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and a nominal value of the supply voltage. Further, the apparatus includes a switch circuit configured to couple a charged capacitive
clement to the supply line based on the control signal.
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APPARATUS AND METHOD FOR REGULATING A SUPPLY VOLTAGE

Field

The present disclosure relates to supply voltage regulation. In particular, examples relate to

an apparatus and a method for regulating a supply voltage.

Background

Voltage regulators, such as DC-to-DC converters or Low DropOut (LDO) regulators, are
used to provide a constant and accurate voltage from a changing voltage source to a chang-
ing current consuming load. The voltage regulators need to reject noise as well as voltage

ripples, and isolate sensitive blocks from other system blocks.

However, these conventional voltage regulators suffer from a variety drawbacks — especial-
ly if they are used for modern mixed signal blocks, such as digital transmitters or digital
receivers. For example, conventional voltage regulators merely support low bandwidths,
which are usually lower than the bandwidth of the load’s current profile. Moreover, conven-
tional voltage regulators may cause signal dependent high voltage ripples. Moreover, their
efficiency decrease when the bandwidth increase. Conventional voltage regulators further

offer merely limited isolation from load current spikes which may cause spurs in the system.

Hence, there may be a desire for an improved voltage supply.

Brief description of the Figures

Some examples of apparatuses and/or methods will be described in the following by way of

example only, and with reference to the accompanying figures, in which

Fig. 1 illustrates an example of an apparatus for regulating a supply voltage;

Fig. 2 illustrates an example of a scheme for increasing a supply voltage to a nominal value;
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Fig. 3 illustrates an example of a scheme for lowering a supply voltage to a nominal value;

Fig. 4 illustrates an example of a scheme for controlling a supply voltage by charge re-

distribution;

Fig. 5 illustrates an example for increasing a supply voltage to a nominal value;

Fig. 6 illustrates another example of an apparatus for regulating a supply voltage;

Fig. 7 illustrates an example of a mobile device comprising an apparatus for regulating a

supply voltage; and

Fig. 8 illustrates a flowchart of an example of a method for regulating a supply voltage.

Detailed Description

Various examples will now be described more fully with reference to the accompanying
drawings in which some examples are illustrated. In the figures, the thicknesses of lines,

layers and/or regions may be exaggerated for clarity.

Accordingly, while further examples are capable of various modifications and alternative
forms, some particular examples thereof are shown in the figures and will subsequently be
described in detail. However, this detailed description does not limit further examples to the
particular forms described. Further examples may cover all modifications, equivalents, and
alternatives falling within the scope of the disclosure. Like numbers refer to like or similar
elements throughout the description of the figures, which may be implemented identically or
in modified form when compared to one another while providing for the same or a similar

functionality.

It will be understood that when an element is referred to as being “connected” or “coupled”
to another element, the elements may be directly connected or coupled or via one or more
intervening elements. If two elements A and B are combined using an “or”, this is to be un-

derstood to disclose all possible combinations, i.e. only A, only B as well as A and B. An
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alternative wording for the same combinations is “at least one of A and B”. The same ap-

plies for combinations of more than 2 Elements.

The terminology used herein for the purpose of describing particular examples is not intend-
ed to be limiting for further examples. Whenever a singular form such as “a,” “an” and
“the” is used and using only a single element is neither explicitly or implicitly defined as
being mandatory, further examples may also use plural elements to implement the same
functionality. Likewise, when a functionality is subsequently described as being implement-
ed using multiple elements, further examples may implement the same functionality using a
single element or processing entity. It will be further understood that the terms “comprises,”
“comprising,” “includes” and/or “including,” when used, specify the presence of the stated
features, integers, steps, operations, processes, acts, elements and/or components, but do not
preclude the presence or addition of one or more other features, integers, steps, operations,

processes, acts, elements, components and/or any group thereof.

Unless otherwise defined, all terms (including technical and scientific terms) are used herein

in their ordinary meaning of the art to which the examples belong.

Fig. 1 illustrates an apparatus 100 for regulating a supply voltage supplied from a voltage
source 140 to a load 150 via a supply line 160. The apparatus 100 comprises a control cir-
cuit 110 configured to generate a control signal 111 based on a difference between a value
112 of the supply voltage and a nominal value 113 of the supply voltage. Further, the appa-
ratus 100 comprises a switch circuit 120 configured to couple a charged capacitive element

130 to the supply line 160 based on the control signal 111.

By coupling the charged capacitive element 130 to the supply line 160 based on the devia-
tion of the value 112 of the supply voltage from the nominal value 113 of the supply voltage
(as indicated by the control signal 111), the supply voltage may be stabilized. Coupling the
charged capacitive element 130 to the supply line 160 may allow to remove excess charge
from the supply line 160 if the value 112 of the supply voltage is higher than the nominal
value 113 of the supply voltage, or to supply additional charge to the supply line 160 if the
value 112 of the supply voltage is lower than the nominal value 113 of the supply voltage.
That is, the apparatus 100 may allow to compensate load current transients by inject-

ing/removing charge to/from the supply line (supply node) 160. Apparatus 100 may further
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allow to use simple and poor performance DC-to-DC converters instead of LDO regulators
as voltage source 140 since it may compensate the voltage fluctuations and, hence, provide
high quality load voltage. As a consequence, voltage ripples of the supply voltage may be

damped or at least reduced depending on the operating frequency of the switch circuit 120.

