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(57) ABSTRACT

A switching mode power supply includes a switching tran-
sistor, coupled to a primary coil at a primary side of a trans-
former for converting an iput DC voltage, supplying power
to a secondary and a tertiary coil at a secondary side of the
transformer according to an operation of the switching tran-
sistor; a switching controller recerving a feedback voltage
corresponding to a first voltage generated 1n the secondary
coill and recerving a detection signal corresponding to a cur-
rent of the switching transistor to generate a switching control
signal for controlling the turn on/oif of the switching transis-
tor; and a feedback signal generator recerving the first voltage
and the switching control signal to set a sampling period, and
storing the first voltage, sampled with a last pulse of the first
pulse string within the sampling period as a feedback voltage.
The output voltage 1s thereby accurately detected without
opto-couplers or shunt regulators.

63 Claims, 6 Drawing Sheets
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SWITCHING MODE POWER SUPPLY AND
DRIVING METHOD

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims prionity to and the benefit of

Korean Patent Application No. 10-2006-0099771 filed 1n the
Korean Intellectual Property Office on Oct. 13, 2006, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a switching mode power
supply and 1ts method of driving.

2. Description of the Related Art

A switching mode power supply (hereinafter referred to as
an “SMPS”) 1s a device that rectifies an input AC voltage to an
output DC voltage (DC-link voltage) and that converts the
iput DC voltage to an output DC voltage having another
level. The output DC voltage can be higher or lower than the
iput DC voltage. SMPSs are often used 1n battery powered
devices such as power electric devices, mobile phones and
laptop computers.

In general, an SMPS can include a transformer and has a
switching transistor at a primary side of a transformer that
receives a DC voltage and controls the duty of the switching,
transistor. SMPSs can use a feedback loop to transier a volt-
age or a current of an output unit to the primary side of the
transformer e.g. through an opto-coupler or through a shunt
regulator that 1s connected to the output side of the trans-
former. Application of such transter loops allows delivering a
regulated output DC voltage through the output unait.

However, since opto-couplers and shunt regulators are
expensive and large, 1t 1s difficult to highly integrate SMPSs
into circuits and contain cost.

SUMMARY OF THE INVENTION

An embodiment of the present invention provides a switch-
ing mode power supply, including: a power supply unit that
includes a switching transistor that is coupled to a primary
coil at a primary side of a transformer for converting an input
DC voltage and that supplies power to a secondary coil and a
tertiary coil at a secondary side of the transformer according,
to an operation of the switching transistor; a switching con-
troller that recetves a feedback voltage corresponding to a first
voltage generated 1n the secondary coil at the secondary side
of the transformer and receives a detection signal correspond-
ing to a current flowing to the switching transistor to generate
a switching control signal for controlling the switching tran-
sistor to turn on/oil; and a feedback signal generator that
receives the first voltage and the switching control signal to
set a sampling period and that stores a voltage level of the first
voltage that 1s sampled with a last pulse of the first pulse
strings within the sampling period as a feedback voltage using
a plurality of pulse strings including a first pulse string and a
second pulse string having a plurality of pulses.

Another embodiment of the present mvention provides a
switching mode power supply for generating an output DC
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voltage by converting a DC voltage, including: a PWM con-
troller that includes a switching transistor with a first stage
connected to an input terminal of a DC voltage and that
controls the switching transistor to drive according to a volt-
age level of a first voltage corresponding to the output DC
voltage; an output unmit that includes an inductor with one end
connected to a second stage of the switching transistor, a
capacitor with one end connected to the other end of the
inductor, and a diode with an anode connected to the other end
of the capacitor and with a cathode connected to one end of
the inductor and that generates the output DC voltage accord-
ing to turning on/oil of the switching transistor; and a voltage
distribution unit that distributes a voltage that 1s applied to
both ends of the inductor to generate the first voltage. The
PWM controller includes a switching controller that receives
a feedback voltage corresponding to the first voltage to gen-
erate a switching control signal for controlling the switching
transistor to turn on/off, and a feedback signal generator that
receives the switching control signal and the first voltage to
set a sampling period and that stores a voltage level of the first
voltage that 1s sampled with a last pulse of the first pulse
strings within the sampling period as a feedback voltage using
a plurality of pulse strings including a first pulse string and a
second pulse string having a plurality of pulses.

Yet another embodiment of the present invention provides
a driving method of a switching mode power supply that
supplies power to a secondary coil at a secondary side of a
transformer according to an operation of a switching transis-
tor that 1s coupled to a primary coil at a primary side of the
transformer and that generates an output DC voltage by con-
verting an input DC voltage of a primary side of the trans-
former, wherein the secondary side of the transformer
includes the secondary coil, a first diode with an anode con-
nected to one end of the secondary coil, and a first capacitor
with a first stage connected to a cathode of the first diode and
with a second stage connected to a ground stage and the other
end of the secondary coil, The driving method includes (a)
setting a sampling period; (b) sampling a voltage level of the
first voltage that 1s generated at the secondary side of the
transformer using a plurality of pulse strings including a first
pulse string having a plurality of pulses; and (¢) generating a
switching control signal that controls the switching transistor
to turn on/off using a voltage level that 1s sampled with a last
pulse of the first pulse strings within the sampling period as a
teedback voltage among voltage levels that are sampled at
step (b).

A further embodiment of the present invention provides a
driving method of a switching mode power supply for gener-
ating an output DC voltage by converting a DC voltage,
wherein the switching mode power supply 1s a non-isolated
switching mode power supply that changes the output DC
voltage that 1s output through an output unit according to an
operation of a PWM controller that includes a switching
transistor with a first stage connected to an input terminal of
the DC voltage, and the output unit includes an inductor with
one end connected to a second stage of the switching transis-
tor, a capacitor with one end connected to the other end of the
inductor, and a first diode with an anode connected to the
other end of the capacitor and with a cathode connected to one
end of the inductor. The driving method includes (a) setting a
sampling period; (b) sampling a voltage level of the first
voltage that 1s generated by distributing a voltage that 1s
applied to both ends of the inductor using a plurality of pulse
strings including a first pulse string having a plurality of
pulses; and (c) generating a switching control signal that
controls the switching transistor to turn on/oif using a voltage
level that 1s sampled with a last pulse of the first pulse strings




US RE44,228 E

3

within a sampling period as a feedback voltage among volt-
age levels that are sampled at step (b).

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s adiagramillustrating an 1solated SMPS according,
to an embodiment of the present invention.

FI1G. 2 1s a diagram 1llustrating a feedback signal generator
according to an embodiment of the present invention.

FIG. 3 1s adiagram 1llustrating output signals of builfer 504,
comparator 506, pulse converter 512 and SR latch 514 1n
accordance with the change ot V ;¢ Ids and 1 ,,.

FIG. 4 1s a diagram 1illustrating signals held by first and
second sample & hold latch of the sampling unit 518 1n
accordance with the sampling signals.

FI1G. 51s a diagram illustrating a configuration of an SMPS
according to an embodiment of the present invention.

FIG. 6 1s a diagram illustrating a wavetform of a feedback
signal, outputted by the feedback signal generator according
to an embodiment of the present invention.

