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REDUCING POWER CONSUMPTION ON DEVICES WITH
MULTIPLE POWER SUPPLIES

FIELD OF THE INVENTION

This invention relates to power supplies and more particularly relates to increasing the

efficiency of power supplies with multiple power outputs.

BACKGROUND

A power supply, sometimes known as a power supply unit or PSU, is a device or system that
supplies electrical or other types of energy to a load or group of loads. A power supply, in
some embodiments may be configured to convert power in one form to another form, such
as converting alternating current (“AC”) power to direct current (“DC”’) power. The
regulation of power supplies is typically done by incorporating circuitry to tightly control the
output voltage and/or current of the power supply to a specific value. The specific value is
typically closely maintained despite variations in the load presented to the power supply’s

output, or any reasonable voltage variation at the power supply’s input.

For example, in an electronic device such as a computer, the power supply is typically
designed to convert an AC voltage input such as is traditionally provided by a conventional
wall socket, into several low-voltage DC power outputs for transmission to the internal
components of the electronic device. Conversion may be performed in stages that may
include various stage-types such as a rectification stage, a pre-regulation stage such as an
active harmonic filter, a regulator/chopper stage, etc. The stages may also be configured to
utilize various stage-topologies such as a boost stage, a buck stage, or other derivative

topology.

In addition to providing main power outputs to various electronic devices, power supplies
are often configured to provide auxiliary and standby power to background systems and sub-
systems within an electronic device. For example, even when an electronic device is not

fully operational, or is in a standby-mode, power may still be needed to power system
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clocks, system controllers, system monitors and the like. However, conventional power
supplies are often configured to operate with optimal efficiency during normal load
conditions, but operate with much less efficiency in low-load conditions. Thus, when an
electronic device is operating in a standby mode, or other low-load condition, the efficiency

of a power supply may be drastically reduced.

This is especially true in systems that utilize multiple redundant power supplies to provide
redundancy protection. It is common practice on equipment that requires high availability to
be fitted with multiple redundant power supplies. In systems with multiple redundant power
supplies, two or more power supplies may be configured to simultancously provide
redundant power to a load caused by the electronic device. Typically, the redundant power
supplies are configured to share the load and to provide power to the load in an efficient

manncr.

Redundant power supplies are usually sized such that if a power supply fails, the remaining
power supplies are capable of supplying power to a load fed by the redundant power
supplies. For example, if two power supplies are provided, each will typically have enough
capacity to supply the load at full capacity. If three power supplies are provided, in a single
fault tolerant system, the power supplies are typically sized so that full power to the load
may be supplied by two power supplies. One of skill in the art will recognize other

combinations and requirements for providing redundant power supplies.

One of the functions provided by the power supplies is to provide standby power to the
electronic device when the device is in a low power state or turned off. In such low power
states using conventional power supplies, each of the redundant power supplies continues to
supply standby power to the now small load of the electronic device, which results in a large

drop in efficiency for each of the redundant power supplies.

In addition, even during normal operation each redundant power supply may be operating at
much less than full capacity, which may result in each redundant power supply operating at a
lower efficiency than if the power supply was operated at a higher capacity. For example, if

two redundant power supplies provide power to a load and each is rated at full load, then if
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the load never operates at more than full capacity, each power supply will typically supply
no more than about 50% of the total load. If the load is operating less than full capacity, for
example at 50% load, each of the redundant power supplies may operate at only around 25%
of rated capacity. Generally power supplies operate less efficiently at lower loads so

systems with redundant power supplies often operate inefficiently.

DISCLOSURE OF THE INVENTION

From the foregoing discussion, it should be apparent that there is a need in the art to improve
the efficiency of power systems by reducing the power consumption of multiple redundant
power supplies that operate to provide power to a light load. The present invention solves
the problem by determining when an electronic device enters a low-load state and
disconnecting power to one or more of the redundant power supplies such that fewer power
supplies operate to provide power to the lighter load. This will reduce the amount of power
consumed by redundant power supplies that are not needed for lighter loads and will
increase the efficiency of the remaining connected power supplies by allowing them to

operate closer to their optimal efficiency range.

The present invention has been developed in response to the present state of the art, and in
particular, in response to the problems and needs in the art that have not yet been fully
solved by currently available power supplies and regulators. Accordingly, the present
invention has been developed to provide an apparatus, system, and method for providing
efficient multiple power outputs that overcome many or all of the above-discussed

shortcomings in the art.

In one embodiment, the apparatus is provided with a plurality of modules including a load
module and a disconnection module. The load module determines that a load of an
electronic device is operating at a power level below a predetermined power threshold. The
electronic device receives power simultaneously from two or more redundant power
supplies. Each redundant power supply receives input power from one or more power
sources and provides regulated output power to the load of the electronic device. The

redundant power supplies redundantly provide power to the load such that if one of the
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redundant power supplies fails, the remaining power supplies are capable of supplying
power to the load while maintaining regulation of a voltage on a common bus connected to

the load.