The charged capacitive element 130 is pre-charged to a certain voltage, i.e. charge sharing
occurs between the capacitive element 130 and the supply line 160 when the switch circuit
120 couples the charged capacitive element 130 to the supply line 160. Accordingly, the
bandwidth of the supply voltage that may be regulated by apparatus 100 is almost not lim-
ited.

The load 150 may be any electric circuit or component that requires a voltage (power) sup-
ply. A current (power) consumption of the load 150 may be constant or varying. Similarly,
the voltage source 140 may be any electric circuit or component, or any electro-chemical
component that provides a supply voltage to the load 150. For example, the voltage source

140 may be a DC-to-DC converter or a battery.

The nominal value 113 of the supply voltage is the desired (set) value of the supply voltage.
For example, it may be stored in a memory of the control circuit 110 or it may be read from

a memory accessible by the control circuit 110.

The charged capacitive element 130 is an electronic component that exhibits a defined ca-
pacitance and stores charge. The charged capacitive element 130 may be a single compo-
nent or be constituted of a plurality of identical or different capacitive sub-components. For
example, the capacitive element 130 may comprise a plurality of charged capacitors. The
plurality of capacitors may comprises identical or different capacities. A first one of the plu-
rality of capacitors may, e.g., comprise a first capacitance, wherein a second one of the plu-
rality of capacitors comprises a different second capacitance. That is, switched capacitors

may be used to control (increase/decrease) the load supply voltage at the supply line 160.

Accordingly, the switch circuit 120 may couple a number of the plurality of capacitors to
the supply line 160 based on the control signal 111. For example, the switch circuit 120 may

couple one, two, three or all of the plurality of capacitors to the supply line 160. Moreover,
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5
the switch circuit 120 may couple capacitors of the plurality of capacitors to the supply line

160 having different or identical capacitance.

The control circuit 110 may, hence, generate the control signal 111 to comprise information
for controlling the switch circuit 120 to couple the charged capacitive element 130 to the
supply line 160, if the value 112 of the supply voltage is different from the nominal value
113 of the supply voltage.

If the switch circuit 120 couples a number of the plurality of capacitors to the supply line
160, the switch circuit 120 may couple the number of the plurality of capacitors either in
parallel or in series based on the control signal 111. For example, the control signal 111 may
indicate a desired (required) total capacitance to be coupled to the supply line 160. Accord-
ingly, the switch circuit 120 may select adequate ones of the plurality of capacitors and cou-
ple them either in parallel or in series to the supply line 160 in order to present the desired

total capacitance to the supply line 160.

The value 112 of the supply voltage indicates the actual instantaneous or the expected (pre-

dicted) instantaneous value of the supply voltage.

The control circuit 110 may, in some examples, measure the value 112 of the supply voltage
at the supply line 160. Therefore, the control circuit 110 may, accordingly, comprise a volt-
age measurement circuitry. The control signal 111 may, hence, be based on the instantane-

ous value of the supply voltage.

Alternatively, the control circuit 110 may calculate the value 112 of the supply voltage
based on a current consumption profile of the load 150. The current consumption profile of
the load 150 is the temporal course of the current consumption of the load. The current con-
sumption profile of the load 150 may be known a priori due to measurements in the past
and/or due to known behavior of the load 150. Using the current consumption profile of the
load 150 may allow to predict the momentary value of the supply voltage at the supply line
160. Accordingly, the current consumption profile may be used as a basis for counteracting

the expected (predicted) variation of the supply voltage.
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In some examples, the control circuit 110 may generate the control signal 111 further based
on an instantaneous value of the supply voltage measured at the supply line 160. That is, in
addition to the prediction of the momentary value of the supply voltage at the supply line
160, the control circuit 110 may, additionally, measure the true instantaneous value of the
supply voltage at the supply line 160. For example, the control circuit 110 may regularly
generate the control signal 111 based on the value 112 of the supply voltage that is derived
from the current consumption profile of the load 150, and merely (only) partially correct the
control signal 111 based on the measured instantaneous value of the supply voltage at the
supply line 160. The control circuit 110 may, e.g., periodically measure the instantaneous

value of the supply voltage at the supply line 160.

The control signal 111 may be further based on the capacitance of the load 150. For exam-
ple, the capacitance of the load 150 may be known a priori to the control circuit 110 (e.g. it
may be stored in a memory of the control circuit 110 or may be read from a memory acces-
sible by the control circuit 110). Alternatively, the control circuit 110 may measure the ca-
pacitance of the load 150. Based on the capacitance of the load 150, the control circuit 110
may determine the required capacitance of the capacitive element 130 for restoring the sup-

ply voltage to its nominal value, and may generate the control signal 111 accordingly.

In order to be able to remove charge from the supply line 160 or inject charge to the supply
line, the charged capacitive element 130 may be charged to a voltage different than the
nominal value 113 of the supply voltage. For example, the charged capacitive element 130
may be charged to a voltage higher than the nominal value 113 of the supply voltage, if the
value 112 of the supply voltage is lower than the nominal value 113 of the supply voltage.
Accordingly, the charged capacitive element 130 may inject charge to the supply line 160 so
that the value 112 of the supply voltage rises to the nominal value 113 of the supply voltage.
The charged capacitive element 130 may be charged to a voltage lower than the nominal
value 113 of the supply voltage, if the value 112 of the supply voltage is higher than the
nominal value 113 of the supply voltage. Accordingly, the charged capacitive element 130
may take away charge from the supply line 160 so that the value 112 of the supply voltage
lowers to the nominal value 113 of the supply voltage. Both configurations may, hence, al-