DETAILED DESCRIPTION

Switching mode power supplies according to embodi-
ments of the present invention accurately detect an output DC
voltage of an output unit without an opto-coupler or a shunt
regulator.

In the following detailed description, only certain embodi-
ments are described, simply by way of illustration. As those
skilled 1n the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention. Accord-
ingly, the drawings and description are to be regarded as
illustrative 1n nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion.

Throughout this specification and the claims, when an
clement 1s described as “coupled” to another element, the
clement may be directly coupled to the other element, or 1t can
be indirectly coupled to the other element through a third
clement.

FIG. 1 1llustrates an SMPS. The SMPS can include a power
supply unit 100, an output unit 200, a bias voltage supply unit
300, a switching controller 400, and a feedback signal gen-
erator 500.

The power supply unit 100 can include a bridge diode BD
for rectifying an AC input, a capacitor Cin for smoothing the
rectified voltage, a primary coil L1 of a transformer with one
end connected to the capacitor Cin, and the other end to a
switching transistor Qsw and a sense resistor. The power
supply unit 100 converts the AC input voltage to a DC voltage
Vin by the bridge diode BD and the capacitor Cin and supplies
power to a secondary side, 1.e., the output umt 200 of the
transformer, according to the duty of the switching transistor
Qsw.

The output unit 200 can include a secondary coil L2 of the
transformer, a diode D1 with an anode connected to one end
ol the secondary coil L2 of the transformer, and a capacitor
C1, connected between a cathode of the diode D1 and a
ground. The voltage between the two terminals of the capaci-
tor C1 1s the output voltage Vo.

The bias voltage supply unit 300 can include a coil L3 on
the secondary side of the transformer, a diode D2 with an
anode connected to one end of the coil L3, and a capacitor C2
connected between a cathode of the diode D2 and a ground.

The switching controller 400 can be an integrated circuit
(IC). The bias voltage supply unit 300 supplies a bias voltage
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Vcc for operating the IC 1n the following manner. As the
switching transistor Qsw repeatedly turns on and off, the coil
L3, the diode D2 and the capacitor C2 together generate a bias
voltage Vcc.

The switching controller 400 can receive a feedback signal
Vib from the feedback signal generator 500, and a signal
Vsense that senses a current flowing through the switching
transistor Qsw (hereinatter referred to as Ids). The switching
controller 400 can compare the feedback signal Vib with the
Vsense signal and generate a pulse width modulation signal
according to a result of the comparison to output a gate
control signal (hereinafter referred to as V 5¢) for controlling
the switching transistor Qsw.

The feedback signal generator 500 can receive a “Vwind-
ing”” voltage of the coi1l L3 and V 4. to generate a feedback
signal Vib and transfer the feedback signal Vib to the switch-
ing controller 400. Here, the feedback signal Vib 1s a signal
having mformation corresponding to the output voltage Vo
and 1s used to determine a turn-oil time of the switching
transistor Qsw.

The switching controller 400, the feedback signal genera-
tor 5300, and the switching transistor Qsw may be formed on
one chip or on separate chips.

FIG. 2 illustrates an embodiment of the feedback signal
generator 300. The feedback signal generator 500 can include
a voltage distribution unit 502, a buffer 504, a comparator
506, a signal delay unit 508, an inverter 510, a pulse converter
512, an SR latch 514, a sampling pulse string generator 516,
a sampling unit 518, a selection switch 520, a sampling signal
output controller 522, a sampling signal output unit 524, and
a low pass filter 526.

The voltage distribution unit 502 can include a resistor R1

with one terminal connected to an mput voltage, a resistor R2
with one terminal connected to a node shared with the other
terminal of the resistor R1 and the other terminal connected to
a ground, and a diode D3 with an anode connected to the
ground and a cathode connected to the node shared by the
resistors R1 and R2. The input voltage can be the Vwinding
voltage. The voltage distribution unit 502 scales down the
Vwinding voltage according to the resistor ratio R1 over R2
and outputs the scaled down voltage to a non-inverting input
terminal of the buffer 504. If the Vwinding voltage becomes
less than a predetermined level, the diode D3 prevents a
negative voltage from being applied to the non-inverting
input terminal of the butfer 504.

The buller 504 can output 1ts mput signal without an
impedance related loss. The non-1nverting input terminal of
the buffer 504 i1s connected to an output terminal of the
voltage distribution unit 502, and the inverting input terminal
1s connected to the output terminal of the builer 504 as a
voltage follower to recerve a feedback signal from the output
terminal. Hereinatter, the output signal of butler 504 referred
to as Vwinding' signal.

The comparator 506 can compare a magnitude of an input
signal of the non-inverting input terminal and that of an input
signal of the inverting input terminal and output a digital
signal of “1” or “0” according to the comparison result. If a
signal that 1s put to the non-mverting mmput terminal 1s
greater than a signal that 1s input to the inverting input termi-
nal, the comparator 506 outputs “1”, and 11 a signal that 1s
input to the non-inverting mmput terminal 1s smaller than a
signal that 1s input to the mverting input terminal, the com-
parator 306 outputs “0”. The inverting mput terminal of the
comparator 506 can be connected to an output terminal of the
butiler 504, and the non-inverting input terminal can be con-
nected to a reference voltage. Here, the reference voltage can
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be set to a ground voltage or a voltage that 1s higher by a
predetermined level than the ground voltage.

The signal delay unit 508 canrecerve V . and output 1t with
a predetermined delay.

The inverter 510 can receive an output signal of the signal
delay unit 508, mvert its phase, and transfer the inverted
signal to the pulse converter 512.

The pulse converter 512 can generate a signal that has a
short low level interval synchronized with a rising edge of a
signal that 1s input from the inverter 510 and that sustains a
high level 1n the remaining interval.

A reset terminal R of the SR latch 514 can be connected to
an output terminal of the comparator 506, and a set terminal
S thereot can be connected to an output terminal of the pulse
converter 512. The SR latch 514 can be formed with a NAND
tlip-tflop. The SR latch can output a result of a logical opera-
tion to the sampling unit 518 and the sampling signal output
controller 522 through a non-inverting output terminal Q).

The sampling pulse string generator 516 can include two
pulse string generators, and can generate and output a first and
a second sampling pulse strings that are toggled with different
timing using the two pulse string generators. Here, a pulse
string can be a pulse group that 1s continuously toggled with
a predetermined frequency. In some embodiments the tog-
gling can be piece-wise continuous.

The sampling unit 518 can include first and second sample
and hold latches and first and second AND gates. The firstand
second AND gate can recerve an output signal of the non-
inverting output terminal Q of the SR latch 514 and the first
and the second sampling pulse strings that are output from the
sampling pulse string generator 516, respectively. The first
and second AND gates can perform an AND operation on
their inputted signals. The first and second AND gates output
a timing signal to corresponding clock signal input terminals
of the first and second sample and hold latches for controlling
a sampling operation time. The first and second sample and
hold latches sample a Vwinding' signal that 1s output from the
butter 504 and hold the sampled Vwinding' signal until a next
timing signal 1s input. The first and second sample and hold
latches erase the Vwinding' signal previous sampled and start
holding the new Vwinding' signal when a new sampling
operation 1s started.