The disconnection module disconnects at least one of the two or more redundant power
supplies from the one or more power sources in response to the load module determining
that the load of the electronic device is operating at a power level below the predetermined

power threshold.

In a further embodiment, the disconnection module disconnects all but one of the redundant
power supplies from the one or more power sources in response to the load module
determining that the load of the electronic device is operating at a power level below the

predetermined power threshold.

In one embodiment, determining that the load is operating at a power level below the
predetermined power threshold includes receiving a standby signal wherein the standby
signal indicates that the electronic device is in a standby mode. In another embodiment,
determining that the load is operating at a power level below the predetermined power
threshold includes monitoring an amount of power provided to the load and detecting

whether the amount of power provided to the load is below the predetermined power

threshold.

In one embodiment, ‘n’ is the number of the two or more redundant power supplies required
to supply sufficient power to the load to maintain regulation of a voltage on a common bus
connected to the load during operation of the load at or below the predetermined power
threshold. In such an embodiment, the disconnection module may disconnect all but ‘n’ of
the two or more redundant power supplies from the one or more power sources in response
to the load module determining that the load of the electronic device is operating at a power

level below the predetermined power threshold.

In another embodiment, ‘n’ is the number of the two or more redundant power supplies

required to supply sufficient power to the load to maintain regulation of a voltage on a
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common bus connected to the load during operation of the load at a maximum rated capacity
of the load. In such an embodiment, the disconnection module may disconnect all but ‘n’ of
the two or more redundant power supplies from the one or more power sources in response
to the load module determining that the load of the electronic device is operating at a power

level below the predetermined power threshold.

The apparatus may also include a reconnection module that reconnects at least one of the
two or more redundant power supplies to the one or more power sources in response to the
load module determining that the load of the electronic device is operating at a power level
above the predetermined power threshold. In a further embodiment, the reconnection
module reconnects all of the disconnected redundant power supplies to the one or more
power sources in response to the load module determining that the load of the electronic

device is operating at a power level above the predetermined power threshold.

In various embodiments, the disconnection module may include one or more switches
configured to selectively disallow input power to flow from the one or more power sources
into the redundant power supplies in response to an electrical signal. Preferably, one of the
one or more switches is placed at the input of each of the redundant power supplies. This
allows input power to the power supplies to be completely disconnected from the power
source. Is one embodiment, each of the switches is positioned in a power path of each
redundant power supply such that substantially no input power is consumed by any power
component in the power path of the power supply during operation of the switch in an ‘open’

position. The switches may comprise various types of switches such a solid state relay or an

electromechanical switch.

A system of the present invention is also presented that substantially includes the modules
and embodiments described above with regard to the apparatus. The system typically
includes two or more redundant power supplies, a load module, and a disconnection module.
As described above, the load module determines that a load of an electronic device is
operating at a power level below a predetermined power threshold. The electronic device
receives power simultaneously from the two or more redundant power supplies. Each

redundant power supply receives input power from one or more power sources and provides
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regulated output power to the load of the electronic device. The redundant power supplies
redundantly provide power to the load such that if one of the redundant power supplies fails,
the remaining power supplies are capable of supplying power to the load while maintaining

regulation of a voltage on a common bus connected to the load.

The disconnection module disconnects at least one of the two or more redundant power
supplies from the one or more power sources in response to the load module determining
that the load of the electronic device is operating at a power level below the predetermined

power threshold.

The system may further include the electronic device that receives from the redundant power
supplies. In one embodiment, the electronic device comprises one of a blade server,
peripheral component interconnect (“PCI”) card, personal computer, laptop, router, switch,

personal digital assistant, appliance, and digital media player.

A method of the present invention is also presented for providing efficient multiple power
outputs. The method in the disclosed embodiments substantially includes the steps
necessary to carry out the functions presented above with respect to the operation of the
described apparatus and system. In one embodiment, the method includes determining that a
load of an electronic device is operating at a power level below a predetermined power
threshold. The electronic device receives power simultaneously from two or more redundant
power supplies. Each redundant power supply receives input power from one or more power
sources and provides regulated output power to the load of the electronic device. The
redundant power supplies redundantly provide power to the load such that if one of the
redundant power supplies fails, the remaining power supplies are capable of supplying
power to the load while maintaining regulation of a voltage on a common bus connected to

the load.