low to stabilize the supply voltage at the supply line 160.
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By using the capacitive element 130, excess charge at the supply line 160 may be stored and
reused later for injecting back to the supply line 160. For example, the charged capacitive
element 130 may store charge from the supply line 160 while it is connected to the supply
line 160 at a first time instant. The value of the supply voltage is higher than the nominal
value 113 of the supply voltage at the first time instant. When the value of the supply volt-
age 1s lower than the nominal value 113 of the supply voltage at a succeeding second time
instant, the charged capacitive element 130 may release charge stored at the first time in-
stant to the supply line 160 while it is connected to the supply line 160 at the second time
instant. In other words, charge may be stored and reused from cycle to cycle. Excessive
charge may be stored in, e.g., switched capacitors (serving as the capacitive element 130)
for usage when charge needs to be injected back to the load 150. Accordingly, AC charge of
the load 150 is not consumed from the voltage source 140 (e.g. a battery). Apparatus 100
may, hence, be highly efficient.

Compared to conventional voltage supply solutions, apparatus 100 may exhibit a variety of
advantages. LDO regulators or DC-to-DC converters are unable to provide a low ripple
voltage to high bandwidth loads — unless large output capacitors are used. However, large
capacitors are not feasible in practice and it is impossible to design voltage regulators that
drive such capacitors because of size and stability limitations. Hence, high peak to Root-
Mean-Square (RMS) current blocks (e.g. mixed signal blocks like digital transmitters or
receivers) operated at high frequencies suffer from data depended supply voltage ripples
which are not low damped enough when driven by standard voltage regulators. On the con-
trary, apparatus 100 according to the proposed technique may provide high efficient, low
ripple and data independent load voltage regulation and make the block less aggressive to

other blocks.

As discussed above, the proposed technique may include a charge redistribution based volt-
age regulator that allows to use a simple DC voltage source, which only provides the DC
current of the load. For example, the switch circuit 120 and the capacitive element 130 may
be part of a Digital-to-Analog Converter (DAC). The DAC receives the digital control sig-
nal 111 from the control circuit 110 and accordingly couples a number of its plurality of
(pre-charged) capacitors to the supply line 160. In this manner, the charge redistribution
DAC may track the supply voltage of the load 150 and supply all the required AC current

with a minimal voltage ripple to the load.
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The DAC may, e.g., control the charge that is injected to the load 150 or taken from the load
150 as described above by

a) an open loop, i.e. the DAC balances and stabilizes the supply voltage for the load 150
based on a known current consumption profile of the load (known load current profile); or
b) a closed loop, i.e. based on the instantaneous voltage supplied to the load 150, the control
circuit 150 uses the feedback to control the DAC to bring the supply voltage back to the

nominal value. Since a DAC is a high bandwidth circuit, it may track the voltage.

Charge that is injected to the load 150 or taken from the load 150 in order to stabilize the
supply voltage for the load 150 may be recycled by the DAC as described above in order to
make the voltage regulator efficient. As a consequence, the AC current of the load 150 is
not consumed from the voltage source 140 (e.g. a battery), but it circles in the system and is

reused cycle after cycle.

Figs. 2 and 3 illustrate an example of a scheme for increasing and lowering a supply voltage
to a nominal value according to the proposed technique. In the example of Figs. 2 and 3, the
switching circuit and the charged capacitive element are again illustrated as elements of a

DAC. In particular, the charged capacitive element is illustrated as capacitor of the DAC.

At a time instant T=To-AT, the supply voltage for the load 250 has an error of -& compared
to the nominal value VDDcore of the supply voltage as illustrated in the upper part of Fig.
2. That is, the value of the supply voltage is (1- €): VDDcore. The load 250 exhibits a capac-

itance Cpcap.

A DAC capacitor 230 is going to be connected to the load 250 to correct the voltage error.
The capacitor 230 exhibits a capacitance Cpac. It is to be noted that the total capacitance of
the DAC may be higher than Cpac. The capacitor 230 is charged to 2- VDDcoge.

At time T=Ty, the capacitor 230 is coupled to the load 250 (e.g. via the supply line).

At a time instant T=To+AT, the capacitor 230 is still connected to the load 250 and the sup-

ply voltage to the load 250 changed in substantially zero time (assuming substantially zero
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resistance) to the nominal value VDDcore of the supply voltage as illustrated in the middle

part of Fig. 2. Also the capacitor 230 is now charged to VDDcore.

The immediate increase of the supply voltage from the initial value (1-€): VDDcogrg to the
nominal value VDDcore after coupling capacitor 230 to load 250 is evident from voltage

curve illustrated in the lower part of Fig. 2.

Fig. 3 illustrates the opposite situation. At a time instant T=T-AT, the supply voltage for
the load 250 has an error of +& compared to the nominal value VDDcorg of the supply volt-
age as illustrated in the upper part of Fig. 3. That is, the value of the supply voltage is (1+
€)' VDDcore. The load 250 exhibits again a capacitance Cpcap.

The DAC capacitor 230 is going to be connected to the load 250 to correct the voltage error.
The capacitor 230 exhibits again the capacitance Cpac. The capacitor 230 is this time

charged to 1/2- VDDcore.

At time instant T=T}, the capacitor 230 is coupled to the load 250 (e.g. via the supply line).