While 1n the shown embodiment the number N of sample
and hold latches and AND gates 1s two, 1n other embodiments
N can be more than two. Those embodiments also have N
sampling pulse strings outputted by the sampling pulse string
generator 516. Such embodiments can perform the sampling
operation with more precise timing.

The selection switch 520 recerves a switching control sig-
nal from the sampling signal output controller 522 and
Vwinding' signals outputted by the plurality of sample and
hold latches that are included 1n the sampling unit 518. The
selection switch 520 selects and transters the Vwinding' sig-
nal held by a selected sample and hold latch to the sampling,
signal output unit 524.

The sampling signal output controller 522 can receive the
output signal, outputted at the non-inverting output terminal
Q of the SR latch 514 and the N sampling pulse strings of the
sampling pulse string generator 516. The sampling signal
output controller 522 can generate a switching control signal
and a timing signal. The switchung control signal i1s a signal
tor controlling the selection switch 520 1n order to select one
of output signals of the N sample and hold latches that are
included in the sampling unit 518 and transier the signal to the
sampling signal output unit 524. The timing signal 1s a signal
tor controlling the driving timing of the sampling signal out-
put unit 524.
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The sampling signal output unit 524 can recerve one of the
Vwinding' signals that are output from one of the N sample
and hold latches according to a switching operation of the
selection switch 520, driven by the sampling signal output
controller 522. The sampling signal output unit 524 transfers
the Vwinding' signal to the low pass filter (LPF) 526. IT a
driving timing signal 1s applied by the sampling signal output
controller 322, the sampling signal output unit 524 can
change the Vwinding' signal transierring from the sampling
signal that has been being output, to the Vwinding' signal that
1s 1input from the sampling unit 518 at the istance when the
driving timing signal 1s applied, and output the new Vwind-
ing' signal to the low pass filter 526. Here, the sampling signal
output unit 524 holds a Vwinding' signal that 1s received from
the sampling unit 518 until a next driving timing signal 1s
applied, and substantially continuously outputs a holding
signal to the low pass filter 526.

The low pass filter 526 can prevent a signal that 1s output
from the sampling signal output unit 524 from abruptly
changing due to a level change of a Vwinding' signal that 1s
input from the sampling unit 518 to the sampling signal
output unit 524 through the selection switch 520. In detail,
when the Vwinding' signal of the sampling signal output unit
524 changes abruptly—with high frequency components
above a predetermined frequency—the low pass filter 526
generates an approximately linearly changing signal by {il-
tering out the high frequency components, and transfers the
signal as a feedback signal Vib to the switching controller,
labeled 400 1n FIG. 1.

FIG. 3 1llustrates output signals of buifer 504, comparator
506, pulse converter 512 and SR latch 514 1n accordance with
the change ot V ;¢ Ids and I,,. In what follows, the terminol-
ogy “high” and “low” will be used. These terms were meant
to make a connection to a digital terminology. In different
embodiments the associated actual voltage may be different.
Also, these high level and low level signals may vary in time
to some limited degree. In some embodiments they are only
defined with a tolerance to be recognized as digital high and
low signals.

The primary coil L1 of the transformer and an output
capacitor Coss between a drain and a source of the switching
transistor Qsw generate a resonant signal as switching tran-
sistor QSW 1s turned on and off substantially periodically.
Because coils [.1 and [.3 share the core of the transformer, the
Vwinding voltage also follows a resonant waveform. Refer-
ring to FIG. 2, the resonant Vwinding voltage 1s mput nto
voltage distribution unit 502. The signal, output by the volt-
age distribution unit 502 1nto the butier 504, also follows a
resonant wavelorm. At time 11 the output voltage of the
buifer 504 sinks below a reference voltage. Therefore, at T1
the output signal of the comparator 506, which compares the
reference voltage with the output signal of the buifer 504,
changes from a high level to a low level. This output signal 1s
input into the R terminal of the SR latch 514.

The V.15 low at T1. V .. 1s fed through the signal delay
umt 508, the inverter 510 and the pulse converter 512 1nto the
S terminal of the SR latch 514. According to its R and S input
signals, the output signal at the non-inverting output terminal
Q of the SR latch 514 1s low.

At time 1nstance T2, the V .. changes from low to high and
therefore the switching transistor Qsw 1s turned on. The
switching transistor QSW turning on disrupts the resonance
of the L1-Coss resonator and the resonant wavetform of the
Vwinding voltage and therefore the output voltage of the
butiter 504. Thus the output voltage of the butler 504 goes low,
lowered by a predetermined level below the reference voltage
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Vrel. Further, at T2 a current Ids, tlowing from a drain to a
source of the switching transistor Qsw, starts to increase.

At time T3, the V . goes low and the switching transistor
Qsw 1s turned off. The output voltage of the buffer 504 begins
to rise. The current of the diode D2 (hereinafter referred to as
I,,,) begins to increase proportional to a voltage that is
induced in the secondary coil L3 of the bias voltage supply
unit 300.

At time T4, the output voltage of the butler 504 exceeds a
reference voltage Vrel, whereby the output signal of the com-
parator 506 changes from low to high. However, the output
signal of the pulse converter 512 does not change because of
the signal delay caused by the mverter 510 and the pulse
converter 312. Therefore, the input signal at the S terminal of
the SR latch 514 does not change and thus the output at the
non-inverting output terminal Q of the SR latch 514 does not
change either. At this time T4 the current 1,5, of the diode D2
begins to decrease.

At time T3, the output signal of the pulse converter 512
changes from high to low, the input signal at terminal s
changes and thus the output signal of the non-inverting output
terminal QQ of the SR latch 514 changes from low to high.

At time T6, the output signal of the pulse converter 512
changes from low to high, while the input at the R terminal
remains high. Thus, the output signal of the non-inverting,
output terminal Q of the SR latch 514 remains high.

Attime T7, the current I 5., which decreased since the time
T4, reaches approximately zero. This can restart the reso-
nance of Vwinding and hence the output voltage of the butler
504.

At time T8, the output voltage of the butfer 504 falls to (or
below)thereference voltage Vrel1n the course of the resonant
time dependence. Accordingly, the output signal of the com-
parator 506 changes from high to low, whereby an output
signal of the non-1nverting output terminal QQ of the SR latch
514 changes to low.

In the subsequent mterval T9 to 113, the output voltage of
the buffer 504 repeatedly oscillates above and below the
reference voltage Vret, thus the output signal of the compara-
tor 506 repeatedly fluctuates between high and low. During
this interval the output signal of the non-inverting output
terminal Q of the SR latch 514 remains low, because the S
input remains high. From time 114 the signals repeat the
waveforms starting at T1.

Next, the generation of the feedback signal Vib of the
teedback signal generator 500 of FI1G. 1 during the interval T3
to T8 will be described 1n detail.

