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Power Management in a System on Chip

This invention relates to power management systems in system on chip (SoC)
arrangements, and particularly management of the power supplied to internal

subsystems within the system on chip.

SoC’s such as the Applicant’s highly popular nRF series typically include a
microprocessor, memory, and wireless communication functionality on a single
integrated circuit. They are used in a large variety of portable electronic devices to
provide compact, power efficient general purpose data handling and
communication. In order to provide long battery life, an SoC will typically include a
complex power management system which hosts and controls the various on-chip
regulators associated with different power domains to ensure that power is only
provided when absolutely necessary to meet the requirements of internal

subsystems within the SoC.

High manufacturing costs of SoCs, particularly in the production of silicon wafers,
make it desirable to manufacture a single design in large quantities as opposed to a
variety of different SoCs. The Applicant has appreciated the necessity for a single
SoC design capable of implementation in a number of different electronic devices

serving different purposes.

When viewed from a first aspect, the invention provides an electronic device
comprising:

a system on chip, including a plurality of internal subsystems, and a power
management system comprising a plurality of internal voltage regulators arranged
to supply power to the plurality of different internal subsystems, and control logic
which controls the supply of power from the internal voltage regulators;

an external module comprising at least one external voltage regulator and
connected to the system on chip such that the external voltage regulator can
selectively provide power to at least one of said internal subsystems on the system
on chip,

wherein the control logic of the power management system is arranged to

control the at least one external voltage regulator.
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When viewed from a second aspect the invention provides a method of operating
an electronic device comprising:

a system on chip, including a plurality of internal subsystems, and a power
management system comprising a plurality of different internal voltage regulators
arranged to supply power to the plurality of internal subsystems and control logic
which controls the supply power from the internal voltage regulators;

an external module comprising at least one external voltage regulator;
wherein the method comprises the external voltage regulator selectively providing
power to at least one of said internal subsystems on the system on chip,

wherein the control logic of the power management system controls the at

least one external voltage regulator.

Thus it will be seen by those skilled in the art that in accordance with at least
embodiments of the invention, an external module may supplement the internal
power management system e.g. to provide additional and/or alternative voltage and
current ratings to the SoC. This is advantageous as it allows internal subsystems on
the SoC to be added, or utilized, in new ways without having to redesign the
existing power management system. By providing a facility for providing additional
power to the SoC it is possible for example to run more power hungry applications

on the same SoC design.

In a set of embodiments the external module comprises a plurality of external

voltage regulators.

The control logic of the power management system controls the at least one
external voltage regulator. This removes the need for the external module to include
control logic to determine the output of the at least one external voltage regulator,
reducing the number of components necessary. However, in a preferred set of
embodiments the device further comprises external control logic separate from the
SoC. Whilst the Applicant appreciates that such external control logic may not be
utilized in all situations, such as when the power management system controls the
at least one external voltage regulator, in a preferred set of embodiments the

external control logic is arranged to control at least the external voltage regulator(s)
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at least partially. This may be beneficial in allowing regulators and the control logic

therefor to be developed and provided together.

Typically the external module is arranged to provide power only to a portion of the
internal subsystem in the system on chip. The external module would not therefore

provide power to the whole system on chip.

In a potentially overlapping set of embodiments the external control logic controls
the internal voltage regulators. This configuration allows the external logic to
override the power management system’s control logic and control the power
supplied to the system on chip’s subsystems. In such a configuration the control
logic of the power management system may be in a ‘sleep’ state i.e. it exerts no
control over the internal voltage regulators. This removes dependence on the
control logic of the power management system . Advantageously this allows greater
flexibility in the functionality of an SoC, as the external module can implement new
features without the necessity to redesign the power management system, i.e.

allowing the existing chip to be re-used.

Whilst it is preferred, it is not essential for the external voltage regulator(s) and the
external logic (where provided) to be provided by a single module; in alternative

embodiments a further module could provide the external control logic.

It will be appreciated from the foregoing that the external logic can, in some
circumstances, control the internal voltage regulators on the SoC. This would
typically be in addition to the external voltage regulator but this is not essential. In
other words the device could operate in a mode in which the external control logic
simply controls the internal voltage regulators without employing the external

voltage regulator(s).

