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(54) Motor driving device and air conditioner including the same

(57) A motor driving device and an air conditioner
including the same are disclosed. The disclosed motor
driving device includes a multi-level converter to receive
AC power, thereby outputting multi-level power, the multi-
level converter including plural diodes and plural switch-
ing elements, plural capacitors for storing the multi-level
power from the multi-level converter, and a gate drive
signal generator to generate gate drive signals for the
switching elements of the multi-level converter. The gate
drive signal generator includes a gate drive power source
to supply a gate drive voltage, a gate driver to generate
the gate drive signals, using the gate drive voltage, a
gate capacitor connected to both terminals of the gate
driver, and a gate switching element connected between
one end of the gate capacitor and one end of one of the
plural capacitors. Accordingly, gate drive signals for the
multi-level converter can be generated.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the priority benefit of Ko-
rean Patent Application No. 10-2013-0153375, filed on
December 10, 2013, in the Korean Intellectual Property
Office, the disclosure of which is incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the invention

[0002] The present invention relates to a motor driving
device and an air conditioner including the same, and
more particularly to a motor driving device capable of
generating a gate drive signal for a multi-level converter
and an air conditioner including the same.

2. Description of the Related Art

[0003] An air conditioner is installed to provide a pleas-
ant indoor environment to persons by adjusting indoor
temperature and conditioning indoor air through dis-
charge of hot or cold air into an indoor space. Generally,
such an air conditioner includes an indoor unit installed
in an indoor space while including a heat exchanger, and
an outdoor unit including a compressor and a heat ex-
changer, to supply refrigerant to the indoor unit.

SUMMARY OF THE INVENTION

[0004] It is an object of the present invention to provide
a motor driving device capable of generating a gate drive
signal for a multi-level converter and an air conditioner
including the same.
[0005] In accordance with an aspect of the present in-
vention, the above and other objects can be accom-
plished by the provision of a motor driving device includ-
ing a multi-level converter to receive AC power, thereby
outputting multi-level power, the multi-level converter in-
cluding a plurality of diodes and a plurality of switching
elements, a plurality of capacitors to store the multi-level
power from the multi-level converter, and a gate drive
signal generator to generate gate drive signals for the
switching elements of the multi-level converter, wherein
the gate drive signal generator includes a gate drive pow-
er source to supply a gate drive voltage, a gate driver to
generate the gate drive signals, using the gate drive volt-
age, a gate capacitor connected to both terminals of the
gate driver, and a gate switching element connected be-
tween one end of the gate capacitor and one end of one
of the plural capacitors.
[0006] In another aspect of the present invention, there
is provided an air conditioner including a compressor to
compress a refrigerant, a heat exchanger to perform heat
exchange, using the compressed refrigerant, and a com-

