 cou-
pled in series between the third input 88 of the shadow
stage 80 and the second power supply rail 92. In more
detail, the tenth transistor Q10 is a p-channel transistor
and has a source and substrate coupled to the third input
88 of the shadow stage 80 for receiving the first node
voltage Vnode, and a drain coupled to a source of the
ninth transistor Q9. A gate of the tenth transistor Q10 is
coupled to the first input 83 of the shadow stage 80 by
means of a fourth inverter 840, for receiving an inverted
version of the first control signal S1 at the output 42 of
the first control signal path 40. The ninth transistor Q9 is
also a p-channel transistor and has a substrate coupled
to the third input 88 of the shadow stage 80, a gate cou-
pled to the fourth input 89 of the delay detector 60’ for
receiving the inductor node voltage Vind, and a drain
coupled to a drain of the eighth transistor Q8. The eighth
transistor Q8 is an n-channel transistor and has a source
coupled to a shadow node 97, and a substrate coupled
to the second power supply rail 92. The eleventh tran-
sistor Q11 is an n-channel transistor and has a drain cou-
pled to the shadow node 97, a source and substrate cou-
pled to the second power supply rail 92, and a gate cou-
pled to the second input 84 of the shadow stage 80 for
receiving the second control signal S2 from the output
52 of the second control signal path 50.
[0063] The eighth and eleventh transistors Q8, Q11
mimic the switching of, respectively, the first and second
transistors Q1, Q2. The first transistor Q1 is a high voltage
transistor, operable with the first drive voltage of the first
control signal S1 applied at its gate, and the eighth tran-
sistor Q8 is likewise a high voltage transistor operable
with a same, or similar, voltage applied at its gate by the
delay circuit 820. The eighth transistor Q8 may be smaller
than the first transistor Q1, in particular having a smaller
channel width than the first transistor Q1, and the elev-
enth transistor Q11 may be smaller than the second tran-
sistor Q2, in particular having a smaller channel width
than the second transistor Q2. The tenth transistor Q10
is a low voltage transistor, operable with the first drive
voltage of the first control signal S1 applied at its gate by
the fourth inverter 840, and operable with the first node
voltage Vnode applied at its drain and substrate. The
ninth transistor Q9 is a high voltage transistor operable
with approximately the first node voltage Vnode applied
at its drain via the tenth transistor Q10, and the first node
voltage Vnode applied at its substrate. The high voltage
ninth transistor Q9 is present to protect the faster low
voltage tenth transistor Q10 from a damagingly high over-