The method also includes disconnecting at least one of the two or more redundant power
supplies from the one or more power sources in response to the load module determining
that the load of the electronic device is operating at a power level below the predetermined

power threshold. In a further embodiment, disconnecting at least one of the two or more
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redundant power supplies from the one or more power sources includes disconnecting all but
one of the redundant power supplies from the one or more power sources in response to the
load module determining that the load of the electronic device is operating at a power level

below the predetermined power threshold.

In one embodiment, the method includes reconnecting at least one of the two or more
redundant power supplies to the one or more power sources in response to the load module
determining that the load of the electronic device is operating at a power level above the

predetermined power threshold.

Reference throughout this specification to features, advantages, or similar language does not
imply that all of the features and advantages that may be realized with the present invention
should be or are in any single embodiment of the invention. Rather, language referring to
the features and advantages is understood to mean that a specific feature, advantage, or
characteristic described in connection with an embodiment is included in at least one
embodiment of the present invention. Thus, discussion of the features and advantages, and
similar language, throughout this specification may, but do not necessarily, refer to the same

embodiment.

Furthermore, the described features, advantages, and characteristics of the invention may be
combined in any suitable manner in one or more embodiments. One skilled in the relevant
art will recognize that the invention may be practiced without one or more of the specific
features or advantages of a particular embodiment. In other instances, additional features
and advantages may be recognized in certain embodiments that may not be present in all

embodiments of the invention.

These features and advantages of the present invention will become more fully apparent
from the following description and appended claims, or may be learned by the practice of the

invention as set forth hereinafter.
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BRIEF DESCRIPTION OF THE DRAWINGS

In order that the advantages of the invention will be readily understood, a more particular
description of the invention briefly described above will be rendered by reference to specific
embodiments that are illustrated in the appended drawings. Understanding that these
drawings depict only typical embodiments of the invention and are not therefore to be
considered to be limiting of its scope, the invention will be described and explained with

additional specificity and detail through the use of the accompanying drawings, in which:

Figure 1 is a schematic block diagram illustrating one embodiment of a system to increase
efficiency on devices with redundant power supplies in accordance with the present

invention;

Figure 2 is a schematic block diagram illustrating one embodiment of an efficiency
apparatus to increase efficiency on devices with redundant power supplies in accordance

with the present invention;

Figure 3 is a schematic block diagram illustrating another embodiment of an efficiency
apparatus to increase efficiency on devices with redundant power supplies in accordance

with the present invention;

Figure 4 is a schematic block diagram illustrating a further embodiment of a system to
increase efficiency on devices with redundant power supplies in accordance with the present

invention;

Figure 5 is a schematic block diagram illustrating another embodiment of a system to
increase efficiency on devices with redundant power supplies in accordance with the present

invention; and

Figure 6 is a schematic flow chart diagram illustrating one embodiment of a method to
increase efficiency on devices with redundant power supplies in accordance with the present

invention.
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DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a schematic block diagram illustrating one embodiment of a system 100 to
increase efficiency on devices with redundant power supplies in accordance with the present
invention. The system 100 includes two or more power supplies 102a-n, an electronic
device 104, a load 106, a regulated bus 108, a power source 110, and an efficiency apparatus

112.

The power supplies 102a-n provide regulated power to the electronic device 104 to power
various electronic systems and subsystems within the electronic device 104. The power
supplies 102a-n receive input power from one or more power sources 110 such as a
convention wall socket, generator, or additional power supply. The power supplies 102a-n
are typically connected to the electronic device 104 by a regulated bus 108 or similar device.
The regulated bus 108 and power supplies 102a-n may be configured to provide one or more
voltages and currents to the electronic device 104. For example, in a typical power supply,
voltages of +12v, +5v, +3.3v, and -12 v are commonly provided. The power supplies 102a-n
receive input power from the power source 110 and convert it into regulated voltages as

needed to power the electronic device 104.

Preferably the power supplies 102a-n are switching power supplies. As will be recognized
by those of skill in the art a switching power supply or switched-mode power supply
(“SMPS”) is a power supply that incorporates a switching regulator. A switching regulator
regulates power by switching a transistor or other switch on and off with a variable duty

cycle to produce a desired output signal.

The power supplies 102a-n are also preferably redundant power supplies 102a-n. Dual
redundant power supplies 102a-b are typically configured such that if one of the power
supplies 102a fails, the remaining power supply 102b is capable of supplying sufficient
power to the load 106 while maintaining regulation of a voltage on a common bus 108
connected to the load 106. Typically both redundant power supplies 102a-b are sized to
handle the load 106 operating at full capacity.
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In some embodiments, more than two power supplies 102a-n may be utilized. For example,
a system 100 may include three power supplies 102a-c, cach sized such that if one power
supply 102a fails, the remaining two power supplies 102b-c can handle the load 106
operating at full capacity. In another embodiment, the system 100 is two fault tolerant and
includes multiple power supplies 102a-n. In this example, two power supplies 102n, 102n-1
may fail and the remaining power supplies 102a-102n-2 provide adequate power to the load

106.

