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BATTERY LEAKAGE CURRENT ELIMINATION IN UPS UNITS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application is a continuation of United
States Patent Application 13/588,249, filed August 17, 2012,
entitled Battery Leakage Current Elimination In UPS Units,
which c¢laims the Dbenefit o0of the filing date of U.S.
Provisional Patent Application No. 61/590,060, filed
January 24, 2012, the entire disclosures of which are hereby

incorporated herein by reference.

BACKGROUND

[0002] Various systems utilize battery backup supply
architectures, such as uninterruptible power supply ("UP3")
units. The UPS wunits include batteries that are charged

during periods when the system is being powered by an external
power supply. If the external power supply 1is lost, the
batteries are used to power the system's load. A typical
system may use two different power supplies, one to run the
components (such as devices in a server array) and another to
charge the batteries. This arrangement may also require that
the system has separate charging and discharging circuits for
the UPS units. These dual arrangements can be relatively
costly to produce, set up, and power.

[0003] In some examples, charged UPS units may be removed
from the external power supply and load and stored for a
period of time. However, current may leak from a battery
during this storage period, causing the battery to be
continuously discharged. As a result, the batteries of the
UPS unit may be drained within a matter of months. If the
battery charge becomes too low, the battery may not be able to

be charged, and the UPS unit becomes unusable.

SUMMARY
[0004] One aspect of the disclosure provides an
uninterruptible power supply unit. The uninterruptible power
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supply unit includes a battery. The uninterruptible power
supply unit also a first MOSFET switch and a second MOSFET
switch connected in series to the battery. When the second
MOSFET is in a fully on condition of a switching mode, the
uninterruptible power supply unit 1s configured to provide
power to a load. The wuninterruptible power supply unit
includes a controller for <controlling charging of the
batteries through the first MOSFET switch when the first
MOSFET switch 1s in a linear operation mode and the
uninterruptible power supply is connected to a power supply.
The wuninterruptible power supply unit also includes a first
transistor arranged between the controller and the first
MOSFET switch such that when the uninterruptible power supply
unit is not connected to the external power supply, the first
transistor reduces current leakage at the controller.

[0005] In one example, the first transistor 1is a PNP
bipolar transistor. In another example, the uninterruptible
power supply unit also includes a second transistor, a
protection «c¢ircuit connected to the first MOSFET and the
second MOSFET, the protection circuit being configured to
protect the uninterruptible power supply unit during abnormal
conditions by switching the first MOSFET switch and the second
MOSFET switch to an off condition at the second transistor to
disconnect the uninterruptible power supply unit, and a third
transistor arranged between the protection circuit and the
second transistor such that when the uninterruptible power
supply unit is not connected to the external power supply, the
third transistor reduces current leakage at the protection
circuit. In this example, the second transistor 1is an NPN
bipolar transistor and the third transistor is a PNP bipolar
transistor. In addition, the uninterruptible power supply
unit, including the first transistor and the third transistor,

is configured to eliminate leakage current. In another
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example, the uninterruptible power supply unit also includes a
voltage divider associated with the battery, a third MOSFET
switch connected in series with the voltage divider, and a
second transistor associated with the wvoltage divider. In
this example, the third MOSFET switch and second transistor
reduce current leakage at the voltage divider. In addition,

the second transistor is a PNP bipolar transistor.

[0006] Another aspect of the disclosure ©provides an
uninterruptible power supply unit. The uninterruptible power
supply unit includes a battery. The uninterruptible power

supply unit also includes a first MOSFET switch and a second
MOSFET switch connected in series to the battery. When the
second MOSFET is in a fully on condition of a switching mode,
the uninterruptible power supply unit is configured to provide
power to a load. The wuninterruptible power supply unit
includes a first transistor, a protection circuit connected to
the first MOSFET and the second MOSFET, the protection circuit
being configured to protect the uninterruptible power supply
unit during abnormal charging conditions by switching the
first MOSFET switch and the second MOSFET switch to an off
condition at the first transistor to disconnect the
uninterruptible power supply unit, and a second transistor
arranged between the protection c¢ircuit and the second
transistor such that when the uninterruptible power supply
unit is not connected to the external power supply, the second
transistor reduces current leakage at the protection circuit.