First, a drain-source “Vds voltage”, applied between the
drain and source of the switching transistor Qsw equals the
sum of the DC voltage Vin, applied to the capacitor Cin and
the voltage that 1s generated in the primary coil L1 of the
transiormer.

As the switching transistor Qsw 1s turned oif, a voltage of
the output capacitor Coss between a drain terminal and a
source terminal of the switching transistor Qsw increases
until a direction of a current tflowing to the primary coil L1 of
the transformer changes. As the direction of a current flowing
to the primary coil L1 of the transformer changes, resonance
1s generated between the output capacitor Coss and a leakage
inductance component of the primary coil L1 of the trans-
former, whereby a Vds voltage 1s resonated within a prede-
termined voltage range for a predetermined period.

As the switching transistor Qsw 1s turned off, a voltage 1s
generated 1n a secondary coil L2 of the transformer. This
induces a current 1n the secondary coil L2. When the current
of L2 flows to the capacitor C1 via the diode D1, the voltage
in secondary coil L2 falls by a predetermined level. This
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decreasing voltage 1s retlected from the secondary coil L2 to
the primary coil L1, causing the Vds voltage to fall. During
this interval the voltage that 1s reflected from the secondary
coil L2 to the primary coil L1 of the transformer 1s substan-
tially the same as a sum of the voltage of the diode D1 and the
voltage of the capacitor C1. The Vds voltage falls 1n propor-
tion to an amount of current flowing through the diode D1.
When a current flowing to the diode D1 becomes substan-
tially zero, Vds exhibits a resonant waveform because of the
resonance of the primary coil L1 and the output capacitor
Coss. The resonance starts substantially at time T7.

At time T7, the voltage that 1s reflected from the secondary
coil L2 to the primary coil L1 1s proportional to an output
voltage, also appearing across capacitor C1:

NPRIMARY V, =V (1)

NSEC

where N,,n,,»5 15 @ number of windings of the primary coil
L1,n...1s anumber of windings of the secondary coll L2,V _
1s the output voltage and V' 1s the voltage that 1s reflected
from the secondary coil L2 to the primary coil 1.

The Vds voltage at time 17 1s substantially the same as a
sum of a DC voltage Vin and the retlected voltage Vo'. The
Vwinding voltage that 1s induced 1n the coi1l L3 1s lower than
Vds voltage by the DC voltage Vin at time'17. At this time, the
Vwinding voltage 1s proportional to a winding number ratio
of the coil L3 and the secondary coil L2:

Ny

(2)

.V, =V’
NSEC

where n,.~.~1s a number of windings of the coil L3 and V " 1s
the voltage reflected from the coil L2 to the primary coil 1.
The Vwinding voltage 1s proportional to the reflected voltage
Vo", and the winding ratio among the coils L1, .2 and L3 1s
predetermined. A precise value of the voltage Vo 1s shown at
time T7, and the voltage Vo 1s proportional to the Vwinding
voltage through Equations (1)-(2).

The feedback signal generator 500 receives the Vwinding,
voltage and the V . and outputs the feedback signal Vib that
corresponds to the Vwinding' signal proportional to the
Vwinding voltage about the time T7. The switching controller
400 receives the feedback signal Vib, compares the feedback
signal Vib with the sensing voltage Vsense to adjust the duty
or on-time of the switching transistor Qsw, thereby control-
ling an output voltage Vo.

During 12-114, the full period of the switching transistor
Qsw, the SR latch 514 remains high in the T5-18 interval.
This interval 1s a sampling period 1n which at least one of the
sample and hold latches of the sampling unit 518 samples the
output signal of the buffer 504 whenever a signal level of the
sampling pulse string that 1s input from the sampling pulse
string generator 516 becomes high.

During a sampling period, the number of first and second
sample and hold latches, that are driven according to a signal
level of a sampling pulse string that 1s input to the first and
second AND gates from one of the corresponding sampling
pulse string generators. During a sampling period, the first
and second sample and hold latches output a Vwinding' sig-
nal, which 1s sampled within a toggling interval of the sam-
pling pulse string that 1s toggled with different timing.

Because each of the sample and hold latches hold only one

sampling signal at a given time, when a next sampling signal
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1s mnput, the sample and hold latches and holds the newly input
sampling signal instead of holding the previous sampling
signal.

The sampling signal output controller 522 selects one of
the sampling signals that are held in the sample and hold
latches during a sampling period and outputs the signal to the
sampling signal output umt 524 by controlling a switching
operation of the selection switch 520.

At time T8, when an output signal of the non-inverting
output terminal Q of the SR latch 514 changes from high to
low, the sampling signal output controller 522 senses that a
sampling period ended. When the sampling period ends, the
sampling signal output controller 522 outputs the sampling
signal of the corresponding sample and hold latch to the
sampling signal output unit 524 by connecting the selection
switch 520 to an output terminal of the corresponding sample
and hold latch that holds a sampling signal corresponding to
a pulse, preceding the signal at time T8.

In the course of the above operation, the sampling signal
output unit 524 can store information such as the number of
sampling pulse string generators that are included 1n the sam-
pling pulse string generator 316, an input order of sampling,
pulses that are mput from the sampling pulse string genera-
tors, and the correspondence between the sample and hold
latches and the sampling pulse string generators.

The sampling signal output controller 522 has a number of
sampling pulse string mput terminals corresponding to the
number of sampling pulse string generators, and receives the
sampling pulse string that 1s output from each sampling pulse
string generator through a different input terminal. The sam-
pling signal output controller 522 stores a sampling pulse
input order for receiving sampling pulses until the same num-
ber of sampling pulses are input as there are input terminals.
The sampling signal output controller 522 senses and inputs
at an input terminal that sampling pulse which 1s immediately
previous to a sampling pulse, which immediately precedes
time T8. The sampling signal output controller 522 can deter-
mine which sample and hold latch holds the sampling signal
corresponding to the sampling pulse that 1s immediately pre-
vious to a sampling pulse immediately preceding time T8,
and transier the holding signal of the sample and hold latch to
sampling signal output unit 524 by controlling the selection
switch 520. The sampling signal output unit 524 outputs the
signal as the feedback signal Vib to the switching controller
400 through the low pass filter 526. The sampling signal
output controller 522 controls the selection switch 520 and
simultaneously mputs a timing signal to the sampling signal
output unit 524 for supplying the feedback signal Vib to the
switching controller 400 as soon as possible. Here, similarly
to the sample and hold latches of the sampling unit 518, the
sampling signal output unit 524 can hold only one sampling
signal at a time, and outputs the sampling signal to the switch-
ing controller 400 until a next sampling signal 1s input. When
anew sampling signal 1s input, the sampling signal output unit
524 changes the sampling signal held to the newly input
sampling signal and outputs the new sampling signal to the
switching controller 400 through the low pass filter 526.