voltage, although this aspect is implementation depend-
ent, being dependent on the characteristics of the tech-
nology used to implement the switched mode power sup-
ply, in particular an integrated circuit process. The sec-
ond and eleventh transistors Q2, Q11 need not be high
voltage transistors as they are presented with relatively
low voltages.
[0064] A buffer 830 has an input 831 coupled to the
shadow node 97, a first power supply input coupled to
the fourth power supply rail 94, a second power supply
input coupled to the second power supply rail 92, and an
output 832 coupled to the output 85 of the shadow stage
80 for delivering the shadow inductor node voltage Vsind.
A latch 810 has an input 811 coupled to an output 812
of the latch 810. The output 812 of the latch 810 is coupled
to an input 821 of a delay circuit 820, and an output 822
of the delay circuit 820 is coupled to a gate of the eighth
transistor Q8. The input 821 of the delay circuit 820 is
coupled to the shadow node 97. The delay circuit 820
provides inversion, such that a signal at its output 822 is
a delayed and inverted version of a signal applied at its
input 821. The latch 810 and the delay circuit 820 each
have a first power supply input coupled to the fourth pow-
er supply rail 94 and a second power supply input coupled
to the second power supply rail 92.
[0065] In operation, consider an initial state corre-
sponding to a decoupling time period, in which the first
and second control signals S1, S2 at the respective out-
puts 42 , 52 of the first and second control signal paths
40, 50 have a relatively low voltage, and therefore the
first and second transistor Q1,Q2 are in a non-conducting
state, the inductor node voltage Vind is floating at a rel-
atively low voltage. Correspondingly the tenth and elev-
enth transistors Q10, Q11 are in a non-conducting state
and the shadow node 97 is floating at a relatively low
voltage, and the shadow inductor node voltage Vsind is
relatively low. The ninth transistor Q9 is in a conducting
state, due to the low voltage of the inductor node voltage
Vind applied at its gate. The eighth transistor Q8 is in a
conducting state, due to a relatively high voltage applied
at its gate by the delay circuit 820, which inverts the low
voltage at the shadow node 97.
[0066] When the first control signal S1 at the output 42
of the first control signal path 40 switches to the relatively
high first drive voltage, at the rising edge of the first pulse
P1, the first transistor Q1 is switched to a conducting
state, thereby raising the inductor node voltage Vind, and
the tenth transistor Q10 is also switched to a conducting
state, thereby raising the voltage at the shadow node 97
and the shadow inductor node voltage Vsind. The rise of
the inductor node voltage Vind causes the ninth transistor
Q9 to switch to a non-conducting state, and the rise of
the voltage at the shadow node 97 causes the eighth
transistor Q8 to switch to a non-conducting state. The
shadow node 97 remains at a high voltage because its
high voltage is latched by the latch 810.
[0067] When the first control signal S1 at the output 42
of the first control signal path 40 switches to a relatively
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low voltage, at the falling edge of the first pulse P1, the
first transistor Q1 is switched to a non-conducting state,
and consequently the inductor node voltage Vind floats
at the established high value, due to the charge in the
reactive element 10. The tenth transistor Q10 is also
switched to a non-conducting state, but the voltage at
the shadow node 97 is unchanged at its high level, as
the ninth transistor Q9 remains in the non-conducting
state.
[0068] When the second control signal at the output
52 of the second control signal path 50 switches to a
relatively high voltage, at the rising edge of the second
pulse P2, the second transistor Q2 is switched to a con-
ducting state, thereby discharging the reactive element
10 and reducing the inductor node voltage Vind to a low
value, and the eleventh transistor Q11 is switched to a
conducting state, thereby reducing the voltage at the
shadow node 97, and the shadow inductor node voltage
Vsind, to a low value.
[0069] When the second control signal at the output
52 of the second control signal path 50 switches to a
relatively low voltage, at the falling edge of the second
pulse P2, the second transistor Q2 is switched to a non-
conducting state, and the inductor node voltage Vind
floats at the established low value. The eleventh transis-
tor Q11 is also switched to a non-conducting state, but
the voltage at the shadow node 97, and the shadow node
voltage Vsind, is unchanged at the low level, as the low
level is latched by the latch 810.
[0070] The transitions in the shadow node voltage
Vsind, therefore, mimic the transitions in the inductor
node voltage Vind, as described above. The delay de-
tector 60’ uses the transitions in the shadow node voltage
Vsind for delay detection, thereby overcoming, at least
partially, the disadvantages described above in relation
to the delay detector 60 of Figure 4. Therefore, in the
embodiment described with reference to Figures 5, 6 and
7, the charge control circuit 68 is arranged to generate a
shadow signal at the shadow node 97 by switching the
third n-channel transistor Q8 responsive to the first con-
trol signal S1 at the first input 21 of the switching stage
20 and switching the fourth n-channel transistor Q11 re-
sponsive to the second control signal S2 at the second
input 22 of the switching stage 20. In this embodiment,
the first AND gate 66 is a first comparison circuit arranged
to determine the duration of the second charging time
periods dependent on a time difference between the first
control signal S1 at the first output 31 of the control signal
generator 30 and the shadow signal, and the second AND
gate 67 is a second comparison circuit arranged to de-
termine the duration of the second discharging time pe-
riods dependent on a time difference between the second
control signal at the second output 32 of the control signal
generator 30 and the shadow signal.
[0071] Referring to Figure 8, a method of operating the
switched mode power supply 100 comprises, at step 300,
the control signal generator 30 generating the first control
signal S1 and the second control signal S2. At step 310,

