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(57) Abrégée/Abstract:

In accordance with various aspects of the present invention, a method and circuit for reducing power consumption of a power strip,
wall outlet system, power module and the like Is provided. In an exemplary embodiment, a power circuit is configured for reducing

EORUIORIOR . o
b gy

I*I ) . Pen, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 & 7%% 110

- SRR RO S 2 A\-‘
OPIC - CIPO 191 -




CA 2714355 A1 2009/12/30

en 2 114 355
13) A1

(57) Abrege(suite)/Abstract(continued):
or eliminating power during idle mode by disengaging an electrical connection from power input. An exemplary power circuit may

be In communication with an AC power Input, and may include a current transformer, a control circuit, and a switch. The current
transformer secondary winding provides an output power level signal proportional to the outlet load. If behavior of the current
transformer secondary winding indicates that the power circuit iIs drawing substantially no power from the AC power input, the

switch facllitates disengaging of the current transformer primary from the power circulit.




009/158186 A3 I OADF ) AR R0 0 00 ST 0O 00

W

CA 02714355 2010-07-28

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

30 December 2009 (30.12.2009)

(10) International Publication Number

WO 2009/158186 A3

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

International Patent Classification:
HOIR 13/70(2006.01)

International Application Number:
PCT/US2009/046761

International Filing Date:
9 June 2009 (09.06.2009)

Filing Language: English
Publication Language: English
Priority Data:

61/076,527 27 June 2008 (27.06.2008) US
61/076,523 27 June 2008 (27.06.2008) US
12/180,410 25 July 2008 (25.07.2008) Uus
12/180,411 25 July 2008 (25.07.2008) Uus
12/180,407 25 July 2008 (25.07.2008) US

Applicant (for all designated States except US). 1GO,
INC. [US/US]; 17800 North Perimeter Drive, Suite 200,
Scottsdale, AZ 85255 (US).

Inventors; and
Inventors/Applicants (for US only): DUBOSE, Richard,

G [US/US]; 5741 East Sylvia Street, Scottsdale, AZ
85254 (US). THORNTON, Walter [US/US]; 2023 West
Forest Pleasant Place, Phoenix, AZ 85085 (US). HEIL,

Michael, D [US/US]; 11506 East Cavedale Drive, Scotts-
dale, AZ 85262 (US).

(74)

(81)

(84)

Agent: STEGGE, Adam; Snell & Wilmer L. L.P., One
Arizona Center, 400 East Van Buren Street, Phoenix, AZ
85004-2202 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, 8Y, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

(54) Title: LOAD CONDITION CONTROLLED POWER CIRCUIT

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))

[Continued on next page]

1100

- - - -~ - - - -7 =-=-T7==-== -
| AC line input 1110 |
| — - — - »> |
| ‘ |
I 1130 1130 1130 |
| |\~ ‘ /I | |
| |
| Qutlet Outlet Qutiet |
| Circuit; Circuit; Circuity |
| |
I Outlet, Qutlet, Outlety |
[ I
| /-1120 , /-1120 | /-1120 !
| l
. ] Il i

: U U U

( e e e e —

Figure 11A

(57) Abstract: In accordance with various aspects of the present invention, a method and circuit for reducing power consumption
of a power strip, wall outlet system, power module and the like 1s provided. In an exemplary embodiment, a power circuit 1s con-
figured for reducing or eliminating power during idle mode by disengaging an electrical connection from power mput. An exem-
& plary power circuit may be mm communication with an AC power mput, and may include a current transtormer, a control circuit,
and a switch. The current transtformer secondary winding provides an output power level signal proportional to the outlet load. It

behavior of the current transto

'mer secondary winding indicates that the power circuit 1s drawing substantially no power from the

AC power input, the switch facilitates disengaging of the current transformer primary from the power circuit.
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LOAD CONDITION CONTROLLED POWER CIRCUIT
Field of Invention

The present invention relates to reducing power consumption in electronic devices.
More particularly, the present invention relates to a circuit and method for disengaging an a
power output from a power input in a power module, a wall plate system, and/or a power
strip when 1dle load conditions are present.

Background of the Invention

The increasing demand for lower power consumption and environmentally friendly
consumer devices has resulted 1n interest in power supply circuits with “green” technology.
For example, on average, a notebook power adapter continuously “plugged in” spends 67%
of 1ts time 1n 1dle mode. Even with a power adapter which conforms to the regulatory
requirement of dissipating less then 0.5 watts/hour, this extended idle time adds up to 3000
watt hours of wasted energy each year per adapter. When calculating the wasted energy of
the numerous 1dle power adapters, the power lost 1s considerable.

Each apphance and power adapter in a commercial or residential building will be
plugged mto an outlet of a wall plate in some fashion. The standard wall plate has two
outlets, though variations exist from a single outlet to more than two outlets. In an office or
home environment, a computer, monitor, printer, scanner, and other electronic devices are
connected to the wall plate. When not in use, these connected devices will often be left on
and go 1nto self-imposed 1dle modes that typically consume less than 1 watt per device.
Even though each device 1s consuming standby power, the total power delivered by the wall
plate can be as much as the number of outlets used times the 1dle power, perhaps as great as
4 watts or more. Similarly, power strips are used to multiply the number of AC outlets
available from a single AC socket. In an office or home environment, a computer, monitor,
printer, scanner, and other electronic devices are often connected to the same power strip.
When not 1n use, these connected devices will often be left on and go into self-imposed 1dle
modes that typically consume less than 1 watt per device. Even though each is consuming
standby power, the total power delivered by the power strip can be as much as the number of
outlets used times the 1dle power, perhaps as great as 6 watts or more. This multiplicity of
wasted 1dle power can be reduced or eliminated 1f the wall plate or power strip can learn or
be programmed to sense the i1dle condition of each outlet and furn that outlet off 1f idle

conditions are present.

PCT/US2009/046761
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Summary of the Invention

In accordance with various aspects of the present invention, a method and circuit for
reducing power consumption of a power module, wall plate system, power strip and the like
during 1dle conditions is provided. In an exemplary embodiment, a load condition
controlled power module may be configured for reducing or eliminating power during idle
mode by disengaging at least one power output from a power input. A power module may
be connected to one or more power outputs, and a power put which may provide
alternating current (AC) to the one or more power outputs. The power module may include
a current measuring system, a control circuit, and a switch. The current measuring system
provides an output power level signal that 1s proportional to the load at the power output. In
an exemplary embodiment, if behavior of the current measuring system indicates that at
least one power output is drawing substantially no power from the AC power nput, the
switch facilitates disengaging of the power mput from such power output.

In an exemplary embodiment, a wall plate system 1s configured for reducing or
eliminating power during i1dle mode by disengaging at least one outlet from a power input.
A wall plate system may include one or more outlets and one or more wall plate circuits,
with AC power input connected to the outlets through the wall plate circuit(s). The wall
plate circuit may include a current measuring system, a control circuit, and a switch. The
current measuring system provides, through the switch, an output power signal that 1s
proportional to the load at the outlet. In an exemplary embodiment, if behavior of the
current measuring system indicates that at least one outlet 1s drawing substantially no power
from the AC power input, the switch facilitates disengaging of the power mput from such
outlet.

The wall plate system may also include both a standard wall plate and circuitry to
reduce power during idle mode. The wall plate circuitry may be housed inside and to the
rear of a standard wall plate. In another embodiment, the wall plate system may be a wall
plate adapter configured to fit over and connect to a standard wall plate. The wall plate
adapter may connect to the standard wall plate by plugging into either one or more than one
of the outlets of the standard wall plate, and an electronic device can plug into the wall plate
adapter instead of the standard wall plate.

In an exemplary embodiment, a power strip is configured for reducing or eliminating
power during idle mode by disengaging at least one outlet from a power mput. A power

strip may include one or more outlets and one or more outlet circuits, with AC power 1nput
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connected to the outlets through the outlet circuit(s). The outlet circuit may include a
current transformer, a control circuit, and a switch. In an exemplary embodiment, the
secondary winding of the current transformer provides an oufput power level signal that 1s
proportional to the load at the outlet. In an exemplary embodiment, if behavior of the
secondary winding of the current transformer indicates that at least one outlet 1s drawing
substantially no power from the AC power input, the switch facilitates disengaging of the
primary circuit of the current transformer from such outlet.

Brief Description of the Drawings

A more complete understanding of the present invention may be derived by referring
to the detailed description and claims when considered in connection with the Figures,
where like reference numbers refer to similar elements throughout the Figures, and:

FIG. 1 illustrates a block diagram of an exemplary load condition controlled power
module 1n accordance with an exemplary embodiment;

FIG. 2 1llustrates a block diagram of an exemplary load condition controlled power
module in accordance with an exemplary embodiment;

FIG. 3 illustrates a block diagram of an exemplary load condition controlled power
module 1n accordance with an exemplary embodiment;

FIG. 4 illustrates a circuit diagram of an exemplary control circuit for use within an
exemplary load condition controlled power module circuit in accordance with an exemplary
embodiment.

FIG. 5A illustrates a block diagram of an exemplary load condition controlled wall
plate system 1n accordance with an exemplary embodiment;

FIG. 5B illustrates another block diagram of an exemplary load condition controlled
wall plate system in accordance with an exemplary embodiment;

FIG. 5C illustrates yet another block diagram of an exemplary load condition
controlled wall plate system;

FIG. 6 illustrates a block diagram of an exemplary load condition controlled wall
plate system in accordance with an exemplary embodiment;

FIG. 7 illustrates a circuit diagram of an exemplary control circuit for use within an

exemplary load condition controlled wall plate system in accordance with an exemplary

embodiment;

FIG. 8 illustrates a block diagram of an exemplary load condition controlled wall

plate system in accordance with an exemplary embodiment;

PCT/US2009/046761
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FIG. 9 illustrates a schematic diagram of an exemplary control circuit for use within
an exemplary load condition controlled wall plate system in accordance with an exemplary
embodiment; and

FIG. 10 illustrates a drawing of an exemplary load condition controlled wall plate
system as an adaptive device in accordance with an exemplary embodiment.

FIG.11A illustrates a block diagram of an exemplary load condition controlled
power strip;

FIG. 11B illustrates another block diagram of an exemplary load condition
controlled power strip in accordance with an exemplary embodiment;

FIG. 12 illustrates a block diagram of an exemplary load condition controlled power
strip in accordance with an exemplary embodiment;

FIG. 13 illustrates a circuit diagram of an exemplary control circuit for use within an
exemplary load condition controlled power strip in accordance with an exemplary

embodiment; and

FIG. 14 illustrates a block diagram of an exemplary load condition controlled power

strip in accordance with an exemplary embodiment.

Detailed Description of Exemplary Embodiments of the Invention

The present invention may be described herein in terms of various functional
components and various processing steps. It should be appreciated that such functional
components may be realized by any number of hardware or structural components
configured to perform the specified functions. For example, the present invention may
employ various integrated components, such as buffers, current mirrors, and logic devices
comprised of various electrical devices, for example, resistors, transistors, capacitors, diodes
and the like, whose values may be suitably configured for various intended purposes. In
addition, the present invention may be practiced in any integrated circuit application.
However for purposes of illustration only, exemplary embodiments of the present invention
will be described herein in connection with a sensing and control system and method for use
with power strip circuits, power modules, outlets, and the like. Further, 1t should be noted
that while various components may be suitably coupled or connected to other components
within exemplary circuits, such connections and couplings can be realized by direct
connection between components, or by connection through other components and devices

located thereinbetween.

