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(57) ABSTRACT 

A power converter includes ?rst and second voltage busses 
and a neutral bus. A ?rst switching circuit, e.g., a recti?er 
circuit, is operative to selectively couple an input node 
thereof to the ?rst and second voltage busses. A balancer 
circuit is operative to selectively couple the neutral bus to 
the ?rst and second voltage busses such that relative rnag 
nitudes of respective ?rst and second voltages on the ?rst 
and second voltage busses are controlled responsive to 
respective ?rst and second rates at which the balancer circuit 
couples the ?rst and second voltage busses to the neutral 
bus. A second switching circuit, e.g., an inverter circuit, is 
operative to selectively couple the ?rst and second voltage 
busses to a load connected at an output node thereof. The 
balancer circuit preferably includes ?rst and second switches 
operative to selectively couple respective ones of the ?rst 
and second voltage busses to the neutral bus through an 
inductance such that the relative magnitudes of the ?rst and 
second voltages are controlled responsive to respective ?rst 
and second duty cycles of the ?rst and second switches. The 

Int. Cl.7 ..................................................... .. G05F 1/40 poWer Converter is capable of multiple operating modes and 
US. Cl. ............................................................ .. 323/282 suitable for use in uninterruptible power supplies (UPSs). 
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MULTI-MODE POWER CONVERTERS 
INCORPORATING BALANCER CIRCUITS AND 

METHODS OF OPERATION THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention relates to electrical power 
devices and methods of operation thereof, and more par 
ticularly, to poWer conversion devices and methods of 
operation thereof. 

BACKGROUND OF THE INVENTION 

[0002] Uninterruptible poWer supplies (UPSs) are poWer 
conversion devices that are commonly used to provide 
conditioned, reliable poWer for computer networks, tele 
communications netWorks, medical equipment and the like. 
UPSs are Widely used With computers and similar comput 
ing devices, including but not limited to personal computers, 
Workstations, mini computers, netWork servers, disk arrays 
and mainframe computers, to insure that valuable data is not 
lost and that the device can continue to operate notWith 
standing temporary loss of an AC utility source. UPSs 
typically provide poWer to such electronic equipment from 
a secondary source, such as a battery, in the event that a 
primary alternating current (AC) utility source drops out 
(blackout) or fails to provide a proper voltage (broWnout). 

[0003] Conventional UPSs may be classi?ed into catego 
ries. Referring to FIG. 1, a typical off-line UPS disconnects 
a load from a primary AC source 10 When the primary AC 
source fails or is operating in a degraded manner, alloWing 
the load to be served from a secondary source such as a 
battery. The AC poWer source 10 is connected in series With 
a sWitch S1, producing an AC voltage across a load 20 When 
the sWitch S1 is closed, Energy storage is typically provided 
in the form of a storage capacitor C5. The secondary poWer 
source, here a battery B, is connected to the load 20 via a loW 
voltage converter 30 and a transformer T. When the AC 
poWer source 10 fails, the sWitch S1 is opened, causing the 
load to draW poWer from the battery B. The loW voltage 
converter 30 typically is an inverter that produces a quasi 
square Wave or sine Wave voltage on a ?rst Winding L1 of the 
transformer T from a DC voltage produced by the battery B. 
The ?rst Winding L1 is coupled to a second Winding L2 of the 
transformer T connected across the load 20. When the AC 
poWer source is operational, i.e., When the sWitch S1 is 
closed, the battery B may be charged using the loW-voltage 
converter 30 or a separate battery charger circuit (not 
shoWn). 
[0004] A line interactive (LIA) UPS topology is illustrated 
in FIG. 2. Here, the transformer T has a third Winding L3 that 
may be connected in series With the load 20 using sWitches 
S2, S3 to “buck” or “boost” the voltage applied to the load 
20. As With the offline UPS topology of FIG. 1, When the AC 
poWer source 10 fails, the sWitch S1 can be opened to alloW 
the load 20 to run off the battery B. 

