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ABSTRACT

SUPPLY

A power supply for point-of-sale (POS) devices. The power
supply comprises a transformer with ?rst through fourth
windings. An AC input is connected through a backfeed
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relay to the ?rst winding. An AC output is also connected to
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the ?rst winding. A battery and an inverter are connected to
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the second winding. A charger is connected to the third
winding. A recti?er, DC/DC regulator and a DC output are
connected to the fourth winding. When AC power is
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received at the AC input, the AC output and the transformer
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receive the AC power through the backfeed relay. The DC
output receives DC power through the DC/ DC regulator and
the recti?er, which receives AC power through the trans
former. When AC power is not received at the AC input, the
battery and the inverter provide AC power to the trans
former, and the AC output and the recti?er receive AC power
from the transformer. The DC output receives DC power
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DC AND AC UNINTERRUPTIBLE POWER SUPPLY

the DC/DC regulator. When AC poWer is not received at the

AC input the poWer supply operates in a backup mode
Technical Field

[0001]

The invention relates to uninterruptible power sup

plies, and particularly to uninterruptible poWer supplies
Which provide both direct and alternating current poWer

outputs.

Background

Wherein the controller opens the backfeed relay and causes
the inverter to operate in push-pull fashion such that DC
poWer received at the pair of battery terminals is converted
to AC poWer and provided to the second Winding through the
inverter, the AC output receives AC poWer through the
transformer, the recti?er receives AC poWer through the
transformer, and, the DC output receives DC poWer from the

recti?er through the DC/DC regulator.

[0002] An uninterruptible poWer supply (UPS) is an appa

[0007]

ratus connected betWeen a poWer source and a device to

speci?c embodiments of the invention are described beloW.

Further aspects of the invention and features of

prevent outages and “spikes” of the poWer source from

adversely affecting the performance of the device. A UPS
has an internal battery to ensure that continuous poWer is
provided to the device even if poWer from the poWer source

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In draWings Which depict non-limiting embodi

is interrupted. A UPS typically provides backup battery

ments of the invention:

poWer for at least several minutes, Which in most cases is

[0009]

long enough to poWer the device until poWer from the poWer

according to one embodiment of the invention;

source is reestablished.

[0010]

FIG. 1 schematically illustrates a poWer supply
FIG. 2 is a front vieW of a poWer supply in a

[0003] AUPS is of particular importance for point-of-sale

housing according to another embodiment of the invention;

(POS) systems. A UPS can protect an otherWise vulnerable

and, FIG. 3 is a rear vieW of the poWer supply of FIG. 2.

POS system against brief poWer disturbances during retail
transactions. A shutdoWn of a POS system not only incon

DESCRIPTION

veniences Waiting customers, but also threatens the integrity

[0011] Throughout the folloWing description, speci?c

of data (price, inventory, promotions, etc.) collected by
modern POS systems. Modern POS systems often support

details are set forth in order to provide a more thorough

understanding of the invention. HoWever, the invention may

several peripheral devices including, for example, printers,

be practiced Without these particulars. In other instances,

scanners, credit card/debit card terminals, all of Which may

Well knoWn elements have not been shoWn or described in

be damaged during poWer ?uctuations and outages.

detail to avoid unnecessarily obscuring the invention.
Accordingly, the speci?cation and draWings are to be

[0004]

There exist UPS systems for use in POS environ

ments Which provide only alternative current (AC) poWer.

regarded in an illustrative, rather than a restrictive, sense.

This can be problematic because some POS devices, such as

[0012]

printers, often require direct current (DC) poWer, and thus
cannot be protected by available UPS systems.

poWer supply (UPS) for point-of-sale (POS) devices. The

[0005] There is a need for POS UPS systems that output
both AC and DC poWer.
SUMMARY OF THE INVENTION

[0006]

One aspect of the invention relates to a poWer

supply for providing alternating current (AC) and direct
current (DC) to a plurality of loads. The poWer supply

The present invention relates to an uninterruptible

poWer supply comprises a transformer With ?rst through
fourth Windings. An AC input is connected through a back
feed relay to the ?rst Winding. An AC output is also
connected to the ?rst Winding. A battery and an inverter are

connected to the second Winding. A charger is connected to
the third Winding. A recti?er, DC/DC regulator and a DC
output are connected to the fourth Winding. When AC poWer
is received at the AC input, the AC output and the trans
former receive the AC poWer through the backfeed relay.
The DC output receives DC poWer through the DC/DC

comprises a transformer having ?rst, second, third and
fourth Windings. An AC input for receiving AC poWer from

regulator and the recti?er, Which receives AC poWer through

an external source is connected across the ?rst Winding

the transformer. When AC poWer is not received at the AC

through a backfeed relay. An AC output is also connected
across the ?rst Winding, and is connected to the AC input
through the backfeed relay. An inverter is connected across
the second Winding. A pair of battery terminals are con

input, the battery and the inverter provide AC poWer to the
transformer, and the AC output and the recti?er receive AC
poWer from the transformer. The DC output receives DC
poWer through the DC/DC regulator and the recti?er.