Those of skill in the art will recognize that numerous types redundant configurations are
possible. For example, it is contemplated that numerous power supplies 102 may be
required to provide sufficient power to the load 106, and numerous extra power supplies 102

may be provided to ensure redundancy protection for the system 100.

When utilizing a plurality of redundant power supplies 102a-n it is common for the load 106
to be shared between the power supplies 102a-n as depicted in Figure 1. In a dual redundant
power supply system 100, typically, each power supply 102a-n is configured such that if one
power supply 102a fails, the remaining power supply 102b is able to continue providing
sufficient power to the load 106. In the example, if two redundant power supplies 102a-b
are provided, each power supply 102a-b might provide a maximum of around 50% of the
power to the load 106. Thus, it may be desirable to configure the power supplies 102a-b to
operate most efficiently when supplying 50% of the power to the load 106. However, many

power supplies 102 operate more efficiently at higher loads.

In certain systems 100 with redundant power supplies 102a-n, the system 100 may be able to
tolerate a momentary power outage. This momentary outage may be tolerable during normal
operation or possibly in a low power state, such as when the system 100 is operating in a
standby mode. In this type of system 100, instead of operating all power supplies 102a-n
continuously, it may be possible to shut down one or more power supplies 102a-n. In this
system 100, when an operating power supply 102a fails, a redundant power supply 102b that
has been shut down is then started — possibly resulting in a momentary loss of regulated
power. The result of shutting down one or more power supplies 102 is a reduction of power

supply-related losses. This higher system efficiency may outweigh any desire to maintain
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regulation of power on the regulated bus 108 continuously such that a short loss of

regulation is acceptable.

In various embodiments, the electronic device 104 may be a computer system, such as a
desktop, laptop, or server, and the power supplies 102a-n may be configured to provide
power to the various components of the computer system. In other embodiments, the
electronic device 104 may include devices such as a blade server, a peripheral component
interconnect (“PCI”) card, routers, personal digital assistants (PDAs), switches, appliances,
digital media players, displays, or other electronic devices as recognized by one of skill in
the art. In one embodiment, the power supplies 102a-n may be implemented within the same
enclosure as the electronic device 104, such as within a computer tower case. In other
embodiments, the power supplies 102a-n may be implemented external to the electronic
device 104 and may be connected to the electronic device 104 via a connection means such

as a cord, cable, or bus such as in a blade center.

The electronic device 104 operates as a load 106 to the power supplies 102a-n. The amount
of load 106 may affect the performance of the power supplies 102a-n. The power supply
102 is typically configured to operate efficiently in conjunction with a specified load 106.
Typically, the load 106 varies depending on the operation characteristics of the electronic
device 104 and the power supplies 102a-n adjust accordingly. For example, the power
supplies 102a-n may include a feedback signal for adjusting the power output characteristics
of the power supplies 102a-n in response to changes in the load 106. Typically, the power
supply 102a-n regulates the voltage on the regulated bus 108 to provide substantially
constant voltage levels to the electronic device 104 under varying load conditions. In
various embodiments, the load 106 may be inside the electronic device 104, outside the

clectronic device 104, or both.

Typically, when the load 106 becomes very light, such as when the electronic device 104
enters a low power mode (ie: standby mode), the power supplies 102a-n become much less
efficient due to losses such as switching losses and the like. Thus, When the load 106
becomes light, the power supplies 102a-n are no longer able to operate within their optimal

efficiency range, and the result is a drastic reduction in the overall efficiency of the system.



10

15

20

25

30

WO 2010/076076 PCT/EP2009/065093
12

This problem is compounded in systems utilizing multiple redundant power supplies 102a-n
that share a load 106, because the load 106 is split between power supplies 102. Thus, the

overall loss in efficiency can be quite substantial.

The efficiency apparatus 112 in the present invention operates to minimize such efficiency
losses during low-load operation of the electronic device 104 by disconnecting input power
to unneeded redundant power supplies 102b during low-load or even normal operation of the
electronic device 104. This prevents the unneeded power supplies 102b from contributing to
power losses and drops in efficiency, and increases the load 106 on the remaining power

supplies 102a such that they are able to able operate within a more efficient load range.

Figure 2 is a schematic block diagram illustrating one embodiment of an efficiency
apparatus 112 to increase efficiency on devices with redundant power supplies 102a-n in
accordance with the present invention. As depicted, the efficiency apparatus 112 includes a

load module 202 and a disconnection module 204.