[0007] In one example, the first transistor is an NPN
bipolar transistor and the second transistor i1s a PNP bipolar
transistor. In another example, uninterruptible power supply
unit also includes a voltage divider associated with the
battery, a third MOSFET switch connected in parallel with the
voltage divider, and a third transistor associated with the

voltage divider. In this example, the third MOSFET switch and
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second transistor reduce current leakage at the voltage
divider. In addition, the third transistor is a PNP bipolar
transistor. In another example, the wuninterruptible power
supply unit, including the second transistor, is configured to
eliminate leakage current.

[0008] A  further aspect of the disclosure provides an
uninterruptible power supply unit including a battery. The
uninterruptible power supply unit also includes a first MOSFET
switch and a second MOSFET switch connected in series to the
battery. When the second MOSFET is in a fully on condition of
a switching mode, the uninterruptible power supply unit 1is
configured to provide power to a load. The uninterruptible
power supply unit includes a voltage divider associated with
the battery, a third MOSFET switch connected in series with
the wvoltage divider, and a first transistor associated with
the wvoltage divider. The third MOSFET switch and first
transistor reduce current leakage at the voltage divider.
[0009] In one example, the first transistor 1is a PNP
bipolar transistor. In another example, the uninterruptible
power supply unit also includes a controller for controlling
charging of the batteries through the first MOSFET switch when
the first MOSFET switch is in a linear operation mode and the
uninterruptible power supply 1is connected to a power supply, a
second transistor arranged between the controller and the
first MOSFET switch such that when the uninterruptible power
supply unit is not connected to the external power supply, the
second transistor reduces current leakage at the controller, a
third transistor, a protection circuit connected to the first
MOSFET and the second MOSFET, the protection c¢ircuit being
configured to protect the uninterruptible power supply unit
during abnormal charging conditions by switching the first
MOSFET switch and the second MOSFET switch to an off condition

at the third transistor to disconnect the uninterruptible
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power supply unit, and &a fourth transistor arranged between
the protection circuit and the third transistor such that when
the uninterruptible power supply unit is not connected to the
external power supply, the second transistor reduces current
leakage at the protection circuit. In this example, the
second transistor is a PNP bipolar transistor. In addition,
the third transistor is an NPN bipolar transistor and the
fourth transistor 1s a PNP bipolar transistor. In another
example, uninterruptible power supply unit, including the
third MOSFET switch, the first transistor, the second
transistor, the third transistor, and the fourth transistor,
is configured to eliminate leakage current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGURE 1 is an example diagram of power architecture
in accordance with implementations of the disclosure.

[0011] FIGURE 2 1is a diagram of a UPS unit in accordance
with implementations of the disclosure.

[0012] FIGURE 3 1s an example of wvarious circuits of UPS
units in accordance with implementations of the disclosure.
[0013] FIGURE 4 is an example of wvarious leakage current
paths for the circuits of UPS wunits in accordance with
implementations of the disclosure.

[0014] FIGURE 5 is another example of wvarious circuits of
UPSs units in accordance with implementations of the
disclosure.

[0015] FIGURE 6 is a further example of various circuits of
UPSs units in accordance with implementations of the
disclosure.

[0016] FIGURE 7 is an example flow diagram in accordance
with implementations of the disclosure.

[0017] FIGURE 8A 1is an example o0of a server architecture in

accordance with implementations of the disclosure.
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[0018] FIGURE 8B 1s an example of a network system
architecture 1in accordance with implementations o©of the
disclosure.