pressor motor driving device to drive a motor equipped
in the compressor, wherein the compressor motor driving
device includes a multi-level converter to receive AC
power, thereby outputting multi-level power, the multi-
level converter including a plurality of diodes and a plu-
rality of switching elements, a plurality of capacitors to
store the multi-level power from the multi-level converter,
and a gate drive signal generator to generate gate drive
signals for the switching elements of the multi-level con-
verter, wherein the gate drive signal generator includes
a gate drive power source to supply a gate drive voltage,
a gate driver to generate the gate drive signals, using the
gate drive voltage, a gate capacitor connected to both
terminals of the gate driver, and a gate switching element
connected between one end of the gate capacitor and
one end of one of the plural capacitors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The above and other objects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a view illustrating a configuration of an air
conditioner according to an embodiment of the
present invention;
FIG. 2 is a schematic view of one outdoor unit and
one indoor unit, which are included in the air condi-
tioner of FIG. 1;
FIG. 3 is a block diagram of a compressor motor
driving device equipped in each outdoor unit illus-
trated in FIG. 1;
FIG. 4 is a circuit diagram illustrating an example of
an internal circuit of a converter illustrated in FIG. 3;
FIG. 5 illustrates a waveform of multi-level power
output from a multi-level converter illustrated in FIG.
4;
FIGS. 6A and 6B are diagrams explaining a method
of generating gate drive signals to be applied to the
multi-level converter of FIG. 4;
FIG. 7 is a circuit diagram illustrating a motor driving
device including a gate drive signal generator ac-
cording to an embodiment of the present invention;
and
FIGS. 8A to 9 are diagrams explaining operation of
the gate drive signal generator illustrated in FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0008] Hereinafter, the present invention will be de-
scribed with reference to the drawings for explaining cell
module assemblies according to embodiments of the
present invention. Although "module" or "unit" is suffixed
to constituent elements described in the following de-
scription, this is intended only for ease of description of
the specification. The suffixes themselves have no mean-
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ing or function to distinguish the constituent element us-
ing the suffix from the constituent element using no suffix.
[0009] FIG. 1 is a view illustrating a configuration of an
air conditioner according to an embodiment of the
present invention.
[0010] As illustrated in FIG. 1, the air conditioner ac-
cording to the illustrated embodiment of the present in-
vention may include a plurality of indoor units 31 to 35,
a plurality of outdoor units 21 and 22 each connected to
associated ones of the indoor units 31 to 35, and remote
controllers 41 to 45 connected to respective indoor units
31 to 35. The air conditioner may further include a remote
control unit 10 to control the plural indoor units 31 to 35
and outdoor units 21 and 22.
[0011] The remote control unit 10 is connected to the
indoor units 31 to 36 and outdoor units 21 and 22, and
monitors and controls operations of the indoor units 31
to 36 and outdoor units 21 and 22. In this case, the remote
control unit 10 may perform operation setting, lock set-
ting, schedule control, group control, etc. for the indoor
units 31 to 36 connected thereto.
[0012] As the air conditioner, any one of a stand type
air conditioner, a wall-mounted air conditioner and a ceil-
ing-mounted air conditioner is applicable. For conven-
ience of description, however, the following description
will be given only in conjunction with a ceiling-mounted
air conditioner. Meanwhile, the air conditioner may fur-
ther include at least one of a ventilator, an air cleaner, a
humidifier, and a heater. These devices may be opera-
tively connected to the indoor units and outdoor units.
[0013] Each of the outdoor units 21 and 22 includes a
compressor (not shown) for compressing refrigerant sup-
plied thereto, an outdoor heat exchanger (not shown) for
exchanging heat between refrigerant and outdoor air, an
accumulator (not shown) for separating gaseous refrig-
erant from refrigerant supplied thereto, and supplying the
separated gaseous refrigerant to the compressor, and a
4-way valve (not shown) for selecting a flow path of re-
frigerant according to heating operation. Although each
of the outdoor units 21 and 22 further includes a plurality
of sensors, a plurality of valves, and an oil collector, etc.,
no description will be given of configurations of these
elements.
[0014] Each of the outdoor units 21 and 22 operates
the compressor and outdoor heat exchanger included
therein, to perform compression and heat exchange of
refrigerant, and supplies the resultant refrigerant to as-
sociated ones of the indoor units 31 to 35. Each of the
outdoor units 21 and 22 is driven in accordance with a
request from the remote control unit 10 or an associated
one or ones of the indoor units 31 to 35. Thus, the number
of operating outdoor units and the number of operating
compressors included in the operating outdoor units is
varied as the cooling/heating capacity of the air condi-
tioner is varied in accordance with the number of oper-
ating indoor units.
[0015] Although the outdoor units 21 and 22 are de-
scribed in conjunction with the case in which each out-