PCT/US2009/046761
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Power Module

Various embodiments are possible of a power module configured for reducing or
eliminating power during idle mode. In an exemplary embodiment, a circuit for
implementing the power module is integrated into or otherwise a part of a larger device and
controls power input to the larger device based on various load conditions. In another
exemplary embodiment, the power module i1s a component that could be removable or fixed
as part of an electronic device. The power module may be a printed circuit board, a potted
block, an integrated circuit, a MEMS device, or any other structure configured for
implementation in a larger device or system. In another exemplary embodiment, the power
module may be within a housing configured to facilitate simple installation of the power
module. This embodiment may be added to existing electrical devices.

In accordance with various aspects of the present mvention, a power module
configured for reducing or eliminating power during idle mode by disengaging a power
input is disclosed. In an exemplary embodiment, and with reference to Figure 1, a power
module 100 comprises a power input 110, a power output 120 and a power module circuit
130. Accordingly, power module 100 can comprise any configuration of system where a
power input is received, power is provided at a power output, and a circuit disengages the
power provided to the power output in order to reduce power consumption.

In an exemplary embodiment, power input 110 and power output 120 are 3-pin or 2-
pin plugs or receptacles. In another exemplary embodiment, power input 110 and power
output 120 comprise flying leads for connection to various electrical components. Other
connections may be made by terminal strips, spade connectors, or fixed connectors mounted
on a printed circuit board. However, power input 110 and power output 120 can be suitably
configured in any other input and/or output configuration. Furthermore, power mput 110
may be connected to a 110 volt or 220 volt power source in an exemplary embodiment.

In an exemplary embodiment, power module 100 comprises power mput 110
communicatively coupled to power module circuit 130, which in turn 1s communicatively
coupled to power output 120 as shown in Figure 2. Power output 120 may also be
connected or otherwise coupled to a ground line and a neutral line 1n one embodiment. The
power module circuit 130 comprises a current measuring system 231, a control circuit 232,
and a switch 233. In an exemplary embodiment and for illustration purposes, current
measuring system 231 comprises a current transformer 231 having a primary circuit and a

secondary winding. However, current measuring system 231 may also comprise a resistor
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with a differential amplifier, a current sensing chip, a Hall-effect device, or any other
suitable component configured to measure current as now known or hereinafter devised.
Current transformer 231 provides an output power level signal to control circuit 232 that 1s
proportional to the load at power output 120. Furthermore, switch 233 connects the primary
circuit of current transformer 231 to power output 120.

In an exemplary embodiment, control circuit 232 may comprise at least one of, or a
combination of: a latching circuit, an analog circuit, a state machine, and a microprocessor.
In one embodiment, control circuit 232 monitors the condition of the secondary winding of
current transformer 231 and controls the operation of switch 233. Furthermore, 1n an
exemplary embodiment, control circuit 232 receives a low frequency or DC signal from
current transformer 231. The low frequency signal, for example, may be 60 Hz. This low
frequency or DC signal 1s interpreted by control circuit 232 as the current required by the
load at power output 120.

Control circuit 232 can comprise various structures for monitoring the condition of
the secondary winding of current transformer 231 and controlling the operation of switch
233. In an exemplary embodiment and with reference to Figure 3, control circuit 232
includes a current sensor 301 and a logic control unit 302. Current sensor 301 monitors the
output of a current measuring system, such as for example, the secondary winding of current
transformer 231, which is an AC voltage proportional to the load current. Also, current
sensor 301 provides a signal to logic control unit 302. In one embodiment, the signal may
be a DC voltage proportional to the current monitored by current sensor 301. In another
embodiment, the signal may be a current proportional to the current monitored by current
sensor 301.

In an exemplary embodiment, logic control unit 302 1s powered by an energy storage
capacitor. Logic control unit 302 may briefly connect the storage capacitor to power input
110 in order to continue powering logic control unit 302. In another embodiment, logic
control unit 302 may be powered by a battery or other energy source. This energy source 1s
also referred to as housekeeping or hotel power; it functions as a low auxiliary power
source. In one embodiment, auxiliary power 1s taken from power mnput 110. For further
detail on similar current monitoring, see U.S. Provisional Application 61/052,939, entitled
“Circuit and Method for Ultra-Low Idle Power”, hereby incorporated by reference.

In an exemplary embodiment, logic control unit 302 is a microprocessor capable of

being programmed prior to, and after integration of power module 100 in an electronic

PCT/US2009/046761
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device. In one embodiment, a user is able to connect to logic control unit 302 and customize
the parameters of power module 100. For example, a user may set the threshold level and a
sleep mode duty cycle of power module 100. Data from power module 100 could be -
transmitted regarding, for example, the historical power consumption and/or energy saved.
The bidirectional data transfer between power module 100 and a display device may be
achieved through a wireless signal, such as for example, an infra-red signal, a radio
frequency signal, or other similar signal. The data transfer may also be achieved using a
wired connection, such as for example, a USB connection or other similar connection.

In accordance with an exemplary embodiment, control circuit 232 may further
comprise a power disconnect 303 in communication with logic control unit 302. Power
disconnect 303 1s configured to isolate logic control unit 302 from power mput 110 and
reduce power loss. While isolated, logic control unit 302 1s powered by the storage
capacitor or other energy source and logic control unmit 302 enters a sleep mode. If the
storage capacitor reaches a low power level, power disconnect 303 1s configured to
reconnect logic control unit 302 to power input 110 to recharge the storage capacitor. In an
exemplary embodiment, power disconnect 303 1s able to reduce the power loss from a range
of microamperes of leakage current to a range of nanoamperes of leakage current.

In another exemplary embodiment, control circuit 232 receives a control signal that
1s impressed upon power input 110 by another controller. The control signal may be, for
example, the X10 control protocol or other similar protocol. Control circuit 232 may
receive the control signal through the secondary winding of current transformer 231, from a
coupled power input 110, or any other suitable means configured to couple power input 110
to control circuit 232 as now known or heremnafter devised. This control signal may come
from within power module 100 or may come from an external controller. The control signal
may be a high frequency control signal or at least a control signal at a frequency different
than the frequency of power mput 110. In an exemplary embodiment, control circuit 232
interprets the high frequency control signal to engage or disengage switch 233. In another
embodiment, an external controller may transmit a signal to turn power module 100 to an
“on” or “off” condition.

In an exemplary embodiment, if behavior of the secondary winding of current
transformer 231 indicates that power output 120 is drawing substantially no power from
power input 110, switch 233 facilitates or controls disengaging of the primary circuit of

current transformer 231 from power output 120. In other words, switch 233 facilitates the

PCT/US2009/046761
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disengaging of a power source from power outlet 120. In an exemplary embodiment, the
secondary winding of current transformer 231 1s monitored for an AC waveform at the AC
line frequency of power mput 110, where the AC waveform has an RMS voltage
proportional to the load current passing through the primary circuit of current transformer
231 to power output 120. In another embodiment, the AC waveform i1s rectified and filtered
to generate a DC signal before being received by control circuit 232. The DC signal i1s
proportional to the load current passing through the primary circuit of current transformer
231 to power output 120.

In one embodiment, the phrase “substantially no power” is intended to convey that
the output power 1s 1n the range of approximately 0 — 1% of a typical maximum output load.
In an exemplary embodiment, switch 233 1s configured to control the connection of the
primary circuit of current transformer 231 to power output 120 and comprises a switching
mechanism to substantially disengage the primary circuit of current transformer 231 from
power output 120. Switch 233 may comprise at least one of a relay, latching relay, a
TRIAC, and an optically 1solated TRIAC.

By substantially disabling the primary circuit of current transformer 231, the power
consumption at power output 120 is reduced. In one embodiment, substantially disabling
power output 120 1s intended to convey that the output signal of the secondary winding of
current transformer 231 has been interpreted by control circuit 232 as sufficiently low so
that 1t 1s appropriate to disengage switch 233 and remove power from power output 120.

In another exemplary embodiment, and with reference to Figures 2 and 3, power
module circuit 130 further comprises a reconnection device 234, which is configured to
enable the closure of switch 233 through logic control unit 302. The closure of switch 233
reconnects power output 120 fo the primary circuit of current transformer 231 and power
mput 110. In an exemplary embodiment, reconnection device 234 comprises a switch
device that may be closed and opened in various manners. For example, reconnection
device 234 can comprise a push button that may be manually operated. In one embodiment,
the push button 1s located on the face of power module 100. In another embodiment,
reconnection device 234 1s affected remotely by signals traveling through power mput 110
that control circuit 232 interprets as on/off control. In yet another embodiment,
reconnection device 234 1s controlled by a wireless signal, such as for example, an infra-red

signal, a radio frequency signal, or other similar signal.

PCT/US2009/046761
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[n an exemplary embodiment, and with reference to Figures 3 and 4, power module
circuit 130 further comprises a reconnection device memory state 304. Reconnection device
memory state 304 1s configured to indicate whether reconnection device 234 was recently
activated so that logic control unit 302 can determine the circuit conditions upon power up.
In the exemplary embodiment, reconnection device memory state 304 comprises a capacitor
C5, which charges when reconnection device 234 1s activated. Logic control unit 302 can
then measure the voltage on capacitor C5 as an indication of whether reconnection device
234 was activated. In one exemplary embodiment, reconnection device memory state 304
provides a digital reading to the PB1 input of logic control unit 302. If there is sufficient
voltage at capacitor C5, the PBI1 input reads a “1”. If there is insufficient voltage at .
capacitor C5, the PB1 input reads a “0”. The determination of what voltage 1s sufficient is
dependent in part on the ratio of resistors R6 and R7 and can be interpreted by logic control
unit 302, as would be known to one skilled m the art. Capacitor C5 serves to store the state
of reconnection device 234 until the voltage of capacitor C5 can be read by logic control
unit 302.

In accordance with another exemplary embodiment, switch 233 is automatically
operated on a periodic basis. For example, switch 233 may automatically reconnect after a
few or several minutes or tens of minutes, or any period more or less frequent. In one
embodiment, switch 233 1s automatically reconnected frequently enough that a battery
operated device connected to power module 100 will not completely discharge internal
batteries during a period of no power at the input to the connected device. After power
output 120 is reconnected, in an exemplary embodiment, power module circuit 130 tests for
or otherwise assesses load conditions, such as the power demand at power output 120. If the
load condition on power output 120 is increased above previously measured levels, power
output 120 will remain connected to the primary circuit of current transformer 231 until the
load condition has returned to a selected or predetermined threshold level indicative of a
“low load”. In other words, if the power demand at power output 120 increases, power 1s
provided to power output 120 until the power demand drops and indicates a defined 1dle
mode. In an exemplary embodiment, the determination of load conditions at re-connect are
made after a selected time period had elapsed, for example after a number of seconds or
minutes, so that current inrush or initialization events are ignored. In another embodiment,
the load conditions may be averaged over a selected time period of a few seconds or minutes

so that short bursts of high load average out. In yet another exemplary embodiment, power
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module 100 comprises a master reconnection device that can re-engage all power outputs
120 to power 1nput 110.