DETAILED DESCRIPTION

[0019] Conventional UPS units often use a mechanical switch
or relay 1in series with the Dbatteries to disconnect the
battery from the external power supply, such as a DC bus.
Typically, these mechanical switches are not used to control
the charging of multiple batteries as they are not able to
regulate the individual charging current of each battery. An
AC-DC power supply 1is able to 1limit the battery current of
only a single UPS by regulating a common DC bus voltage. This
also does not allow for individual control of the charging
current. In such systems, the charging current is dependent
upon the characteristics of the batteries within the UPS. In
addition, the charging power of the UPS is unknown, so
provisioning power for both an AC source and an AC-DC power
supply cannot be adequately planned. Without limiting the
battery charging current of individual UPS units, the AC-DC
power supply must Dbe over-rated to support the load and
overall unknown charging power. Batteries that exceed the
recommended charging current may heat up, thus shortening the
battery's lifetime and causing safety concerns.

[0020] The configurations described herein disclose an
active device in a UPS rather than a mechanical switch. For
example, by utilizing two metal-oxide semiconductor field
effect transistor ("MOSFET") switches 1n series as a bi-
directional switch, the MOSFET switches may act as a
disconnect device. For example, the MOSFET switches may
disconnect the battery or batteries from the DC bus in case of
any faults detected within the UPS unit. The MOSFET switches
may also be used for discharging and charging, and thus, a

separate battery charger or backup converter are not needed.
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[0021] FIGURE 1 1s an example o©of a distributed power
architecture 100 for a server system having a load and a
plurality of UPS units 140. In this example, the architecture
includes an AC power supply 110 that supplies power to AC-DC

power supplies 120. These power supplies may include, for
example, one or more rectifiers. The AC-DC power supplies 120
provide power to a load 130. In this example, the load 130

may include a plurality of computing components.

[0022] The AC-DC power supplies 120 are also connected to
the plurality of UPS units 140. As shown in FIGURE 1, the UPS
units 140 are arranged on a common DC distribution bus in
parallel with the AC-DC power supplies 120 and the load 130.
The UPS units 140 are used to ensure continued operation of
the load 130 in the event of a failure of the AC power supply
110 and/or AC-DC power supplies 120. The number of UPS units
(N) used in the system may be determined based on the amount
of backup power required to power the load for some pre-
determined period of time.

[0023] FIGURE 2 is an example of a UPS unit 140. In this
example, the UPS wunit 140 includes a housing 210, power
terminals 220 to receive power from the AC-DC power supplies
120, and UPS unit circuitry 230.

[0024] FIGURE 3 1is an example of UPS unit circuitry 230
that may be used with the UPS unit 140. In this example, the
UPS unit circuitry includes a controller 310, a battery pack
having batteries 320 and 322 (only two being shown, though
more batteries may be included 1in a single battery pack),
switches 340 and 342, and a feedback device 350. In addition,
this circuit may also include a protection circuit 380 and a
transistor 330 for fast off switching of the switches 340 and
342 based on temperature, voltage and current information
associated with the batteries. As shown in these examples,

the batteries 320 and 322, the switches 340 and 342, and the
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feedback device 350 are arranged in series with one another.
The UPS unit may also include a switching/linear regulator 360
for bias internal power.

[0025] The switches 340, 342 desirably comprise MOSFET
switches. MOSFET switches are used to supply current for
battery charging and discharging. The MOSFET switches have
different modes of operation. For example, a MOSFET switch
may have a switched mode of operation, including a "fully off"
condition and a "fully on" condition. Another mode of
operation 1is a linear region of operation where the drain-to-
source voltage and/or current can be regulated by adjusting
gate-to-source voltage. In this example, when operating in
the linear region, the MOSFET allows a gate-to-source voltage
of between 0 and 12 volts to pass through the MOSFET's gate.
Whether a MOSFET is used as a switch or is being operated in a
linear mode depends on whether the batteries are being charged
(linear operation), discharged (on), or disconnected (o0ff)
from the load and the AC power supply.

[0026] The pair of MOSFET switches may be used for both the
charging and discharging of the batteries. For example,
MOSFET switch 340 can be used to control the charging of the
batteries while MOSFET switch 342 can be used for discharging
of the batteries. This combination of a charging MOSFET and a
discharging MOSFET allows operation as a bidirectional switch.
[0027] The controller 310 may be, in one example, an
amplifier configured to receive information from the feedback
device. Based on the received information, the controller is
able to automatically transition the UPS unit from using an
outside power supply to charge the battery to supplying power
to a load. The feedback device 350 can include a shunt or
current sense resistor. In the examples of FIGURE 3, the

feedback device senses current from one of the power terminals
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220 and sends 1t to the negative terminal of the controller
310.