It will be seen that where external control logic is provided, it allows for a great
flexibility in how the overall system is implemented, for example the external control
logic could control a subset of a plurality of external voltage regulators, with the
power management system controlling the remaining external voltage regulators.
For example, this would allow the power management system to control the

external voltage regulator(s) which match the voltage and current capacities of the
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internal voltage regulators, and the external control logic to control external voltage
regulators which are different in voltage and current capacities to the internal

voltage regulator(s).

In a set of embodiments the external module is connected directly to a power
supply e.g. a battery. In a set of embodiments the SoC is connected to the same
power supply but this is not essential and it could have its own supply e.g. a
separate battery. In a set of embodiments the SoC is connected to the power

supply e.g. a battery, via the external module.

In a set of embodiments the electronic device comprises a single package with a
common set of external pins. This provides the benefit of allowing new products
implementing new features to be provided to customers whilst essentially re-using

an existing SoC that does not have all those features.

In a set of embodiments the system on chip further comprises a radio transmitter
and receiver. This provides a system on chip capable of communicating via radio

frequency transmissions.

The SoC and power management system may have native support for a given RF
protocol. In a set of embodiments the external module enables support for an

alternative RF protocol e.g. an LTE, NB loT or any other 3GPP protocol.

In a set of embodiments the electronic device is arranged such that
communications between the system on chip and the external module combine

asynchronous signalling with serial interface communications.

Certain embodiments of the present invention will now be described by way of
example only, with reference to the following diagrams in which:

Figure 1 is a schematic diagram of a generic electronic device in
accordance with an embodiment of the invention comprising a system on chip and
a controller external to the system on chip;

Figure 2 is a schematic diagram of a generic electronic device in

accordance with another embodiment of the invention comprising a system on chip
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and a controller external to the system on chip where the internal control logic
controls the external voltage regulators;

Figure 3 is a schematic diagram of a generic electronic device in
accordance with a third embodiment of the invention comprising a system on chip
and a controller external to the system on chip where the controller external to the

system on chip can control the internal voltage regulators.

The device 100 as seen in Figure 1 comprises a peripheral controller module 102
connected to a system on chip (SoC) 101. The SoC and peripheral module may be
on separate silicon wafers but packaged together so that the device 100 forms a
single package with a common set of external pins. As is conventional per se, the
SoC 101 comprises a power management system 108 alongside multiple internal
subsystems. In Figure 1 there are two such internal subsystems 116 and 118
illustrated as examples but typically there would be many more. The internal
subsystems 116, 118 may be for example a radio transmitter/receiver and an

internal processor.

The primary purpose of the power management system 108 is to provide and
control the power to the internal subsystems 116, 118 as efficiently as possible. The
power management system 108 therefore comprises a plurality of internal voltage
regulators 112, 114 (again typically there would be more). Each internal voltage
regulator in Figure 1 is connected to a different internal subsystem but in practice a
voltage regulator might power a number of subsystems. One internal voltage
regulator 112 is connected to the internal subsystem 118 via a connection 136,
whereas the other internal voltage regulator 114 is connected to the other internal
subsystem 116 via a connection 138. The internal voltage regulators 112, 114 can
operate independently so that different internal subsystems 116, 118 reside in

different power domains.

The power management system 108 also comprises control logic 110 which
controls the outputs from the internal voltage regulators 112, 114 allowing the
different internal subsystems 116, 118 to receive different power supplies and only
operate when required. The control logic 110 is connected to the internal voltage

regulators 112, 114 via suitable control buses 144 and 146 respectively.
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Due to the investment required in designing and manufacturing large numbers of
different SoC designs to incorporate in different products, there may be internal
subsystems 116, 118, perhaps developed after the original chip design, which the
power management system 108 is not optimized to power. This may be because,
for example, these internal subsystems require a high power to run at maximum
performance. In Figure 1 and 2 the power management system 108 cannot supply
the high power required due to limitations in the maximum voltage and/or current

rating of the internal voltage regulators 112, 114.

In order to overcome this, the electronic device 100 also comprises the peripheral
controller module 102 which is capable of supplementing the power supplied to the
internal subsystems 116, 118. The peripheral controller module as seen in Figure 1
comprises two external voltage regulators 104, 105 and external control logic 106.

Of course more or just one regulator could be provided.

The external control logic 106 controls the outputs of the external voltage regulators
104, 105 via control buses 126 and 128 respectively. The power from the external
voltage regulators 104, 105 is supplied to the SoC 101 via connections 132, 134
respectively. In particular the output from an external voltage regulator 104 into the
SoC 101 provides additional power to the internal subsystem 118 via an internal
connection 140, and the output from the other external voltage regulator 105 into
the SoC provides additional power to the other internal subsystem 116 via a further
internal connection 142. Although independent power connections 140, 142 are

shown, power could be routed through the power management system 108.