door unit supplies refrigerant to associated ones of the
indoor units, the connection arrangement of the outdoor
units and indoor units may be varied such that plural out-
door units are interconnected to supply refrigerant to
each indoor unit.
[0016] Each of the indoor units 31 to 35 is connected
to one of the plural outdoor units 21 and 22 and, as such,
receives refrigerant from the outdoor unit connected
thereto and discharges cold air to an indoor space. Each
of the indoor units 31 to 35 includes an indoor heat ex-
changer (not shown), an indoor fan (not shown), an ex-
pansion valve (not shown) to expand refrigerant supplied
thereto, and a plurality of sensors (not shown).
[0017] Each of the indoor units 31 to 35 and an asso-
ciated one of the outdoor units 21 and 22 are connected
by a communication line and, as such, receive and trans-
mit data therebetween. Each outdoor unit and each in-
door unit are connected to the remote control unit 10 by
a separate communication line and, as such, operate un-
der control of the remote control unit 10.
[0018] Each of the remote controllers 41 to 45 is con-
nected to an associated one of the indoor units 31 to 35
and, as such, may input a control command from the user
to the connected indoor unit, and may receive state in-
formation from the connected indoor unit, to display the
received state information. In this case, each of the re-
mote controllers 41 to 45 communicates with the indoor
unit connected thereto in a wired or wireless manner in
accordance with the connection type thereof. In some
cases, a single remote controller may be connected to a
plurality of indoor units and, as such, setting of the plural
indoor units may be changed by an input from the single
remote controller.
[0019] In addition, each of the remote controllers 41 to
45 may include a temperature sensor equipped therein.
[0020] FIG. 2 is a schematic view of one outdoor unit
and one indoor unit, which are included in the air condi-
tioner of FIG. 1.
[0021] Referring to FIG. 2, the air conditioner, which is
designated by reference numeral "50", mainly include an
indoor unit, for example, the indoor unit 31, and an out-
door unit, for example, the outdoor unit 21.
[0022] The outdoor unit 21 includes a compressor 102
functioning to compress refrigerant, a compressor motor
102b to drive the compressor 102, an outdoor heat ex-
changer 104 functioning to discharge heat from the com-
pressed refrigerant, and an outdoor blowing unit 105 in-
cluding an outdoor fan 105a disposed at one side of the
outdoor heat exchanger 104, to promote heat discharge
of refrigerant, and a motor 105b to rotate the outdoor fan
105a. The outdoor unit 21 further includes an expansion
device 106 to expand concentrated refrigerant, a cool-
ing/heating switching valve 110 to change a flow path of
compressed refrigerant, and an accumulator 103 to tem-
porarily store gasified refrigerant, and then to supply the
stored refrigerant to the compressor at a constant pres-
sure after removing moisture and foreign matter from the
refrigerant.
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[0023] The indoor unit 31 includes an indoor heat ex-
changer 108 disposed in an indoor space, to perform a
cooling/heating function, and an indoor blowing unit 109
including an indoor fan 109a disposed at one side of the
indoor heat exchanger 108, to promote heat discharge
of refrigerant, and a motor 109b to rotate the indoor fan
109a.
[0024] The indoor unit 31 may include at least one in-
door heat exchanger 109. As the compressor 102, at
least one of an inverter compressor and a constant speed
compressor may be used.
[0025] Meanwhile, the air conditioner 50 may be con-
figured as a cooler to cool an indoor space. Alternatively,
the air conditioner 50 may be configured as a heat pump
to cool or heat an indoor space.
[0026] Although one indoor unit 31 and one outdoor
unit 21 are illustrated in FIG. 2, the air conditioner ac-
cording to the illustrated embodiment of the present in-
vention is not limited thereto. For example, embodiments
of the present invention are applicable to a multi-type air
conditioner including a plurality of indoor units and a plu-
rality of outdoor units, and an air conditioner including a
single indoor unit and a plurality of outdoor units.
[0027] FIG. 3 is a block diagram of a compressor motor
driving device equipped in each outdoor unit illustrated
in FIG. 1. FIG. 4 is a circuit diagram illustrating an exam-
ple of an internal circuit of a converter illustrated in FIG.
3. FIG. 5 illustrates a waveform of multi-level power out-
put from a multi-level converter illustrated in FIG. 4.
[0028] The compressor 102 included in each outdoor
unit illustrated in FIG. 1, for example, the outdoor unit 21,
may be driven by a compressor motor driving device 200
to drive the compressor motor 250.
[0029] The compressor motor driving device 200 may
include an inverter 220 to output 3-phase AC current to
the compressor motor 250, an inverter controller 230 to
control the inverter 220, and a converter 210 to supply
DC power to the inverter 220. The compressor motor
driving device 200 may further include a converter con-
troller 215 to control the converter 210.
[0030] The motor driving device 200 receives AC pow-
er from a power supply system, converts the received
power, and then supplies the converted power to the mo-
tor 250. In this regard, the motor driving device 200 may
be referred to as a "power converting device".
[0031] Meanwhile, in accordance with the present in-
vention, the converter 210 to supply DC power to the
inverter 220 is a multi-level converter capable of output-
ting multi-level power. The multi-level converter may
have a configuration illustrated in FIG. 4.
[0032] In particular, the multi-level converter may in-
clude a plurality of diodes and a plurality of switching
elements. In this case, gate drive signals for the plural
switching elements may be generated in the converter
controller 215.
[0033] Referring to FIG. 4, the multi-level converter 210
may include a plurality of reactors 405, a 3-phase rectifier
410, and a switching unit 415 including a plurality of