[0028] The controller automatically detects the state of
the bus voltage based on current feedback received from the
feedback device 350. For example, when the DC bus voltage 1is
greater than the battery voltage, the controller is in
charging mode. In the charging mode, the controller regulates
or limits the charging current through MOSFET switch 340 by
adjusting the gate-to-source voltage of the MOSFET switch 340
based on current received from the feedback device 350. In one
example, the controller 310 1s desirably associated with a
reference current vwvalue. This wvalue can be set through a
pulse-width modulation (PWM) signal 360 at the positive
terminal of the controller 310. Thus, the reference current
value 1s adjustable based on the needs of the system. For
example, the AC-DC power supplies 120 must produce enough
current to power the load 130 and the number of UPS units (N)
for charging. Because the reference current for each UPS unit
may be set, this allows for an accurate calculation of how
much power is needed for the load and charging the UPS units.
[0029] In some examples, the reference charging current
value is set very low in comparison to the discharging current
needed to power the load. By using a relatively low charging
current, the thermal stress on the charging MOSFET operating
in the linear region is low as well. If the current through
the charging MOSFET is too high, the MOSFET can heat up and
fail. This can also reduce the power drain on the AC-DC power
supplies 120.

[0030] When the terminals of UPS wunit are initially
connected to the power from the AC-DC power supplies 120, the
controller receives charging current feedback from the
feedback device 350. In response, the controller 310

generates a gate voltage in order to activate the MOSFET
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switches. Using the 12 wvolt example, the controller 310
increases the gate voltage of the MOSFET switches to between 0
and 12 volts depending upon the reference current value. This
can set the MOSFET switches, both 340 and 342, to the active
condition (in the linear region of operation) and allow the
battery pack 320 to charge.

[0031] In this case, the controller compares the reference
current wvalue and the information from the feedback device,
and adjusts the current through the MOSFET switch 340 in order
to control the charging of the battery pack 320. The charging
current feedback at the negative terminal, received from the
feedback device 350, follows +the current defined at the
positive terminal in voltage.

[0032] When the charging current becomes a bit lower than
the reference current value, the DC bus voltage will be very
close to or the same as the battery voltage. At this point,
the battery may be almost fully charged. In response to
current feedback from the current sense device, the output of
the controller may be saturated at the maximum gate voltage
and the battery is float charged to keep the battery close to
or at its fully charged level.

[0033] As noted above, the control circuitry 230 can also
be used for discharging. If the external power supply 110
and/or AC-DC power supplies 120 fail, the power received at
the terminals 220 of the UPS device will drop off. The DC bus
voltage will be less than the battery voltage. This causes
the charging current feedback to be significantly lower than
the reference current value. The difference Dbetween the
charging current feedback and the reference current wvalue
causes the controller's output to go into saturation and
causes the MOSFET switches to go into the fully on condition.
In other words, the MOSFET switches are no longer operating in

the linear region. At this point, the controller is no longer
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controlling the charging of the battery pack 320, and the
current from the battery pack can discharge and flow through
the terminals 220 to power the load 130. Having the MOSFET
switches in the fully on condition when the battery pack 1is
discharging can also reduce conduction loss.

[0034] The battery pack can continue to discharge until the
battery pack is fully discharged or until the external power
supply 110 and/or AC-DC power supplies 120 have been restored.
When the external power supply has been restored, the UPS unit
can automatically transition from discharging to charging via
the controller.

[0035] When the power from the AC-DC power supplies 120 is
restored, the charging current feedback causes the controller
310 to immediately regulate the charging current to the
battery pack as described above.