The reason why the feedback signal generator 500 selects
the sampling signal corresponding to the sampling pulse that
1s immediately previous of a sampling pulse which preceded
time T8, 1s to select a voltage having most similar level to the
Vwinding' signal at Time T7 (hereinaiter, Vwinding' signal at
the time 17 refers to V..) It 1s not easy to detect the V -,
because the time when the current flowing through the diode
D2 becomes zero could not be detected. As a resonance 1s
generated at time 17, from the time T7 to the time T8 the
signal Vwinding' falls with a steep slope as 1llustrated 1n FIG.
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3. If the feedback signal generator 500 selects the sampling
signal corresponding to the sampling pulse that immediately
preceded time T8, the voltage detected as the feedback volt-
age V1b has a high possibility of considerably differing from
the V.. On the other hand, the Vwinding' voltage, which
preceded time T7, 1s not considerably different from the V .
So, 1n some embodiments the sampling signal corresponding,
to the sampling pulse that 1s immediately previous of a sam-
pling pulse immediately preceding time T8 1s selected to
minimize the difference. This operation will be illustrated in
FIG. 4.

FIG. 4 1llustrates signals held by first and second sample &
hold latch of the sampling unit 518 1n accordance with the
sampling signals. Here, the sampling signals of the sample
and hold latches are labeled by a, b, ¢ and d. These sampling
signals are substantially equal to the Vwinding' signal at the
sampling times corresponding to A, B, C and D. Here, A, B,
C and D are sampling pulses generated by the sampling pulse
string generator 516. More specifically, A and C are sampling
pulses, which are parts of the first sampling pulse string
generated by the first pulse string generator, and B and D are
sampling pulses, which are parts of the second sampling pulse
string generated by the second pulse string generator. The
signals a, b, ¢ and d illustrated 1n FIG. 4 are sampling signals
to 1indicate respective voltage levels of the Vwinding' signal
corresponding to the sampling pulses A, B, C and D.

At the time T8, the first sample/hold latch holds the sam-
pling signal ¢, and the second sample/hold latch holds the
sampling signal d. Because the sampling pulse D lies within
the time interval T7-18, the sampling signal d corresponding
to the sampling pulse D 1s considerably different from the
V. On the contrary, because the sampling pulse C lies
preceded time 17, the sampling signal ¢ corresponding to the
sampling pulse C 1s not considerably different from the V .
As the sampling signal output controller 522 transiers the
sampling signal ¢ to the sampling signal output umit 524 by
controlling the selection switch 520, the Vib 1s nearly same
with the V .

For reference, in some embodiments the sampling pulse D
can exist even at the time 1T8. In these embodiments the
voltage level ¢ corresponding to the sampling pulse C 1s
selected as the Vib voltage by the sampling signal output
controller 522. The just described feedback signal generating
method, or analogues, can be applied to an 1solated SMPS,
which has a different architecture from that of FIG. 1, or even
to a non-1solated SMPS.

FIG. 5 1s a diagram 1illustrating a configuration of a non-
1solated SMPS. The non-isolated SMPS can include a pulse
width modulation (PWM) controller 610, an output unit 620,
a voltage distribution unit 630, and a bias voltage supply unit
640.

The PWM controller 610 can be embodied with one IC,
and can include four input terminals: a drain terminal D, a
source terminal S, a bypass terminal BP, and a feedback
terminal FB.

The drain terminal D can be a terminal for mputting an
input voltage Vin of the non-1solated SMPS. The source ter-
minal S can output an output signal according to the turning
on/oil of the switching transistor 616 to the output unit 620
and the bias voltage supply unit 640. The bypass terminal BP
can be connected to the bias voltage supply unit 640 to recerve
a driving voltage Vcc of a switching controller 614. The
teedback terminal FB 1s a terminal for recerving a Vwinding
voltage that 1s input from the voltage distribution unit 630.
The PWM controller 610 can include a feedback signal gen-
erator 612, the switching controller 614, the switching tran-
sistor 616, and a bias voltage generator 618.
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The feedback signal generator 612 can receive a Vwinding,
voltage through the feedback terminal FB and V .. of the
switching transistor 616 to generate a feedback signal Vib
and transfers the feedback signal Vib to the switching con-
troller 614.

The switching controller 614 can receive a bias voltage
through the bypass terminal BP, and the feedback signal Vib
to generate the V ., thereby controlling the turn on/oif opera-
tion of the switching transistor 616. The switching controller
614 can be driven when the driving voltage Vcc, mput from
the capacitor C1 through the bypass terminal BP, 1s higher
than a predetermined voltage.

The switching transistor 616 can receive an mput voltage
Vin through a drain that 1s connected to the drain terminal D
of the PWM controller 610, and 1s turned on/oif by the V ..
that 1s mput through a gate to output a signal through the
source terminal S.

The bias voltage generator 618 can be connected to the
drain terminal D, and 1s driven by the input voltage Vin that is
input through the drain terminal D while the switching tran-
sistor 616 1s turned off to charge the capacitor C1 that 1s
connected to the bypass terminal BP.

The output umit 620 can include a diode D1 with a cathode
connected to the source terminal S of the PWM controller
610, an inductor .1 with one end connected to the cathode of
the diode D1, and a capacitor C2 with one end connected to
the other end of the inductor L1, and the other end connected
to the anode of the diode D1. The voltage of the capacitor C2
can also be an output voltage Vo.

The diode D1 can form a freewheeling path and allows a
current to flow to the imductor L1 through a path passing
through the capacitor C2 and the diode D1 if the switching
transistor 616 of the PWM controller 610 1s turned off.

The voltage distribution unit 630 can include resistors R1
and R2. A first terminal of resistor R1 and a first terminal of
resistor R2 and be connected to the (above mentioned) two
ends of the inductor L1 1n the output unit 620. The second
terminal of resistors R1 and R2 can be connected together.

The voltage distribution unit 630 can scale down the volt-
age across the inductor L1 according to the ratio of the resis-
tors R1 and R2 to generate the Vwinding voltage at the shared
terminal of the resistors. The Vwinding voltage can be trans-

terred to the feedback terminal PB of the PWM controller
610.

The bias voltage supply unit 640 can include a capacitor C1
with one terminal connected to the source terminal S of the
PWM controller 610 and with the other terminal connected to
the bypass terminal BP.

The feedback signal generator 612 of the PWM controller
610 can be similar or analogous to the feedback signal gen-
erator 500 in FIG. 1, detailed 1n FIG. 2. The signal waveforms
can be similar or analogous to the signals and waveforms
shown 1n FIGS. 3 and 4.

The non-1solated SMPS can have a structure similar to a
buck-direct feedback converter or a buck boost-direct con-
verter. It need not use an expensive and large device such as an
opto-coupler or a constant current LED driver that 1s often
used to form a feedback loop. Further, unlike a buck-direct
feedback converter or a buck boost-direct converter, the non-
1solated SMPS can directly distribute a voltage across the
inductor L1 of the output unit 620, transiers the voltage to the
teedback signal generator 612 of the PWM controller 610,
and controls the switching transistor Qsw using the voltage,
thereby more accurately detecting an output DC voltage of
the output unit 620.

FIG. 6 1s a diagram 1llustrating measured wavetforms of a
teedback signal that 1s output from embodiments of the feed-
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back signal generator. As illustrated 1n FIG. 6, the feedback
signal Vib, output from the feedback signal generators (500
of F1G. 1 0or 612 of F1G. 5) of the SMPS, 15 approximate value
of V . Therefore, an output DC voltage of the output units
(200 of FIG. 1 or 620 of FIG. 5) can be accurately detected
using the SMPS.