switching elements.
[0034] Each of the plural reactors 405 is connected
between an associated one of 3-phase AC power sourc-
es 201a, 201b, and 201c and the 3-phase rectifier 410,
to reduce noise caused by the associated 3-phase AC
power source 201a, 201b or 201c or a noise component
caused by a load arranged downstream of the converter.
[0035] The 3-phase rectifier 410 may be connected be-
tween the plural reactors 405 and the switching unit 415,
to rectify 3-phase AC power.
[0036] FIG. 4 illustrates three pairs of arm diodes con-
nected in parallel, namely, a pair of arm diodes Da and
D’a, a pair of arm diodes Db and D’b and a pair of arm
diodes Dc and D’c. Each arm diode pair includes one
upper arm diode Da, Db or Dc and one lower arm diode
D’a, D’b or D’c, which are connected in series.
[0037] Referring to FIG. 4, the node between the se-
ries-connected upper and lower arm diodes Da and D’a
is referred to as a "node a", the node between the series-
connected upper and lower arm diodes Db and D’b is
referred to as a "node b", and the node between the se-
ries-connected upper and lower arm diodes Dc and D’c
is referred to as a "node c".
[0038] Each of the plural switching elements in the
switching unit 415, namely, switching elements SGate1,
SGate2 and SGate3, may be an insulated gate bipolar tran-
sistor (IGBT) type switching element, and may be con-
nected between the 3-phase rectifier 410 and a virtual
neutral point among a plurality of capacitors, for example,
a virtual neutral point N between two capacitors Cdc1 and
Cdc2 in the illustrated case.
[0039] In detail, the first switching element SGate1 is
connected between the node a and the virtual neutral
point N, the second switching element SGate2 is connect-
ed between the node b and the virtual neutral point N,
and the third switching element SGate3 is connected be-
tween the node c and the virtual neutral point N.
[0040] In accordance with operations of the switching
elements SGate1, SGate2 and SGate3, a multi-level power
waveform may be output. That is, as illustrated in FIG.
5, a multi-level power waveform having five levels L2,
L1, L0, -L1, and -L2 may be output from the converter 210.
[0041] The plural capacitors Cdc1 and Cdc2 may store
the multi-level power output from the converter. The first
capacitor Cdc1 and second capacitor Cdc2 are connected
in series. The node between the first capacitor Cdc1 and
the second capacitor Cdc2 may be a virtual neutral point
N.
[0042] Accordingly, when the first capacitor Cdc1 and
second capacitor Cdc2 have the same capacitance, a volt-
age corresponding to 1/2 Vdc may be stored in each of
the first capacitor Cdc1 and second capacitor Cdc2 and,
as such, a voltage Vdc may be stored between both ends
VX and VG of the capacitors Cdc1 and Cdc2.
[0043] The converter controller 215 may control the
multi-level converter 210, which includes the plural
switching elements SGate1, SGate2 and SGate3. In partic-
ular, the converter controller 215 may output switching
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control signals for respective switching elements. When
the switching elements SGate1, SGate2 and SGate3 are IG-
BT type switching elements, the converter controller 215
may generate gate drive signals.
[0044] Each gate drive signal output from the converter
controller 215 is applied to an associated one of the
switching elements SGate1, SGate2 and SGate3. In this
case, each gate drive signal may have a voltage level
higher than the virtual neutral point N by a gate drive
voltage for the associated switching element. This will be
described later with reference to FIGS. 7 to 9.
[0045] The inverter 220 may include a plurality of in-
verter switching elements, to convert smoothed DC pow-
er Vdc into 3-phase AC power having a predetermined
frequency and then to output the 3-phase AC power to
the motor 250, which may be a 3-phase motor, in accord-
ance with ON/OFF operations of the switching elements.
[0046] In detail, the inverter 220 includes a plurality of
switching elements. For example, the inverter 220 in-
cludes three pairs of arm switching elements connected
in parallel. Each arm switching element pair includes an
upper arm switching element and a lower arm switching
element, which are connected in series. A diode is con-
nected to each arm switching element in anti-parallel.
[0047] The inverter controller 230 may output an in-
verter switching control signal Sic to the inverter 220, to
control switching operation of the inverter 220. The in-
verter switching control signal Sic is a pulse width mod-
ulated (PWM) switching control signal. The inverter
switching control signal Sic may be generated, based on
output a current io flowing through the motor 250 or a DC
link voltage Vdc between both ends VX and VG of the
plural capacitors. In this case, the output current io may
be detected by an output current detector E, and the DC
link voltage Vdc may be detected by a DC link voltage
detector B.
[0048] The output current detector E may detect the
output current io flowing between the inverter 220 and
the motor 250. That is, the output current detector E de-
tects current flowing through the motor 250. The output
current detector E may detect output currents of all phas-
es, namely, output current ia, ib, and ic. Alternatively, the
output current detector E may detect output currents of
two phases through balance of three phases.
[0049] The output current detector E may be arranged
between the inverter 220 and the motor 250. For current
detection, a current transformer (CT), a shunt resistor,
or the like may be employed as the output current detec-
tor E.
[0050] The inverter controller 230 may include an axial
transformer (not shown), a velocity calculator (not
shown), a current command generator (not shown), a
voltage command generator (not shown), and a switching
control signal output unit (not shown).
[0051] The axial transformer (not shown) receives 3-
phase output currents ia, ib, and ic detected by the output
current detector E, and transforms the 3-phase output
currents ia, ib, and ic into 2-phase currents iα and iβ in

a stationary reference frame.
[0052] Meanwhile, the axial transformer (not shown)
may transform the 2-phase currents iα and iβ in the sta-
tionary reference frame into 2-phase currents id and iq
in a rotating reference frame.
[0053] The velocity calculator (not shown) may calcu-
late a velocity ωr, based on a rotor position signal H input
from a position sensor (not shown). That is, it is possible
to calculate the velocity ωr by dividing a rotor position
based on the position signal by time.
[0054] Meanwhile, the position sensor (not shown)
may sense a rotor position of the motor 250. For this
function, the position sensor (not shown) may include a
Hall sensor.
[0055] Meanwhile, the velocity calculator (not shown)
may output a position θr and a velocity ωr, which are cal-
culated, based on the rotor position signal H input to the
velocity calculator.
[0056] Meanwhile, the current command generator
(not shown) calculates a velocity command value ω*