At a time instant T=T1+AT, the capacitor 230 is still connected to the load 250 and the sup-
ply voltage to the load 250 changed in substantially zero time (assuming substantially zero
resistance) to the nominal value VDDcore of the supply voltage as illustrated in the middle

part of Fig. 3. Also the capacitor 230 is now charged to VDDcore.

The immediate decrease of the supply voltage from the initial value (1+¢€)- VDDcore to the
nominal value VDDcore after coupling capacitor 230 to load 250 is evident from voltage

curve illustrated in the lower part of Fig. 3.

As discussed above, the DAC may be based on a charge re-distribution concept. Charge re-
distribution is based on shorting capacitors charged to different voltages, and not on charg-
ing a capacitor. Accordingly, the bandwidth of such a DAC is almost unlimited (may, e.g.,
still depend on switch impedance of the DAC). The DAC may set the bandwidth of the
whole voltage regulation system and may, hence, also cover for a poor performance, low
bandwidth DC-to-DC converter used as voltage source and only providing the DC current

for the load. Accordingly, the DC-to-DC converter may be a simple block.
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A charge reuse voltage regulator according to the proposed technique is efficient since it
recycles charge from cycle to cycle. When the supply voltage to the load is too high, the
unnecessary charge is stored. Then, it is injected back when the supply voltage to the load is

lower than the nominal voltage. Charge reuse is exemplarily illustrated in Fig. 4.

In step 1, two capacitors 430-1 and 430-2 of a DAC according to the proposed technique are
connected (coupled) in parallel and are coupled to the load 450, which is represented in Fig.
4 by its capacitance Cpcap. The supply voltage for the load 450 is at its nominal value
VDDcore. Accordingly, both capacitors 430-1 and 430-2 are charged to the nominal value
VDDcore of the supply voltage.

In step 2, the capacitors 430-1 and 430-2 of the DAC are disconnected (decoupled) from
load 450. The disconnection does not affect the voltage of the capacitors 430-1 and 430-2

since the charge per capacitor is uniform.

In step 3, the capacitors 430-1 and 430-2 of the DAC are connected serially, but are still
disconnected from load 450. Accordingly, the total capacitance of the two capacitors 430-1

and 430-2 is halved. Accordingly, their voltage is now 2-VDDcore.

In step 4, the supply voltage to load 450 dropped below its nominal value VDDcore. The
serial capacitors 430-1 and 430-2 of the DAC (in the exact amount needed) are connected to

the load 450 and the supply voltage increases again to its nominal value VDDcoge.

In step 5, the supply voltage to the load 450 returned to its nominal value VDDcorg, but
both capacitors 430-1 and 430-2 of the DAC now store only half of the nominal value
VDDcore of the supply voltage because of the halved total capacitance due to the series

connection of the capacitors 430-1 and 430-2.

In step 6, the two capacitors 430-1 and 430-2 of the DAC are again coupled in parallel, and
are disconnected from the load 450. Each of the capacitors 430-1 and 430-2 stores
1/2-VDDcorg — waiting to be reused.



10

15

20

25

30

WO 2019/045698 PCT/US2017/049239

11
In step 7, the supply voltage to load 450 increased to more than its nominal value VDDcore.
The parallel capacitors 430-1 and 430-2 of the DAC (in the exact amount needed) are con-
nected to the load 450 and the supply voltage decreases again to its nominal value VDD-

CORE.

Then, the system is back in the same state as for step 1 since the supply voltage to load 450
is back at its nominal value VDDcorg, and since both capacitors 430-1 and 430-2 of the

DAC are again charged to the nominal value VDDcorg of the supply voltage.

It is evident from the scheme illustrated in Fig. 4 that the charge taken from the load 450,
when the supply voltage to load 450 increases to more than its nominal value VDDcogrg, is
injected (released) back to the load 450 when the supply voltage to load 450 dropped below

its nominal value VDDcore. Accordingly, the charge is reused.

The above described coupling of the capacitors 430-1 and 430-2 (and optionally further ca-
pacitors) may be done by a switching circuit of the DAC based on a digital control signal
supplied to the DAC. As discussed above in connection with Fig. 1, the digital control sig-
nal may be supplied to the DAC by a control circuit, and be based on a difference between

the value of the supply voltage and the nominal value of the supply voltage.

A further numerical example is illustrated in Fig. 5. In Fig. 5, it is assumed that the load
550’s capacitance Cpcap=100pF. Further, it is assumed that the supply voltage’s nominal

value is VDDcore=1V.

If the supply voltage drops by 10mV to 0.99V, the charge re-distribution DAC needs to pre-
sent a capacitance of 1pF to restore the supply voltage from 0.99V to 1V. Accordingly, a
capacitor 530 of the DAC with a capacitance of 1pF is coupled to the DAC. In order to in-
crease the supply voltage from 0.99V to 1V, the capacitor 530 is charged to a voltage higher
than the supply voltage’s nominal value VDDcore=1V. For example, the capacitor 530 may

be charged to 2V as indicated in Fig. 5.

If for instance the DAC frequency is doubled, the required DAC capacitance needed to re-

store the nominal voltage may be halved.
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Fig. 6 illustrates a DAC implementation of an apparatus 600 for regulating a supply voltage
supplied from a voltage source 640 to a load 650 via a supply line 660.