[0005] As illustrated in FIG. 3, a typical on-line UPS 
includes a recti?er 40 that receives an AC voltage from an 
AC poWer source 10, producing a DC voltage across a 
storage capacitor CS at an intermediate node 45. An inverter 
50 is connected betWeen the intermediate node 45, and is 
operative to produce an AC voltage across a load 20 from the 
DC voltage. As shoWn, a battery B is connected to the 
intermediate node 45 via a DC/DC converter 60, supplying 
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auxiliary poWer. Alternatively, the DC/DC converter can be 
eliminated and a high-voltage battery (not shoWn) connected 
directly to the intermediate node 45. 

[0006] Each of these topologies may have disadvantages. 
For example, typical conventional on-line and LIA UPSs for 
60 HZ applications use 60 HZ magnetic components (e.g., 
transformers and inductors) that are siZed for such frequen 
cies, and thus may be large, heavy and expensive. LIA UPSs 
often exhibit step voltage changes that can affect the per 
formance of the load. Conventional off-line, LIA and on-line 
UPSs often use large storage capacitors, Which tend to be 
bulky and expensive, in order to maintain an acceptable 
output voltage under heavy loading conditions. Moreover, 
because conventional UPSs are typically designed to operate 
in only one of the above-described off-line, LIA or on-line 
modes, sellers of UPSs may be required to maintain large 
inventories including several different types of UPSs in 
order to meet a variety of different customer applications. 

SUMMARY OF THE INVENTION 

[0007] In light of the foregoing, it is an object of the 
present invention to provide improved poWer converters and 
methods of operating poWer converters for use in devices 
such as uninterruptible poWer supplies (UPSs). 

[0008] It is another object of the present invention to 
provide poWer converters that can be operated in a number 
of different modes. 

[0009] It is yet another object of the present invention to 
provide poWer converters that can utiliZe smaller magnetic 
components and storage capacitors. 

[0010] These and other objects, features and advantages 
may be provided according to the present invention by 
poWer converters and methods of operation thereof in Which 
a recti?er circuit produces ?rst and second voltages (e.g., 
:DC voltages) on ?rst and second voltage busses from an 
AC input voltage produced by an AC poWer source, an 
inverter circuit produces an AC output voltage from the ?rst 
and second voltages, and a balancer circuit controls the 
relative magnitudes of the ?rst and second voltages respon 
sive to respective ?rst and second rates at Which the balancer 
circuit couples the ?rst and second voltage busses to a 
neutral bus of the AC poWer source. Preferably, the recti?er 
circuit includes ?rst and second sWitches that selectively 
couple the ?rst and second voltage busses to a phase bus of 
the AC poWer source through a ?rst inductance, the inverter 
circuit includes third and fourth sWitches that selectively 
couple the ?rst and second voltage busses to a load through 
a second inductance, and the balancer circuit includes ?fth 
and sixth sWitches that selectively couple the ?rst and 
second voltage bussed to the neutral bus through a third 
inductance, such as an inductor or transformer Winding. 

[0011] The use of circuit topologies as described herein 
can provide several advantages. The balancer circuit enables 
energy transfer betWeen ?rst and second storage capacitors 
connected betWeen the neutral bus and the ?rst and second 
voltage busses, respectively, thus alloWing the storage 
capacitors to be smaller than the storage capacitors typically 
used in conventional poWer converters With comparable 
poWer ratings. The sWitches in the recti?er, inductor and 
balancer can be controlled such that the poWer converter can 
be operated in a number of different poWer transfer modes. 
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A secondary power source, such as a battery, may also be 
coupled to the poWer converter via a Winding of a trans 
former that also serves as an inductance for the balancer 
circuit. In one embodiment, this coupling may be achieved 
through a combination battery converter/battery charger 
circuit that can also charge the battery When the converter is 
running off an AC poWer source. According to another 
aspect of the present invention, sWitches in the balancer 
circuit can be operated at varying duty cycles in positive and 
negative half-cycles of the AC input voltage, Which can 
alloW the poWer converter to be operated in a more ef?cient 
manner. 