r,
based on the calculated velocity ωr and a target velocity
ω. The current command generator (not shown) also gen-
erates a current command value i*q, based on the velocity
command value ω*

r. For example, the current command
generator (not shown) may perform proportional-integral
(PI) control through a PI controller included therein,
based on a difference between the calculated velocity ωr
and the target velocity ω, namely, the velocity command
value ω*

r, and, as such, may generate a current com-
mand value i*q. Although the current command generator
generates the current command value i*q, namely, a q-
axis current command value, it may be possible to gen-
erate a d-axis current command value i*d, together with
the q-axis current command value i*q. The d-axis current
command value i*d may be set to "0".
[0057] Meanwhile, the current command generator
(not shown) may further include a limiter (not shown) to
limit the level of the current command value i*q in order
to prevent the current command value i*q from being out-
side a predetermined range.
[0058] The voltage command generator (not shown)
generates d and q-axis voltage command values v*

d and
v*

q, based on d and q-axis currents id and iq generated
through axial transformation to a 2-phase rotating refer-
ence frame in the axial transformer and current command
values i*d and i*q from the current command generator
(not shown). For example, the voltage command gener-
ator (not shown) may perform PI control through the PI
controller, based on a difference between the q-axis cur-
rent iq and the q-axis current command value i*q and, as
such, may generate a q-axis voltage command value v*

q.
The voltage command generator (not shown) may addi-
tionally perform PI control through the PI controller,
based on a difference between the d-axis current id and
the d-axis current command value i*d and, as such, may
generate a d-axis voltage command value v*

d. When the
d-axis current command value i*d is set to "0", the d-axis
voltage command value v*

d may be set to "0".

7 8 

^

^

^ ^

^

^



EP 2 884 652 A1

6

5

10

15

20

25

30

35

40

45

50

55

[0059] Meanwhile, the voltage command generator
(not shown) may further include a limiter (not shown) to
limit the levels of the voltage command values v*

d and
v*

q in order to prevent the voltage command values v*
d

and v*
q from being outside a predetermined range.

[0060] The generated d and q-axis voltage command
values v*

d and v*
q are input to the axial transformer (not

shown).
[0061] The axial transformer (not shown) receives the
position θr calculated by the velocity calculator (not
shown) and the d and q-axis voltage command values
v*

d and v*
q and, as such, perform axial transformation.

[0062] First, the axial transformer (not shown) per-
forms transformation from a 2-phase rotating reference
frame to a 2-phase stationary reference frame. In this
case, the position θr calculated by the velocity calculator
(not shown) may be used.
[0063] The axial transformer (not shown) performs
transformation from a 2-phase stationary reference
frame to a 3-phase stationary reference frame. Through
the axial transformation, the axial transformer (not
shown) outputs 3-phase output voltage command values
v*a, v*b, and v*c.
[0064] The switching control signal output unit (not
shown) generates an inverter switching control signal Sic
according to PWM, based on the 3-phase output voltage
command values v*a, v*b, and v*c.
[0065] The inverter switching control signal Sic output
from the switching control signal output unit (not shown)
may be converted into a gate drive signal in a gate driver
(not shown). The gate drive signal may be input to the
gate of each switching element in the inverter 220. As a
result, the switching elements in the inverter 220 perform
switching operations, respectively.
[0066] FIGS. 6A and 6B are diagrams explaining a
method of generating gate drive signals to be applied to
the multi-level converter of FIG. 4.
[0067] FIG. 6A illustrates connection of the first switch-
ing element SGate1 between the node between the first
upper arm diode Da and the first lower arm diode D’a,
namely, the node a, and the virtual neutral point N.
[0068] FIG. 6A illustrates an non-insulation type struc-
ture in which a DC stage and a gate drive signal generator
600a use a common ground terminal GND1.
[0069] When the gate drive signal generator 600a as
illustrated in FIG. 6A is used for generation of a gate drive
signal DSGate for the first switching element SGate1, it is
necessary to supply a voltage corresponding to "VDC/2
+ VGate" to a gate driver 610. When the voltage VGate is
15V, and the voltage VDC/2 is about 385V, it is necessary
to supply a voltage of 400V. To this end, the gate driver
610 should have durability to 400V. A gate capacitor Cga
having durability to 400V is also required. For this reason,
it is difficult to efficiently design the motor driving device
and, as such, an increase in manufacturing cost may
occur.
[0070] FIG. 6B illustrates connection of the first switch-
ing element SGate1 between the node between the first