While this invention has been described 1n connection with
certain embodiments, 1t 1s understood that the invention 1s not
limited to the disclosed embodiments, but, on the contrary, 1s
intended to cover various modifications and equivalent
arrangements, and thus 1s limited only by the appended
claims.

In embodiments, by sensing an output voltage using a gate
control signal and a voltage, applied to the secondary side L3
of the transformer that 1s included in an 1solated SMPS and
controlling the duty or on-time of the switching transistor
through the output voltage, it 1s not necessary to use the
widely applied expensive and large devices such as opto-
couplers or a shunt regulators. Therefore, the resulting SMPS
can be highly itegrated and imnexpensive.

Further, by directly distributing a voltage 1n some embodi-
ments, that 1s applied to both ends of the inductor L1 of the
output unit 620 of a non-isolated SMPS, transferring a dis-
tributed voltage to the feedback signal generator 612 of the
PWM controller 610, and controlling the switching transistor
Qsw using the voltage, an output DC voltage of the output
umt 620 can be more accurately detected.

What 1s claimed 1s:

1. A switching mode power supply comprising:

a power supply umt comprising a switching transistor,
coupled to a primary coil at a primary side of a trans-
former for converting an input DC voltage and that sup-
plies power to a secondary coil at a secondary side of the
transformer and a tertiary coil at [a secondary] the pri-
mary side of the transformer according to an operation
of the switching transistor;

a switching controller configured to recerve a feedback
voltage corresponding to a first voltage generated in the
tertiary coil [at the secondary side of the transformer],
and to recerve a detection signal corresponding to a
current flowing to the switching transistor to generate a
switching control signal for controlling the turn on/off of
the switching transistor; and

a feedback signal generator configured to receive the first
voltage and the switching control signal to set a sam-
pling period, and to set a voltage level of the first voltage
that 1s sampled by one pulse of a first pulse string within
the sampling period as a feedback voltage, using a plu-
rality of pulse strings comprising the first pulse string
and a second pulse string, having a plurality of pulses.

2. The switching mode power supply of claim 1, configured
to toggle the plurality of pulse strings with different timing.

3. The switching mode power supply of claim 1, configured
so that the second pulse string comprises a first pulse that 1s a
most adjacent pulse to an ending time of the sampling period
among a plurality of pulses of the plurality of pulse strings,
and the one pulse 1s a pulse that precedes the first pulse.

4. The switching mode power supply of claim 3, wherein
the one pulse 1s a pulse that immediately precedes the first
pulse.

5. The switching mode power supply of claim 4, wherein
the feedback signal generator comprises:

a first signal generator configured to receive the switching

control signal to generate a {irst signal;

a first logical operation unit configured to recerve the first
voltage and a reference voltage to a first terminal and a




US RE44,228 E

13

second terminal respectively, and makes comparison
between the first voltage and the reference voltage to
generate a second signal;

a second logical operation umt configured to receive the

14

wherein the number of third logical operation units and
latches corresponds to that of the plurality of pulse
strings.

14. The switching mode power supply of claim 13, wherein

second signal and the first signal to a third terminal and 5 the feedback signal generator comprises:

a fourth terminal respectively, and configured to invert
an output signal in Jan immediately] a preceding state at
a first time 1n which the second signal 1s 1n a first level
and the first signal changes to a second level and at a
second time 1n which the first signal 1s 1n a third level and
the second signal first changes to a fourth level after the
first time;

apulse string generator configured to generate the plurality
of pulse strings;

a sampling unit configured to store a voltage level of the
first voltage corresponding to pulses of the plurality of
pulse strings during a period from the first time to the
second time; and

a sampling signal output controller configured to output a
voltage level of the first voltage that 1s sampled with the
one pulse.

6. The switching mode power supply of claim 3, wherein
the first signal generator 1s configured to generate the first
signal a seventh level during a first period corresponding to a
time at which the switching control signal changes from a
fifth level to a sixth level, and to generate the first signal eighth
level during a second period that 1s a period off the first period,
and

the second logical operation unit 1s configured to set the
sampling period by performing a logical operation
between the first signal and the second signal.

7. The switching mode power supply of claim 6, wherein
the sampling period 1s configured to start substantially when
the first signal changes from the eighth level to the seventh
level.

8. The switching mode power supply of claim 6, wherein
the first logical operation unit 1s configured to generate the
second signal ninth level when the first voltage 1s higher than
the reference voltage, and 1s configured to generate the sec-
ond signal tenth level when the first voltage 1s lower than the
reference voltage.

9. The switching mode power supply of claim 8, wherein
the sampling period ends at a time that the second signal
changes from the ninth level to the tenth level.

10. The switching mode power supply of claim 8, wherein
the first signal changes to the seventh level after the second
signal changes from the tenth level to the ninth level, and
returns to the eighth level before a time of ending of the
sampling period.

[11. The switching mode power supply of claim 8, wherein
the reference voltage is a ground voltage.]

12. The switching mode power supply of claim 8, wherein
the first signal changes from the eighth level to the seventh
level at the first time and the second signal changes from the
ninth level to the tenth level at the second time, as a voltage
that 1s applied to the switching transistor starts resonance.

13. The switching mode power supply of claim [11] 8,
wherein the sampling unit comprises:

third logical operation units configured to receive an output
signal of the second logical operation unit and one of the
plurality of pulse strings to perform an AND operation;
and

latches that recerve an output signal of the third logical
operation units as a driving timing signal and that sample
a voltage level of the first voltage when the driving
timing signal changes to an eleventh level,
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a selection switch that 1s driven by control of the sampling
signal output controller and that 1s selectively connected
to an output terminal of a latch among the latches with
one end; and

a sampling signal output unit that 1s connected to the other
end of the selection switch to transfer a voltage level that
1s sampled with the one pulse, which 1s input through the
selection switch to the switching controller.

15. The switching mode power supply of claim 14, wherein
the sampling signal output unit 1s configured to transfers the
voltage level to the switching controller until 1t receives a
different voltage level through the selection switch.

16. The switching mode power supply of claim 15, wherein
the sampling signal output unit selectively outputs a voltage
level that 1s transferred through the switch according to a
driving timing signal that 1s input from the sampling signal
output controller.

17. The switching mode power supply of claim 16, wherein
the sampling signal output controller applies a control signal
to the switch at the second time and transiers a driving timing,
signal of a twelith level to the sampling signal output unait.

18. The switching mode power supply of claim 17, wherein
the first level, the third level, the fitth level, the eighth level,
the ninth level, the eleventh level, and the twellth level are
corresponding logical high levels, and the second level, the
fourth level, the sixth level, the seventh level, and the tenth
level are corresponding logical low levels.

19. The switching mode power supply of claim 17, wherein
the pulse generator comprises a pulse string generator for
generating the plurality of pulse strings, and the sampling
signal output controller comprises pulse string input termi-
nals of a the number that corresponds to that of the pulse
string generators to receive the plurality of pulse strings
through a different pulse input terminal.