nected betWeen the inverter and a center tap of the second

Winding. A charger is connected across the third Winding.
The charger is coupled to the pair of battery terminals. A
recti?er is connected across the fourth Winding. A DC output
connected to the recti?er through a DC/DC regulator. A

controller is coupled to the AC input, the backfeed relay, the
inverter and the charger. When AC poWer is received at the
AC input the poWer supply operates in a normal mode
Wherein the controller closes the backfeed relay such that the
AC output receives AC poWer from the AC input through the
backfeed relay, the recti?er receives AC poWer from the AC

[0013] FIG. 1 shoWs a poWer supply 10 according to one
embodiment of the invention. PoWer supply 10 receives AC
poWer from an external AC poWer source (not shoWn) at AC
input 12. The poWer source may, for example, supply 120 V
or 220 V of AC poWer at 50 or 60 HZ. The poWer source may,

for example, be a Wall unit connected to a poWer utility. AC
input 12 is coupled to a transformer 20 through a backfeed

relay 16. AnAC output 34 is also coupled to backfeed relay
16. Surge protectors 14, 33 may optionally be connected to
AC input 12 and AC output 34.

input through the backfeed relay and the transformer, and,

[0014] Transformer 20 comprises ?rst through fourth

the DC output receives DC poWer from the recti?er through

Windings L1, L2, L3 and L4 Wrapped around a common
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core. The core of transformer 20 may comprise, for example,

voltage required by DC output 38 is +24V, ?rst Winding L1

a metallic core. AC input 12 is connected across ?rst

may have ?ve times as many turns as fourth Winding L4.

Winding L1 through backfeed relay 16. AC output 34 is also
connected across ?rst Winding L1.

[0015] Voltage regulation relays 18 may be connected to
?rst Winding L1 to alloW poWer supply 10 to accommodate
?uctuations in the voltage of poWer received at AC input 12
from the external poWer source. Voltage regulation relays 18

comprise an input voltage regulation relay 18A and an
output voltage regulation relay 18B. A ?rst terminal of
backfeed relay 16 is connected to a ?rst end tap of ?rst
Winding L1. A ?rst terminal of AC output 34 is also

connected to the ?rst end tap of ?rst Winding L1. Input
voltage regulation relay 18A is connected betWeen a second
terminal of backfeed relay 16 and ?rst Winding L1. Output
voltage regulation relay 18B is connected betWeen a second
terminal of AC output 34 and ?rst Winding L1. Input voltage

regulation relay 18A and output voltage regulation relay 18B
each have a ?rst position and a second position. The ?rst

positions of input and output voltage regulation relays 18A
and 18B are connected to a second end tap of ?rst Winding

L1. The second positions of input and output voltage regu
lation relays 18A and 18B are connected to an intermediate

tap of ?rst Winding L1. The intermediate tap of ?rst Winding
L1 may be located such that there are about 75% as many

turns betWeen the intermediate tap and the ?rst end tap as
there are betWeen the second end tap and the ?rst end tap.

[0016]

An inverter 24 is connected across (i.e., connected

to the end taps of) second Winding L2. A pair of battery
terminals connected to a battery 22 are connected betWeen

inverter 24 and a center tap of second Winding L2. Alter
natively, poWer supply 10 may not include a battery, and
comprise a pair of battery terminals con?gured to receive a

battery.
[0017] A charger 26 is connected across third Winding L3.
Charger 26 is coupled to the pair of battery terminals for

charging battery 22. Charger 26 is also con?gured to provide
DC poWer to a +5V poWer source 23 coupled to a controller
25. Controller 25 may be connected to an alarm 27. Con

troller 25 is coupled to AC input 12, backfeed relay 16,

voltage regulation relays 18, inverter 24, charger 26, AC
output 34 and DC output 38, as indicated by the dashed lines
in FIG. 1, and is con?gured to control the operation of
poWer supply 10, as described beloW. Controller 25 may

comprise, for example, a microprocessor programmed With
softWare for controlling the operation of poWer supply 10.
[0018] A recti?er 35 is connected across fourth Winding
L4. Recti?er 35 is grounded, and connected to provide DC
poWer to a DC/DC regulator 36. DC/DC regulator 36 is
con?gured to provide a steady output of DC poWer at a DC
output 38. For example, the DC poWer provided to DC