upper arm diode Da and the first lower arm diode D’a,
namely, the node a, and the virtual neutral point N, sim-
ilarly to FIG. 6A.
[0071] FIG. 6B illustrates an insulation type structure
in which a DC stage and a gate drive signal generator
600b use different ground terminals GND1 and GND2,
respectively.
[0072] When the gate drive signal generator 600b as
illustrated in FIG. 6B is used for generation of a gate drive
signal DSGate for the first switching element SGate1, it is
necessary to supply a voltage VGate to the gate driver 610.
[0073] Meanwhile, the voltage VGate is supplied to one
end of the gate capacitor Cga. In this case, a separate
ground terminal, namely, the ground terminal GND2, is
necessary for grounding of the gate capacitor Cga at the
other end thereof, differently than the case of FIG. 6A in
which the ground terminal GND1 is connected to the oth-
er end of the gate capacitor Cga.
[0074] That is, additional ground terminal formation is
required. To this end, it is necessary to provide an addi-
tional channel at a switched mode power supply (SMPS)
to supply various drive or operating voltages to the motor
driving device 200.
[0075] The present invention proposes a gate drive
power source, which is not required to supply a high volt-
age and, as such, does not require an additional channel
for the SMPS, differently than the cases of FIGS. 6A and
6B. This will be described hereinafter with reference to
FIGS. 7 to 9.
[0076] FIG. 7 is a circuit diagram illustrating a motor
driving device including a gate drive signal generator ac-
cording to an embodiment of the present invention. FIGS.
8A to 9 are diagrams explaining operation of the gate
drive signal generator illustrated in FIG. 7.
[0077] Referring to FIG. 7, the gate drive signal gen-
erator, which is designated by reference numeral "700",
may include a gate drive power source VGate, a gate driv-
er 610, a gate capacitor Cm, and a gate switching element
Sm. The gate drive signal generator 700 may further in-
clude a diode Dm and a resistor Rm.
[0078] The gate drive power source VGate may supply
a gate drive voltage. For example, the gate drive power
source VGate may supply a voltage of about 15V.
[0079] The gate driver 610 generates gate drive sig-
nals DSGate1 to DSGate3 for respective switching ele-
ments SGate1, SGate2 and SGate3 of the multi-level con-
verter 210. For this function, the gate capacitor Cm is
connected between both terminals of the gate driver 610.
The gate drive voltage from the gate drive power source
VGate is stored in the gate capacitor Cm. Using the gate
voltage stored in the gate capacitor Cm, the gate driver
610 may generate the gage drive signals DSGate1 to
DSGate3 based on the gate drive voltage.
[0080] Meanwhile, the gate switching element Sm may
be connected between one end of the gate capacitor Cm
and one end of a selected one of the plural capacitors,
namely, one end VG of the second capacitor Cdc2.
[0081] The end VG of the second capacitor Cdc2 is con-
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nected to the gate switching element Sm, and may be,
for example, a floating terminal.
[0082] Meanwhile, the diode Dm and resistor Rm may
be electrically connected between the gate drive power
source VGate and the gate driver, namely, between the
gate drive power source VGate and the other end of the
gate capacitor Cm.
[0083] It may be possible to prevent backflow of a cur-
rent to the gate drive power source VGate by the diode
Dm. Other circuit elements may be protected by the re-
sistor Rm.
[0084] Referring to FIG. 8A, the gate switching element
Sm of the gate drive signal generator 700 may be turned
on when all switching elements of the multi-level convert-
er 210 are in an OFF state. In this case, the gate drive
voltage from the gate drive power source VGate is stored
in the gate capacitor Cm via the diode Dm and resistor Rm.
[0085] FIG. 8A illustrates a current Ix of the gate drive
voltage from the gate drive power source VGate flowing
toward the gate capacitor Cm via the diode Dm and re-
sistor Rm. As a result, a gate voltage is stored in the gate
capacitor Cm.
[0086] Referring to FIG. 8B, in accordance with storage
of the gate voltage in the gate capacitor Cm, the gate
switching element Sm of the gate drive signal generator
700 may then be turned off.
[0087] The gate driver 610 may generate gate drive
signals DSGate1 to DSGate 3, which are based on the gage
drive voltage, using the gate voltage stored in the gate
capacitor Cm, namely, a voltage of about 15V.
[0088] Meanwhile, when the terminal VG is floated, the
gate driver 610 may generate gate drive signals DSGate1
to DSGate 3, which are based on the gage drive voltage,
using a voltage corresponding to "VG + 15V", because
the gate voltage VG stored in the gate capacitor Cm is
added, as compared to the floated terminal VG.
[0089] Accordingly, the switching elements SGate1,
SGate2 and SGate3 may be turned on or off, based on
respective gage drive signals DSGate1, DSGate2 and
DSGate3, which are based on the gate drive voltage.
[0090] For example, when each of the gage drive sig-
nals DSGate1 to DSGate3 has a high level, the switching
element associated with the gate drive signal is turned
on. On the other hand, when each of the gage drive sig-
nals DSGate1 to DSGate3 has a low level, the switching
element associated with the gate drive signal is turned off.
[0091] Meanwhile, the gate drive signal generator 700
may be equipped in the above-described converter con-
troller 215.
[0092] Thus, by virtue of the gate drive signal generator
700 as illustrated in FIGS. 7 to 8B, it is unnecessary for
the gate drive power source VGate to supply a high volt-
age. It is also unnecessary to provide an additional chan-
nel at the SMPS, differently than the case of FIG. 6B.
Accordingly, it is possible to effectively design the motor
driving device 200.
[0093] Meanwhile, the DC stage and gate drive signal
generator 700 are implemented in the form of a non-in-

