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ENABLING A LOW OUTPUT VOLTAGE TO LOADS

BACKGROUND

[0001] Computing systems such as a server system can include a number of sub-
systems or loads that receive power from a power supply for operation. A sub-
system/load of the server can include memory modules, storage devices, input/output
(I/O) devices, etc. A power supply converts mains alternating current (AC) power to
low-voltage regulated direct current (DC) power to power the loads of the server. A

server can receive a 12V output voltage from a power supply to power the loads.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Some examples of the present application are described with respect to the

following figures:

[0003] FIG. 1 is a block diagram of an example system including a control

module for enabling a low output voltage to a plurality of loads of the system;

[0004] FIG. 2 is another block diagram of an example system including a control

module for enabling a low output voltage to a plurality of loads of the system;

[0005] FIG. 3 is a flowchart of an example method for enabling a low output

voltage to a plurality of loads of a system;

[0006] FIG. 4 is a flowchart of another example method for enabling a low output

voltage to a plurality of loads of a system; and

[0007] FIG. 5 is a block diagram of a computer-readable storage medium having
instructions executable to enable a low output voltage to a plurality of loads of a

system.
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DETAILED DESCRIPTION

[0008] Examples disclosed herein relate to enabling a low output voltage from a

power supply to a plurality of loads of a system (e.g., a server system) to improve the
power efficiency of the system. The described solutions can be implemented during

run-time of the system and without powering down the system, by allowing dynamic
power supply voltage output configuration where the power supply output can be

allowed to safely change without powering down.

[0009] For example, to improve power efficiency, it may be desirable to operate
the system at a lower voltage (e.g., 6V) compared to a conventional higher voltage
(e.g., 12V). A control module can be provided and communicatively coupled to the
loads of the system to receive communication regarding each load’s ability to operate
at the lower voltage, and communication regarding the power supply’s ability to
supply a low output voltage (e.g., operate in a dual mode and provide both a high
output voltage and a low output voltage). The control module can enable the low
output voltage from the power supply to the loads if it is determined that all the loads
can operate at a low voltage and the power supply can supply the low output voltage.
Accordingly, the power supply output voltage can be safely and dynamically changed

without powering down the system.

[0010] In one example, a system includes a power supply to supply power to a
plurality of loads and a control module. The control module is to determine an
operating power capability of each load and to enable a low output voltage from the
power supply to the loads based on a determination that each load can operate at a low

voltage level and that the power supply can supply the low output voltage.

[0011] In another example, a method includes determining, by a control module,
an operating power capability of each of a plurality of loads of a system. The method
includes enabling a low output voltage from a power supply to the loads based on a
determination that each of the loads can operate at a low voltage level and that the
power supply can supply the low output voltage. The method also includes enabling a
high output voltage from the power supply to the loads based on a determination that
at least one load cannot operate at the low voltage level or that the power supply

cannot supply the low output voltage.
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[0012] In another example, a non-transitory computer-readable storage medium is
encoded with instructions executable by a processor of system to determine an
operating power capability of each of a plurality of loads and a power supply of the
system. The instructions are executable to enable a low output voltage from the
power supply to the load based on a determination that each load can operate at the
low voltage level and that the power supply can supply the low output voltage. The
instructions are also executable to enable a high output voltage from the power supply
to the loads based on a determination that at least one load cannot operate at the low

voltage level or that the power supply cannot supply the low output voltage.

[0013] Referring now to the figures, FIG. 1 is a block diagram of an example
system including a control module for enabling a low output voltage to a plurality of
loads of the system. System 100 can be any type of computing system such as a
portable computer or communication device, a standalone server computer, a blade
server, etc. System 100 can include a control module 102, a power supply 104, and a
plurality of loads 106. System 100 can include additional components other than
those depicted in FIG. 1, such as embedded firmware and hardware components. For
example, system 100 can include a central processing unit (CPU), display, other

hardware, software application, (I/O) ports, peripheral devices, etc.

[0014] Control module 102 can include one or more CPUs or cores thereof,
microprocessors, hardware state machines, graphic processing units (GPUs), field-
programmable gate arrays (FGPAs), or other electronic circuitry, which may be
integrated in a single device or distributed across devices. In some examples, control
module 102 may include one or more “lights-out” modules that may be powered on
and operational when other modules or components of the system 100 are not
powered on or are not operational. Control module 102 can be responsible for
managing some or all of the functionalities of the system 100, including enabling a

low output voltage from a power supply to the system 100.

[0015] Power supply 104 can be any device capable of providing electrical
energy to the loads 106 of the system 100, for example by converting electrical
energy from one form to another to make the energy compatible with the
requirements of the loads 106. Power supply 104 can provide energy (i.e., power) to
the loads 106 by converting an alternating current (AC) energy to a lower-voltage,

regulated direct current (DC) energy for use by the loads 106. In some examples,
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power supply 104 can provide a DC energy source to a DC output to the loads 106.
Accordingly, power supply 104 can provide an output voltage to power the loads 106.
In some examples, the power supply unit 104 can be internal to the system 100, as
depicted in FIG. 1. In other examples, power supply 104 can be external to the

system 100.