[0020] FIGS. 2 and 3 respectively shoW front and rear
vieWs of a housing 40 Which houses poWer supply 10
according to one embodiment of the invention. Housing 40
has a front panel 42, as shoWn in FIG. 2, With a light
emitting diode (LED) 44 and a control button 46 thereon.
LED 44 is continuously illuminated When poWer supply 10
is receiving AC poWer from the external source and oper
ating properly. LED 44 ?ashes every tWo seconds When
poWer supply 10 is providing poWer to the connected loads

from battery 22. LED 44 ?ashes rapidly When battery 22
should be replaced. A user may turn poWer supply 10 on or

off by pressing button 46 and holding it for at least 3
seconds.

[0021] FIG. 3 shoWs a back panel 48 of housing 40. Back
panel 48 comprises an AC input cable 50, and AC input
breaker 52, a DC output cable 54, and AC outlets 56-60. AC
input cable 50 is used to connect the external AC poWer
source to AC input 12 (see FIG. 1) through breaker 52, so
that poWer supply 10 is protected from poWer overloads and
short circuits. DC output cable 54 is connected to DC output
38. Some of AC outlets 56-60 are connected to AC output 34

such that they can receive backup poWer from battery 22
(see FIG. 1), While some are connected to AC input cable 50

only through a surge protector (not shoWn) and are not
backed up.

[0022] Breaker 52 may be con?gured to open the connec
tion betWeen AC input cable 50 and AC input 12 if the input
AC poWer exceeds the capacity of poWer supply 10. In some
embodiments, poWer supply 10 has a maximum rated capac
ity of 600 VA. Breaker 52 may be replaced With a sloW bloW
fuse in some embodiments.

[0023] in operation, a user connects the external AC poWer
source to AC input 12. The user then turns on poWer supply

10 by pressing button 46 and holding it for at least 3 seconds,
Which causes charger 26 to provide poWer from battery 22
to controller 25 through poWer source 23. When controller

25 begins receiving poWer, it sends an enable signal to
charger 26 so that charger 26 continues to provide poWer to
controller 25. Controller may also cause charger 26 to send
an enable signal to DC/DC regulator 36.

[0024] Controller 25 then determines Whether suitable AC
poWer is being received at AC input 12. Suitable AC poWer
may include, for example, AC poWer With a voltage of
Within +25% of the nominal poWer (typically 120V or
220V), and a frequency of Within +10% of the nominal
frequency (typically 50 HZ or 60 HZ).

output 38 may be +24 volts at 1.5 amperes, Which meets the

[0025] If suitable AC poWer is being received at AC input
12, controller 25 closes backfeed relay 16, and AC poWer is
provided to AC output 34 and ?rst Winding L1. This mode

poWer requirements of typical point of sale devices such as

of operation is sometimes referred to as “line normal” mode.

printers. A plurality of loads (not shoWn) may be connected
to AC output 34 and DC output 38, such that the loads can
draW poWer from battery 22 in the event of a problem With

Recti?er 35 receives AC poWer from fourth Winding L4, and
provides DC poWer to DC output 38 through DC/DC
regulator 36. Charger 26 receives AC poWer from third

the external AC poWer source.

Winding L3, and provides DC poWer to charge battery 22.

[0019] The number of turns in ?rst through fourth Wind
ings L1, L2, L3 and L4 may be selected based on the
nominal voltage of the AC poWer, the voltage of battery 22,

[0026] If suitable AC poWer is not being received at AC
input 12, controller 25 opens backfeed relay 16 and causes
inverter 24 to draW current from battery 22 and operate in

and the voltage required by DC output 38. For example, if

push-pull fashion (i.e., alternately connecting the battery to

the nominal voltage of the AC poWer is 120V, and the

the ?rst and second end taps of second Winding L2) in order
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to produce an AC current in second Winding L2. This mode
of operation is sometimes referred to as “backup” mode. AC
output 34 receives AC poWer from ?rst Winding L1. Recti
?er 35 receives AC poWer from fourth Winding L4, and

25 may cause poWer supply 10 to enter shut doWn mode by
turning off inverter 24 and causing charger 26 to send a
disable signal to DC/DC regulator 36. In shut doWn mode,
poWer supply 10 Will stop supplying poWer to the loads until

provides DC poWer to DC output 38 through DC/DC

the return of poWer from the external AC poWer source.

regulator 36.
[0027]

Controller 25 may also monitor the voltage of AC

poWer received at AC input 12, as Well as the AC poWer

provided to AC output 34. Controller 25 may also monitor
the DC poWer provided to DC output 38.