In an exemplary method of operation, power module 100 has switch 233 closed upon
initial power-up, such that power flows to power output 120. When load conditions at
power output 120 are below a threshold level, control circuit 232 opens switch 233 to create
an open circuit and disengage power output 120 from the input power signal. This
disengaging effectively eliminates any 1dle power lost by power output 120. In one
embodiment, the threshold level is a predetermined level, for example approximately one
watt of power or less flowing to power output 120.

In an exemplary embodiment, different power outputs 120 may have different fixed
threshold levels such that devices having a higher power level 1in 1dle may be usefully
connected to power module 100 for power management. For example, a large device may
still draw about 5 watts during idle, but would never be disconnected from power mput 110
if the connected power output 120 had a threshold level of about 1 watt. In various
embodiments, certain power outputs 120 may have a higher threshold levels to
accommodate high power devices, or lower threshold Ievels for lower power devices.

In another embodiment, the threshold level 1s a learned level. The learned level may
be established through long term monitoring by control circuit 232 of load conditions at
power output 120. A history of power levels 1s created over time by monitoring and may
serve as a template of power demand. In an exemplary embodiment, control circuit 232
examines the history of power levels and decides whether long periods of low power
demand were times when a device connected at power output 120 was in a low, or lowest,
power mode. In an exemplary embodiment, control circuit 232 disengages power output
120 during low power usage times when the period of low power matches the template. For
example, the template might demonstrate that the device draws power through power output
120 for eight hours, followed by sixteen hours of low power demand.

In another exemplary embodiment, control circuit 232 determines the approximate
low power level of the electronic device connected at power output 120, and sets a threshold
level to be a percentage of the determined approximate low power level. For example,
control circuit 232 may set the threshold level to be about 100-105% of the approximate low
power level demand. In another embodiment, the threshold demand may be set at about

100-110% or 110-120% or more of the approximate low level power demand. In addition,
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the low power level percentage range may be any variation or combination of the disclosed
ranges.

Additionally, the leamed threshold level can be manually set. In accordance with an
exemplary embodiment, a threshold level 1s set based 1n part by activating reconnect device
234 for a period of time and measuring a current power level. For example, a user may hold
down reconnect device 234 for a few seconds when power module 100 operates in idle
mode and measure the power level. The measured power level 1s used to set the power
threshold level. In one exemplary embodiment, the threshold level 1s set to a measured
power level plus an offset value. The offset value can be configured at various power levels.
Furthermore, the offset value may be increased or decreased as 1s suitable for a particular
configuration. For example, if the measured threshold 1s about 1 W, and an offset value of
about 0.5 W 1s used, then the threshold value 1s about 1.5 W. In an exemplary embodiment,
power module 100 1s configured to operate in ultra-low 1dle mode if the load drops below
about 1.5 W 1n this example. Advantageously, the threshold level 1s set more accurately by
manually 1nitiating a power level measurement.

Having disclosed various functions and structures for an exemplary power module
configured for reducing or eliminating power during idle mode by disengaging power input,
a detailed schematic diagram of an exemplary power module 400 can be provided in
accordance with an exemplary embodiment of the present mvention. With reference to
Figure 4, in an exemplary embodiment of power module 400, power module circuit 130
comprises current transformer 231, current sensor 301, logic control unit 302, power
disconnect 303, reconnection device memory state 304, and switch 233.

In one embodiment, current transformer 231 and current sensor 301 combine to
measure the current from power input 110 and convert said current to a proportional DC
voltage that can be read by logic control unit 302. Furthermore, switch 233 may comprise a
latching relay, such as relay coil K1, that provides a hard connect/disconnect of power input
110 to power output 120 after a command from logic control unit 302. Switch 233
alternates between open and closed contacts. Furthermore, switch 233 holds 1ts position
until reset by logic control umit 302, and will hold position without consuming any power in
arelay coil K1.

In an exemplary embodiment, logic control unit 302 comprises a microcontroller that
receives mnput of the current in the power mput line, controls the state of switch 233 and

reads or otherwise assesses the state or position of the contacts of reconnection device 234
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and switch 233. In addition, logic control unit 302 learns and stores the power profile for an
electronic device connected to power output 120. In another exemplary embodiment, power
module circuit 130 further comprises reconnection device 234 and reconnection device
memory state 304. Reconnection device 234 1s activated to turn on power output 120 when
power module circuit 130 1s first connected to power input 110 or when full power 1s needed
immediately at power output 120. Reconnection device memory state 304 1s configured to
indicate to logic control unit 302 whether reconnection device 234 was recently activated.

In an exemplary embodiment, power disconnect 303 comprises a network of
transistors Q1, Q2, Q3 which are used in conjunction with zener diodes Z1, Z2 to condition
power input 110 to a safe level suitable for logic control unit 302 and 1solate logic control
unit 302 from power input 110. In another embodiment, power disconnect 303 comprises
relays in addition to, or in place of, the transistors of the prior embodiment.

Initial connection of power module 400 involves connecting power module 400 to a
power source, which may be AC or DC. In an exemplary method, upon mitial plug-in of
power module 400 to a power source, all circuits of power module circuit 130 are dead and
switch 233 1s 1n the last position or state set by logic control unit 302. This 1nitial condition
may or may not provide power to power output 120. When all the circuits are dead, there 1s
no current flow into power module circuit 130. This i1s due to the i1solation provided by
power disconnect 303 and reconnection device 234 in a normal, open position. In an
exemplary embodiment, power disconnect 303 comprises transistors QI, Q2, Q3 and
capacitor C3. In this state, only leakage current will flow through transistors Q1, Q2 and the
leakage current will be on the order of approximately tens of nanoamperes. Furthermore,
current transformer 231 provides dielectric isolation from primary side to secondary side so
that only small leakage current flows due to the inter-winding capacitance of current
transformer 231.

With continued reference to Figure 4, in an exemplary embodiment and for
illustration purposes, a user may reconnect the circuit using reconnection device 234 to
establish a current path through diode D1, zener diode Z1, reconnection device 234, resistor
R4, diode D6, and zener diode Z3. Diode D1 serves to half-wave rectify the AC line to drop
the peak to peak voltage in half. Zener diode Z1 further reduces the voltage from diode D1,
for example to about 20 volts. Zener diode Z3 and resistor R4 form a current limited zener
regulator that provides an appropriate DC voltage at the VDD 1nput to logic control unit 302

while reconnection device 234 1s held. In addition, capacitor C2 smoothes the DC signal on
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zener diode Z3 and provides storage during the contact bounce of reconnection device 234.
Capacitor C2 1s sized to provide sufficient storage during the start-up time of logic control
unit 302, and capacitor C2 in combination with resistor R4 provides a fast rising edge on the
VDD input to properly reset logic control unit 302. Furthermore, diode DS 1solates
capacitor C2 from capacitor CS so the rise time constant of capacitor C2 and resistor R4 1s
not affected by the large capacitance of capacitor CS. When capacitor CS is powering logic
control unit 302, the current of capacitor CS passes through diode D5. Diode D6 serves to
isolate the voltage on capacitor C2 when reconnection device 234 1s released. This allows
the voltage stored on capacitor C5 during the closed time of reconnection device 234 to be
retained when reconnection device 234 1s open and inform logic control unit 302 of the open
condition.

In an exemplary method, if reconnection device 234 1s activated for a few
milliseconds, logic control unit 302 1s configured to initialize and immediately set up to
provide its own power before reconnection device 234 1s released. This 1s accomplished
from voltage doubler outputs VD1-VD3 and ZG1 of logic control unit 302. First, output
ZG1 is driven high to turn on transistor Q2. With transistor Q2 on, a current path 1s
established through resistor R3 and zener diode Z2 providing a regulated voltage at the drain
of transistor Q1. This regulated voltage is similar to that produced by zener diode Z3 and 1s
appropriate for the VDD input of logic control unit 302. Second, after the voltage on zener
diode Z2 has stabilized for a few microseconds, outputs VD1-VD3 of logic control unit 302
begin switching to produce a gate drive signal to turn on transistor Ql. The signals
produced by outputs VD1-VD3 and components including capacitor C3, transistor Q3,
capacitor C4, diode D3 and diode D4 produce a voltage at the gate of transistor Q1 that 1s
about twice the voltage on VDD input of logic control unit 302. This voltage doubling turns
transistor Q1 on hard. Once transistor Q1 is on, the voltage at zener diode Z2 charges
capacitor CS. In an exemplary embodiment, capacitor CS 1s a large storage capacitor that 1s
used to power logic control unit 302 when reconnection device 234 1s not being activated.
After capacitor CS has been charged for a few milliseconds, outputs VD1-VD3 and ZG1
return to a rest state and transistors Q1 and Q2 are turned off. In this embodiment, logic
control unit 302 is operating off the stored charge in capacitor CS and not drawing power
from power input 110. When reconnection device 234 is no longer active, capacitor CS will

continue to power logic control unit 302.
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It power output 120 1s 1dling and drawing substantially no power, logic control unit
302 may be able to disengage from drawing power and enter a “sleep” mode. In an
exemplary method, and with further reference to Figure 4, when logic control umit 302 is
operating from the stored energy in capacitor CS, a timing function 1s enabled in logic
control unit 302 that uses capacitor C6 to perform the timing function. Capacitor C6 1s
briefly charged by the CAPTIME output of logic control unit 302 and over time capacitor
C6 discharge rate will mimic the decay of the voltage on capacitor CS. Once capacitor C6
voltage at input CAPTIME reaches a low level, logic control unit 302 will set the state of
outputs VD1-VD3 and ZG1 to again recharge capacitor CS from the AC line. This process
repeats over and over so power 1s never lost to logic control unit 302. The recharge process
takes only a few milliseconds or less to operate, depending on the size of capacitor CS.

Furthermore, in an exemplary method, when logic control umt 302 1s not busy
recharging capacitor CS, switching relay K1, or measuring power drawn from power output
120, logic control unit 302 is operating in a deep sleep mode that stops all, or substantially
all, internal activity and waits for capacitor C6 to discharge. This sleep mode consumes
very little power and allows the charge on storage capacitor CS to persist for many seconds.
If reconnection device 234 is activated during the sleep mode, capacitor C5 will be
recharged and logic control unit 302 will resume normal operation and set or reset relay K1.
Altematively, if capacitor C6 voltage falls too low, logic control unit 302 will again
recharge capacitor CS and then return to sleep mode.