The load module 202 determines that the load 106 of the electronic device 104 is operating
at a power level below a predetermined power threshold. Typically, the predetermined
power threshold corresponds to a size of the load 106 and is set to indicate a point at which
the load 106 becomes so light that the redundant power supplies 102a-n are no longer able to
operate within a desired efficiency range. The predetermined power threshold may
correspond to operation of the electronic device 104 in a standby mode, hibernate mode,

turned off mode, or other low power mode associated with the electronic device 104.

The predetermined power threshold may also correspond to normal operation of the load 106
where the load 106 drops below a predetermined level. For example, where the system
includes three power supplies 102a-c, if the load 106 is operating at 30%, the power supplies
102a-¢ may each provide around 10% of the required power and each power supply 102a-c

may be very inefficient at 10% load.

In one embodiment, determining that the load 106 is operating at a power level below the

predetermined power threshold may include receiving a standby signal, where the standby
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signal indicates that the electronic device is in a standby mode. For example, the load 106 of
the electronic device 104 during standby operation may be known to be below the
predetermined power threshold, and thus a signal indicating operation of the electronic
device in standby mode may be sufficient to determine that the load 106 is below the
predetermined power threshold. In further embodiments, a shut down signal or hibernate

signal may also be received to indicate low-load operation in a similar manner.

In a further embodiment, the load module 202 may monitor an amount of power provided to
the load 106 to detect whether the amount of power provided to the load 106 is below the
predetermined power threshold. As will be recognized by those of skill in the art,
monitoring the amount of power provided to the load 106 may include a utilizing a power
meter or other device to determine an amount of power being consumed by the electronic
device 104. For example, in one embodiment, the load module 202 measures the input
current and input voltage to the electronic device 104 calculates the amount of power from
those measurements. In another embodiment, power is measured at an output of the power
supplies 102a-n. In some embodiments, the electronic device 104 may have an integrated
power meter or other measurement device that provides a signal to the load module 202

indicating an amount of power used by the electronic device 104.

The disconnection module 204 disconnects at least one of the two or more redundant power
supplies 102a-n from the one or more power sources 110 in response to the load module 202
determining that the load 106 of the electronic device 104 is operating at a power level
below the predetermined power threshold. Thus, once it is determined that the electronic
device 104 is operating in a low load mode, the disconnection module disconnects input
power to one or more of the power supplies 102 in order to minimize power losses and to
increase the load 106 on the remaining power supplies 102. By disconnecting a power
supply 102a from the power source 110, typically no substantial amount of power is can be
consumed by the disconnected power supply 102a. Thus, switching losses and other power
losses are minimized. By increasing the load 106 on the remaining power supplies 102b-n,

those power supplies 102b-n will be able to operate more efficiently.
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For example, suppose that the load 106 is shared between two power supplies 102a-b and
that the power supplies 102a-b are configured to operate most efficiently during normal
operation of the electronic device 104. Suppose normal operation of the electronic device
104 typically corresponds to a shared load 106 powered by about 50% of the rated capacity
of each power supply 102a-b. If the electronic device 104 enters a standby mode in which
the load 106 is reduced such that each power supply 102a-b is now operating at 25% of its
rated capacity, then the load module 202 will determine that the load 106 is operating below
a predetermined power threshold, and the disconnection module 204 will disconnect one of
the power supplies 102a. The remaining power supply 102b will continue to provide power
to the load 106 and will be configured to supply all of the power to the load 106 such that the
remaining power supply 102b is again operating at 50% of its rated capacity, which
corresponds to its high efficiency range. In this manner, the efficiency of the system 100

during low load operation can be dramatically increased.

In one embodiment, there may be many redundant power supplies 102a-n, and the
disconnection module 204 may disconnect all but one of the redundant power supplies 102a
from the one or more power sources 110 in response to the load module 202 determining
that the load 106 of the electronic device 104 is operating at a power level below the
predetermined power threshold. For example, in some cases, power supply redundancy may
not be needed during low-load operation of the electronic device 104. Therefore, it may be
desirable to turn off all but one of the power supplies 102a-n such that a single power supply
102a continues to provide power to the reduced load 106. Further, in some embodiments,
more than two power supplies 102a-n may be needed for normal operation of the load 106 to
provide sufficient power to the load 106. For example, system 100 may include three power
supplies 102a-c and a load 106 may require two power supplies (i.e. 102a-b) to adequately
power the load 106. In such cases, it is contemplated that a reduced load 106 may only

require a single power supply 102a to provide sufficient power to the load 106.