the first control signal S1 is delivered to the switching
stage 20 by means of the first control signal path 40 and
the second control signal S2 is delivered to the switching
stage 20 by means of the second control signal path 50.
At steps 320, 330 and 330 the switching stage 20 em-
ploys the first and second switching signals S1, S2. At
step 320, during one of the first charging time periods, in
response to the first control signal S1, the switching stage
20 couples the reactive element 10 to the first power sup-
ply voltage V1, whilst in response to the second control
signal S2 the reactive element 10 is decoupled from the
second power supply voltage V2. At step 330, during a
decoupling time period, the switching stage 20 decouples
the reactive element 10 from the first power supply volt-
age V1 whilst the reactive element 10 remains decoupled
from the second power supply voltage V2. At step 340,
during the next occurring one of the first discharging time
periods, in response to the second control signal S2, the
switching stage 20 couples the reactive element 10 to
the second power supply voltage V2, whilst in response
to the first control signal S1 the reactive element remains
decoupled from the first power supply voltage. At step
350, during the next occurring decoupling time period,
the switching stage 20 decouples the reactive element
10 from the second power supply voltage V2 whilst the
reactive element 10 remains decoupled from the first sup-
ply voltage V1. The first charging time periods and the
first discharging time periods alternate, and successive
ones of the first charging time periods and first discharg-
ing time periods are spaced apart by one of the decou-
pling time periods. At step 360, the delay detector 60
generates the delay indicator signal S3 indicative of a
relative delay between the first control signal S1 and the
second control signal S2 at the switching stage 20. At
step 370, in response to the delay indicator signal S3,
the adjustable delay stage 53 controls the adjustable de-
lay in one of the first and second signal paths 40, 50 so
that a first delay experienced by the first control signal
S1 in the first control signal path 40 is substantially equal
to a second delay experienced by the second control
signal S2 in the second control signal path 50. The steps
300 to 370 may be repeated in a loop.
[0072] Referring to Figure 9, an envelope tracking am-
plifier 400 comprises an input 410 for a signal to be am-
plified Sin. The input 410 of the envelope tracking ampli-
fier 400 is coupled to an input 422 of a power amplifier
420 for amplifying the signal to be amplified Sin, and is
also coupled to an input 432 of an enveloped detector
430. The envelope detector 430 generates, at an output
434 of the envelope detector 430, an envelope signal
Venv that is indicative of an envelope of the signal to be
amplified Sin. The output 434 of the envelope detector
430 is coupled to the input 33 of the switched mode power
supply 100 for delivering the envelope signal Venv as
the input signal of the switched mode power supply 100.
The output 14 of the switched mode power supply 100
is coupled to a power supply input 424 of the power am-
plifier 420 for delivering the output signal Vout of the