[0036] The protection circuit 380 may be configured to turn
off both MOSFET switches 340 and 342 1in order to disconnect
the battery from the DC bus. The protection circuit 380 may
include a microcontroller, CPU, or any type of circuit that
can sense the condition of the current, temperature or voltage
of the battery. For example, the terminals of the batteries
320, 322 are associated with voltage dividers 370, 372, 374.
If there are more batteries, more voltage dividers may also be
used. For example, 1f there are four batteries, five voltage
dividers may be used.

[0037] Each voltage divider may  be associated with
resistors referenced to a ground. For example, voltage
divider 370 1s associated with resistors R1 and R2 connected
to a ground 376. The voltage across these resistors may be
sensed to determine the voltage of the batteries. The output
of the voltage dividers may be sent to the protection circuit

380 (not shown).
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[0038] If one or more of the current, temperature or
voltage of the battery conditions is outside of a
predetermined normal operating range (for example, operating
at an abnormal voltage, current, and/or temperature), the
protection circuit 380 may automatically switch the MOSFET
switches 340 and 342 to the off condition through transistor
330 disconnecting the UPS from the AC-DC power supply and the
load. In this example, transistor 330 may include an NPN
bipolar transistor. The protection circuit may operate much
faster to shut off the MOSFET switches than the controller.
[0039] When a fully charged uninterruptible power supply
unit 1s removed from the rack for example, for long term
storage, current flow may continue through the MOSFET switches
and the batteries. FIGURE 4 also provides some examples of
possible leakage current paths. For example, the output of
the controller 310 has an ESD (electrostatic discharge diode).
Current passes through the ESD diode and the resistors across
the gate to source of MOSFET switches 340 and 342. This
current flows from arrow 410 along the path of arrows 440 and
442 through MOSFET switches 340 and 342. Current then flows
along the path of arrow 444 and towards the batteries 320, 322
along the path arrows 420, 422.

[0040] In another example, current may flow from the
protection circuit 380 through the emitter of transistor 330.
This current flows from the protection circuit 380 along the
path of arrow 480 through transistor 330 at arrow 430.
Current continues along the path of arrow 432 and from arrow
444 towards the batteries 322 and 320 along arrows 422 and
420.

[0041] In a further example, the resistors of the voltage
dividers also provide leakage current paths. In this example,
current flows from the grounds of voltage dividers to the

batteries. For example, using the example of voltage divider
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370, current flows from the ground 376 through the resistors
R1 and R2 along the path of arrow 470 towards the battery 320.
Similar leakage paths may also exist for the other wvoltage
dividers of the UPS unit, such as voltage dividers 372, 374.
In addition, circulating current between the voltage dividers
and through the batteries, such as along arrows 472 or 474, 1is

also possible.

[0042] Current may also flow from the switching/linear
regulator 360 to the batteries. For example, current may flow
from arrow 460 along the path of arrow 462. Current then

flows along the path of arrow 444 and towards the batteries
322 and 320 along arrows 422 and 420.

[0043] While some features of the UPS circuitry of FIGURES
3 and 4 may reduce the leakage current, there may still be a
small leakage current when the UPS unit 1s not connected to
the rack. For example, the switching/linear regulator 360 may
have relatively high impedance, and without the discharging
MOSFET switch 342, leakage current would always flow to the
batteries. However, the leakage shown 1in the example of
FIGURE 4 may still be on the order of 10 mA. However, over
time, even a small leakage may cause significant drain on the
batteries. For example, a fully charged UPS unit, once
removed from the rack, may be completely drained by such a
small leakage in a matter of months. If the battery charge
becomes too low, the battery may not be able to be charged,
and the UPS unit no longer usable.

[0044] A plurality of different solutions may be used alone
or in combination to reduce or even eliminate leakage current.
Figure 5 1s an example of how to eliminate the leakage current
in the UPS unit of FIGURE 3. In this example, certain of the
features of FIGURE 3 are not shown for clarity, though they
may still be included in the UPS unit circuitry. When a UPS

unit is not connected to a power supply or load, for example
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during storage, the controller 310 may be disabled. The PNP
bipolar transistor 510 Dblocks and completely eliminates the
leakage current since a base-emitter PN junction of the PNP
bipolar transistor is reverse biased.