In another embodiment, ‘n’ may indicate the number of redundant power supplies 102
required to supply sufficient power to the load 106 in order to maintain regulation of a
voltage on a common bus 108 connected to the load 106 during operation of the load 106 at

or below the predetermined power threshold. In such an embodiment, the disconnection
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module 204 may disconnect all but ‘n’ of the two or more redundant power supplies 102
from the one or more power sources 110 in response to the load module 202 determining
that the load 106 of the electronic device 104 is operating at a power level below the
predetermined power threshold. For example, suppose a power system includes five
redundant powers supplies 102a-¢ that share a load. Suppose that two power supplies 102a-
b are required to provide sufficient power to the load 106 when the load 106 is operated at or
at some defined point at or below the predetermined power threshold (ie: n=2). In such a
case, the disconnection module 204 may disconnect all but the two power supplies 102a-b
needed to supply sufficient power to the light load 106. This helps to increase the efficiency
of the system 100 while ensuring that sufficient power is available to power the remaining

lighter load 106.

In a further embodiment, ‘n” may indicate the number of redundant power supplies 102
required to supply sufficient power to the load 106 to maintain regulation of a voltage on a
common bus 108 connected to the load 106 during operation of the load 106 at a maximum
rated capacity of the load 106. In this case, the disconnection module 204 may again
disconnect all but ‘n’ of the two or more redundant power supplies 102 from the one or more
power sources 110 in response to the load module 202 determining that the load 106 of the

electronic device 104 is operating at a power level below the predetermined power threshold.

For example, suppose again that there are five total redundant power supplies 102a-¢ that
share the load 106. Suppose that at least three power supplies 102a-c are needed to provide
sufficient power to the load 106 when the load 106 is operated at some predefined maximum
capacity (ie: the electronic device 104 is in normal operation with a heavy load), and
suppose that only 2 power supplies 102d-¢ are needed to provide sufficient power to the load
106 when the load 106 is operated below the predetermined power threshold. The
disconnection module 204 may disconnect only two power supplies 102d-¢ such that three

power supplies 102a-c continue to provide power to the load 106.

Although the system 100 might be even more efficient if three of the power supplies 102¢c-¢
are disconnected, disconnecting only 2 (all but ‘n’) allows the power supplies 102a-c to more

quickly provide additional power to the load 106 should the electronic device 104 resume
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normal operation with a heavier load 106 or operate at full load. Once a power supply 102 is
disconnected, it may require a period of time after the power supply 102 is reconnected
before a reconnected power supply 102 begins providing adequate regulated power. Such

periods of power loss may be prevented or minimized in the described embodiment.

Figure 3 is a schematic block diagram illustrating another embodiment of an efficiency
apparatus 112 to increase efficiency on devices with redundant power supplies 102a-n in
accordance with the present invention. The efficiency apparatus 112 includes a load module
202 and a disconnection module 204 which are substantially similar to those described above
in relation to the apparatus 112 of Figure 2. In the depicted embodiment, the efficiency

apparatus 112 also includes a reconnection module 302 which is described below.

The reconnection module 302 is configured to reconnect at least one of the two or more
redundant power supplies 102a-n to the one or more power sources 110 in response to the
load module 202 determining that the load 106 of the electronic device 104 is operating at a
power level above the predetermined power threshold. Thus, the reconnection operates
somewhat complementary to the disconnection module 302 and typically allows the system
100 to return to normal operation after some period of operation below the predetermined
power threshold. Preferably, the reconnection module 302 reconnects the same number of
power supplies 102a-n to the power source 110 as are/were disconnected by the
disconnection module 104. For example, the reconnection module may reconnect all of the
disconnected redundant power supplies 102a-n to the power source 110 in response to the
load 106 returning to operation at or above the predetermined power threshold. In this
manner, the system 100 can transition back and forth between low load operation and normal

or high load operation.

In various embodiments, the efficiency apparatus 112 includes a time delay, a hysteresis
band, or similar mechanism that will allow the reconnection module 302 and/or
disconnection module 204 to work together to prevent too frequent connection and
disconnection of power supplies 102. For example, the efficiency apparatus 112 may
include a feedback loop that is designed with a response time appropriate to prevent chatter

caused by switching in and out power supplies 102 too frequently. One of skill in the art
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will recognize other means to prevent too frequent switching in and out of power supplies

102.

Figure 4 is a schematic block diagram illustrating a further embodiment of a system 400 to
increase efficiency on devices with redundant power supplies 102a-n in accordance with the
present invention. The depicted embodiment includes disconnection devices 402a-n
incorporated with the power supplies 102a-n. The disconnection devices 402a-n may be
implemented as part of the disconnection module 204, reconnection module 302, or other
module in the efficiency apparatus 112 and operate to disconnect the power supplies 102a-n
from the power source 110. Typically, a signal 404 is provided to the disconnection devices
102a-n to control operation of the disconnection devices. For example, the disconnection
module 204 or reconnection module 302 of the efficiency apparatus 112 may send a signal
404 to the disconnection devices 402a-n causing the devices to either disconnect or
reconnect a corresponding power supply 102a-n from its power source 110. Preferably, each

disconnection device 402a-n may be operated independently the others.