While an electronic device i1s in an 1dle mode, power module 100 may continue to
monttor for changes in the power drawn by the electronic device. In an exemplary method,
while logic control unit 302 continuously goes in and out of sleep mode to re-power itself,
logic control unit 302 will also periodically test the power being drawn from power output -
120. The period of power testing 1s much greater than that of capacitor CS charging and, for
example, may be only tested every ten or more minutes. In accordance with an exemplary
method, there are at least three possible outcomes from the result of power testing: 1) the
device is operating and the switch is not in standby condition, 2) the device 1s not operating
but the switch 1s not 1n a standby condition, or 3) the switch 1s 1n a standby condition.

For the outcome when the device is operating and the switch 1s not 1n a standby
condition, relay K1 has been previously set to deliver power to power output 120 and power
testing shows an appreciable load current is being drawn by the electronic device connected.

An “appreciable load” may be defined by some fixed value programmed into logic control
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unit 302, or it may be the result of a number of power tests and be the typical load current
for this electronic device. A power test result here will be interpreted as normal conditions
and logic control umit 302 will go back into sleep mode cycling until another time period,
such as ten minutes, has passed when the power test will be made again. In another
exemplary embodiment, the duration of the sleep mode cycling is determined by a user. For
example, a user may set the sleep mode duration to be one, two, or five minutes and may do
so using a dial, a digital input, a push button, keypad or any other suitable means now know
or heremafter devised.

For the outcome when the device 1s not operating but the switch 1s not 1n a standby
condition, relay K1 has been previously set to deliver power to power output 120 and power
testing shows a negligible load current being drawn by the device connected. The
“negligible load” may be some fixed value programmed into logic control unit 302, or it
may be the result of a number of power tests and be the typical minimum found for this
electronic device. In either case the action taken by logic control unit 302 will be to set
relay K1 to an open condition by using outputs RELAY 1-RELAY?2 of logic control unit 302
to energize relay coil K1. The state of relay K1 1s determined by logic control unit 302
testing for the presence of resistor R5 at RELAY3, since logic control unit 302 may not
know the previous state of relay K1, for example, starting from power off state.

For the outcome when the switch 1s 1n a standby condition, that 1s, relay K1 has been
set to remove power from power output 120, logic control umit 302 must set relay K1 to a
closed condition to allow AC power to be applied to the power output. In an exemplary
method, once relay K1 1s set, a period of time 1s allowed to elapse before the power testing |
1s done. This delay allows for the electronic device attached to power output 120 to
init1alize and enter a stable operating mode. Power measurements may now be made over
some period of time to determine if the electronic device 1s in a low or high power state. If a
high power state 1s determined, relay K1 remains set. If a low power state 1s determined,
relay K1 1s reset to open condition and power 1s again removed from power output 120.
Also, logic control unit 302 will again begin sleep mode cycling and power testing after a
determined time period, for example, every ten minutes.

If a user wants to operate a device that 1s connected to power output 120 and that
power output 1s turned off, in an exemplary embodiment, activating reconnection device 234
will immediately wake logic control unit 302 from sleep mode. Since the wake up was from

the activation of reconnection device 234 and not due to power testing or capacitor CS
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recharging, logic control unit 302 will immediately set relay K1 to closed position to power
the electronic device connected to power output 120.

In addition to the embodiments described above, various other elements may be
implemented to enhance control and user experience. One way to enhance user control is to
allow a user to select the operating mode of a power output. In an exemplary embodiment,
power module 100 turther comprises a “Green Mode” switch that enables or disables the
“green’” mode operation. The green mode switch may be a hard, manual switch or it may be
a signal to logic control unit 302. “Green” mode operation is the disengaging of power
output 120 from power input 110 when substantially no load 1s being drawn at power output
120. A user may use the green mode switch to disenable green mode operation on various
power outputs when desired. For instance, this added control may be desirable on power
outputs that power devices with clocks or devices that need to be instantly on, such as a fax
machine.

In one embodiment, power module 100 includes LED indicators, which may indicate
whether a power output 1s connected to the power line and drawing a load current. The LED
indicators may indicate that whether a power output 1s active, that 1s, power 1s drawn by an
electronic device and/or the power output has power available even i1f an electronic device 1s
not connected. In addition, a pulsing LED may be used to show when power testing 1s being
done or to indicate the “heartbeat” of sleep mode recharging.

In another embodiment, power module 100 comprises at least one LCD display. The
LCD display may be operated by logic control unit 302 to indicate the load power being
provided to power output 120, for example during times of operation. The LCD may also
provide information about the power saved or power consumed by operating power module
100 in or out of a “green” mode. For example, LCD may display the sum total of watts
saved during a certain time period, such as the life of power module 100 or 1n a day.

Various embodiments may also be used to enhance the efficient use of the power
module and/or individual power outputs in the power module. One such embodiment 1s the
implementation of a photocell or other optical sensor monitored by logic control unit 302.
The photocell determines whether light 1s present m the location of power module 100 and
logic control unit 302 can use this determination to disengage power output 120 depending
on the ambient light conditions. For example, logic control unit 302 may disengage power
output 120 during periods of darkness. In other words, the power outputs of the power

module may be turned off at night. Another example 1s devices that do not need power 1f
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located 1n a dark room, such as an unused conference room in an office. Also, the power
outputs may be turned off when the ambient light conditions exceed a certain level, which
may be predetermined or user determined.

In another embodiment, power module 100 further comprises an internal clock.
Logic control umit 302 may use the mternal clock to learn which time periods show a high
power usage at power output 120. This knowledge may be included to determine when a
power output should have power available. In an exemplary embodiment, the internal clock
has quartz crystal accuracy. Also, the mternal clock does not need to be set to an actual

time. Furthermore, the internal clock may be used in combination with the photocell for

greater power module efficiency and/or accuracy.

Wall Plate System

Various embodiments are also possible for a wall plate system configured for
reducing or eliminating power during i1dle mode. In an exemplary embodiment, the wall
plate system and associated circuitry 1s configured for coupling or engagement with a wall
plate having one or more outlets. For example, the wall plate system can be housed inside
and to the rear of a standard wall plate. This embodiment may be added to existing standard
wall plates in residential or commercial locations. In another exemplary embodiment, the
wall plate system includes both a standard wall plate and circuitry to reduce power during
idle mode. In yet another exemplary embodiment, and with reference to Figure 10 for
1llustration purposes, a wall plate system as used herein may be defined as a wall plate
adapter which is configured to fit over and connect to a standard wall plate. The wall plate
adapter may connect to the standard wall plate by plugging into either one or more than one
of the outlets of the standard wall plate. In this embodiment, an electronic device can plug
into the wall plate adapter instead of the standard wall plate. Other configurations for
coupling and/or engaging the wall plate system with electrical outlets are also contemplated
within various embodiments of the present invention.

In accordance with various aspects of the present invention, a wall plate system
configured for reducing or eliminating power during idle mode by disengaging power 1nput
from at least one outlet 1s disclosed. In an exemplary embodiment, and with reference to
Figure 5A, a wall plate system 500 comprises two or more outlets 520 and a wall plate
circuit 530. In another exemplary embodiment, wall plate system 500 comprises a single
outlet 520 and a single wall plate circuit 530. In yet another exemplary embodiment, and

with reference to Figure 5B, wall plate system 500 comprises at least one outlet 520 coupled
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with wall plate circuit 530 and at least one outlet 520 directly connected to an AC line input
510. In another exemplary embodiment, and with reference to Figure 5C, wall plate system
500 comprises two or more outlets 520 and two or more wall plate circuits 530, with an
individual wall plate circuit configured to control power mput to an individual outlet 520.
Accordingly, wall plate system 500 can comprise any configuration of system where a
power input 1s recerved, power 1s provided at an outlet, and a circuit disengages the power
provided to the outlet in order to reduce power consumption.

In an exemplary embodiment, and with reference to Figure 6, wall plate system 500
comprises AC line input 510 communicatively coupled to wall plate circuit 530, which 1n
turn 1s communicatively coupled to outlets 520. Outlet 520 1s also connected or otherwise
coupled to a ground line and a neutral line. Furthermore, AC line mput 510 may be
connected to a 110 volt or 220 volt power source in an exemplary embodiment. The wall
plate circuit 530 comprises a current measuring system 631, a control circuit 632, and a
switch 633. In an exemplary embodiment and for illustration purposes, current measuring
system 631 comprises a current transformer 631 having a primary circuit and a secondary
winding. However, current measuring system 631 may also comprise a resistor with a
differential amplifier, a current sensing chip, a Hall-effect device, or any other suitable
component configured to measure current as now known or heremafter devised. Current
transformer 631 provides an output power signal that 1s proportional to the load at outlet
520. Furthermore, switch 633 connects the primary circuit of current transformer 631 to
outlet 520. |

In an exemplary embodiment, control circuit 632 may comprise at least one of, or a
combination of: a latching circuit, an analog circuit, a state machine, and a microprocessor.
In one embodiment, control circuit 632 monitors the condition of the secondary winding of
current transformer 631 and controls the operation of switch 633. Furthermore, 1n an
exemplary embodiment, control circuit 632 receives a low frequency or DC signal from
current transformer 631. The low frequency signal, for example, may be 60 Hz. This low
frequency or DC signal 1s interpreted by control circuit 632 as the current required by the
load at outlet 520.

Control circuit 632 can comprise various structures for monitoring the condition of

the secondary winding of current transformer 631 and controlling the operation of switch

633. In an exemplary embodiment, with reference to Figure 7, control circuit 632 includes a

current sensor 701 and a logic control unit 702. Current sensor 701 monitors the output of a
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current measuring system, such as for example, the secondary winding of current
transformer 631, which i1s an AC voltage proportional to the load current. Also, current
sensor 701 provides a signal to logic control unit 702. In one embodiment, the signal may
be a DC voltage proportional to the current monitored by current sensor 701. In another
embodiment, the signal may be a current proportional to the current monitored by current
sensor 7/01. In another exemplary embodiment, and with momentary reference to Figure &,
wall plate circuit 530 of the wall plate system comprises a logic control unit 702 that 1s 1n
communication with, and controls, more than one current transformer 631 and more than
one switch 633.

In an exemplary embodiment, logic control unit 702 1s powered by an energy storage
capacitor. Logic control unit 702 may briefly connect the storage capacitor in order to
continue powering logic control unit 702. In another embodiment, logic control unit 702
may be powered by a battery or other energy source. This energy source 1s also referred to
as housekeeping or hotel power; 1t functions as a low auxiliary power source. In one
embodiment, auxiliary power 1s taken from AC line mput 510. For further detail on similar
current monitoring, see U.S. Provisional Application 61/052,939, entitled “Circuit and
Method for Ultra-Low Idle Power”.

In an exemplary embodiment, logic control unit 702 1s a microprocessor capable of
being programmed prior to, and after mtegration of wall plate system 500 1n an electronic
device. In one embodiment, a user 1s able to connect to logic control unit 702 and customize
the parameters of wall plate system 500. For example, a user may set the threshold level and
a sleep mode duty cycle of wall plate system 500. Data from wall plate system 500 could be
transmitted regarding, for example, the historical power consumption and/or energy saved.
The bidirectional data transfer between wall plate system 500 and a display device may be
achieved through a wireless signal, such as for example, an infra-red signal, a radio
frequency signal, or other similar signal. The data transfer may also be achieved using a
wired connection, such as for example, a USB connection or other similar connection.