The apparatus 600 comprises a control circuit 610 configured to generate a digital control
signal 611 based on a difference between a value of the supply voltage and a nominal value
VDDcore of the supply voltage. The control circuit 610 calculates the value of the supply
voltage based on a current consumption profile of the load 650. As indicated by line 612,
the control circuit 610 may optionally measure the value of the supply voltage at the supply
line 660, and generate the digital control signal 611 further based on the instantaneous value
of the supply voltage measured at the supply line 660. In some examples, the control circuit
610 may alternatively generate the digital control signal 611 based on only the instantaneous

value of the supply voltage measured at the supply line 660.

The apparatus 600 further comprises DAC 670 which receives the digital control signal 611.
The DAC 670 comprises a plurality of (charged) capacitors 630-1, 630-2, ..., 630-N. The
plurality of capacitors 630-1, 630-2, ..., 630-N exhibit different capacities. However, in
some examples, the plurality of capacitors 630-1, 630-2, ..., 630-N may alternatively exhib-

it identical capacity.

The DAC 670 additionally comprises a plurality of switches 620-1, 620-2, ..., 620-M. The
plurality of switches 620-1, 620-2, ..., 620-M are controlled by control circuitry of the DAC
670 based on the digital control signal 611.

If the value of the supply voltage is different from the nominal value VDDcore of the sup-
ply voltage, the control circuit 610 generates the digital control signal 611 to comprise in-
formation for controlling the DAC 670 to couple a number of the plurality of capacitors
630-1, 630-2, ..., 630-N to the supply line 660. Accordingly, the supply voltage may be
controlled (e.g. increased/decreased) to its nominal value VDDcore. As indicated above, the

digital control signal 611 may further be based on the capacitance Cpcap of the load 650.

Generally speaking, some examples of the present disclosure relate to a means for regulat-
ing a supply voltage supplied from a voltage source to a load via a supply line. The means
comprises a means for generating a control signal based on a difference between a value of

the supply voltage and a nominal value of the supply voltage. Further the means comprises a
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means for coupling a charged capacitive element to the supply line based on the control sig-

nal.

An example of an implementation using an apparatus for regulating a supply voltage ac-
cording to one or more aspects of the proposed architecture or one or more examples de-
scribed above is illustrated in Fig. 7. Fig. 7 schematically illustrates an example of a mobile
device 700 (e.g. mobile phone, smartphone, tablet-computer, or laptop) comprising an appa-

ratus 710 for regulating a supply voltage according to an example described herein.

For example, a transceiver 730 may comprise the apparatus 710 for regulating a supply
voltage. Further illustrated is the load 720, which may, e.g., be an analog-to-digital convert-
er, a digital-to-analog converter, a mixer or a power amplifier of the transceiver 730. At
least one antenna element 740 of the mobile device 700 may be coupled to the transceiver

730.

Conventional solutions for regulating high bandwidth loads or high peak to RMS current
profile circuits like transmitters, receivers or transceivers are based on fast LDO regulators
or fast DC-to-DC converters. However, the performance of those regulators is insufficient in
terms of voltage ripples and data dependent ripples. Moreover, as those regulators become
faster, they get less and less efficient. The apparatus 710 for regulating a supply voltage
according to the proposed technique may provide better performance (e.g. improved
AM/PM characteristic for power amplifiers or improved Signal-to-Noise + Distortion Ratio,
SNDR, for analog-to-digital converters), better efficiency and improved spur behavior. To
this end, a mobile device with a low area, high efficiency, high bandwidth, low ripple volt-

age source for any high bandwidth circuit (load) may be provided.

The proposed supply voltage regulation technique is not limited to mobile devices. The sup-
ply voltage regulation technique may be used in any electronic device requiring a high

bandwidth and low ripple voltage supply.

An example of a method 800 for regulating a supply voltage supplied from a voltage source
to a load via a supply line is illustrated by means of a flowchart in Fig. 8. The method 800
comprises generating 802 a control signal based on a difference between a value of the sup-

ply voltage and a nominal value of the supply voltage. Further, the method 800 comprises
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coupling 804, using a switch circuit, a charged capacitive element to the supply line based

on the control signal.

More details and aspects of the method are mentioned in connection with the proposed
technique or one or more examples described above (e.g. Figs. 1 - 6). The method may
comprise one or more additional optional features corresponding to one or more aspects of

the proposed technique or one or more examples described above.

Wireless communication circuits using apparatuses and transmitters according to the pro-
posed technique or one or more of the examples described above may be configured to op-
erate according to one of the 3™ Generation Partnership Project (3GPP)-standardized mobile
communication networks or systems. The mobile or wireless communication system may
correspond to, for example, a Long-Term Evolution (LTE), an LTE-Advanced (LTE-A),
High Speed Packet Access (HSPA), a Universal Mobile Telecommunication System
(UMTS) or a UMTS Terrestrial Radio Access Network (UTRAN), an evolved-UTRAN (e-
UTRAN), a Global System for Mobile communication (GSM) or Enhanced Data rates for
GSM Evolution (EDGE) network, a GSM/EDGE Radio Access Network (GERAN). Alter-
natively, the wireless communication circuits may be configured to operate according to
mobile communication networks with different standards, for example, a Worldwide Inter-
operability for Microwave Access (WIMAX) network IEEE 802.16 or Wireless Local Area
Network (WLAN) IEEE 802.11, generally an Orthogonal Frequency Division Multiple Ac-
cess (OFDMA) network, a Time Division Multiple Access (TDMA) network, a Code Divi-
sion Multiple Access (CDMA) network, a Wideband-CDMA (WCDMA) network, a Fre-
quency Division Multiple Access (FDMA) network, a Spatial Division Multiple Access
(SDMA) network, etc.