[0016] Loads 106 can be sub-systems of the system 100 that consume power or
that depend upon the power supply 106 for power. Loads 106 can include CPU,
memory, storage devices (e.g., hard disk drives (HDDs)), I/O devices, fans,
motherboards, baseboard management control (BMC), or any other components of the

system 100.

[0017] During operation of the system 100, for example during run-time, control
module 102 can determine the operating power capability of each of the loads 106.
For example, each load 106 can communicate its ability to operate at a low voltage
level (e.g., 6V, 5V, or 3.3V, etc.) compared to a high voltage level (e.g., 12V) to the
control module 102. Further, the power supply 104 can communicate its ability to
supply a low output voltage (e.g., 6V, 5V, 3.3V, etc.) as well as a high output voltage
(e.g., 12V) to the loads 106.

[0018] In response to determining that each load 106 can operate at the low
voltage level and that the power supply 104 can supply the low output voltage, control
module 102 can enable the low output voltage from the power supply 104 to the loads
106, thereby improving the power efficiency of the system 100. In certain examples,
the low output voltage can be enabled without powering down the system 100. As
such, a dynamic power supply voltage output change (i.e., from the high output
voltage to the low output voltage) can be safely implemented without powering down
the system 100. In some examples, if it is determined that at least one load 106
cannot operate at the low voltage level or that the power supply 104 cannot supply the
low output voltage, control module 102 will enable the high output voltage from the

power supply 104 to the loads 106.

[0019] FIG. 2 is another block diagram of an example system including a control
module for enabling a low output voltage to a plurality of loads of the system. In the
example of FIG. 2, control module 102 includes a register 220 to store a plurality of

bits representing each load 106 and the power supply 104. In some examples, control
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module 102 can be implemented as an FPGA device to execute logic for determining
when to enable a low output voltage from the power supply 104 to the loads 106. In
such examples, control module 102 can function as a power aggregator to collect
information regarding the operating power capabilities of each load 106 and the
power supply 104 and logically determine if the low output voltage from the power

supply can be enabled.

[0020] Control module 102 can set each bit corresponding to the loads 106 and
power supply 104 to a logical ‘1’ or a logical ‘0’ depending operating capability of
the loads 106 and power supply 104, where the loads 106 include loads that depend
on the power supply 104. For example, if a load 106 is able to operate at the low
voltage level, the bit corresponding to the load is set to ‘1.” If however, a load is 106
is unable to operate at the low voltage level, the bit corresponding to the load is set to
‘0. Similarly, a bit corresponding to the power supply 104 is set to ‘1’ if the power
supply 104 is able to supply the low output voltage, and set to ‘0’ if the power supply
104 is unable to supply the low output voltage.

[0021] When all bits are set in the register 220, control module 102 can
implement logical bit-wise “AND” to determine whether or not to enable the low
output voltage from the power supply 104 to the loads 106. When all bits align,
where the result of the bit-wise “AND” function is ‘1,” the low output voltage is
enabled and the power supply 104 is allowed to reduce the output voltage (i.e., supply
the low output voltage) to the loads 106. However, if at least one bit is set to ‘0’
indicating that at least one load 106 is unable to operate at the low voltage level, or
the power supply 104 is unable to supply the low output voltage, then the output of
the logical “AND” would be ‘0’ and the control module 102 will not enable the low
output voltage from the power supply 104. Instead, the high output voltage will be
enabled from the power supply 104.

[0022] FIG. 3 is a flowchart of an example method for enabling a low output
voltage to a plurality of loads of a system. Although execution of method 300 is
described below with reference to system 100 of FIGS. 1 and 2, other suitable devices
for execution of method 300 can be used. Method 300 can be implemented in the
form of executable instructions stored on a computer-readable storage medium, such
as computer-readable storage medium 520 of FIG. 5, and/or in the form of electronic

circuitry.
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[0023] Method 300 includes determining, by a control module, an operating
power capability of each of a plurality of loads of a system, at 310. For example,
control module 102 can be communicatively coupled to the loads 106 and receive
information regarding each load’s ability to operate at a low voltage level. In some
examples, control module 102 can also receive communication regarding the ability
of the power supply 104 to supply a low output voltage. In certain examples, power
supply 104 may be able to operate in a dual mode to supply both a high output voltage
(e.g., 12V) and a low output voltage less than the high output voltage (e.g., voltages
less than 12V).