23 24 



EP 3 358 731 A1

14

5

10

15

20

25

30

35

40

45

50

55

switched mode power supply 100 as a power supply volt-
age of the power amplifier 420 which varies dependent
on the envelope of the signal to be amplified Sin. An
output 426 of the power amplifier 420 delivers an output
signal Sout that is an amplified version of signal to be
amplified Sin.
[0073] Referring to Figure 10, a wireless communica-
tion device 500 comprises an antenna 510 coupled to a
low noise amplifier 520 for amplifying radio frequency
(RF) signals received at the antenna 510. An output of
the low noise amplifier 520 is coupled to an input of a
down-converter 530 for mixing the received RF signals
to baseband. An output of the down-converter 530 is cou-
pled to a baseband processor 540 for demodulating
baseband signals received from the down-converter 530,
and decoding demodulated signals. Signals for transmis-
sion are encoded and modulated onto a carrier signal by
the baseband processor 540, and an output of the base-
band processor 540 is coupled to an input of an up-con-
verter 550 for mixing the modulated carrier signal to RF.
An output of the up-converter 550 is coupled to the input
410 of the envelope tracking amplifier 400 for amplifying
the modulated carrier signal at RF, although other types
of amplifier may alternatively be used, and in particular
an amplifier employing the switched mode power supply
100. The output 426 of the envelope tracking stage 400
is coupled to the antenna 510 for transmission of the
amplified signal.
[0074] Although the switched mode power supply is
described with reference to an envelope tracking ampli-
fier, the switched mode power supply may also be used
in other applications, such as other types of amplifier,
requiring a power supply, being of particular advantage
where fast variation of a power supply voltage is required.
[0075] Although the disclosure is described with refer-
ence to LTE and digital interface standards specified by
the MIPI Alliance, the disclosure is not limited to these
standards but has application to other digital interfaces,
for example in other frequency bands, such as around
30Hz. Similarly, although the disclosure is described with
reference to a wireless communication device, the dis-
closure is not limited to such a device, but has application
to other electronic devices incorporating a digital inter-
face.
[0076] Other variations and modifications will be ap-
parent to the skilled person. Such variations and modifi-
cations may involve equivalent and other features which
are already known and which may be used instead of, or
in addition to, features described herein. Features that
are described in the context of separate embodiments
may be provided in combination in a single embodiment.
Conversely, features which are described in the context
of a single embodiment may also be provided separately
or in any suitable subcombination.
[0077] It should be noted that the term "comprising"
does not exclude other elements or steps, the term "a"
or "an" does not exclude a plurality, a single feature may
fulfil the functions of several features recited in the claims

and reference signs in the claims shall not be construed
as limiting the scope of the claims. It should also be noted
that the Figures are not necessarily to scale; emphasis
instead generally being placed upon illustrating the prin-
ciples of the present invention.
[0078] Claims of the priority application.

1. A switched mode power supply (100) comprising:

a reactive element (10);
a control signal generator (30) arranged to gen-
erate a first control signal at a first output (31)
of the control signal generator (30) and a second
control signal at a second output (32) of the con-
trol signal generator (30), wherein the first output
(31) of the control signal generator (30) is cou-
pled to a first input (21) of a switching stage (20)
by means of a first control signal path (40) and
the second output (32) of the control signal gen-
erator (30) is coupled to a second input (22) of
the switching stage (20) by means of a second
control signal path (50);
wherein the switching stage (20) is arranged to,
during first charging time periods,

- responsive to the first control signal, couple
the reactive element (10) to a first supply
voltage for charging the reactive element
(10), and

- responsive to the second control signal, de-
couple the reactive element (10) from a sec-
ond supply voltage lower than the first sup-
ply voltage,

during first discharging time periods,

- responsive to the first control signal, decou-
ple the reactive element (10) from the first
supply voltage, and

- responsive to the second control signal,
couple the reactive element (10) to the sec-
ond supply voltage for discharging the re-
active element (10),

during decoupling time periods,

- responsive to the first control signal, decou-
ple the reactive element (10) from the first
supply voltage, and

- responsive to the second control signal, de-
couple the reactive element (10) from the
second supply voltage,

wherein the first charging time periods and the first
discharging time periods alternate and are each
spaced apart by one of the decoupling time periods;
a delay detector (60) arranged to generate a delay
indicator signal indicative of a relative delay between
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the first control signal at the first input (21) of the
switching stage (20) and the second control signal
at the second input (22) of the switching stage (20);
and
an adjustable delay stage (53) in one of the first and
second signal paths (40, 50) and arranged to, re-
sponsive to the delay indicator signal, control an ad-
justable delay so that a first delay experienced by
the first control signal passing from the first output
(31) of the control signal generator (30) to the first
input (21) of the switching stage (20) is substantially
equal to a second delay experienced by the second
control signal passing from the second output (32)
of the control signal generator (30) to the second
input (22) of the switching stage (20).