The external voltage regulators 104, 105 function separately from the internal
regulators and each other, therefore can provide further, different power domains to

the internal subsystems 116, 118.

The external control logic 106 and internal control logic 110 communicate via a bi-
directional connection 130 in order to co-ordinate supply of the necessary power to

optimize the internal subsystems 116, 118.

In all embodiments described, power is supplied by a battery 120 located off the

main device. The battery 120 provides a power input to the peripheral controller
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module 102 through a connection 124. The battery 120 also provides power to the
SoC 101 via a main voltage supply connection 122 between the peripheral
controller module 102 and the SoC 101.

Figure 1 may represent a device 100 for installation in a larger product which
requires support for an alternative radio frequency protocol than the one provided
natively by the SoC 101. In Figure 1 the internal subsystem 116 might be say an
internal subsystem (in practice comprising multiple modules) configured to provide
support for a Bluetooth™ protocol. The internal subsystem 118 may be an internal
subsystem configured to provide support for an alternative radio frequency protocol
e.g. an LTE protocol such as narrow-band internet-of-things (NB [oT). The power
management system 108 is not optimized for the LTE protocol, and therefore
cannot supply adequate power to support the NB loT subsystem 118. The
peripheral controller module 102 contains adequate external voltage regulator 104

which provide the required power for this subsystem 118 to run optimally.

The internal control logic 110 communicates with the external control logic 106 via a
two-way data connection 130 to indicate to the external control logic 106 that
additional power is required in order to optimize the performance of the NB loT
subsystem 118. Upon receiving a signal from the external control logic 106, the
external voltage regulator 104 is powered up and supplies additional power to the
internal subsystem 118 via the connection 132, 140. Between the supply from the
external voltage regulator 104 and the internal voltage regulator 112, the NB loT

subsystem 118 receives the required power to operate optimally.

There can also be envisaged situations where an existing subsystem such as the
internal subsystem 116 requires increased power. Again the internal control logic
110 communicates with the external control logic 106 via the communication
connection 130 to indicate to the external control logic 106 that additional power is
required in order to optimize the performance of the internal subsystem 116. Upon
receiving a signal from the external control logic 106, the external voltage regulator
105 supplies power to the internal subsystem 116 via the connection 134, 142.
Between the supply from the external voltage regulator 105 and the internal voltage
regulator 114, the internal subsystem 116 receives the required power to operate at

an increased power.
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The serial interface between the peripheral controller module 102 and the system
on chip 101, which is used during normal operation of the system, may be identical
to a general purpose serial interface such as a two wire interface (TWI) or serial
peripheral interface (SPI1) and will preferably be controlled by the control logic 110.
The control logic 110 may receive interrupts either from the serial interface or from
an internal power and clock system (not shown), and will then act accordingly (e.g.
by sending commands to the other parts of power management system 108,
relaying information from the power management system 108 to the internal power

and clock system).

Figure 2 shows another device 200 embodying the invention which is similar to the
device 100 shown in Figure 1. However in this device 200 the peripheral controller
module 202 does not include control logic. The SoC 101 on the other hand is
identical to the previous embodiments and thus the same reference numerals are
used. The peripheral controller module 202 is still shown with two external voltage
regulators 204, 205 one of which 204 is connected to one of the internal
subsystems 118 and the other of which 205 is connected to the other internal

subsystem 116. Both are connected to the internal control logic 110.

In this embodiment a signal may be sent by the internal control logic 110 via
connections 206, 208 to the external voltage regulators 204, 205 respectively. The
signals they receive control the outputs of the external voltage regulators 204, 205.
The outputs from the external voltage regulators 204, 205 may simply provide
additional power e.g. additional current required for the internal subsystems 118
and 116 to operate optimally to provide support for extra features such as new RF

protocols as described for the embodiment presented in Figure 1.

Figure 3 shows a further device 300 embodying the invention which is similar to the
device 100 shown in Figure 1. Again, the SoC 101 is identical to that of Figure 1.
However in this embodiment the peripheral controller module 302 is able to control
the outputs of the internal voltage regulators 112, 114 as well as those in the
external module itself. The peripheral controller module’s control logic 306 is
connected to one of the internal voltage regulators 112 via a connection 308 and to

the other internal voltage regulator 114 via a connection 310. This allows for the
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external control logic 306 to override internal control logic 110 so that it can operate

the power requirements for the whole device.