[0028] Controller 25 may compensate for ?uctuations in
the voltage of AC poWer at AC input 12 and AC output 34

by appropriate selection of the positions of voltage regulat
ing relays 18. For example, if the voltage at AC input
exceeds the nominal voltage, controller 25 may cause input

voltage regulation relay 18A to be in the second position,
such that backfeed relay 16 is connected across the ?rst end

tap and the intermediate tap of ?rst Winding L1.
[0029]

Controller 25 may be coupled to AC output 34 and

[0033] Alarm 27 (see FIG. 1) may emits sounds under the
control of controller 25 during certain operating conditions.
When poWer supply 10 is in backup mode, alarm 27 emits
a backup alarm. The backup alarm may be a beep Which
repeats about once every tWo seconds. The backup alarm
stops When poWer supply 10 returns to line normal opera

tion. A user may also silence the backup alarm by pressing
button 46.

[0034] When the energy stored in battery 22 decreases
beloW a predetermined level While poWer supply 10 is in
backup mode, alarm 27 emits a loW battery alarm. The loW
battery alarm may be a beep Which repeats about tWice every
second. The loW battery alarm stops When poWer supply 10
returns to line normal operation, or When poWer supply 10
shuts doWn due to battery exhaustion.

DC output 38 in order to monitor the total poWer draWn from

poWer supply 10 by the connected loads. Controller 25

[0035] When poWer supply 10 is overloaded, alarm 27

causes poWer supply 10 to shut doWn if the total poWer

emits an overload alarm. The overload alarm may be a

draWn by the loads exceeds 110% of the nominal poWer for
60 seconds, or exceeds 130% of the nominal poWer for 3
seconds. Controller 25 may also cause alarm 27 to emit an

overload alarm, as described beloW.

[0030] PoWer supply 10 may be con?gured to automati
cally perform a self-test When its poWer is turned on. A user

may also trigger a self-test by pressing button 46 for less
than one second. During a self-test, poWer supply 10
attempts to operate the loads With poWer draWn from battery
22. If poWer supply fails the self-test, LED 44 remains solid,
indicating to the user that poWer supply 10 Was not able to

supply poWer from battery 22. If poWer supply 10 is able to
supply poWer from battery 22, this causes LED 44 to ?ash
every tWo seconds, indicating to the user that poWer supply

10 is operational. During the self-test, controller 25 may also

determine the charge stored in battery 22 by querying
charger 26, and provide a loW battery Warning to the user if
a loW battery condition exists. After the self-test is complete,
poWer supply 10 returns to line normal operation, and LED
44 stops ?ashing and remains lit.

[0031] In the illustrated example, the transfer time, that is,
the time betWeen a loss of suitable AC poWer from the
external AC poWer source and the time at Which battery 22

begins supplying backup poWer to the loads, is approxi
mately 2 to 4 milliseconds. This transfer time includes the
time it takes for controller 25 to detect a problem With the
AC poWer received at AC input 12. In some embodiments,
poWer supply 10 can supply backup poWer for 20 to 30
minutes, depending on the load(s) connected to poWer

continuous beep. The overload alarm does not stop until
poWer supply 10 is no longer overloaded or until the
overload causes poWer supply 10 to shut doWn as described
above.

[0036] When battery 22 needs to be replaced, alarm emits
a battery replacement alarm. The battery replacement alarm
may also be a continuous beep.

[0037]

As Will be apparent to those skilled in the art in the

light of the foregoing disclosure, many alterations and
modi?cations are possible in the practice of this invention
Without departing from the spirit or scope thereof. Accord
ingly, the scope of the invention is to be construed in

accordance With the substance de?ned by the folloWing
claims.
What is claimed is:

1. A poWer supply for providing alternating current (AC)
and direct current (DC) to a plurality of loads, the poWer

supply comprising:
a transformer having ?rst, second, third and fourth Wind

ings;
an AC input for receiving AC poWer from an external
source, the AC input connected across the ?rst Winding

through a backfeed relay;
an AC output connected across the ?rst Winding and

connected to the AC input through the backfeed relay;
an inverter connected across the second Winding;

supply 10.