[0045] Similarly, when a UPS unit 1s not connected to a
power supply or load, for example during storage, VCC 480 may
be disabled. The PNP bipolar transistor 482 blocks and
completely eliminates the leakage current since a base-emitter
PN junction of the PNP bipolar transistor 1is reverse biased.
[0046] Figure 6 is an example of a voltage sense scheme in
a UPS unit for leakage current reduction. In this example,
certain of the features of FIGURE 3 are not shown for clarity,
though they may still be included in the UPS unit c¢ircuitry.
As noted above with regard to FIGURE 3, the battery terminals
may be associated with a voltage divider. FIGURE 6 depicts an
example of voltage sense schemes 670, 672, 674 for the two
batteries 320 and 322. Again, if there are additional
batteries, additional voltage sense schemes may be used. For
example, voltage sense scheme 670 includes the components of
voltage divider 370 (with R1l, R2, and ground 376). Voltage
sense scheme 370 also includes a MOSFET switch 640 to
eliminate leaking current. A body diode of MOSFET switch 640
prevents leaking current when MOSFET switch 640 is in the off
condition. During operation of the UPS unit (e.g. charging,
discharging), the MOSFET switch 640 must be switched on. In
order to do so, the UPS unit circuitry also includes VCC 642.
To prevent current from leaking from VCC 642 (and activating
MOSFET switch 640), voltage sense scheme 670 may also include
a PNP bipolar transistor 644. As with the examples described
above, the PNP bipolar transistor 644 blocks the leakage
current since a base-emitter PN Jjunction of the PNP bipolar

transistor 1is reverse biased. In the example of FIGURE 6,
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each of blocks 672 and 674 may 1include the voltage sense
scheme of block 670.

[0047] As described above, MOSFET switch 342 also prevents
leakage current. As MOSFET switch 342 is turned off when the
UPS 1s not connected to the system, MOSFET switch 342
disconnects the leakage current path from the switching/linear
regulator 360.

[0048] Flow diagram 700 of FIGURE 7 is an example of some
of the aspects described above. For example, as shown in
block 702, a uninterruptible power supply unit having two or
more batteries is connected to a power supply. At least one
of the batteries 1s associated with a voltage divider. At
block 704, the uninterruptible power supply unit controls the
charging of the batteries through a charging MOSFET switch as
described in detail above. This charging MOSFET may be
arranged in series with a discharging MOSFET. At block 706, a
protection circuit connected to the charging and discharging
MOSFETs may be used to detect any abnormal battery conditions.
For example, the voltage divider may also be used by the
protection circuit to detect over voltage situations at the
battery and shut down the charging process as described above
in order to protect the uninterruptible power supply unit.
[0049] Once the batteries are fully charged, or less than
fully charged, the uninterruptible power supply unit and the
external power supply may be disconnected from one another at
block 708. The uninterruptible power supply unit may then be
stored for a period of time. As shown in blocks 710, 712, and
714, the battery box's circuitry may be configured in order to
reduce or eliminate any leakage current. For example, at
block 710, a PNP bipolar transistor connected between the
controller and the MOSFET switches prevents leakage current at
the controller. In the example of block 712, PNP bipolar

transistor connected between the protection circuit and the
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MOSFET switches prevents leakage current at the protection
circuit. In yet another example at block 714, a MOSFET switch
and another PNP bipolar transistor connected in series with
the voltage divider prevent leakage current from the voltage
divider to the battery. Again, as noted above, each of these
examples may be used alone or 1in combination in order to
reduce or eliminate leakage of the current during a storage
period.

[0050] After the period of time has passed, the
uninterruptible power supply unit may be reconnected to the
external power supply or to a different power supply at block
716. The UPS unit may then begin the charging and discharging
operations as described above.

[0051] By using a combination of the features described
above, the battery leakage current paths of FIGURE 4 may be
eliminated or very close to zero pA. This allows for long
term storage of these UPS units without concerns over power
loss or damage to the UPS unit from battery leakage.