To achieve this according to the embodiment seen in Figure 3, the external control
logic 306 sends a signal via the bi-directional communication 330 to put the power
management system 108 in a ‘sleep’ state i.e. the internal control logic 110 exerts
no control over the internal voltage regulators. The external control logic then sends
signals to the internal voltage regulators 112, 114 via connections which determine
the outputs of the internal voltage regulators 112, 114 to the internal subsystem

116, 118, as well as controlling the outputs of the external regulators 304, 305.

In all embodiments discussed, the peripheral controller module may only be active
for a portion of the time. The device would then operate as a standard SoC when
the peripheral controller module is not active.

The embodiments described here are exemplary and non-limiting. For example,
although the embodiments described have external voltage regulators located
within the peripheral controller module, there may be further embodiments in which
the external voltage regulators are not located within the peripheral controller
device, and are instead found elsewhere within the electronic device. Furthermore
there may be embodiments wherein the external control logic controls a subset of a
plurality of external voltage regulators, with the power management system
controlling the remaining external voltage regulators. In alternative embodiments
the peripheral control module and system on chip also may not be in a single

package i.e. in separate packages on the same printed circuit board.
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Claims

1. An electronic device comprising:

a system on chip, including a plurality of internal subsystems, and a power
management system comprising a plurality of internal voltage regulators arranged
to supply power to the plurality of different internal subsystems, and control logic
which controls the supply of power from the internal voltage regulators;

an external module comprising at least one external voltage regulator and
connected to the system on chip such that the external voltage regulator can
selectively provide power to at least one of said internal subsystems on the system
on chip,

wherein the control logic of the power management system is arranged to

control the at least one external voltage regulator.

2. The electronic device as claimed in claim 1, wherein the external module

comprises a plurality of external voltage regulators.

3. The electronic device as claimed in any preceding claim, further comprising

external control logic separate from the system on chip.

4, The electronic device as claimed in claim 3, wherein the external control

logic is arranged to control at least the external voltage regulator(s).

5. The electronic device as claimed in claim 3 or 4, wherein the external

control logic is arranged to control the internal voltage regulators.

6. The electronic device as claimed in any preceding claim, wherein the

external module is connected directly to a power supply.

7. The electronic device as claimed in claim 6, wherein system on chip is

connected to the same power supply.

8. The electronic device as claimed in claim 6 or 7, wherein the system on chip

is connected to the power supply via the external module.
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9. The electronic device as claimed in any preceding claim, wherein the

electronic device comprises a single package with a common set of external pins.

10. The electronic device as claimed in any preceding claim, wherein the

system on chip further comprises a radio transmitter and receiver.

11. The electronic device as claimed in any preceding claim, wherein
communications between the system on chip and the external module combine

asynchronous signalling with serial interface communications.

12. A method of operating an electronic device comprising:

a system on chip, including a plurality of internal subsystems, and a power
management system comprising a plurality of different internal voltage regulators
arranged to supply power to the plurality of internal subsystems and control logic
which controls the supply power from the internal voltage regulators;

an external module comprising at least one external voltage regulator;
wherein the method comprises the external voltage regulator selectively providing
power to at least one of said internal subsystems on the system on chip,

wherein the control logic of the power management system controls the at

least one external voltage regulator.

13. The method of operating an electronic device as claimed in claim 12,
comprising external control logic separate from the system on chip controlling the

internal voltage regulators.

14. The method of operating an electronic device as claimed in claim 13,
wherein the control logic of the power management system exerts no control over

the internal voltage regulators.

15. The method of operating an electronic device as claimed in any of claims
13-14, comprising controlling at least one external voltage regulator using the

external control logic.
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16. The method of operating an electronic device as claimed in any of claims
13-15, comprising controlling the internal voltage regulators using the external

control logic.

17. The method of operating an electronic device as claimed in any of claims
12-16, comprising supplying power directly from a power supply to the external

module.

18. The method of operating an electronic device as claimed in claim 17,

comprising supplying power from the power supply to the system on chip.

19. The method of operating an electronic device as claimed in claim 18,
comprising supplying power from the power supply to the system on chip via the

external module.

20. The method of operating an electronic device as claimed in any of claims

12-19, comprising communicating between the system on chip and the external

module by combining asynchronous signalling with serial interface communications.
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