a pair of battery terminals connected betWeen the inverter
and a center tap of the second Winding;

[0032] In backup mode, poWer supply 10 may be con?g

a charger connected across the third Winding, the charger

ured to automatically shut doWn after a predetermined time
if the connected loads are draWing less than a predetermined
amount of poWer for a predetermined amount of time. For

example, if the connected loads are draWing less than 25

Watts during backup mode, poWer supply 10 may automati
cally shut doWn after 5 minutes in order to conserve battery
poWer. PoWer supply 10 Will also enter shut doWn mode
When the poWer in battery 22 has been exhausted. Controller

coupled to the pair of battery terminals;
a recti?er connected across the fourth Winding;

a DC output connected to the recti?er through a DC/DC

regulator; and,
a controller coupled to the AC input, the backfeed relay,
the inverter and the charger,
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wherein When AC power is received at the AC input the
power supply operates in a normal mode Wherein the
controller closes the backfeed relay such that:

6. A poWer supply according to claim 1 Wherein the AC
input is con?gured to receive AC poWer With a voltage of

the AC output receives AC poWer from the AC input

7. A poWer supply according to claim 1 Wherein the AC
input is con?gured to receive AC poWer With a voltage of

through the backfeed relay;
the recti?er receives AC poWer from the AC input through

the backfeed relay and the transformer; and,
the DC output receives DC poWer from the recti?er

through the DC/DC regulator,
and When AC poWer is not received at the AC input the

120 V.

220 V.

8. A poWer supply according to claim 1 comprising a
surge protector connected betWeen the AC input and the

backfeed relay.
9. A poWer supply according to claim 1 comprising a
surge protector connected betWeen the AC output and the

poWer supply operates in a backup mode Wherein the

?rst Winding.

controller opens the backfeed relay and causes the
inverter to operate in push-pull fashion such that:

10. A poWer supply according to claim 1 Wherein the
controller is con?gured to shut doWn the poWer supply if a

DC poWer received at the pair of battery terminals is
converted to AC poWer and provided to the second

Winding through the inverter;
the AC output receives AC poWer through the trans

former;
the recti?er receives AC poWer through the transformer;

and,
the DC output receives DC poWer from the recti?er

through the DC/DC regulator.

triggering event occurs.

11. A poWer supply according to claim 10 Wherein the
triggering event occurs When connected loads draW more

than a predetermine amount of poWer from the poWer supply
for a predetermined period of time.
12. A poWer supply according to claim 10, Wherein the
triggering event occurs When connected loads draW less than
a predetermined amount of poWer from the poWer supply for

a predetermined period of time during backup mode.

relay connected betWeen a second terminal of the backfeed

13. A poWer supply according to claim 1 comprising an
alarm mechanism Which sounds a ?rst alarm during backup
mode.
14. A poWer supply according to claim 13 Wherein the
alarm mechanism sounds a second alarm When the battery is
beloW a predetermined charge level.
15. A poWer supply according to claim 14 Wherein the

relay and the ?rst Winding and an output voltage regulation

alarm mechanism sounds a third alarm When the poWer

2. A poWer supply according to claim 1 comprising a

battery connected betWeen the pair of battery terminals.
3. A poWer supply according to claim 1 Wherein a ?rst
terminal of the backfeed relay and a ?rst terminal of the AC
output are connected to a ?rst end tap of the ?rst Winding,

the poWer supply comprising an input voltage regulation
relay connected betWeen the ?rst Winding and a second
terminal of the AC output.
4. A poWer supply according to claim 3 Wherein the input

and output voltage regulation relays are each moveable
betWeen a ?rst position and a second position under control

of the controller, the ?rst positions of the input and output
voltage regulation relays connected to an second end tap of
the ?rst Winding and the second positions of the input and
output voltage regulation relays connected to an intermedi
ate tap of the ?rst Winding.
5. A poWer supply according to claim 1 Wherein the
DC/DC regulator provides constant DC poWer to the DC
output at +24 V and 1.5 A.

supply is overloaded or the battery needs replacement.
16. A poWer supply according to claim 1 comprising a
LED Which is continuously lit during normal mode, ?ashes
at a ?rst frequency during backup mode, and ?ashes at a
second frequency When a battery connected betWeen the pair

of battery terminals needs replacement.
17. A poWer supply according to claim 1 Wherein the
poWer supply enters backup mode Within betWeen 2 and 4
milliseconds of the occurrence of a problem With the AC
poWer from the external source.