[0012] In particular, according to one embodiment of the 
present invention, a poWer converter includes ?rst and 
second voltage busses and a neutral bus. A ?rst sWitching 
circuit, e.g., a recti?er circuit, is operative to selectively 
couple an input node thereof to the ?rst and second voltage 
busses. Abalancer circuit is operative to selectively couple 
the neutral bus to the ?rst and second voltage busses such 
that relative magnitudes of respective ?rst and second volt 
ages on the ?rst and second voltage busses are controlled 
responsive to respective ?rst and second rates at Which the 
balancer circuit couples the ?rst and second voltage busses 
to the neutral bus. A second sWitching circuit, e.g., an 
inverter circuit, is operative to selectively couple the ?rst 
and second voltage busses to a load at an output node 
thereof. 

[0013] The balancer circuit preferably includes ?rst and 
second sWitches operative to selectively couple respective 
ones of the ?rst and second voltage busses to the neutral bus 
through an inductance, such that the relative magnitudes of 
the ?rst and second voltages are controlled responsive to 
respective ?rst and second duty cycles of the ?rst and second 
sWitches. The balancer circuit preferably is responsive to an 
AC input voltage applied to the input node to vary the 
respective duty cycles at Which the ?rst and second sWitches 
operate. 

[0014] In one embodiment of the present invention, a 
battery converter circuit may be sWitchably coupled to at 
least one of the ?rst and second voltage busses. In one 
exemplary circuit implementation, the battery converter 
circuit may include an inductor con?gured to be connected 
in series With a battery. A ?rst sWitch is operative to 
selectively couple one end of a series combination of a 
battery and the inductor to one of the ?rst or second voltage 
busses. Asecond sWitch is operative to selectively couple the 
one end of the series combination of a battery and an 
inductor to another end of the series combination of a battery 
and the inductor. 

[0015] In another embodiment of the present invention, 
the balancer circuit includes a transformer including a ?rst 
Winding having a ?rst tap coupled to the ?rst and second 
sWitches and a second tap coupled to the neutral bus. The 
?rst and second sWitches selectively couple the ?rst tap of 
the transformer to the ?rst and second voltage busses. The 
poWer converter may further include ?rst and second diodes, 
the ?rst diode having a cathode coupled to the ?rst voltage 
bus, the second diode having a cathode coupled to an anode 
of the ?rst diode and an anode coupled to the second voltage 
bus. The ?rst Winding of the transformer may have a ?rst end 
tap coupled to the ?rst and second sWitches, a second end tap 
coupled to the anode of the ?rst diode and the cathode of the 
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second diode, and a center tap coupled to the neutral bus. 
Alternatively, the converter may further include third and 
fourth sWitches. The ?rst Winding of the transformer may 
have a ?rst end tap coupled to the ?rst and second sWitches, 
a second end tap coupled to the third and fourth sWitches, 
and a center tap coupled to the neutral bus, Wherein the third 
sWitch is operative to couple and decouple the second end 
tap of the ?rst Winding and the ?rst voltage bus and the 
fourth sWitch is operative to couple and decouple the second 
end tap of the ?rst Winding and the second voltage bus. 

[0016] In another embodiment according to the present 
invention, a second Winding of the transformer is induc 
tively coupled to the ?rst Winding. AnAC voltage generating 
circuit is coupled to the second Winding of the transformer 
and operative to apply an AC voltage thereto. The AC 
voltage generating circuit may include a battery converter 
circuit operative to generate an AC voltage on the second 
Winding of the transformer from a DC voltage produced by 
a battery coupled to the battery converter circuit. The AC 
voltage generating circuit may include a combined battery 
converter/battery charger circuit that is operative to generate 
an AC voltage on the second Winding of the transformer 
from a DC voltage produced by the battery, and to produce 
a DC voltage across the battery from an AC voltage induced 
on the second Winding of the transformer. 