sulation type in that one end VG of the second capacitor
Cdc2 is connected to one end of the gate switching ele-
ment Sm. Accordingly, no separate ground pattern for the
gate drive signal generator 700 is required and, as such,
easy circuit design may be achieved. In addition, no sep-
arate ground pattern is required for the DC stage.
[0094] Meanwhile, FIG. 9 illustrates a gate switching
signal generator 900 to generate a control signal for the
gate switching element Sm.
[0095] The gate switching control signal generator 900
operates when all the switching elements SGate1, SGate2
and SGate3 of the multi-level converter 210 are in an OFF
state, namely, a low-level state. Accordingly, the gate
switching control signal generator 900 may include in-
verters 910a, 910b, and 910c connected to respective
gate drive signals DSGate1, DSGate2 and DSGate3, and an
AND gate 920 to execute a logic ANDing operation for
high-level signals obtained through conversion opera-
tions of the inverters 910a, 910b, and 910c.
[0096] As a result, a control signal DSm having a high
level for the switching element Sm is generated. Thus, it
is possible to control the gate switching element Sm in a
simple manner.
[0097] In accordance with one aspect of the present
invention, each of the motor driving device and the air
conditioner including the same includes a multi-level con-
verter to receive AC power, thereby outputting multi-level
power, the multi-level converter including a plurality of
diodes and a plurality of switching elements, plural ca-
pacitors for storing the multi-level power from the multi-
level converter, and a gate drive signal generator to gen-
erate gate drive signals for the switching elements of the
multi-level converter. The gate drive signal generator in-
cludes a gate drive power source to supply a gate drive
voltage, a gate driver to generate the gate drive signals,
using the gate drive voltage, a gate capacitor connected
to both terminals of the gate driver, and a gate switching
element connected between one end of the gate capac-
itor and one end of one of the plural capacitors. Accord-
ingly, gate drive signals for the multi-level converter can
be generated.
[0098] In particular, the gate drive voltage from the gate
drive power source is stored in the gate capacitor when
the gate switching element is turned on. When the gate
switching element is turned off, the gate driver may gen-
erate the gate drive signals, which are based on the gate
drive voltage, using the gate drive voltage stored in the
gate capacitor.
[0099] In particular, the degree of design freedom of
the motor driving device may be enhanced because the
gate drive signal generator can be configured without
addition of a separate SMPS channel.
[0100] The motor driving device according to the
present invention and the air conditioner including the
same are not limited to configurations and methods ac-
cording to the above-described embodiments. The
above-described embodiments may be completely or
partially combined to implement various alterations.
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[0101] Meanwhile, the operation method of the motor
driving device or air conditioner according to the present
invention can be realized as a code, which can be written
on a recording medium that can be read by a processor
equipped in the motor driving device or air conditioner
and can be read by a processor. The recording medium
that can be read by a processor includes all kinds of re-
cording media, on which data that can be read by a proc-
essor is written, such as a read only memory (ROM), a
random access memory (RAM), a CD-ROM, a magnetic
tape, a floppy disk, an optical data storage, and a carrier
wave type (e.g., transmission over the Internet). The re-
cording medium that can be read by a processor can be
dispersed into computer systems connected to one an-
other on a network, and codes that can be read by a
processor can be stored in the recording medium in a
dispersion manner and can be performed.
[0102] Although the preferred embodiments of the
present invention have been disclosed for illustrative pur-
poses, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible,
without departing from the scope and spirit of the inven-
tion as disclosed in the accompanying claims.

Claims

1. A motor driving device comprising:

a multi-level converter (210) to receive AC pow-
er, thereby outputting multi-level power, the mul-
ti-level converter comprising a plurality of diodes
(Da, Db, Dc, D’a, D’b, D’c) and a plurality of
switching elements (415);
a plurality of capacitors (Cdc1, Cdc2) to store the
multi-level power outputted from the multi-level
converter; and
a gate drive signal generator (700) to generate
gate drive signals for the plurality of switching
elements of the multi-level converter,
wherein the gate drive signal generator (700)
comprises:

a gate drive power source (VGate) to supply
a gate drive voltage,
a gate driver (610) to generate the gate drive
signals, using the gate drive voltage,
a gate capacitor (Cm) connected to both ter-
minals of the gate driver, and
a gate switching element (Sm) connected
between one end of the gate capacitor and
one end of one of the plurality of capacitors
(Cdc1, Cdc2).