The examples as described herein may be summarized as follows:

Example 1 is an apparatus for regulating a supply voltage supplied from a voltage source to
a load via a supply line, the apparatus comprising: a control circuit configured to generate a
control signal based on a difference between a value of the supply voltage and a nominal
value of the supply voltage; and a switch circuit configured to couple a charged capacitive

element to the supply line based on the control signal.
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In example 2, the control circuit in the apparatus of example 1 is configured to measure the

value of the supply voltage at the supply line.

In example 3, the control circuit in the apparatus of example 1 is configured to calculate the

value of the supply voltage based on a current consumption profile of the load.

In example 4, the control circuit in the apparatus of example 3 is configured to further gen-
erate the control signal based on an instantaneous value of the supply voltage measured at

the supply line.

In example 5, the charged capacitive element in the apparatus of any of examples 1 to 4 is

charged to a voltage different than the nominal value of the supply voltage.

In example 6, the control circuit in the apparatus of any of examples 1 to 5 is configured to
generate the control signal to comprise information for controlling the switch circuit to cou-
ple the charged capacitive element to the supply line, if the value of the supply voltage is

different from the nominal value of the supply voltage.

In example 7, the charged capacitive element in the apparatus of example 6 is charged to a
voltage higher than the nominal value of the supply voltage, if the value of the supply volt-

age is lower than the nominal value of the supply voltage.

In example 8, the charged capacitive element in the apparatus of example 6 or example 7 is
charged to a voltage lower than the nominal value of the supply voltage, if the value of the

supply voltage is higher than the nominal value of the supply voltage.

In example 9, the charged capacitive element in the apparatus of any of examples 1 to 8 is
configured to store charge from the supply line while it is connected to the supply line at a
first time instant, the value of the supply voltage being higher than the nominal value of the
supply voltage at the first time instant, wherein the charged capacitive element is configured
to release charge stored at the first time instant to the supply line while it is connected to the
supply line at a succeeding second time instant, the value of the supply voltage being lower

than the nominal value of the supply voltage at the second time instant.



10

15

20

25

30

WO 2019/045698 PCT/US2017/049239

16
In example 10, the capacitive element in the apparatus of any of examples 1 to 9 comprises

a plurality of capacitors.

In example 11, a first one of the plurality of capacitors in the apparatus of example 10 com-
prises a first capacitance, and wherein a second one of the plurality of capacitors comprises

a second capacitance.

In example 12, the switch circuit in the apparatus of example 10 or example 11 is config-
ured to couple a number of the plurality of capacitors to the supply line based on the control

signal.
In example 13, the switch circuit in the apparatus of example 12 is configured to couple the
number of the plurality of capacitors either in parallel or in series based on the control sig-

nal.

In example 14, the switch circuit and the capacitive element in the apparatus of any of ex-

amples 1 to 13 are part of a digital-to-analog converter.

In example 15, the control signal in the apparatus of example 14 is a digital signal.

In example 16, the voltage source in the apparatus of any of examples 1 to 15 is a DC-to-DC

converter.

Example 17 is a transceiver comprising an apparatus for regulating a supply voltage accord-

ing to any of examples 1 to 16.

In example 18, the load in the transceiver of example 17 is one of an analog-to-digital con-

verter, a digital-to-analog converter, a mixer, and a power amplifier.

Example 19 is a mobile device comprising an apparatus for regulating a supply voltage ac-

cording to any of examples 1 to 16, or a transceiver according to example 17 or example 18.

In example 20, the mobile device of example 19 further comprises at least one antenna cou-

pled to the transceiver.
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Example 21 is a method for regulating a supply voltage supplied from a voltage source to a
load via a supply line, the method comprising: generating a control signal based on a differ-
ence between a value of the supply voltage and a nominal value of the supply voltage; and
coupling, using a switch circuit, a charged capacitive element to the supply line based on the

control signal.

In example 22, the method of example 21 further comprises measuring the value of the sup-

ply voltage at the supply line.

In example 23, the method of example 21 further comprises calculating the value of the

supply voltage based on a current consumption profile of the load.

In example 24, generating the control signal in the method of example 23 is further based on

an instantaneous value of the supply voltage measured at the supply line.

In example 25, the charged capacitive element in the method of any of examples 21 to 24 is

charged to a voltage different than the nominal value of the supply voltage.

In example 26, generating the control signal in the method of any of examples 21 to 25
comprises generating the control signal to comprise information for controlling the switch
circuit to couple the charged capacitive element to the supply line, if the value of the supply

voltage is different from the nominal value of the supply voltage.

In example 27, the charged capacitive element in the method of example 26 is charged to a
voltage higher than the nominal value of the supply voltage, if the value of the supply volt-

age is lower than the nominal value of the supply voltage.

In example 28, the charged capacitive element in the method of example 26 or example 27
is charged to a voltage lower than the nominal value of the supply voltage, if the value of

the supply voltage is higher than the nominal value of the supply voltage.

In example 29, the method of any of examples 21 to 28 further comprises: storing charge

from the supply line at the charged capacitive element while it is connected to the supply
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line at a first time instant, the value of the supply voltage being higher than the nominal val-
ue of the supply voltage at the first time instant; and releasing charge stored at the first time
instant from the charged capacitive element to the supply line while it is connected to the
supply line at a succeeding second time instant, the value of the supply voltage being lower

than the nominal value of the supply voltage at the second time instant.