20. The switching mode power supply of claim 19, wherein
the sampling signal output controller stores the number of
pulse string generators and information on the latch corre-
sponding to the pulse string generators, and

in the sampling period, the sampling signal output control-
ler stores a pulse mput order of the pulse string 1nput
terminal for receiving the pulse strings until a number of
pulses corresponding to that of the pulse string genera-
tors 1s input from a first input pulse among the plurality
of pulse strings that are mput through the pulse string
input terminal, and connects the switch to an output
terminal of a latch corresponding to the one pulse at the
second time.

21. The switching mode power supply of claim 20, wherein
the feedback signal generator further comprises a filter con-
figured to convert a sudden change of the voltage level that 1s
output from the sampling signal output unit into a substan-
tially linearly changing voltage and transierring the linearly
changing voltage to the switching controller.

22. The switching mode power supply of claim 21, wherein
the filter 1s a low pass filter.

23. The switching mode power supply of claim 1, wherein
the switching controller 1s configured to compare the feed-
back voltage with the detection signal, and to control the
switching transistor to turn on/oil according to the compari-
son result to decrease energy that 1s induced to a secondary
side of the transformer 11 the feedback voltage 1s higher than
a voltage level of the detection signal and increase energy that
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1s induced to a secondary side of the transformer 11 the feed-
back voltage 1s lower than a voltage level of the detection
signal.

24. The switching mode power supply of claim 1, wherein
the switching transistor, the switching controller, and the
teedback signal generator are formed 1n a single chip.

25. The switching mode power supply of claim 1, wherein
the switching controller and the feedback signal generator are
tormed 1n a single chip and the switching transistor 1s formed
in a separate chip.

26. A switching mode power supply for generating an
output DC voltage by converting a DC voltage, the switching
mode power supply comprising:

a PWM controller comprising a switching transistor with a
first stage connected to an mput terminal of a DC voltage
and that controls the switching transistor to drive accord-
ing to a voltage level of a first voltage corresponding to
the output DC voltage;

an output unit comprising an inductor with one end con-
nected to a second stage of the switching transistor|, a
capacitor with one end connected to the other end of the
inductor, and a diode with an anode connected to the
other end of the capacitor and with a cathode connected
to one end of the inductor,] and the output unit being
configured to generate the output DC voltage according
to turning on/oil of the switching transistor; and

a voltage distribution unit configured to distribute a voltage
across the inductor to generate the first voltage,

wherein the PWM controller further comprises

a switching controller configured to recerve a feedback
voltage corresponding to the first voltage to generate a
switching control signal for controlling the switching
transistor to turn on/oit, and

a feedback signal generator configured to receirve the
switching control signal and the first voltage to set a
sampling period and that sets a voltage level of the first
voltage that 1s sampled by one pulse of a first pulse string
within the sampling period as a feedback voltage using a
plurality of pulse strings comprising the first pulse string
and a second pulse string having a plurality of pulses.

277. The switching mode power supply of claim 26, wherein
switching mode power supply 1s configured to toggle the
plurality of pulse strings with different timing.

28. The switching mode power supply of claim 26, wherein
the second pulse string comprises a first pulse that 1s a most
adjacent pulse to an ending time of the sampling period
among a plurality of pulses of the plurality of pulse strings,
and the one pulse 1s a pulse that 1s preceded the first pulse.

29. 'The switching mode power supply of claim 28, wherein
the one pulse 1s a pulse that immediately precedes the first
pulse.

30. The switching mode power supply of claim 29, wherein
the feedback signal generator comprises:

a first signal generator that receives the switching control

signal to generate a first signal;

a first logical operation unit that receives the first voltage
and a reference voltage to a first terminal and a second
terminal respectively, and makes comparison between
the first voltage and the reference voltage to generate a
second signal;

a second logical operation unit that receives the second
signal and the first signal to a third terminal and a fourth
terminal respectively, and configured to invert an output
signal 1n an immediately preceding state at a first time 1n
which the second signal 1s 1n a first level and the first
signal changes to an second level and at a second time 1n
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which the first signal 1s 1n a third level and the second
signal first changes to a fourth level after the first time;

a pulse string generator that generates the plurality of pulse
strings;

a sampling unit that stores a voltage level of the first voltage
corresponding to pulses of the plurality of pulse strings
during a period from the first time to the second time;
and

a sampling signal output controller that outputs a voltage
level of the first voltage that 1s sampled with the one
pulse.

31. The switching mode power supply of claim 30, wherein
the first signal generator generates the first signal a seventh
level during a first period corresponding to a time at which the
switching control signal changes from a fifth level to a sixth
level, and generates the first signal eighth level during a
second period that 1s a period off the first period, and

the second logical operation unit sets the sampling period
by performing a logical operation between the first sig-
nal and the second signal.

32.The switching mode power supply of claim 31, wherein
the sampling period starts substantially when the first signal
changes from the eighth level to the seventh level.

33. The switching mode power supply of claim 31, wherein
the first logical operation unit generates the second signal
ninth level when the first voltage 1s higher than the reference
voltage, and generates the second signal tenth level when the
first voltage 1s lower than the reference voltage.

34.The switching mode power supply of claim 33, wherein
the sampling period ends at a time that the second signal
changes from the ninth level to the tenth level.

35. The switching mode power supply of claim 33, wherein
the first signal changes to the seventh level after the second
signal changes from the tenth level to the ninth level, and
returns to the eighth level before a time of ending of the
sampling period.

[36. The switching mode power supply of claim 33,
wherein the reference voltage is a ground voltage.]

377. The switching mode power supply of claim 33, wherein
the first signal changes from the eighth level to the seventh
level at the first time and the second signal changes from the
ninth level to the tenth level at the second time, as a voltage
that 1s applied to the switching transistor starts resonance.

38. The switching mode power supply of claim 37, wherein
the sampling unit comprises:

third logical operation units configured to receive an output
signal of the second logical operation unit and one of the
plurality of pulse strings to perform an AND operation;
and

latches that recerve an output signal of the third logical
operation units as a driving timing signal and that sample
a voltage level of the first voltage when the driving
timing signal changes to an eleventh level,

wherein the number of third logical operation units and
latches corresponds to that of the plurality of pulse
strings.

39. The switching mode power supply of claim 38, wherein

the feedback signal generator comprises:

a selection switch that 1s driven by control of the sampling
signal output controller and that 1s selectively connected
to an output terminal of a latch among the latches with
one end; and

a sampling signal output unit that 1s connected to the other
end of the selection switch to transfer a voltage level that
1s sampled with the one pulse, which 1s input through the
selection switch to the switching controller.
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40. The switching mode power supply of claim 39, wherein
the sampling signal output unit 1s configured to transfers the
voltage level to the switching controller until 1t receives a
different voltage level through the selection switch.

41. The switching mode power supply of claim 40, wherein
the sampling signal output unit selectively outputs a voltage
level that 1s transferred through the switch according to a
driving timing signal that 1s mput from the sampling signal
output controller.