[0017] According to another aspect of the present inven 
tion, a poWer converter includes a recti?er circuit con?gured 
to connect to an AC poWer source and operative to produce 
?rst and second DC voltages at ?rst and second voltage 
busses, respectively, by selectively coupling the ?rst and 
second voltage busses to the AC poWer source through a ?rst 
inductance. First and second capacitors couple the ?rst and 
second voltage busses, respectively, to a neutral bus. An 
inverter circuit is con?gured to connect to a load and 
operative to selectively couple the ?rst and second voltage 
busses to the load through a second inductance. Abalancer 
circuit is operative to selectively couple the ?rst and second 
voltage busses to the neutral bus through a third inductance 
such that relative magnitudes of the ?rst and second DC 
voltages are controlled responsive to respective ?rst and 
second rates at Which the balancer circuit couples the ?rst 
and second voltage busses to the neutral bus. 

[0018] In one embodiment of the present invention, the 
poWer converter includes a sWitch control circuit. The 
recti?er circuit includes a ?rst inductor having a ?rst termi 
nal con?gured to receive an AC input voltage, a ?rst sWitch 
responsive to the sWitch control circuit to couple and 
decouple a second terminal of the ?rst inductor and the ?rst 
voltage bus, and a second sWitch responsive to the sWitch 
control circuit to couple and decouple the second terminal of 
the ?rst inductor and the second voltage bus. The inverter 
circuit includes a second inductor having a ?rst terminal 
con?gured to connect to a load, a third sWitch responsive to 
the sWitch control circuit to couple and decouple a second 
terminal of the second inductor and the ?rst voltage bus, and 
a fourth sWitch responsive to the sWitch control circuit to 
couple and decouple the second terminal of the second 
inductor and the second voltage bus. The balancer circuit 
may include a third inductor having a ?rst terminal coupled 
to the neutral bus, a ?fth sWitch responsive to the sWitch 
control circuit to couple and decouple a second terminal of 
the third inductor and the ?rst voltage bus, and a siXth sWitch 
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responsive to the switch control circuit to couple and 
decouple the second terminal of the third inductor and the 
second voltage bus. 

[0019] According to other aspects of the present invention, 
poWer transfer betWeen a load and an AC poWer source that 
produces an AC input voltage betWeen a phase bus and a 
neutral bus is controlled. First and second voltage busses are 
selectively coupled to the phase bus through a ?rst induc 
tance to produce ?rst and second DC voltages at ?rst and 
second voltage busses, respectively. The ?rst and second 
voltage busses are selectively coupled to the load through a 
second inductance. The ?rst and second voltage busses are 
selectively coupled to the neutral bus through a third induc 
tance such that relative magnitudes of the ?rst and second 
DC voltages are controlled responsive to respective ?rst and 
second rates at Which the ?rst and second voltage busses are 
coupled to the neutral bus. 

[0020] According to yet another embodiment of the 
present invention, the ?rst and second voltage busses are 
selectively coupled to phase bus by sWitching a ?rst sWitch 
to couple and decouple the phase bus and the ?rst voltage 
bus through a ?rst inductor and by sWitching a second sWitch 
to couple and decouple the phase bus and the second voltage 
bus through the ?rst inductor. The ?rst and second voltage 
busses are selectively coupled to the load by sWitching a 
third sWitch to couple and decouple the ?rst voltage bus and 
the load through a second inductor and by sWitching a fourth 
sWitch to couple and decouple the second voltage bus and 
the load bus through the second inductor. The sWitching is 
preferably performed responsive to the AC input voltage. In 
particular, the respective duty cycles at Which the ?rst, 
second, third and fourth sWitches are operated are varied 
responsive to the AC input voltage. 