In example 30, the capacitive element in the method of any of examples 21 to 29 comprises

a plurality of capacitors.

In example 31, a first one of the plurality of capacitors comprises a first capacitance, and a
second one of the plurality of capacitors comprises a second capacitance in the method of

example 30.

In example 32 the method of example 30 or example 31 further comprises coupling, using
the switch circuit, a number of the plurality of capacitors to the supply line based on the

control signal.

In example 33 the method of example 32 further comprises coupling, using the switch cir-
cuit, the number of the plurality of capacitors either in parallel or in series based on the con-

trol signal.

In example 34, the switch circuit and the capacitive element in the method of any of exam-

ples 21 to 33 are part of a digital-to-analog converter.

In example 35, the control signal in the method of example 34 is a digital signal.

In example 36, the voltage source in the method of any of examples 21 to 35 is a DC-to-DC

converter.

Example 37 is a non-transitory computer readable medium having stored thereon a program
having a program code for performing the method of any of examples 21 to 36, when the

program is executed on a computer or processor.
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Example 38 is a computer program having a program code configured to perform the meth-
od of any of examples 21 to 36, when the computer program is executed on a computer or

processor.

Example 39 is a means for regulating a supply voltage supplied from a voltage source to a
load via a supply line, the means comprising: a means for generating a control signal based
on a difference between a value of the supply voltage and a nominal value of the supply
voltage; and a means for coupling a charged capacitive element to the supply line based on

the control signal.

In example 40, the charged capacitive element in the means of example 39 is charged to a

voltage different than the nominal value of the supply voltage.

The aspects and features mentioned and described together with one or more of the previ-
ously detailed examples and figures, may as well be combined with one or more of the other
examples in order to replace a like feature of the other example or in order to additionally

introduce the feature to the other example.

Examples may further be or relate to a computer program having a program code for per-
forming one or more of the above methods, when the computer program is executed on a
computer or processor. Steps, operations or processes of various above-described methods
may be performed by programmed computers or processors. Examples may also cover pro-
gram storage devices such as non-transitory computer readable media or digital data storage
media, which are machine, processor or computer readable and encode machine-executable,
processor-executable or computer-executable programs of instructions. The instructions
perform or cause performing some or all of the acts of the above-described methods. The
program storage devices may comprise or be, for instance, digital memories, magnetic stor-
age media such as magnetic disks and magnetic tapes, hard drives, or optically readable
digital data storage media. Further examples may also cover computers, processors or con-
trol units programmed to perform the acts of the above-described methods or (field) pro-
grammable logic arrays ((F)PLAs) or (field) programmable gate arrays ((F)PGAs), pro-

grammed to perform the acts of the above-described methods.
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The description and drawings merely illustrate the principles of the disclosure. Furthermore,
all examples recited herein are principally intended expressly to be only for pedagogical
purposes to aid the reader in understanding the principles of the disclosure and the concepts
contributed by the inventor(s) to furthering the art. All statements herein reciting principles,
aspects, and examples of the disclosure, as well as specific examples thereof, are intended to

encompass equivalents thereof.

A functional block denoted as “means for ...” performing a certain function may refer to a
circuit that is configured to perform a certain function. Hence, a “means for s.th.” may be
implemented as a “means configured to or suited for s.th.”, such as a device or a circuit con-

figured to or suited for the respective task.

Functions of various elements shown in the figures, including any functional blocks labeled

29 (13
2

as “means”, “means for providing a sensor signal”, “means for generating a transmit sig-

nal.”, etc., may be implemented in the form of dedicated hardware, such as “a signal provid-

2% LC
2

29 (13 2% LC

er”, “a signal processing unit”, “a processor”’, “a controller”, etc. as well as hardware capa-
ble of executing software in association with appropriate software. When provided by a pro-
cessor, the functions may be provided by a single dedicated processor, by a single shared
processor, or by a plurality of individual processors, some of which or all of which may be
shared. However, the term “processor” or “controller” is by far not limited to hardware ex-
clusively capable of executing software, but may include digital signal processor (DSP)
hardware, network processor, application specific integrated circuit (ASIC), field program-
mable gate array (FPGA), read only memory (ROM) for storing software, random access

memory (RAM), and non-volatile storage. Other hardware, conventional and/or custom,

may also be included.

A block diagram may, for instance, illustrate a high-level circuit diagram implementing the
principles of the disclosure. Similarly, a flow chart, a flow diagram, a state transition dia-
gram, a pseudo code, and the like may represent various processes, operations or steps,
which may, for instance, be substantially represented in computer readable medium and so
executed by a computer or processor, whether or not such computer or processor is explicit-
ly shown. Methods disclosed in the specification or in the claims may be implemented by a

device having means for performing each of the respective acts of these methods.
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It is to be understood that the disclosure of multiple acts, processes, operations, steps or
functions disclosed in the specification or claims may not be construed as to be within the
specific order, unless explicitly or implicitly stated otherwise, for instance for technical rea-
sons. Therefore, the disclosure of multiple acts or functions will not limit these to a particu-
lar order unless such acts or functions are not interchangeable for technical reasons. Fur-
thermore, in some examples a single act, function, process, operation or step may include or
may be broken into multiple sub—acts, -functions, -processes, -operations or —steps, respec-
tively. Such sub acts may be included and part of the disclosure of this single act unless ex-

plicitly excluded.