In accordance with an exemplary embodiment, control circuit 632 may further
comprise a power disconnect 703 i communication with logic control unit 702. Power
disconnect 703 1s configured to 1solate logic control unit 702 from AC line input 510 and
reduce power loss. While 1solated, logic control unmit 702 1s powered by the storage
capacitor or other energy source and logic control unit 702 enters a sleep mode. If the

storage capacitor reaches a low power level, power disconnect 703 1s configured to
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reconnect logic control unit 702 to AC line input 510 to recharge the storage capacitor. In
an exemplary embodiment, power disconnect 703 1s able to reduce the power loss from a
range of microamperes of leakage to a range of nanoamperes of leakage.

In another exemplary embodiment, control circuit 632 receives a control signal that
1s impressed upon AC line mput 510 by another controller. The control signal may be, for
example, the X10 control protocol or other similar protocol. Control circuit 632 may
receive the control signal through the secondary winding of current transformer 631, from a
coupled AC line input 510, or any other suitable means configured to couple AC line input
510 to control circuit 632 as now known or hereinafter devised. This control signal may
come from within wall plate system 500 or may come from an external controller. The
control signal may be a high frequency control signal or at least a control signal at a
frequency different than the frequency of AC line input 510. In an exemplary embodiment,
control circuit 632 iterprets the high frequency control signal to engage or disengage switch
633. In another embodiment, an external controller may transmit a signal to turn wall plate
system 500 to an “on” or “off” condition.

In an exemplary embodiment, if behavior of the secondary winding of current
transformer 631 indicates that outlet 520 1s drawing substantially no power from AC line
input 510, switch 633 facilitates or controls disengaging of the primary circuit of current
transtormer 631 from outlet 520. In other words, switch 633 facilitates the disengaging of a
power source from outlet 520. In an exemplary embodiment, the secondary winding of
current transformer 631 1s monitored for an AC waveform at the AC line frequency, where
the AC wavetorm has an RMS voltage proportional to the load current passing through the

primary circuit of current transformer 631 to outlet 520. In another embodiment, the AC

- waveform is rectified and filtered to generate a DC signal before being received by control

circuit 632. The DC signal 1s proportional to the load current passing through the primary
circuit of current transformer 631 to outlet 520.

In one embodiment, the phrase “substantially no power” is intended to convey that
the output power 1s 1n the range of approximately 0 — 1% of a typical maximum output load.
In an exemplary embodiment, switch 633 1s configured to control the connection of the
primary circuit of current transformer 631 to outlet 520 and comprises a switching
mechanism to substantially disengage the primary circuit of current transformer 631 from
outlet 520. Switch 633 may comprise at least one of a relay, latching relay, a TRIAC, and

an optically 1solated TRIAC or other switching mechanisms for disengagement.
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By substantially disabling the primary circuit of current transformer 631, the power
consumption at outlet 520 is reduced. In one embodiment, substantially disabling outlet 520
is intended to convey that the output signal of the secondary winding of current transformer
631 has been interpreted by control circuit 632 as sufficiently low so that 1t 1s appropriate to
disengage switch 633 and remove power from outlet 520.

In another exemplary embodiment, wall plate circuit 530 further comprises a
reconnection device 634, which 1s configured to enable the closure of switch 633 through
logic control unit 702. The closure of switch 633 reconnects outlet 520 to the primary
circuit of current transformer 631 and AC line mput 510. In an exemplary embodiment,
reconnection device 634 comprises a switch device that may be closed and opened in
various manners. For example, reconnection device 634 can comprise a push button that
may be manually operated. In one embodiment, the push button 1s located on the face of
wall plate system 500. In another exemplary embodiment, reconnection device 634 1s a wall
switch remote to wall plate system 500 to allow a user to re-enable power to an outlet of
wall plate system 500. In another embodiment, reconnection device 634 1s affected
remotely by signals traveling through AC line input 510 that control circuit 632 interprets as
on/off control. In yet another embodiment, reconnection device 634 1s controlled by a
wireless signal, such as for example, an infra-red signal, a radio frequency signal, or other
similar signal.

In accordance with another exemplary embodiment, switch 633 1s automatically
operated on a periodic basis. For example, switch 633 may automatically reconnect after a
few or several minutes or tens of minutes, or any period more or less frequent. In one
embodiment, switch 633 1s automatically reconnected frequently enough that a battery
operated device connected to wall plate system 500 will not completely discharge internal
batteries during a period of no power at the input to the connected device. After outlet 520
is reconnected, in an exemplary embodiment, wall plate circuit 530 tests for or otherwise
assesses load conditions, such as the power demand at outlet 520. If the load condition on
outlet 520 is increased above previously measured levels, outlet 520 will remain connected
to the primary circuit of current transformer 631 until the load condition has returned to a
selected or predetermined threshold level indicative of a “low load”. In other words, if the

power demand at outlet 520 increases, power is provided to outlet 520 until the power

demand drops and indicates a defined idle mode. In an exemplary embodiment, the

determination of load conditions at re-connect are made after a selected time period had
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elapsed, for example after a number of seconds or minutes, so that current inrush or
initialization events are ignored. In another embodiment, the load conditions may be
averaged over a selected time period of a few seconds or minutes so that short bursts of high
load average out. In yet another exemplary embodiment, wall plate system 500 comprises a
master reconnection device that can re-engage all outlets 520 to AC line mput 510.

In an exemplary method of operation, wall plate system 500 has switch 633 closed
upon initial power-up, such that power flows to outlet 520. When load conditions at outlet
520 are below a threshold level, control circuit 632 opens switch 633 to create an open
circuit and disengage outlet 520 from the AC power signal. This disengaging effectively
eliminates any idle power lost by outlet 520. In one embodiment, the threshold level 1s a

predetermined level, for example approximately one watt of power or less tlowing to outlet

520.

In an exemplary embodiment, different outlets 520 may have different fixed
threshold levels such that devices having a higher power level in 1dle may be usefully
connected to wall plate system 500 for power management. For example, a large device
may still draw about 5 watts during idle, but would never be disconnected from AC line
input 510 if the connected outlets 520 had a threshold level of about 1 watt. In various
embodiments, certain outlets 520 may have a higher threshold levels to accommodate high
power devices, or lower threshold levels for lower power devices.

In another embodiment, the threshold level is a learned level. The learmed level may
be established through long term monitoring by control circuit 632 of load conditions at
outlet 520. A history of power levels 1s created over time by monitoring and may serve as a
template of power demand. In an exemplary embodiment, control circuit 632 examines the
history of power levels and decides whether long periods of low power demand were times -
when a device connected at outlet 520 was in a low, or lowest, power mode. In an
exemplary embodiment, control circuit 632 disengages outlet 520 during low power usage
times when the period of low power matches the template. For example, the template might
demonstrate that the device draws power through outlet 520 for eight hours, followed by 16
hours of low power demand.

In another exemplary embodiment, control circuit 632 determines the approximate
low power level of the electronic device connected at outlet 520, and sets a threshold level to
be a percentage of the determined approximate low power level. For example, control

circuit 632 may set the threshold level to be about 100-105% of the approximate low power
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level demand. In another embodiment, the threshold demand may be set at about 100-110%
or 110-120% or more of the approximate low level power demand. In addition, the low
power level percentage range may be any variation or combination of the disclosed ranges.

Additionally, the learned threshold level can be manually set. In accordance with an
exemplary embodiment, a threshold level 1s set based in part by activating reconnect device
634 for a period of time and measuring a current power level. For example, a user may hold
down reconnect device 634 for a few seconds when wall plate system 500 operates n 1dle
mode and measure the power level. The measured power level 1s used to set the power
threshold level. In one exemplary embodiment, the threshold level 1s set to a measured
power level plus an offset value. The offset value can be configured at various power levels.
Furthermore, the offset value may be increased or decreased as is suitable for a particular
configuration. For example, if the measured threshold is about 1 W, and an offset value of
about 0.5 W 1s used, then the threshold value 1s about 1.5 W. In an exemplary embodiment,
wall plate system 500 1s configured to operate in ultra-low 1dle mode if the load drops below
about 1.5 W 1n this example. Advantageously, the threshold level 1s set more accurately by -
manually initiating a power level measurement.

Having disclosed various functions and structures for an exemplary wall plate system
configured for reducing or eliminating power during idle mode by disengaging power 1nput,
a detailed schematic diagram of an exemplary wall plate system can be provided m
accordance with an exemplary embodiment of the present invention. In an exemplary
embodiment and with reference to Figure 9, a wall plate system 900 mcluding wall plate
circuit 530 comprises current transformer 631, current sensor 701, logic control unit 702,
power disconnect 703, and switch 633.

In one embodiment, current transformer 631 and current sensor 701 combine to
measure the current in AC line input and convert said current to a proportional DC voltage
that can be read by logic control unit 702. Furthermore, switch 633 may comprise a latching
relay that provides a hard connect/disconnect of AC line input 510 to outlet 520 after a
command from logic control unit 702. Switch 633 alternates between open and closed
contacts. Furthermore, switch 633 holds its position until reset by logic control unit 702,
and will hold position without consuming any power in a relay coil K1.

In an exemplary embodiment and similar to logic control unit 302, logic control unit
702 comprises a microcontroller that receives mput of the current in the AC line, controls

the state of switch 633 and reads or otherwise assesses the state or position of the contacts of
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reconnection device 634 and switch 633. In addition, logic control unit 702 learns and
stores the power profile for an electronic device connected to outlet 520. In another
exemplary embodiment, wall plate circuit 530 further comprises reconnection device 634,
which 1s activated to turn on outlet 520 when wall plate circuit 530 1s first connected to AC
line input 510 or when full power 1s needed immediately at outlet 520.

In an exemplary embodiment, power disconnect 703 comprises a network of
transistors Q1, Q2, Q3 which are used to condition AC line input 510 to a safe level suitable
for logic control unit 702 and isolate logic control umit 702 from AC line input 510. In
another embodiment, power disconnect 703 comprises relays in addition to, or 1n place of,
the transistors of the prior embodiment.

Initial connection of wall plate system 900 mvolves connecting wall plate system
900 to an AC power source. In an exemplary method, upon initial plug-in of wall plate
system 900 to a power source, all circuits of wall plate circuit 530 are dead and switch 633 1s
in the last position set by logic control unit 702. This initial condition may or may not
provide power to outlet 520. When all the circuits are dead, there 1s no current flow into
wall plate circuit 530. This is due to the 1solation provided by power disconnect 703 and
reconnection device 634 in a normal, open position. In an exemplary embodiment, power
disconnect 703 comprises transistors Ql, Q2, Q3 and capacitor C3. In this state, only
leakage current will flow through transistors Q1, Q2 and the leakage current will be on the
order of approximately tens of nanoamperes. Furthermore, current transtormer 631 provides
dielectric 1solation from primary side to secondary side so that only small leakage current
flows due to the inter-winding capacitance of current transformer 631.