In one embodiment, the disconnection devices 402a-n might include one or more switches
configured to selectively disallow input power to flow from the power source 110 into the
corresponding redundant power supplies 102a-n in response to an electrical signal.
Preferably, a switch is implemented at the input of each of the redundant power supplies
102a-n. In various embodiments, the switch may be integrated within the power supplies
102a-n are may be implemented as an add-on device. Typically, each of the switches is
positioned in a power path of each redundant power supply 102a-n such that substantially no
input power is consumed by any power component in the power path of the power supply
102a-n during operation of switch in the ‘open’ position. The ‘open’ position meaning that

the power supply 102a-n is disconnected from the power source 110.

In one embodiment, each disconnection device 402a-n may include a solid state relay. In
another embodiment, the disconnection device 402a-n may include an electromechanical
switch, such as a relay. In another embodiment, a disconnection device 402, includes both a

solid-state switch and a relay. It is contemplated, and will be recognized by those of skill in
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the art, that various switches and disconnection devices may be used in accordance with the

present invention.

Figure 5 is a schematic block diagram illustrating another embodiment of a system 500 to
increase efficiency on devices with redundant power supplies 102a-n in accordance with the
present invention. As has been indicated, the present invention is compatible with the use of
numerous redundant power supplies 102a-n. Figure 5 depicts up to ‘n’ power supplies 102a-
n that are configured for use with the present invention. In the depicted embodiment, the
logic modules of the efficiency apparatus 112 are divided among the redundant power
supplies 102a-n such that each power supply 102a-n may include all part of the functionality
of the efficiency apparatus 112. For example, each power supply 102a-n may include a
disconnection module 204 or a portion of a disconnection module as well as all or a portion
of a load module 202 or a reconnection module 302, which are substantially similar to those
describe above. As depicted, each power supply 102a-n includes a corresponding
disconnection device 402a-n for disconnecting and reconnected the power supplies 102a-n

from the power source 110.

In other embodiments, the efficiency apparatus 112 may be provided as a standalone or add-
on device external to the power supplies 102a-n or may be integrated wholly or partially

within the power supplies 102a-n, electronic device 104, or other components of the system

500.

In operation, the efficiency apparatus 112 operates a load module 202 to determine whether
the load 106 is operating below a predetermined threshold. If it is, the efficiency apparatus
112 sends a signal 404a-n to independently control each disconnection device 402a-n such
that one or more of the power supplies 102a-n are disconnected from the power source 110.
If the load module 202 determines that the load 106 is operating above a predetermined

threshold, then one or more of the power supplies 102a-n may be reconnected.

In one embodiment, two or more predetermined power thresholds may be utilized in
accordance with the present invention. For example, suppose that a first power threshold

corresponds to a standby mode of the electronic device 104, and suppose that a second
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power threshold corresponds to a hibernate mode of the electronic device 104. It is
contemplated that one or more power supplies 102a-n may be disconnected when the load
106 is operated below the first power threshold, and one or more additional power supplies
102a-n may be disconnected when the load 106 is operated below the second power
threshold. In this manner, the number of connected power supplies 102a-n may be gradually
reduced in accordance with the size of the load 106 to increase the efficiency of the system

while still providing sufficient power to the load 106.

Figure 6 is a schematic flow chart diagram illustrating one embodiment of a method 600 for
providing efficient multiple power outputs in accordance with the present invention. The
method 600 substantially includes the embodiments and modules described above with

regard to Figures 1-5.

The method 600 begins when the load module 202 of an efficiency apparatus 212 determines
602 that a load 106 is operating below a predetermined power threshold. Typically, the
predetermined power threshold is a threshold that indicates that an electronic device 104 is
operating in a low load mode such as a standby mode. Ifthe load 106 is operating at a
power level below the predetermined power threshold, a disconnection module 204
disconnects 604 at least one redundant power supply 102a from its power source 110. In one
embodiment, all but one of the power supplies 102a-n are disconnected from the power
source 110. If the load module 202 determines 602 that the load 106 continues to operate
below the predetermined threshold, the efficiency apparatus 112 maintains the disconnected

power supplies 102 in a disconnected state.