Furthermore, the following claims are hereby incorporated into the detailed description,
where each claim may stand on its own as a separate example. While each claim may stand
on its own as a separate example, it is to be noted that - although a dependent claim may
refer in the claims to a specific combination with one or more other claims - other examples
may also include a combination of the dependent claim with the subject matter of each other
dependent or independent claim. Such combinations are explicitly proposed herein unless it
is stated that a specific combination is not intended. Furthermore, it is intended to include
also features of a claim to any other independent claim even if this claim is not directly

made dependent to the independent claim.
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Claims

What is claimed is:

1. An apparatus (100) for regulating a supply voltage supplied from a voltage source
(140) to a load (150) via a supply line (160), the apparatus comprising:

a control circuit (110) configured to generate a control signal (111) based on a difference
between a value (112) of the supply voltage and a nominal value (113) of the supply volt-

age; and

a switch circuit (120) configured to couple a charged capacitive element (130) to the supply

line (160) based on the control signal (111).

2. The apparatus of claim 1, wherein the control circuit (110) is configured to measure

the value (112) of the supply voltage at the supply line (160).

3. The apparatus of claim 1, wherein the control circuit (110) is configured to calculate
the value (112) of the supply voltage based on a current consumption profile of the load

(150).

4. The apparatus of claim 3, wherein the control circuit (110) is configured to further
generate the control signal (111) based on an instantaneous value of the supply voltage

measured at the supply line (160).

5. The apparatus of any of claims 1 to 4, wherein the charged capacitive element (130)

is charged to a voltage different than the nominal value (113) of the supply voltage.

6. The apparatus of any of claims 1 to 4, wherein the control circuit (110) is configured
to generate the control signal (111) to comprise information for controlling the switch cir-
cuit (120) to couple the charged capacitive element (130) to the supply line (160), if the val-
ue (112) of the supply voltage is different from the nominal value (113) of the supply volt-

age.
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7. The apparatus of claim 6, wherein the charged capacitive element (130) is charged to
a voltage higher than the nominal value (113) of the supply voltage, if the value (112) of the
supply voltage is lower than the nominal value (113) of the supply voltage.

8. The apparatus of claim 6, wherein the charged capacitive element (130) is charged to
a voltage lower than the nominal value (113) of the supply voltage, if the value (112) of the
supply voltage is higher than the nominal value (113) of the supply voltage.

0. The apparatus of any of claims 1 to 4, wherein the charged capacitive element (130)
is configured to store charge from the supply line (160) while it is connected to the supply
line (160) at a first time instant, the value (112) of the supply voltage being higher than the
nominal value (113) of the supply voltage at the first time instant, and wherein the charged
capacitive element (130) is configured to release charge stored at the first time instant to the
supply line (160) while it is connected to the supply line (160) at a succeeding second time
instant, the value (112) of the supply voltage being lower than the nominal value (113) of

the supply voltage at the second time instant.

10.  The apparatus of any of claims 1 to 4, wherein the capacitive element (130) compris-

es a plurality of capacitors.

11.  The apparatus of claim 10, wherein a first one of the plurality of capacitors compris-
es a first capacitance, and wherein a second one of the plurality of capacitors comprises a

second capacitance.

12.  The apparatus of claim 10, wherein the switch circuit (120) is configured to couple a
number of the plurality of capacitors to the supply line (160) based on the control signal
(111).

13.  The apparatus of claim 12, wherein the switch circuit (120) is configured to couple
the number of the plurality of capacitors either in parallel or in series based on the control

signal (111).

14.  The apparatus of any of claims 1 to 4, wherein the switch circuit (120) and the ca-

pacitive element (130) are part of a digital-to-analog converter.

15.  The apparatus of claim 14, wherein the control signal (111) is a digital signal.
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16.  The apparatus of any of claims 1 to 4, wherein the voltage source (140) is a DC-to-

DC converter.

17. A transceiver (730) comprising an apparatus (710) for regulating a supply voltage

according to any of claims 1 to 16.

18.  The transceiver of claim 17, wherein the load (720) is one of an analog-to-digital

converter, a digital-to-analog converter, a mixer, and a power amplifier.

19. A method (800) for regulating a supply voltage supplied from a voltage source to a

load via a supply line, the method comprising:

generating (802) a control signal based on a difference between a value of the supply volt-

age and a nominal value of the supply voltage; and

coupling (804), using a switch circuit, a charged capacitive element to the supply line based

on the control signal.

20. The method of claim 19, further comprising:
measuring the value of the supply voltage at the supply line.
21. The method of claim 19, further comprising:

calculating the value of the supply voltage based on a current consumption profile of the

load.

22.  The method of claim 21, wherein generating (802) the control signal is further based

on an instantaneous value of the supply voltage measured at the supply line.

23.  The method of any of claims 19 to 23, wherein the charged capacitive element is

charged to a voltage different than the nominal value of the supply voltage.

24, The method of any of claims 19 to 23, wherein generating (802) the control signal

comprises:

generating the control signal to comprise information for controlling the switch circuit to
couple the charged capacitive element to the supply line, if the value of the supply voltage is

different from the nominal value of the supply voltage.
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25. The method of any of claims 19 to 23, further comprising:

storing charge from the supply line at the charged capacitive element while it is connected
to the supply line at a first time instant, the value of the supply voltage being higher than the

nominal value of the supply voltage at the first time instant; and

releasing charge stored at the first time instant from the charged capacitive element to the
supply line while it is connected to the supply line at a succeeding second time instant, the
value of the supply voltage being lower than the nominal value of the supply voltage at the

second time instant.
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