2. A switched mode power supply (100) as claimed
in claim 1, wherein the reactive element (10) com-
prises a first terminal (12) for charging and discharg-
ing the reactive element (10), a second terminal (14)
for an output voltage, an inductive element (Lout)
coupled between the first and second terminals (12,
14), and an output capacitive element (Cout) coupled
to the second terminal (14).

3. A switched mode power supply (100) as claimed
in claim 1 or claim 2,
the switching stage (20) comprising:

- a first n-channel transistor (Q1) coupled be-
tween a/the first terminal (12) of the reactive el-
ement (10) and a first power supply rail (90) at
the first supply voltage and having a first gate
(24) coupled to the first input (21) of the switching
stage (20), and

- a second n-channel transistor (Q2) coupled be-
tween the first terminal (12) of the reactive ele-
ment (10) and a second power supply rail (92)
at the second supply voltage and having a sec-
ond gate (25) coupled to the second input (22)
of the switching stage (20);

wherein the first n-channel transistor (Q1) is ar-
ranged, responsive to the first control signal, to cou-
ple the first terminal (12) of the reactive element (10)
to a first power supply rail (90) at the first supply
voltage during the first charging time periods and to
decouple the first terminal (12) of the reactive ele-
ment (10) from the first power supply rail (90) during
the first discharging time periods and the decoupling
time periods;
wherein the second n-channel transistor (Q2) is ar-
ranged, responsive to the second control signal, to
decouple the first terminal (12) of the reactive ele-
ment (10) from a second power supply rail (92) at
the second supply voltage during the first charging
time periods and the decoupling time periods and to
couple the first terminal (12) of the reactive element

(10) to the second power supply rail (92) during the
first discharging time periods,
wherein the first control signal path (40) is arranged
to deliver the first control signal to the first input (21)
of the switching stage (20) at, during the first charging
time periods, a first drive voltage higher than the first
supply voltage.

4. A switched mode power supply (100) as claimed
in claim 3, comprising:

a first capacitive element (C1) having a first ter-
minal (26) coupled to the first terminal (12) of
the reactive element (10) and a second terminal
(27) coupled to a first node (91); and
a first charging diode (D3) coupled between the
first node (91) and a third power supply rail (93)
at a third supply voltage higher than the second
supply voltage, and arranged for charging the
first capacitive element (C1) from the third sup-
ply voltage;
wherein the first control signal path (40) is cou-
pled to the first node (91) and is arranged to
determine the first drive voltage dependent on
a difference between a first node voltage at the
first node (91) and a voltage at the first terminal
(12) of the reactive element (10).

5. A switched mode power supply (100) as claimed
in claim 4, wherein the first control signal path (40)
comprises a first power supply input (441) coupled
to the first node (91) and a second power supply
input (442) coupled to the first terminal (12) of the
reactive element (10), and wherein the first control
signal path (40) is arranged to determine the first
drive voltage dependent on the first node voltage
and the voltage at the first terminal (12) of the reac-
tive element (10)

6. A switched mode power supply (100) as claimed
in claim 5, comprising a voltage regulator (70) cou-
pled to the first node (91) and to a fourth power supply
rail (94) at a fourth supply voltage higher than the
third supply voltage, wherein the voltage regulator
(70) is arranged to control the first node voltage de-
pendent on the fourth supply voltage.