2. The motor driving device according to claim 1,
wherein:

the device is configured to store the gate drive

voltage supplied from the gate drive power
source (VGate) in the gate capacitor (Cm) when
the gate switching element (Sm) is turned on;
and
the gate driver (610) is configured to generate
the gate drive signals, which are based on the
gate drive voltage, using the gate drive voltage
stored in the gate capacitor (Cm), when the gate
switching element (Sm) is turned off.

3. The motor driving device according to claim 1 or 2,
configured to turn on the gate switching element (Sm)
when all of the plurality of switching elements (415)
are turned off.

4. The motor driving device according to any of preced-
ing claims, wherein the gate drive signal generator
(700) further comprises a resistor (Rm) connected
to the gate capacitor (Cm) and a terminal of the gate
drive power source (VGate).

5. The motor driving device according to any of preced-
ing claims, wherein each of the plurality of switching
elements (415) is connected to a virtual neutral point
among the plurality of capacitors (Cdc1, Cdc2).

6. The motor driving device according to any of preced-
ing claims, wherein one end of one of the plurality of
capacitors (Cdc1, Cdc2) is floated.

7. The motor driving device according to any of preced-
ing claims, further comprising:

an inverter (220) configured to output AC power,
using a voltage stored in the plurality of capac-
itors (Cdc1, Cdc2) the inverter comprising a plu-
rality of switching elements; and
an inverter controller (230) to control the invert-
er.

8. The motor driving device according to any of preced-
ing claims, wherein the multi-level converter (210)
comprises:

a 3-phase rectifier (410); and
the plurality of switching elements (415) each
connected between the 3-phase rectifier and a
virtual neutral point among the plurality of ca-
pacitors (Cdc1, Cdc2).

9. The motor driving device according to claim 8,
wherein the multi-level converter (210) further com-
prises a plurality of reactors (405) connected be-
tween the 3-phase rectifier (410) and an AC power
source (201a, 201b, 201c) for supplying the AC pow-
er.

10. An air conditioner comprising:
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a compressor (102) to compress a refrigerant;
a heat exchanger (104) to perform heat ex-
change, using the compressed refrigerant; and
a compressor motor driving device (200) to drive
a motor equipped in the compressor,
wherein the compressor motor driving device
(200) comprises:

a multi-level converter (210) to receive AC
power, thereby outputting multi-level pow-
er, the multi-level converter comprising a
plurality of diodes (Da, Db, Dc, D’a, D’b, D’c)
and a plurality of switching elements (415),
a plurality of capacitors (Cdc1, Cdc2) to store
the multi-level power outputted from the
multi-level converter, and
a gate drive signal generator (700) to gen-
erate gate drive signals for the plurality of
switching elements of the multi-level con-
verter,

wherein the gate drive signal generator (700)
comprises:

a gate drive power source (VGate) to supply
a gate drive voltage,
a gate driver (610) to generate the gate drive
signals, using the gate drive voltage,
a gate capacitor (Cm) connected to both ter-
minals of the gate driver, and
a gate switching element (Sm) connected
between one end of the gate capacitor and
one end of one of the plurality of capacitors
(Cdc1, Cdc2).

11. The air conditioner according to claim 10, wherein:

the device is configured to store the gate drive
voltage supplied from the gate drive power
source (VGate) in the gate capacitor (Cm) when
the gate switching element (Sm) is turned on;
and
the gate driver (610) is configured to generate
the gate drive signals, which are based on the
gate drive voltage, using the gate drive voltage
stored in the gate capacitor (Cm), when the gate
switching element (Sm) is turned off.

12. The air conditioner according to claim 10 or 11, con-
figured to turn on the gate switching element (Sm)
when all of the plurality of switching elements (415)
are turned off.

13. The air conditioner according to any of claims 10 to
12, further comprising:

an inverter (220) configured to output AC power,
using a voltage stored in the plurality of capac-

itors (Cdc1, Cdc2), the inverter comprising a plu-
rality of switching elements; and
an inverter controller (230) to control the invert-
er.

14. The air conditioner according to any of claims 10 to
13, wherein the multi-level converter (210) compris-
es:

a 3-phase rectifier (410); and
the plurality of switching elements (415) each
connected between the 3-phase rectifier and a
virtual neutral point among the plurality of ca-
pacitors (Cdc1, Cdc2).

15. The air conditioner according to claim 14, wherein
the multi-level converter (210) further comprises a
plurality of reactors (405) connected between the 3-
phase rectifier (410) and an AC power source (201a,
201b, 201c) for supplying the AC power.
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