Next, the load module 204 determines 606 that a load 106 is operating at a power level
above the predetermined power threshold. In this case, a reconnection module 302
reconnects 608 at least one of the disconnected power supplies 102a-n to the power source
and normal operation of the system resumes and the method returns to determine 602
whether the load is operating below the predetermined power threshold. If the load module
202 determines 606 that the load 106 continues to operate above the predetermined
threshold, the efficiency apparatus 112 maintains the connected power supplies 102 in a

connected state. In this manner, the method 600 allows the system 100 to continuously
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transition between low load modes and normal/high load modes while maintaining efficient

operating conditions.
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CLAIMS
1. An apparatus to increase efficiency on devices with redundant power supplies, the
apparatus comprising:

a load module that determines that a load of an electronic device is operating at a
power level below a predetermined power threshold, the electronic device receives power
simultaneously from two or more redundant power supplies, each redundant power supply
receives input power from one or more power sources and provides regulated output power
to the load of the electronic device, the redundant power supplies redundantly providing
power to the load such that if one of the redundant power supplies fails, the remaining power
supplies are capable of supplying power to the load while maintaining regulation of a
voltage on a common bus connected to the load; and

a disconnection module that disconnects at least one of the two or more redundant
power supplies from the one or more power sources in response to the load module
determining that the load of the electronic device is operating at a power level below the

predetermined power threshold.

2. The apparatus of claim 1, wherein the disconnection module disconnects all but one
of the redundant power supplies from the one or more power sources in response to the load
module determining that the load of the electronic device is operating at a power level below

the predetermined power threshold.

3. The apparatus of claim 1, wherein determining that the load is operating at a power
level below the predetermined power threshold comprises receiving a standby signal, the

standby signal indicating that the electronic device is in a standby mode.

4. The apparatus of claim 1, wherein determining that the load is operating at a power
level below the predetermined power threshold comprises monitoring an amount of power
provided to the load and detecting whether the amount of power provided to the load is

below the predetermined power threshold.

5. The apparatus of claim 1, wherein ‘n’ comprises the number of the two or more

redundant power supplies required to supply sufficient power to the load to maintain
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regulation of a voltage on a common bus connected to the load during operation of the load
at or below the predetermined power threshold, and wherein the disconnection module
disconnects all but ‘n’ of the two or more redundant power supplies from the one or more
power sources in response to the load module determining that the load of the electronic

device is operating at a power level below the predetermined power threshold.

6. The apparatus of claim 1, wherein ‘n’ comprises the number of the two or more
redundant power supplies required to supply sufficient power to the load to maintain
regulation of a voltage on a common bus connected to the load during operation of the load
at a maximum rated capacity of the load, and wherein the disconnection module disconnects
all but ‘n’ of the two or more redundant power supplies from the one or more power sources
in response to the load module determining that the load of the electronic device is operating

at a power level below the predetermined power threshold.

7. The apparatus of claim 1 or claim 4, further comprising a reconnection module that
reconnects at least one of the two or more redundant power supplies to the one or more
power sources in response to the load module determining that the load of the electronic

device is operating at a power level above the predetermined power threshold.

8. The apparatus of claim 7, wherein the reconnection module reconnects all of the
disconnected redundant power supplies to the one or more power sources in response to the
load module determining that the load of the electronic device is operating at a power level

above the predetermined power threshold.

9. The apparatus of claim 1, wherein the disconnection module comprises one or more
switches configured to selectively disallow input power to flow from the one or more power

sources into the redundant power supplies in response to an electrical signal.

10.  The apparatus of claim 9, wherein one of the one or more switches is placed at the

input of each of the redundant power supplies.
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11.  The apparatus of claim 10, wherein each of the switches is positioned in a power path
of each redundant power supply such that substantially no input power is consumed by any
power component in the power path of the power supply during operation of the switch in an

‘open’ position.

12. A method to increase efficiency on devices with redundant power supplies, the
method comprising:

determining that a load of an electronic device is operating at a power level below a
predetermined power threshold, the electronic device receives power simultaneously from
two or more redundant power supplies, each redundant power supply receives input power
from one or more power sources and provides regulated output power to the load of the
electronic device, the redundant power supplies redundantly providing power to the load
such that if one of the redundant power supplies fails, the remaining power supplies are
capable of supplying power to the load while maintaining regulation of a voltage on a
common bus connected to the load; and

disconnecting at least one of the two or more redundant power supplies from the one
or more power sources in response to the load module determining that the load of the

electronic device is operating at a power level below the predetermined power threshold.

13.  The method of claim 12, wherein disconnecting at least one of the two or more
redundant power supplies from the one or more power sources comprises disconnecting all
but one of the redundant power supplies from the one or more power sources in response to
the load module determining that the load of the electronic device is operating at a power

level below the predetermined power threshold.

14.  The method of claim 12, further comprising reconnecting at least one of the two or
more redundant power supplies to the one or more power sources in response to the load
module determining that the load of the electronic device is operating at a power level above

the predetermined power threshold.
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