With continued reference to Figure 9, in an exemplary embodiment and for
illustration purposes, a user may reconnect the circuit using reconnection device 634 to
establish a current path through diode D1, zener diode Z1, resistor R4, reconnection device
634 and zener diode Z3. Diode D1 serves to half-wave rectify the AC line to drop the peak
to peak voltage in half. Zener diode Z1 further reduces the voltage from diode DI, for
example to about 20 volts. Zener diode Z3 and resistor R4 form a current limited zener
regulator that provides an appropriate DC voltage at the VDD input to logic control unit 702
while reconnection device 634 is held. In addition, capacitor C2 smoothes the DC signal on
zener diode Z3 and provides storage during the contact bounce of reconnection device 634.
Capacitor C2 is sized to provide sufficient storage during the start-up time of logic control

unit 702, and capacitor C2 in combination with resistor R4 provides a fast rising edge on the
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VDD iput to properly reset logic control unit 702. Furthermore, diode D35 isolates
capacitor C2 from capacitor CS so the rise time constant of capacitor C2 and resistor R4 is
not affected by the large capacitance of capacitor CS. When capacitor CS 1s powering logic
control unit 302, the current of capacitor CS passes through diode D5.

In an exemplary method, 1f reconnection device 634 1s activated for a few
milliseconds, logic control unit 702 1s configured to initialize and immediately set up to
provide its own power before reconnection device 634 is released. This is accomplished
from voltage doubler outputs VDI1-VD3 and output ZG1 of logic control unit 702, similar to
the reconnection operation associated with logic control unit 302. If outlet 520 1s 1dling and
drawing substantially no power, logic control unit 702 may be able to disengage from
drawing power and enter a “sleep” mode. In an exemplary method, and with further
reference to Figure 9, when logic control unit 702 is operating from the stored energy in
capacitor CS, a timing function is enabled 1n logic control unit 702 that uses capacitor C5 to
perform the timing function. Capacitor C5 1s briefly charged by the CAPTIME output of
logic control unit 702 and over time capacitor C5 discharge rate will mimic the decay of the
voltage on capacitor CS. Once capacitor C5 voltage at input CAPTIME reaches a low level,
logic control unit 702 will set the state of outputs VD1-VD3 and output ZG1 to again
recharge capacitor CS from the AC line. This process repeats over and over so power 1s
never lost to logic control unit 702. The recharge process takes only milliseconds to operate,
depending on the size of capacitor CS.

Furthermore, in an exemplary method, when logic control unit 702 1s not busy
recharging capacitor CS, switching relay K1, or measuring power drawn from outlet 520,
logic control unit 702 1s operating in a deep sleep mode that stops all, or substantially all,
Internal activity and waits for capacitor C5 to discharge. This sleep mode consumes very
little power and allows the charge on storage capacitor CS to persist for many seconds. If
reconnection device 634 1s activated during the sleep mode, logic control unit 702 will
resume normal operation and set or reset relay K1. Alternatively, if capacitor C5 voltage
falls too low, logic control unit 702 will again recharge capacitor CS and then return to sleep
mode.

While an electronic device 1s 1n an 1dle mode, wall plate system 500 may continue to
monitor for changes in the power drawn by the electronic device. In an exemplary method,
while logic control unit 702 continuously goes in and out of sleep mode to re-power itself,

logic control unit 702 will also periodically test the power being drawn from outlet 520. The
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period of power testing 1s much greater than that of capacitor CS charging and, for example,
may be only tested every ten or more minutes. In accordance with an exemplary method,
there are at least three possible outcomes from the result of power testing: 1) the device 1s
operating and the switch 1s not in standby condition, 2) the device 1s not operating but the
switch 1s not i1n a standby condition, or 3) the switch 1s in a standby condition. The
characteristics and actions associated with each of these possible outcomes are similar to the
possible outcomes described with respect to power module 100.

[f a user wants to operate a device that 1s connected to outlet 520 and that outlet 1s
turned off, in an exemplary embodiment, activating reconnection device 634 will
immediately wake logic control unit 702 from sleep mode. Since the wake up was from the
activation of reconnection device 634 and not due to power testing or capacitor CS
recharging, logic control unit 702 will immediately set relay K1 to closed position to power
the electronic device connected to outlet 520.

[n addition to the embodiments described above, various other elements may be
implemented to enhance control and user experience. One way to enhance user control 1s to
allow a user to select the operating mode of an outlet. In an exemplary embodiment, wall
plate system 500 further comprises a “Green Mode” switch that enables or disables the
“green” mode operation. The green mode switch may be a hard, manual switch or it may be
a signal to logic control unit 702. “Green” mode operation is the disengaging of outlet 520
from AC line input 510 when substantially no load 1s being drawn at outlet 520. A user may
use the green mode switch to disenable green mode operation on various outlets when
desired. For instance, this added control may be desirable on outlets that power devices with
clocks or devices that need to be instantly on, such as a fax machine.

In one embodiment, wall plate system 500 includes LED indicators, which may
indicate whether an outlet is connected to the power line and drawing a load current. The
LED indicators may indicate that whether an outlet is active, that 1s, power 1s drawn by an
electronic device and/or the outlet has power available even 1f an electronic device 1s not
connected. In addition, a pulsing LED may be used to show when power testing 1s being
done or to indicate the “heartbeat” of sleep mode recharging.

In another embodiment, wall plate system 500 comprises at least one LCD display.
The LCD display may be operated by logic control unit 702 to indicate the load power being
provided to outlet 520, for example during times of operation. The LCD may also provide

information about the power saved or power consumed by operating wall plate system 500
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in or out of a “green” mode. For example, LCD may display the sum total of watts saved
during a certain time period, such as the life of wall plate system 500 or in a day.

Various embodiments may also be used to enhance the efficient use of the wall plate
system and/or individual outlets 1n the wall plate system. One such embodiment 1s the
implementation of a photocell or other optical sensor monitored by logic control umt 702.
The photocell determines whether light 1s present 1n the location of wall plate system 500
and logic control unit 702 can use this determination to disengage outlet 520 depending on
the ambient light conditions. For example, logic control unit 702 may disengage output 520
during periods of darkness. In other words, the outlets of the wall plate system may be
turned off at night. Another example is devices do not need power if located in a dark room,
such as an unused conference room 1n an office. Also, the power outputs may be turned off
when the ambient light conditions exceed a certain level, which may be predetermined or
user determined.

In another embodiment, wall plate system 500 further comprises an internal clock.
Logic control umt 702 may use the internal clock to learn which time periods show a high
power usage at outlet 520. This knowledge may be included to determine when an outlet
should have power available. In an exemplary embodiment, the internal clock has quartz
crystal accuracy. Also, the internal clock does not need to be set to an actual time.
Furthermore, the internal clock may be used in combination with the photocell for greater
wall plate system efficiency and/or accuracy.

Power Strip

In accordance with various aspects of the present invention, a power strip configured
for reducing or eliminating power during idle mode by disengaging power input from at
least one outlet 1s disclosed. In an exemplary embodiment, and with reference to Figure
11A, a power strip 1100 comprises two or more outlets 1120 and two or more outlet circuits
1130. In another exemplary embodiment (not shown), power strip 1100 comprises a single
outlet 1120 and a single outlet circuit 1130. In yet another exemplary embodiment, and with
reference to Figure 11B, power strip 1100 comprises at least one outlet 1120 coupled with
outlet circuit 1130 and at least one outlet 1120 directly connected to an AC line input 1110.

In an exemplary embodiment, and with reference to Figure 12, power strip 1100
comprises AC line mput 1110 connected to outlet circuit 1130, which 1n turn 1s connected to
outlet 1120. The outlet circuit 1130 comprises a current measuring system 1231, a control

circuit 1232, and a switch 1233. In an exemplary embodiment, current measuring system
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1231 comprises a current transformer 1231 having a primary circuit and a secondary
winding for illustration purposes. However, current measuring system 1231 may also
comprise a resistor with a differential amplifier, a current sensing chip, a Hall-effect device,
or any other suitable component configured to measure current as now known or hereinafter
devised. Current transformer 1231 provides an output power level signal that is proportional
to the load at outlet 1120. Furthermore, switch 1233 connects the primary circuit of current
transformer 1231 to outlet 1120.

Furthermore, in one embodiment, AC line input 1110 1s a standard 3 wire grounded
plug and cord set that connects to the body of power strip 1100. However, AC line input
1110 can be suitably configured in any AC power input configuration or replaced with any
other mmput power configuration. The AC line input 1110 1s connected in parallel to a
number of similar outlet circuits 1130 that lie between the AC line input 1110 and outlets, .y
1120. Furthermore, AC line mnput 1110 may be connected to a 110 volt or 220 volt power
source In an exemplary embodiment.

In an exemplary embodiment, control circuit 1232 may comprise at least one of, or a
combination of: a latching circuit, an analog circuit, a state machine, and a microprocessor.
In one embodiment, control circuit 1232 monitors the condition of the secondary winding of
current transformer 1231 and controls the operation of switch 1233. Furthermore, in an
exemplary embodiment, control circuit 1232 receives a low frequency or DC signal from
current transformer 1231. The low frequency signal, for example, may be 60 Hz. This low
frequency or DC signal 1s interpreted by control circuit 1232 as the current required by the
load at outlet 1120.

Control circuit 1232 can comprise various structures for monitoring the condition of
the secondary winding of current transformer 1231 and controlling the operation of switch
1233. In an exemplary embodiment, with reference to Figure 13, control circuit 1232
includes a current sensor 1301 and a logic control unit 1302. Current sensor 1301 monitors
the output of a current measuring system, such as for example, the secondary winding of
current transtormer 1231, which 1s an AC voltage proportional to the load current. Also,
current sensor 1301 provides a signal to logic control unit 1302. In one embodiment, the
signal may be a DC voltage proportional to the current through current sensor 1301. In
another embodiment, the signal may be a current proportional to the current through current
sensor 1301. In another exemplary embodiment, and with momentary reference to Figure

14, outlet circuit 1130 of the power strip comprises a logic control unit 1302 that is in
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communication with, and controls, more than one current transformer 1231 and more than
one switch 1233

In an exemplary embodiment, logic control unit 1302 1s powered by an energy
storage capacitor. Logic control unit 1302 may briefly connect the storage capacitor to AC
line mput 1110 in order to continue powering logic control unit 1302. In another
embodiment, logic control unit 1302 may be powered by a battery or other energy source.
This energy source is also referred to as housekeeping or hotel power; it functions as a low
auxiliary power source. In one embodiment, auxiliary power is taken from AC line input
1110. For turther detail on similar current monitoring, see U.S. Provisional Application
61/052,939, entitled “Circuit and Method for Ultra-Low Idle Power”.

In an exemplary embodiment, logic control unit 1302 1s a microprocessor capable of
being programmed prior to, and after integration of, power strip 1100 in an electronic
device. In one embodiment, a user is able to connect to logic control unit 1302 and
customize the parameters of power strip 1100. For example, a user may set the threshold
level and a sleep mode duty cycle of power strip 1100. Data from power strip 1100 could be
transmitted regarding, for example, the historical power consumption and/or energy saved.
The bidirectional data transfer between power strip 1100 and a display device may be
achieved through a wireless signal, such as for example, an infra-red signal, a radio
frequency signal, or other similar signal. The data transfer may also be achieved using a
wired connection, such as for example, a USB connection or other similar connection.