7. A switched mode power supply (100) as claimed
in claim 6, comprising:

a second capacitive element (C2) having a first
terminal (28) coupled to the first terminal (12) of
the reactive element (10) and a second terminal
(29) coupled to a second node (95); and
a second charging diode (D4) coupled between
the second node (95) and the fourth power sup-
ply rail (94) and arranged for charging the sec-
ond capacitive element (C2) from the fourth sup-
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ply voltage;
wherein the voltage regulator (70) comprises a
first regulator terminal (71) coupled to the sec-
ond node (95), a second regulator output (72)
coupled to the first node (91), and a third regu-
lator terminal (73) coupled to the first terminal
(12) of the reactive element (10), and wherein
the voltage regulator (70) is arranged to control
the first node voltage dependent on a difference
between a second node voltage at the second
node (95) and the voltage at the first terminal
(12) of the reactive element (10).

8. A switched mode power supply (100) as claimed
in any preceding claim, wherein the delay detector
(60) comprises a delay detection capacitive element
(Cd) coupled to a charge control circuit (68), wherein
the charge control circuit (68) is arranged to alter-
nately charge the delay detection capacitive element
(Cd) during second charging time periods of duration
dependent on the first delay and discharge the delay
detection capacitive element (Cd) during second dis-
charging time periods of duration dependent on the
second delay, and wherein the delay indication sig-
nal is dependent on a voltage across the delay de-
tection capacitive element (Cd).

9. A switched mode power supply (100) as claimed
in claim 8, wherein the charge control circuit (68)
comprises:

a first comparison circuit (66) arranged to deter-
mine the duration of the second charging time
periods dependent on a time difference between
the first control signal at the first output (31) of
the control signal generator (30) and the first
control signal at the first input (21) of the switch-
ing stage (20); and
a second comparison circuit (67) arranged to
determine the duration of the second discharg-
ing time periods dependent on a time difference
between the second control signal at the second
output (32) of the control signal generator (30)
and the second control signal at the second input
(22) of the switching stage (20).

10. A switched mode power supply (100) as claimed
in claim 8, wherein the charge control circuit (68)
comprises:

a third n-channel transistor (Q8) coupled to a
third node (97);
a fourth n-channel transistor (Q11) coupled to a
third node (97);
wherein the charge control circuit (68) is ar-
ranged to generate a shadow signal at the third
node (97) by switching the third n-channel tran-
sistor (Q8) responsive to the first control signal

at the first input (21) of the switching stage (20)
and switching the fourth n-channel transistor
(Q11) responsive to the second control signal
at the second input (22) of the switching stage
(20);
a first comparison circuit (66) arranged to deter-
mine the duration of the second charging time
periods dependent on a time difference between
the first control signal at the first output (31) of
the control signal generator (30) and the shadow
signal; and
a second comparison circuit (67) arranged to
determine the duration of the second discharg-
ing time periods dependent on a time difference
between the second control signal at the second
output (32) of the control signal generator (30)
and the shadow signal.

11. A switched mode power supply (100) as claimed
in claim 9 or claim 10, wherein the first comparison
circuit (66) is a logical AND gate and the second
comparison circuit (67) is a logical AND gate.

12. An amplifier (400) comprising a switched mode
power supply (100) as claimed in any preceding
claim.

13. A wireless communication device (500) compris-
ing an amplifier (400) as claimed in claim 12.

14. A method of operating a switched mode power
supply (100), comprising:

generating a first control signal and a second
control signal;
delivering the first control signal to a switching
stage (20) by means of a first control signal path
(40) and delivering the second control signal to
the switching stage (20) by means of a second
control signal path (50);
employing the switching stage (20) for,

during first charging time periods, charging
a reactive element (10) by, responsive to
the first control signal, coupling the reactive
element (10) to a first supply voltage, and,
responsive to the second control signal, de-
coupling the reactive element (10) from a
second supply voltage lower than the first
supply voltage,
during first discharging time periods, dis-
charging the reactive element (10) by, re-
sponsive to the first control signal, decou-
pling the reactive element (10) from the first
supply voltage, and, responsive to the sec-
ond control signal, coupling the reactive el-
ement (10) to the second supply voltage,
during decoupling time periods, responsive
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to the first control signal, decoupling the re-
active element (10) from the first supply volt-
age, and, responsive to the second control
signal, decoupling the reactive element (10)
from the second supply voltage;