[0024] Method 300 includes enabling a low output voltage from a power supply
to the loads based on a determination that each of the loads can operate at a low
voltage level and that the power supply can supply the low output voltage, at 320. For
example, control module 102 can enable a low output voltage from the power supply
104 to the loads 106 if each of the loads 106 can operate at the low voltage level and
the power supply 104 can supply the low output voltage. In some examples, the low

output voltage can be enabled without powering down the system 100.

[0025] Method 300 includes enabling a high output voltage from the power
supply to the loads based on a determination that at least one load cannot operate at
the low voltage level or that the power supply cannot supply the low output voltage, at
330. For example, control module 102 can enable the high output voltage from the
power supply 104 to the loads 106 if at least one load 106 is unable to operate at the
low voltage level or the power supply 104 does not support the low output voltage. In
some examples, the method 300 of FIG. 3 includes additional steps in addition to

and/or in lieu of those depicted in FIG. 3.

[0026] FIG. 4 is a flowchart of another example method for enabling a low output
voltage to a plurality of loads of a system. Although execution of method 400 is
described below with reference to system 100 of FIGS. 1 and 2, other suitable devices
for execution of method 400 can be used. Method 400 can be implemented in the
form of executable instructions stored on a computer-readable storage medium, such
as computer-readable storage medium 520 of FIG. 5, and/or in the form of electronic

circuitry.
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[0027] Method 400 includes storing a plurality of bits in a register, each bit
corresponding to each load and the power supply, respectively, and each bit indicating
whether each load can operate at the low voltage level and whether the power supply
can supply the low output voltage, at 410. For example, control module 102 can store
the bits in the register 220 to indicate the operating capabilities of the loads 106 and
the power supply, where ‘1’ indicates an ability of a load 106 to operate at the low
voltage level and ‘0’ indicates an inability of a load 106 to operate at the low voltage
level, and where a ‘1’ indicate an ability of the power supply 104 to provide a low
output voltage and ‘0’ indicates an inability of the power supply 104 to provide the

low output voltage.

[0028] Method 400 includes determining if each load can operate at the low
voltage level, at 420. For example, this determination can be made based on the
logical value corresponding to each load 106 stored in the register 220. If it is
determined that each load can operate at the low voltage level, at 420, method 400
includes determining if the power supply can provide the low output voltage, at 430.
For example, this determination can be made based on the logical value
corresponding to the power supply 104 stored in the register 220. If it is determined
that the power supply can provide the low output voltage, at 430, method 400 includes

enabling the low output voltage, at 440.

[0029] However, if it is determined that at least one load 106 cannot operate at
the low voltage level, at 420, method 400 includes enabling the high output voltage, at
450. If it is determined that the power supply cannot provide the low output voltage,
at 430, method 400 includes enabling the high output voltage, at 450. In some
examples, the method 400 of FIG. 4 includes additional steps in addition to and/or in
lieu of those depicted in FIG. 4.

[0030] FIG. 5 is a block diagram of a computer-readable storage medium having
instructions executable to enable a low output voltage to a plurality of loads of a
system. System 500 includes a processor 540 and a computer-readable storage

medium 520.

[0031] Processor 540 can be one or more central processing units (CPUs),
microprocessors, and/or other hardware devices suitable for retrieval and execution of

instructions stored in computer-readable storage medium 520. Processor 540 may
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fetch, decode, and execute instructions 522 and 524 to enable a low output voltage to
a plurality of loads, as described below. As an alternative or in addition to retrieving
and executing instructions, processor 540 may include one or more electronic circuits
comprising a number of electronic components for performing the functionality of

one or more of instructions 522 and 524.

[0032] Computer-readable storage medium 520 may be any electronic, magnetic,
optical, or other physical storage device that stores executable instructions. Thus,
computer-readable storage medium 520 may be, for example, random access memory
(RAM), content addressable memory (CAM), ternary content addressable memory
(TCAM), an electrically-erasable programmable read-only memory (EEPROM), flash
memory, a storage drive, an optical disc, and the like. As described in detail below,
computer-readable storage medium 520 may be encoded with executable instructions

for enabling a low output voltage to a plurality of loads of the system 500.

[0033] Operating power capability determining instructions 522 include

instructions to determine an operating power capability of each of a plurality of loads
and a power supply of the system. For example, it can be determined whether or not
each load 106 can operate at a low voltage level and whether or not the power supply

104 can supply a low output voltage.

[0034] Output power enabling instructions 524 include instructions to enable a
low output voltage from the power supply to the loads based on a determination that
each load can operate at the low voltage level and that the power supply can supply
the low output voltage, and instructions to enable a high output voltage from the
power supply to the loads based on a determination that at least one load cannot
operate at the low voltage level or that the power supply cannot supply the low output
voltage. The low output voltage can be enabled without powering down the system

500.