[0052] The UPS wunits described herein can be used in
conjunction with wvarious backup power systems. For example,
these devices may be wuseful 1in telecom systems or server
architectures. FIGURE 8A is an example of a server
architecture including a plurality of the UPS units described
herein. In this example, the server 810 includes a rack 820,
having a set of shelves 830, for housing the load 130 as well
as the UPS units 140. The server architecture may include an
external power supply such as AC-DC power supplies 120. This
external power supply can be incorporated into the rack 810
(as shown in FIGURE 8A) or can be at a different location, for
example, as the AC power supply 110 is shown in FIGURE 8A.
[0053] The load 130 can include a variety of devices. For
example, the load 130 can include a dedicated storage device,

for example, including any type of memory capable of storing
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information accessible by a processor, such as a hard-drive,
memory card, ROM, RAM, DVD, CD-ROM, or solid state memory.
The load may include a preprogrammed load which draws power
from the AC-DC power supplies 120 1in order to test the
operation of the server 810. The load 40 may also include a
computer 1including a processor, memory, 1instructions, and
other components typically present in server computers.

[0054] FIGURE 8B 1s an example of a network system
including the server architecture of FIGURE 8A. For example,
server 810 may be at one node of a network 840 and capable of
directly and indirectly communicating with other nodes of the
network. For example, these computers may exchange
information with different nodes of a network for the purpose
of receiving, processing and transmitting data to one or more
client devices 850-52 via network 840. In this regard, server
810 may transmit information for display to wuser 860 on
display of client device 850. In the event of a failure of
the AC power supply 110, the UPS units may allow the server
810 to continue communications with the other nodes without
interruption.

[0055] As these and other wvariations and combinations of
the features discussed above can be utilized without departing
from the subject matter defined by the claims, the foregoing
description of the embodiments should be taken by way of
illustration rather than by way of limitation of the subject
matter defined by the claims. It will also be understood that
the provision of the examples disclosed herein (as well as
clauses phrased as "such as," "including" and the like) should
not be interpreted as limiting the claimed subject matter to
the specific examples; rather, the examples are intended to
illustrate only one of many possible embodiments. Further,
the same reference numbers in different drawings may identify

the same or similar elements.
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INDUSTRIAL APPLICABILITY

[0056] The present invention enjoys wide industrial
applicability including, but not limited to, uninterruptable

power supply systems having reduced current leakage.
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CLAIMS

1. An uninterruptible power supply unit
comprising:

a battery;

a first MOSFET switch and a second MOSFET switch
connected in series to the battery, and when the second MOSFET
is in a fully on condition o©of a switching mode, the
uninterruptible power supply unit 1s configured to provide
power to a load;

a controller for controlling charging of the
batteries through the first MOSFET switch when the first
MOSFET switch 1s in a linear operation mode and the
uninterruptible power supply is connected to a power supply;
and

a first transistor arranged between the controller
and the first MOSFET switch such that when the uninterruptible
power supply unit is not connected to the external power
supply, the first transistor reduces current leakage at the

controller.

2. The uninterruptible power supply unit of claim

1, wherein the first transistor is a PNP bipolar transistor.

3. The uninterruptible power supply unit of claim
1, further comprising:

a second transistor;

a protection c¢ircuit connected to the first MOSFET
and the second MOSFET, the protection circuit being configured
to protect the uninterruptible power supply unit during
abnormal conditions by switching the first MOSFET switch and
the second MOSFET switch to an off condition at the second
transistor to disconnect the uninterruptible power supply

unit; and
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a third transistor arranged between the protection
circuit and the second transistor such that when the
uninterruptible power supply unit 1s not connected to the
external power supply, the third transistor reduces current

leakage at the protection circuit.

4. The uninterruptible power supply unit of claim
3, wherein the second transistor is an NPN bipolar transistor

and the third transistor is a PNP bipolar transistor.

5. The uninterruptible power supply unit of claim
3, wherein the uninterruptible power supply unit, including
the first transistor and the third transistor, 1is configured

to eliminate leakage current.