42.The switching mode power supply of claim 41, wherein
the sampling signal output controller applies a control signal
to the switch at the second time and transfers a driving timing,
signal of a twelfth level to the sampling signal output unait.

43. The switching mode power supply of claim 42, wherein
the first level, the third level, the fitth level, the eighth level,
the ninth level, the eleventh level, and the twellth level are
corresponding logical high levels, and the second level, the
fourth level, the sixth level, the seventh level, and the tenth
level are corresponding logical low levels.

44. The switching mode power supply of claim 42, wherein
the pulse generator comprises a pulse string generator for
generating the plurality of pulse strings, and the sampling
signal output controller comprises pulse string mnput termi-
nals of a the number that corresponds to that of the pulse
string generators to receive the plurality of pulse strings
through a different pulse mput terminal.

45. The switching mode power supply of claim 44, wherein
the sampling signal output controller stores the number of
pulse string generators and information on the latch corre-
sponding to the pulse string generators, and

in the sampling period, the sampling signal output control-

ler stores a pulse input order of the pulse string 1nput
terminal for receiving the pulse strings until a number of
pulses corresponding to that of the pulse string genera-
tors 1s mput from a first input pulse among the plurality
of pulse strings that are iput through the pulse string
input terminal, and connects the switch to an output
terminal of a latch corresponding to the one pulse at the
second time.

46. The switching mode power supply of claim 43, wherein
the feedback signal generator further comprises a filter con-
figured to convert a sudden change of the voltage level that 1s
output from the sampling signal output unit into a substan-
tially linearly changing voltage and transferring the linearly
changing voltage to the switching controller.

47. The switching mode power supply of claim 46, wherein
the filter 1s a low pass filter.

48. The switching mode power supply of claim 26, wherein
the switching controller controls the switching transistor to
turn on/oif according to a voltage level of the feedback volt-
age to change the output DC voltage.

49. The switching mode power supply of claim 26, wherein
the first stage and the second stage of the switching transistor
are a drain and a source, respectively.

50. A driving method of a switching mode power supply
that supplies power to a secondary coil at a secondary side of
the transformer according to an operation of a switching
transistor that 1s coupled to a primary coil at a primary side of
a transformer and that generates an output DC voltage by
converting an mput DC voltage of a primary side of trans-
former,

wherein the [secondary] primary side of the transformer

comprises [the secondary] a tertiary coill, a first diode
with an anode connected to one end of the secondary
coil, and a first capacitor with a first stage connected to
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a cathode of the first diode and with a second stage
connected to a ground stage and the other end of the
secondary coil],

wherein the dnving method comprises:

(a) setting a sampling period;

(b) sampling a voltage level of the first voltage that 1s
generated at the [secondary side of the transformer]
tertiary coil using a plurality of pulse strings comprising,
a first pulse string having a plurality of pulses; and

(¢) generating a switching control signal that controls the
switching transistor to turn on/oil using a voltage level
that 1s sampled by one pulse of the first pulse strings
within the sampling period as a feedback voltage among
voltage levels that are sampled at step (b).

51. The driving method of claim 50, wherein the one pulse
1s a previous pulse of a pulse most adjacent to an ending time
of the sampling period within the sampling period.

52. The drniving method of claim 51, wherein the one pulse
1s a pulse that immediately precedes the pulse most adjacent
to an ending time of the sampling period.

53. The driving method of claim 50, wherein the plurality
of pulse strings are toggled with different timing.

54. The driving method of claim 50, wherein

step (a) comprises the sampling period 1s set by a logical
operation between a first signal that 1s sustained a third
level during a first period corresponding to a time at
which the switching control signal changes from a first
level to a second level and sustained a fourth level and
sustained a fourth level off the first period, and a second
signal set by a result of a comparison between the first
voltage and a reference voltage.

55. The driving method of claim 54, wherein the second
signal 1s 1n a {ifth level 11 the first voltage 1s higher than the
reference voltage and if the first voltage 1s lower than the
reference voltage, the second signal 1s 1n a sixth level, and the
first signal returns to the fourth level before ending of the
sampling period after 1t changes to the third level, after the
second signal changes from the sixth level to the fifth level.

56. The driving method of claim 35, wherein the sampling
period starts at a time at which the first signal changes from
the fourth level to the third level and ends at a time at which
the first signal changes from the fifth level to the sixth level as
a voltage that 1s applied to the switching transistor starts
resonance.

57. The driving method of claim 56, wherein the first level,
the fourth level, and the fifth level are a high level, and the
second level, the third level, and the sixth level are a low level.

58. A driving method of a switching mode power supply for
generating an output DC voltage by converting a DC voltage,

wherein the switching mode power supply 1s anon-isolated
switching mode power supply that changes the output
DC voltage that 1s output through an output unit accord-
ing to an operation of a PWM controller that comprises
a switching transistor with a first stage connected to an
input terminal of the DC voltage, and

the output unit comprises an inductor with one end con-
nected to a second stage of the switching transistor, [a

capacitor with one end connected to the other end of the
inductor, and a first diode with an anode connected to the
other end of the capacitor and with a cathode connected
to one end of the inductor,]

wherein the driving method comprises:

(a) setting a sampling period;

(b) sampling a voltage level of the first voltage that 1s
generated by distributing a voltage that 1s applied to both
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ends of the inductor using a plurality of pulse strings
comprising a first pulse string having a plurality of
pulses; and

(c) generating a switching control signal that controls the

switching transistor to turn on/oil using a voltage level
that 1s sampled by one pulse of the first pulse string
within a sampling period as a feedback voltage among
voltage levels that are sampled at step (b).

59. The driving method of claim 38, wherein the one pulse
1s a previous pulse of a pulse most adjacent to an ending time
of the sampling period within the sampling period.

60. The driving method of claim 59, wherein the one pulse
1s a pulse that immediately precedes the pulse most adjacent
to an ending time of the sampling period.

61. The driving method of claim 58, wherein the plurality
of pulse strings are toggled with different timing.

62. The driving method of claim 38, wherein

at step (a), the sampling period 1s set by a logical operation

between a first signal that 1s sustained a third level during
a first period corresponding to a time at which the
switching control signal changes from a first level to a
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second level and sustained a fourth level and sustained a
fourth level off the first period, and a second signal set by
a result ol a comparison between the first voltage and a
reference voltage.

63. The drniving method of claim 62, wherein the second
signal 1s 1n a fifth level 11 the first voltage 1s higher than the
reference voltage and 11 the first voltage 1s lower than the
reference voltage, the second signal 1s 1n a sixth level, and the
first signal returns to the fourth level before ending of the
sampling period after 1t changes to the third level, after the
second signal changes from the sixth level to the fifth level.

64. The driving method of claim 63, wherein the sampling
period starts at a time at which the first signal changes from
the fourth level to the third level and ends at a time at which
the first signal changes from the fifth level to the sixth level as
a voltage that 1s applied to the switching transistor starts
resonance.

65. The driving method of claim 64, wherein the first level,
the fourth level, and the fifth level are a high level, and the

20 second level, the third level, and the sixth level are a low level.
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