[0035] Instructions 524 also include instructions to store a plurality of bits in a
register, where each bit corresponds to each load and the power supply and where
each bit indicates whether each load can operate at the low voltage level and whether
the power supply can supply the low output voltage. Instructions 524 include
instructions to enable the low output voltage if the bits indicate that each load can

operate at the low voltage level and that the power supply can supply the low output



WO 2016/186632 PCT/US2015/031250

voltage, and enable the high output voltage if the bits indicate that at least one load
cannot operate at the low voltage level or that the power supply cannot supply the low

output voltage.

[0036] The techniques described above may be embodied in a computer-readable
medium for configuring a computing system to execute the method. The computer-
readable media may include, for example and without limitation, any number of the
following non-transitive mediums: magnetic storage media including disk and tape
storage media; optical storage media such as compact disk media (e.g., CD-ROM,
CD-R, etc.) and digital video disk storage media; holographic memory; nonvolatile
memory storage media including semiconductor-based memory units such as FLASH
memory, EEPROM, EPROM, ROM; ferromagnetic digital memories; volatile storage
media including registers, buffers or caches, main memory, RAM, etc.; and the
Internet, just to name a few. Other new and obvious types of computer-readable
media may be used to store the software modules discussed herein. Computing
systems may be found in many forms including but not limited to mainframes,
minicomputers, servers, workstations, personal computers, notepads, personal digital
assistants, tablets, smartphones, various wireless devices and embedded systems, just

to name a few.
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CLAIMS

What is claimed is:

1. A system, comprising:
a power supply to supply power to a plurality of loads; and
a control module to:
determine an operating power capability of each load; and
enable a low output voltage from the power supply to the loads based
on a determination that each load can operate at a low voltage
level and that the power supply can supply the low output

voltage.

2. The system of claim 1, wherein the control module is to enable the low

output voltage to the loads without powering down the system.

3. The system of claim 1, wherein the loads are dependent upon the power

supply for output voltage.

4. The system of claim 1, wherein each load is to communicate a capability to

operate at the low voltage to the control module.

5. The system of claim 1, wherein the control module includes a register to

store a plurality of bits representing each load and the power supply.

6. The system of claim 5, wherein each bit indicates whether each load can
operate at the low voltage level and whether the power supply can supply the low

output voltage.

7. The system of claim 6, wherein the control module is to enable the low
output voltage if the bits indicate that each load can operate at the low voltage level

and the power supply can supply the low output voltage.

8. The system of claim 6, wherein the power supply can supply a high output
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voltage.

9. The system of claim 8, wherein the control module is to enable the high
output voltage if the bits indicate that at least one load cannot operate at the low
voltage level or if the bits indicate that the power supply cannot supply the low output

voltage.

10. A method, comprising:

determining, by a control module, an operating power capability of each of a
plurality of loads of a system; and

enabling a low output voltage from a power supply to the loads based on a
determination that each of the loads can operate at a low voltage level
and that the power supply can supply the low output voltage; and

enabling a high output voltage from the power supply to the loads based on a
determination that at least one load cannot operate at the low voltage

level or that the power supply cannot supply the low output voltage.

11. The method of claim 10, comprising enabling the low output voltage to

the loads without powering down the system.

12. The method of claim 10, comprising:

storing a plurality of bits in a register, each bit corresponding to each load and
the power supply, respectively, and each bit indicating whether each
load can operate at the low voltage level and whether the power supply
can supply the low output voltage;

enabling the low output voltage if the bits indicate that each load can operate
at the low voltage level and that the power supply can supply the low
output voltage; and

enabling the high output voltage if the bits indicate that at least one load
cannot operate at the low voltage level or that the power supply cannot

supply the low output voltage.



WO 2016/186632 PCT/US2015/031250
12

13. A non-transitory computer-readable storage medium encoded with
instructions executable by a processor of a system, the computer-readable storage
medium comprising instructions to:

determine an operating power capability of each of a plurality of loads and a

power supply of the system;

enable a low output voltage from the power supply to the loads based on a

determination that each load can operate at the low voltage level and
that the power supply can supply the low output voltage; and

enable a high output voltage from the power supply to the loads based on a

determination that at least one load cannot operate at the low voltage

level or that the power supply cannot supply the low output voltage.

14. The non-transitory computer-readable storage medium of claim 13,

wherein the low output voltage is enabled without powering down the system.

15. The non-transitory computer-readable storage medium of claim 13,
comprising instructions to:

store a plurality of bits in a register, wherein each bit corresponds to each load
and the power supply and wherein each bit indicates whether each load
can operate at the low voltage level and whether the power supply can
supply the low output voltage;

enable the low output voltage if the bits indicate that each load can operate at
the low voltage level and that the power supply can supply the low
output voltage; and

enable the high output voltage if the bits indicate that at least one load cannot
operate at the low voltage level or that the power supply cannot supply

the low output voltage.
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