wherein the first charging time periods and the
first discharging time periods alternate and are
each spaced apart by one of the decoupling time
periods;
generating a delay indicator signal indicative of
a relative delay, at the switching stage (20), be-
tween the first control signal and the second con-
trol signal; and
controlling, responsive to the delay indicator sig-
nal, an adjustable delay in one of the first and
second control signal paths (40, 50) so that a
first delay experienced by the first control signal
in the first control signal path (40) is substantially
equal to a second delay experienced by the sec-
ond control signal in the second control signal
path (50).

Claims

1. A switched mode power supply (100) comprising:

a reactive element (10) comprising a first termi-
nal (12) and a second terminal (14), the second
terminal being configured to provide an output
voltage for the switched mode power supply;
a switching stage (20) having first and second
inputs (21,22), the switching stage being config-
ured to charge and discharge the reactive ele-
ment (10), via the first terminal (12), during first
charging time periods and first discharging time
periods, respectively, dependent on first and
second control signals applied to the first and
second inputs 21,22), respectively;
a control signal generator (30) arranged to gen-
erate the first and second control signals at the
first and second inputs (21,22), respectively, via
respective first and second control signal paths
(40,50), wherein the first control signal path (40)
is configured to deliver the first control signal to
the first input (21) of the switching stage (20) at
a first drive voltage, during the first charging time
periods, and wherein the first control signal path
(40) is coupled to a first node (91) and is ar-
ranged to determine the first drive voltage de-
pendent on a difference between a first node
voltage at the first node (91), in the first control
signal path (40), and a voltage at the first termi-
nal (12) of the reactive element (10);
a first capacitive element (C1) coupled between
the reactive element (10) and the first node (91);
a voltage regulator (70) coupled to the first node

(91) and configured to control the first node volt-
age;
a delay detector (60) arranged to determine a
relative delay between the first and second con-
trol signals, through the first and second control
signal paths (40,50); and
an adjustable delay stage (53) in one of the first
and second control signal paths (40,50), the ad-
justable delay stage (53) being configured to
control an adjustable delay to compensate for
the relative delay.

2. The switched mode power supply (100) of claim 1,
wherein the switching stage (20) is configured to:

(a) during the first charging time periods, respon-
sive to the first control signal, couple the reactive
element (10) to a first supply voltage for charging
the reactive element, and responsive to the sec-
ond control signal, decouple the reactive ele-
ment (10) from a second supply voltage lower
than the first supply voltage, the first supply volt-
age being lower than the first drive voltage,
(b) during the first discharging time periods, re-
sponsive to the first control signal, decouple the
reactive element (10) from the first supply volt-
age, and responsive to the second control sig-
nal, couple the reactive element (10) to the sec-
ond supply voltage for discharging the reactive
element (10), and
(c) during decoupling time periods, responsive
to the first control signal, decouple the reactive
element (10) from the first supply voltage, and
responsive to the second control signal, decou-
ple the reactive element (10) from the second
supply voltage;

wherein the first charging time periods and the first
discharging time periods alternate and are each
spaced apart by one of the decoupling time periods;
and
wherein the switched power supply further compris-
es a first charging diode (D3) coupled between the
first node (91) and a third power supply rail at a third
supply voltage higher than the second supply volt-
age, and arranged for charging the first capacitive
element (C1) from the third supply voltage; and
wherein the voltage regulator (70) is coupled to a
fourth power supply rail at a fourth supply voltage
higher than the third supply voltage and is configured
to control the first node voltage dependent on the
fourth supply voltage.