In accordance with an exemplary embodiment, control circuit 1232 may further
comprise a power disconnect 1303 in communication with logic control unit 1302. Power
disconnect 1303 1s configured to 1solate logic control unit 1302 from AC line mput 1110 and
reduce power loss. While 1solated, logic control umt 1302 1s powered by the storage
capacitor or other energy source and logic control unit 1302 enters a “sleep” mode. If the
storage capacitor reaches a low power level, power disconnect 1303 1s configured to
reconnect logic control unit 1302 to AC line input 1100 to recharge the storage capacitor. In
an exemplary embodiment, power disconnect 1303 1s able to reduce the power loss from a
range of microamperes of leakage to a range of nanoamperes of leakage.

In another exemplary embodiment, control circuit 1232 receives a control signal that
1s impressed upon AC line input 1110 by another controller. The control signal may be, for
example, the X10 control protocol or other similar protocol. Control circuit 1232 may

receive the control signal through the secondary winding of current transformer 1231, from
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a coupled AC lime mput 1110, or any other suitable means configured to couple AC line
input 1110 to control circuit 1232 as now known or hereinafter devised. This control signal
may come from within power strip 1100 or may come from an external controller. The
control signal may be a high frequency control signal or at least a control signal at a
frequency different than the frequency of AC line input 1110. In an exemplary embodiment,
control circuit 1232 interprets the control signal to engage or disengage switch 1233. In
another embodiment, an external controller may transmit a signal to turn power strip 1100 to
an “‘on” or “off” condition.

In an exemplary embodiment, if behavior of the secondary winding of current
transformer 1231 indicates that outlet 1120 is drawing substantially no power from AC line
input 1110, switch 1233 facilitates or controls disengaging of the primary circuit of current
transformer 1231 from outlet 1120. In other words, switch 1233 facilitates the disengaging
of a power source from outlet 1120. In an exemplary embodiment, the secondary winding
of current transformer 1231 1s monitored for an AC waveform at the AC line frequency,
where the AC waveform has an RMS voltage proportional to the load current passing
through the primary circuit of current transformer 1231 to outlet 1120. In another
embodiment, the AC waveform 1s rectified and filtered to generate a DC signal before being
received by control circuit 1232, The DC signal 1s proportional to the load current passing
through the primary circuit of current transformer 1231 to outlet 1120.

In one embodiment, the phrase *“substantially no power” 1s intended to convey that
the output power 1s 1n the range of approximately 0 — 1% of a typical maximum output load.
In an exemplary embodiment, switch 1233 1s configured to control the connection of the
primary circuit of current transformer 1231 to outlet 1120 and comprises a switching
mechanism to substantially disengage the primary circuit of current transformer 1231 from
outlet 1120. Switch 1233 may comprise at least one of a relay, latching relay, a TRIAC, and
an optically 1solated TRIAC.

By substantially disabling the primary circuit of current transformer 1231, the power
consumption at outlet 1120 1s reduced. In one embodiment, substantially disabling outlet
1120 1s mtended to convey that the output signal of the secondary winding of current
transformer 1231 has been interpreted by control circuit 1232 as sufficiently low so that 1t 1s
appropriate to disengage switch 1233 and remove power from outlet 1120.

In another exemplary embodiment, outlet circuit 1130 further comprises a

reconnection device 1234, which 1s configured to enable the closure of switch 1233 through
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logic control unit 1302. The closure of switch 1233 reconnects outlet 1120 to the primary
circuit of current transformer 1231 and AC line mput 1110. In an exemplary embodiment,
reconnection device 1234 comprises a switch device that may be closed and opened 1n
various manners. For example, reconnection device 1234 can comprise a push button that
may be manually operated. In one embodiment, the push button 1s located near outlet 1120
on power strip 1100, for example, on the same surface of power strip 1100 as outlet 1120 or
on an adjacent side of power strip 1100 to outlet 1120. In another exemplary embodiment,
reconnection device 1234 is located remote to power strip 1100 to allow a user to re-enable
power to an outlet of power strip 1100 without having direct contact with power strip 1100.
In another embodiment, reconnection device 1234 is affected remotely by signals traveling
through AC line input 1110 that control circuit 1232 interprets as on/off control. In yet
another embodiment, reconnection device 1234 is controlled by a wireless signal, such as for
example, an infra-red signal, a radio frequency signal, or other similar signal.

In accordance with another exemplary embodiment, switch 1233 is automatically
operated on a periodic basis. For example, switch 1233 may automatically reconnect after a
few or several minutes or tens of minutes, or any period more or less frequent. In one
embodiment, switch 1233 is automatically reconnected frequently enough that a battery
operated device connected to power strip 1100 will not completely discharge internal
batteries during a period of no power at the input to the connected device. After outlet 1120
1S reconnected, in an exemplary embodiment, outlet circuit 1130 tests for, or otherwise
assesses, load conditions. If the load condition on outlet 1120 is increased above previously
measured levels, outlet 1120 will remain connected to the primary circuit of current
transformer 1231 until the load condition has returned to a selected or predetermined
threshold level indicative of a “low load”. In an exemplary embodiment, the determination
of load conditions at re-connect are made after a selected time period had elapsed, for
example after a number of seconds or minutes, so that current inrush or initialization events
are 1ignored. In another embodiment, the load conditions may be averaged over a selected
time period of a few seconds or minutes so that short bursts of high load average out. In yet
another exemplary embodiment, power strip 1100 comprises a master reconnection device
that can re-engage all outlets 1120 to AC line mput 1110.

In an exemplary method of operation, power strip 1100 has switch 1233 closed upon

initial power-up, such that power flows to outlet 1120. When load conditions at outlet 1120

are below a threshold level, control circuit 1232 opens switch 1233 to create an open circuit
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and disengage outlet 1120 from the AC power signal. This disengaging effectively
eliminates any i1dle power lost by outlet 1120. In one embodiment, the threshold level 1s a
predetermined level, for example approximately one watt of power or less tflowing to outlet
1120.

[n an exemplary embodiment, different outlets 1120 may have different fixed
threshold levels such that devices having a higher power level 1in 1dle may be usetully
connected to power strip 1100 for power management. For example, a large device may still
draw about 5 watts during idle, but would never be disconnected from AC line input 1110 1f
the connected 1120 had a threshold level of about 1 watt. In various embodiments, certain
outlets 1120 may have a higher threshold levels to accommodate high power devices, or
lower threshold levels for lower power devices.

In another embodiment, the threshold level 1s a learned level. The learned level may
be established through long term monitoring by control circuit 1232 of load conditions at
outlet 1120. A history of power levels 1s created over time by monitoring and may serve as
a template of power demand. In an exemplary embodiment, control circuit 1232 examines
the history of power levels and decides whether long periods of low power demand were
times when a device connected at outlet 1120 was 1n a low, or lowest, power mode. In an
exemplary embodiment, control circuit 1232 disengages outlet 1120 during low power usage
times when the period of low power matches the template. For example, the template might
demonstrate that the device draws power through outlet 1120 for eight hours, followed by 16
hours of low power demand.

[n another exemplary embodiment, control circuit 1232 determines the approximate
low power level of the electronic device connected at outlet 1120, and sets a threshold level
to be a percentage of the determined approximate low power level. For example, control
circuit 1232 may set the threshold level to be about 100-105% of the approximate low power
level demand. In another embodiment, the threshold demand may be set at about 100-110%
or 110-120% or more of the approximate low power level demand. In addition, the low
power level percentage range may be any variation or combination of the disclosed ranges.

Additionally, the learned threshold level can be manually set. In accordance with an
exemplary embodiment, a threshold level is set based in part by activating reconnect device
1234 for a period of time and measuring a current power level. For example, a user may
hold down reconnect device 1234 for a few seconds when power strip 1100 operates 1n 1dle

mode and measure the power level. The measured power level 1s used to set the power
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threshold level. In one exemplary embodiment, the threshold level 1s set to a measured
power level plus an offset value. The offset value can be configured at various power levels.
Furthermore, the offset value may be increased or decreased as is suitable for a particular
configuration. For example, 1f the measured threshold 1s about 1 W, and an oifset value of
about 0.5 W 1s used, then the threshold value 1s about 1.5 W. In an exemplary embodiment,
power strip 1100 1s configured to operate in ultra-low idle mode if the load drops below
about 1.5 W 1n this example. Advantageously, the threshold level 1s set more accurately by
manually 1nitiating a power level measurement.

Having disclosed various functions and structures for an exemplary power strip
configured for reducing or eliminating power during idle mode by disengaging power 1nput,
a detailed schematic diagram of an exemplary power strip circuit 1s similar to the
components and functions of wall plate system as described with reference to Figure 9.
Further understanding of the operation of an exemplary power strip 1s available with
reference to the detailed described of Figure 9.

In addition to the embodiments described above, various other elements may be
implemented to enhance control and user experience. One way to enhance user control 1s to
allow a user to select the operating mode of an outlet. In an exemplary embodiment, power
strip 1100 further comprises a “Green Mode” switch that enables or disables the “green”
mode operation. The green mode switch may be a hard, manual switch or it may be a signal
to logic contrel unit 1302. “Green” mode operation is the disengaging of outlet 1120 from
AC lme input 1110 when substantially no load is being drawn at outlet 1120. A user may
use the green mode switch to disenable green mode operation on various outilets when
desired. For instance, this added control may be desirable on outlets that power devices with

clocks or devices that need to be instantly on, such as a fax machine.

- In one embodiment, power strip 1100 includes LED indicators, which may indicate
whether an outlet 1s connected to the power line and drawing a load current. "The LED
indicators may indicate whether an outlet 1s active, that 1s, power 1s drawn by an electronic
device and/or the outlet has power available even if an electronic device 1s not connected. In
addition, a pulsing LED may be used to show when power testing i1s being done or to
indicate the “heartbeat” of sleep mode recharging.

In another embodiment, power strip 1100 comprises at least one LCD display. The
L.CD display may be operated by logic control unit 1302 to indicate the load power being

provided to outlet 1120, for example during times of operation. The LCD may also provide

33

PCT/US2009/046761



10

15

20)

25

30

WO 2009/158186

CA 02714355 2010-07-28

information about the power saved or power consumed by operating power strip 1100 1n or
out of a “green” mode. For example, LCD may display the sum total of watts saved during
a certain time pertod, such as the life of power strip 1100 or 1n a day.

Various embodiments may also be used to enhance the efficient use of the power
strip and/or individual outlets in the power strip. One such embodiment is fhe
implementation of a photocell or other optical sensor monitored by logic control unit 1302.
The photocell determines whether light is present in the location of power strip 1100 and
logic control unit 1302 can use this determination to disengage outlet 1120 depending on the
ambient light conditions. For example, logic control unit 1302 may disengage power output
1120_during periods of darkness. In other words, the power strip may be turned off at night.
Another example 1s devices do not need power 1f located 1in a dark room, such as an unused
conference room 1n an office. Also, the power outputs may be turned off when the ambient
light conditions exceed a certain level, which may be predetermined or user determined.