6. The uninterruptible power supply unit of claim
1, further comprising:

a voltage divider associated with the battery;

a third MOSFET switch connected in series with the
voltage divider; and

a second transistor associated with the voltage
divider;

wherein the third MOSFET switch and second

transistor reduce current leakage at the voltage divider.

7. The uninterruptible power supply unit of claim

6, wherein the second transistor is a PNP bipolar transistor.

8. An uninterruptible power supply unit
comprising:

a battery;

a first MOSFET switch and a second MOSFET switch

connected in series to the battery, and when the second MOSFET
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is in a fully on condition o©of a switching mode, the
uninterruptible power supply unit 1s configured to provide
power to a load;

a first transistor;

a protection c¢ircuit connected to the first MOSFET
and the second MOSFET, the protection circuit being configured
to protect the uninterruptible power supply unit during
abnormal charging conditions by switching the first MOSFET
switch and the second MOSFET switch to an off condition at the
first transistor to disconnect the uninterruptible power
supply unit; and

a second transistor arranged between the protection
circuit and the second transistor such that when the
uninterruptible power supply unit 1s not connected to the
external power supply, the second transistor reduces current

leakage at the protection circuit.

9. The uninterruptible power supply unit of claim
8, wherein the first transistor is an NPN bipolar transistor

and the second transistor is a PNP bipolar transistor.

10. The uninterruptible power supply unit of claim
8, further comprising:

a voltage divider associated with the battery; and

a third MOSFET switch connected in parallel with the
voltage divider; and

a third transistor associated with the voltage
divider;

wherein the third MOSFET switch and second

transistor reduce current leakage at the voltage divider.

11. The uninterruptible power supply unit of claim

10, wherein the third transistor is a PNP bipolar transistor.
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12. The uninterruptible power supply unit of claim
8, wherein the wuninterruptible power supply unit, including
the second transistor, 1is configured to eliminate leakage

current.

13. An uninterruptible power supply unit
comprising:

a battery;

a first MOSFET switch and a second MOSFET switch
connected in series to the battery, and when the second MOSFET
is in a fully on condition o©of a switching mode, the
uninterruptible power supply unit i1s configured to provide
power to a load;

a voltage divider associated with the battery; and

a third MOSFET switch connected in series with the
voltage divider; and

a first transistor associated with the voltage
divider;

wherein the third MOSFET switch and first transistor

reduce current leakage at the voltage divider.

14. The uninterruptible power supply unit of claim

13, wherein the first transistor is a PNP bipolar transistor.

15. The uninterruptible power supply unit of claim
13, further comprising:

a controller for controlling charging of the
batteries through the first MOSFET switch when the first
MOSFET switch 1s in a linear operation mode and the
uninterruptible power supply is connected to a power supply;

a second transistor arranged between the controller
and the first MOSFET switch such that when the uninterruptible

power supply unit is not connected to the external power
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supply, the second transistor reduces current leakage at the
controller;

a third transistor;

a protection circuit connected to the first MOSFET
and the second MOSFET, the protection circuit being configured
to protect the wuninterruptible power supply unit during
abnormal charging conditions by switching the first MOSFET
switch and the second MOSFET switch to an off condition at the
third transistor to disconnect the uninterruptible power
supply unit; and

a fourth transistor arranged between the protection
circuit and the third transistor such that when the
uninterruptible power supply unit 1is not connected to the
external power supply, the second transistor reduces current

leakage at the protection circuit.

16. The uninterruptible power supply unit of claim

15, wherein the second transistor is a PNP bipolar transistor.

17. The uninterruptible power supply unit of claim

15, wherein the third transistor is an NPN bipolar transistor.

18. The uninterruptible power supply unit of claim

15, wherein the fourth transistor is a PNP bipolar transistor.

19. The uninterruptible power supply unit of claim
15, wherein the uninterruptible power supply unit, including
the third MOSFET switch, the first transistor, the second
transistor, the third transistor, and the fourth transistor,

is configured to eliminate leakage current.
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