3. The switched mode power supply (100) of claim 1
or 2, wherein the switching stage (20) comprises:

a first n-channel transistor (Q1) coupled be-
tween the first terminal (12) of the reactive ele-
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ment (10) and a first power supply rail (90) at
the first supply voltage and having a first gate
(24) coupled to the first input (21) of the switching
stage (20), and
a second n-channel transistor (Q2) coupled be-
tween the first terminal (12) of the reactive ele-
ment (10) and a second power supply rail (92)
at the second supply voltage and having a sec-
ond gate (25) coupled to the second input (22)
of the switching stage (20);
wherein the first n-channel transistor (Q1) is ar-
ranged, responsive to the first control signal, to
couple the first terminal (12) of the reactive ele-
ment (10) to the first power supply rail (90) at
the first supply voltage during the first charging
time periods and to decouple the first terminal
(12) of the reactive element (10) from the first
power supply rail (90) during the first discharging
time periods and the decoupling time periods;
wherein the second n-channel transistor (Q2) is
arranged, responsive to the second control sig-
nal, to decouple the first terminal (12) of the re-
active element (10) from the second power sup-
ply rail (92) at the second supply voltage during
the first charging time periods and the decou-
pling time periods and to couple the first terminal
(12) of the reactive element (10) to the second
power supply rail during the first discharging
time periods.

4. The switched mode power supply (100) of any of
claims 1-3, wherein the first control signal path (40)
comprises a first power supply input (441) coupled
to the first node (91) and a second power supply
input (442) coupled to the first terminal (12) of the
reactive element (10).

5. The switched mode power supply (100) of any of
claims 1-4, comprising:

a second capacitive element (C2) having a first
terminal (28) coupled to the first terminal (12) of
the reactive element (10) and a second terminal
(29) coupled to a second node (95); and
a second charging diode (D4) coupled between
the second node (95) and the fourth power sup-
ply rail and arranged for charging the second
capacitive element (C2) from the fourth supply
voltage;
wherein the voltage regulator (70) comprises a
first regulator terminal (71) coupled to the sec-
ond node (95), a second regulator output (72)
coupled to the first node (91), and a third regu-
lator terminal (73) coupled to the first terminal
(12) of the reactive element (10), and wherein
the voltage regulator (70) is arranged to control
the first node voltage dependent on a difference
between a second node voltage at the second

node (95) and the voltage at the first terminal
(12) of the reactive element (10).

6. The switched mode power supply of any of claims
1-5, wherein the reactive element (10) comprises an
inductive element (Lout) coupled between the first
and second terminals (12,14), and an output capac-
itive element (Cout) coupled to the second terminal
(14).

7. The switched mode power supply (100) of any of
claims 1-6, wherein the delay detector (60) compris-
es a delay detection capacitive element (Cd) coupled
to a charge control circuit (68), wherein the charge
control circuit (68) is arranged to alternately charge
the delay detection capacitive element (Cd) during
second charging time periods of duration dependent
on the first delay and discharge the delay detection
capacitive element (Cd) during second discharging
time periods of duration dependent on the second
delay, and wherein the delay indication signal is de-
pendent on a voltage across the delay detection ca-
pacitive element (Cd).

8. The switched mode power supply (100) of claim 7,
wherein the charge control circuit (68) comprises:

a first comparison circuit (66) arranged to deter-
mine the duration of the second charging time
periods dependent on a time difference between
the first control signal at a first output (31) of the
control signal generator (30) and the first control
signal at the first input (21) of the switching stage
(20); and
a second comparison circuit (67) arranged to
determine the duration of the second discharg-
ing time periods dependent on a time difference
between the second control signal at a second
output (32) of the control signal generator and
the second control signal at the second input
(22) of the switching stage (20).

9. The switched mode power supply (100) of claim 8,
wherein the first comparison circuit (66) is a logical
AND gate and the second comparison circuit (67) is
a logical AND gate.

10. An amplifier (400) comprising the switched mode
power supply (100) of any of claims 1-9.

11. A wireless communication device (500) comprising
the amplifier (400) of claim 10.
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