[0021] In another embodiment of the present invention, a 
substantially continuous loW impedance connection betWeen 
the phase bus and the load is provided through selected 
combinations of the ?rst, second, third and fourth sWitches 
When the AC input voltage is approximately at a nominal 
level. When the AC input voltage is less than the nominal 
level, the ?rst and second sWitches are sWitched to boost the 
magnitudes of the ?rst and second DC voltages While 
providing respective substantially continuous loW imped 
ance connections betWeen the load and respective ones of 
the ?rst and second voltages busses through respective ones 
of the third and fourth sWitches during respective positive 
and negative half-cycles of the AC input voltage. When the 
AC input voltage is greater than the nominal level, respec 
tive substantially continuous loW-impedance connections 
betWeen the AC poWer source and respective ones the ?rst 
and second voltage busses are provided through respective 
ones of the ?rst and second sWitches during respective 
positive and negative half-cycles of the AC input voltage, 
While bucking a voltage generated at the load from the ?rst 
and second DC voltages. 

[0022] According to another embodiment of the present 
invention, ?fth and siXth sWitches that couple and decouple 
respective ones of the ?rst and second voltage busses and the 
neutral bus through a third inductor are sWitched such that 
the magnitude of the ?rst DC voltage is substantially greater 
than the magnitude of the second DC voltage during a 
positive half-cycle of the AC input voltage and such that the 
magnitude of the second DC voltage is substantially greater 
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than the magnitude of the ?rst DC voltage during a negative 
half-cycle of the AC input voltage. A battery may be 
selectively coupled to at least one of the ?rst inductance, the 
?rst voltage bus, or the second voltage bus to enable poWer 
transfer betWeen the battery and the ?rst and second voltage 
busses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIGS. 1-3 are schematic diagrams of poWer con 
version circuit topologies used in typical conventional unin 
terruptible poWer supplies (UPSs). 
[0024] FIGS. 4-5 are schematic diagrams illustrating 
poWer converters according to embodiments of the present 
invention. 

[0025] FIGS. 6-8 are Waveform diagrams illustrating 
eXemplary operations of a poWer converter according to the 
embodiment of FIG. 4. 

[0026] FIGS. 9-10 are schematic diagrams illustrating 
poWer converters according to other embodiments of the 
present invention. 

[0027] FIGS. 11-12 are Waveform diagrams illustrating 
eXemplary operations for a poWer converter of FIG. 10. 

[0028] FIG. 13 is a schematic diagram illustrating a poWer 
converter according to another embodiment of the present 
invention. 

[0029] FIG. 14 is a Waveform diagram illustrating eXem 
plary operations for a poWer converter of FIG. 12. 

[0030] FIG. 15 is a schematic diagram illustrating a poWer 
converter according to another embodiment of the present 
invention. 

[0031] FIG. 16 is a schematic diagram illustrating an AC 
voltage generating circuit according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0032] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fullly convey the scope of the invention to 
those skilled in the art. In the draWings, like numbers refer 
to like elements. 

[0033] FIG. 4 is a schematic diagram illustrating a poWer 
converter 400 according to an embodiment of the present 
invention. The poWer converter 400 includes a recti?er 
circuit 410 that is coupled to an AC poWer source 10, 
producing ?rst and second DC voltages V1, V2 on respective 
?rst and second voltage busses 402a, 402b that are coupled 
to a neutral bus N by ?rst and second capacitors C1, C2. The 
recti?er circuit 410 includes ?rst and second sWitches 411, 
412 that selectively couple a phase bus 401 of the AC poWer 
source 10 to the ?rst and second poWer busses 402a, 402b 
through a ?rst inductor L1, responsive to a sWitch control 
circuit 440. The poWer converter 400 includes an inverter 
circuit 420 that produces an AC output voltage VOut across 






