In another embodiment, power strip 1100 further comprises an internal clock. Logic
control unit 1302 may use the internal clock to learn which time periods show a high power
usage at outlet 1120. This knowledge may be included to determine when an outlet should
have power available. In an exemplary embodiment, the intemal clock has quartz crystal
accuracy. Also, the internal clock does not need to be set to an actual time. Furthermore,
the internal clock may be used in combination with the photocell for greater power strip
efficiency and/or accuracy.

The present invention has been described above with reference to various exemplary
embodiments. However, those skilled in the art will recognize that changes and
modifications may be made to the exemplary embodiments without departing from the
scope of the present invention. For example, the various exemplary embodiments can be
implemented with other types of power strip circuits 1n addition to the circuits 1illustrated
above. These alternatives can be suitably selected depending upon the particular application
or in consideration of any number of factors associated with the operation of the system.
Moreover, these and other changes or modifications are intended to be included within the

scope of the present invention, as expressed 1n the following claims.
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Claims

1. A power strip configured to reduce power during 1dle operation of an electronic
device, said power strip comprising:

an alternating current (AC) line input comprising a plug and a cord configured to be
connected to an external outlet;

a plurality of outlets configured to transmit power to an electronic device, said
external outlet 1s distinct from said plurality of outlets; and

an outlet circuit configured to receive power from said AC line input and transmit
power to at least one outlet of said plurality of outlets, wherein said outlet circuit disengages
transmitting power to said at least one outlet in response to said at least one outlet drawing
substantially no power.

2. The power strip of claim 1, said outlet circuit comprising;:

a current measuring system configured to monitor the current from said AC line
input, wherein said current measuring system provides an output power level signal that is
proportional to the load at said at least one outlet;

a switch in communication with said current measuring system and said at least one
outlet; and

a control circuit configured to receive said output power level signal and control the
opening and closing of said switch to disengage said at least one outlet from power.

3. The power strip of claim 2, wherein said control circuit is at least one of a
latching circuit, an analog circuit, a state machine, and a microprocessor.

4. The power strip of claim 2, wheremn said switch 1s at least one of a relay, a
latching relay, a TRIAC, and an optically isolated TRIAC.

5. The power strip of claim 2, wherein said control circuit is configured to receive a
control signal to facilitate the opening and closing of said switch.

6. The power strip of claim 1, further comprising a green mode switch configured to
select an operating mode of said at least one outlet, wherein said operating mode 1s at least
one of a normal mode and a green mode.

7. The power strip of claim 1, further comprising at least one LED indicator
configured to indicate if said electronic device at said at least one outlet is active.

8. The power strip of claim 7, wherein said at least one LED indicator is further

configured to flash if said outlet circuit 1s testing said at least one outlet.
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9. The power strip of claim 1, further comprising a liquid crystal display (LCD)
configured to display data, wherein said data is at least one of load power provided to said at
least one outlet, power saved by said at least one outlet, power saved by said power strip,
and power consumed by said power strip.

10. The power strip of claim 2, further comprising a reconnection device configured
to override said control circuit and reengage said switch to a closed state.

11. The power strip of claim 10, wherein said reconnection device is further
configured to disengage said switch to an open state.

12. The power strip of claim 10, wherein said reconnection device 1s a push button.

13. The power strip of claim 10, wherein said reconnection device 1s located
remotely from said power strip.

14. The power strip of 10, wherein said reconnection device 1s controlled by at least
one of an infra-red signal and a radio frequency signal.

15. The power strip of claim 10, wherein said reconnection device 1s configured to
override a single control circuit and reengage a single switch to a closed state.

16. The power strip of claim 15, wherein said reconnection device 1s further
configured to disengage a single switch to an open state.

17. The power strip of claim 10, wherein said reconnection device is configured to
override a plurality of control circuits and reengage a plurality of switches to a closed state.

18. The power strip of claim 10, wherein said reconnection device 1s turther
configured to disengage a plurality of switches to an open state.

19. The power strip of claim 2, further comprising a power disconnect configured to
electrically 1solate said control circuit from said AC line input.

20. The power strip of claim 1, wherein substantially no power 1s approximately O-
1% of a typical maximum output load of said electronic device at said at least one outlet.

23. The power strip of claim 1, further comprising means for setting the duration of
a sleep mode duty cycle.

24. The power strip of claim 1, wherein said outlet circuit 1s configured such that
parameters of said power strip may be modified by a user.

25. An outlet circuit in a power strip, said outlet circuit configured for receiving
power and transmitting power to an outlet, and said outlet circuit comprising:

a current measuring system configured to provide an output signal proportional to a

load at the outlet;
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a switch configured to disengage power from the outlet; and

a control circuit configured to interpret said output signal and control said switch;

wherein said switch disengages power if the load at the outlet 1s below a threshold
level.

26. The outlet circuit of claim 25, further comprises a reconnection device
connected to said control circuit, wherein said reconnection device 1s configured to re-
engage power to the outlet.

27. The outlet circuit of claim 25, wherein said control circuit further comprises a
power disconnect device configured to isolate an electrical component from a power input 1f
said electrical component 1s in an idle mode.

28. A power strip configured to efficiently provide power to an electronic device,
sald power strip comprising:

at least one outlet configured to provide power to said electronic device;

a switch having at least an open state and a closed state, wherein said switch 1s 1n
communication with said at least one outlet and an alternating current (AC) line input;

a current measuring system configured to monitor the current drawn by said at least
one outlet; and

a control circuit configured to control the state of said switch;

wherein said control circuit sets said switch to the open state i1f the current drawn by
said at least one outlet is below a threshold level, such that said at least one outlet 1s
effectively disengaged from said AC line input.

29. The power strip of claim 28, wherein satd control circuit tests a load condition at
said at least one outlet by setting said switch to the closed state and determining 1f the
current drawn by said at least one outlet is below the threshold level.

30. The power strip of claim 28, wherein said control circuit controls said at least

one outlet individually.

31. The power strip of claim 28, wherein said control circuit controls a plurality of

sald at least one outlet.

32. The power strip of claim 28, wherein said current measuring system 1s a current

transformer.
33. The power strip of claim 28, wherein said current measuring system 1s at least

one of a resistor with a differential amplifier, a current sensing chip, and a Hall-effect

device.
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34. The power strip of claim 28, further comprising a reconnection device
configured to override said control circuit and re-engage said swiich to the closed state.

35. The power strip of claim 28, further comprising a power disconnect configured
to electrically 1solate said control circuit from said AC line mput.

36. The power strip of claim 28, wherein said control circuit comprises a current
sensor and a logic control unit.

37. The power strip of claim 36, further comprising a photocell configured to
indicate a level of ambient light surrounding said power strip, wherein said logic control unit
is configured to disengage said at least one outlet based upon the level of ambient light.

38. The power strip of claim 36, further comprising an internal clock, wherein said

logic control unit uses said internal clock to determine periods of use of said at least one

outlet.

39. The power strip of claim 28, wherein said threshold level 1s a predetermined
level.

40. The power strip of claim 39, wherein said predetermined level 1s about 1 watt or
less.

41. The power strip of claim 28, wherein said threshold level 1s a learned level
determined by long term monitoring of the load conditions at said at least one outlet.

42. The power strip of claim 28, wherein said threshold level 1s manually set by
activating a reconnection device and wherein said threshold level 1s based in part by
measuring a power level during an i1dle mode of said power strip.

43. The power strip of claim 28, wherein said threshold level is a percentage of a
determined approximate low power level of said electronic device.

44. The power strip of claim 43, wherein said percentage of a determined
approximate low power level 1s at least one range of approximately 100-105%,
approximately 100-110%, and approximately 110-120%.

45. The power strip of claim 28, wherein said at least one outlet comprises a first
outlet with a first threshold level and a second outlet with a second threshold level, wherein
said first threshold level 1s different from said second threshold level.

46. A method of facilitating a power strip with low power consumption, said method
comprising:

providing power to an electronic device at an outlet;

monitoring, at a current measuring system, a load condition at said outlet;
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transmitting the load condition to a control circuit;

controlling, at said control circuit, the state of a switch; and

setting the state of said switch to open if the load condition 1s below a threshold level
and disengaging said outlet from an AC hine input.

47. The method of claim 46, further comprising a testing method of the load
condition at said outlet, said testing method comprising:

setting said switch to a closed state; and

determining 1f the load condition 1s below the threshold level.

48. The method of claim 46, further comprising:

overriding said control circuit using a reconnection device; and

reengaging said switch to a closed state.

49. The method of claim 46, further comprising electrically 1solating said control
circuit from said AC line input using a power disconnect.

50. The method of claim 46, further comprising:

monitoring the load condition at said outlet; and

determining said threshold level based upon the monitoring of the load condition.

51. A power disconnect circuit configured to isolate an electrical component from a
power input if said electrical component is in an 1dle mode, said power disconnect circuit
comprising:

a network of transistors in communication with said power input and said electrical
component,;

sald network of transistors comprising:

a first transistor configured to disconnect said power input; and

a second transistor configured to regulate a voltage to said first transistor;

wherein said electrical component draws substantially no power when 1solated from
said power input by said power disconnect circuit;

52. The power disconnect circuit of claim 51, wherein said power disconnect circuit
is further configured to regulate said power input to a suitable power level for said electrical
component.

53. The power disconnect circuit of claim 51, wherein said electrical component is a

control circuit.

54. The power disconnect circuit of claim 51, wherein said power disconnect circuit

1s Integrated into a power supply system.
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55. The power disconnect of claim 51, wherein said electrical component comprises
an energy storage unit, and wherein said network of transistors periodically reconnects said
electrical component to said power input in order to recharge said energy storage unit.

56. A wall plate system configured to reduce power during idle operation of an
clectronic device, said wall plate system configured to be within or plugged into a wall plate,
said wall plate system comprising:

an alternating current (AC) line input;

at least one outlet of said wall plate system configured to transmit power to an
electronic device; and

a wall plate circuit configured to receive power from said AC line input and transmit
power to said at least one outlet, and said wall plate circuit configured to disengage
transmitting power to said at least one outlet in response to said at least one outlet drawing
substantially no power;

wherein said wall plate system 1s configured to be rigidly mounted to a wall.

57. The wall plate system of claim 56, wherein said wall plate circuit 1s engaged
behind the face of said at least one outlet.

58. The wall plate system of claim 56, further comprising at least one additional
outlet and wherein said wall plate circuit is engaged to the face of said at least outlet.

59. A power module configured as a component of an electronic device to reduce
power consumption during idle operation of the electronic device, said power module
comprising:

a power mput of said power module;

at least one power output of said power module configured to transmit power to an
electronic device; and

a power module circuit configured to receive power from said power mput and
transmit power to said at least one power output;

wherein said power module circuit disengages transmitting power to said at least one
power output in response to said at least one power output drawing substantially no power.

60. The power module of claim 59, wherein said power module 1s integrated into the
electronic device.

61. The power module of claim 59, wherein said power module 1s removable from

the electronic device.
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