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DC-DC CONVERTER AND ORGANIC LIGHT
EMITTING DISPLAY DEVICE INCLUDING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2013-0111590,
filed on Sep. 17, 2013, and entitled, “DC-DC Converter and
Organic Light Emitting Display Device Including the Same,”
is incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Oneormore embodiments described hereinrelate to
a DC-DC converter and organic light emitting device includ-
ing the same.

[0004] 2. Description of the Related Art

[0005] A variety of flat panel displays have been developed.
Examples include liquid crystal displays, field emission dis-
plays, plasma display panels, and organic light emitting dis-
plays. These displays are lighter than cathode ray tubes and
consume less power.

SUMMARY

[0006] Inaccordance with one embodiment, a DC-DC con-
verter includes a voltage conversion circuit unit configured to
convert an input voltage to a first voltage; a first control unit
configured to control the voltage conversion circuit unit based
on a feedback voltage and a reference voltage; and a capacitor
check unit configured to determine whether a capacitor is
coupled to a capacitor coupling terminal, the capacitor check
unit to determine whether the capacitor is coupled to the
capacitor coupling terminal based on sensing a voltage of the
capacitor coupling terminal which is selectively coupled to
the first control unit.

[0007] The capacitor check unit may include a current
source configured to supply current to the capacitor coupling
terminal; and a second control unit configured to determine
that the capacitor is coupled to the capacitor coupling termi-
nal, when the voltage of the capacitor coupling terminal exists
within a predetermined range.

[0008] The converter may include a first switch coupled
between first control unit and the capacitor coupling terminal.
The may include areference voltage supply unit configured to
supply the reference voltage to the first control unit. The
converter may include a resistor coupled between the first
control unit and the reference voltage supply unit. The con-
verter may include a second switch coupled between respec-
tive ends of the resistor.

[0009] The capacitor check unit may turn on the first switch
and turn off the second switch when the capacitor is coupled
to the capacitor coupling terminal, and the capacitor check
unit may turn off the first switch and turn on the second switch
when the capacitor is not coupled to the capacitor coupling
terminal.

[0010] The reference voltage supply unit may vary the ref-
erence voltage based on a reference voltage control signal.
The reference voltage supply unit may include a digital logic
unit configured to count a number of pulses of the reference
voltage control signal; and a digital-analog converter config-
ured to output a reference voltage corresponding to a signal
from the digital logic unit indicative of the pulse number.
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[0011] The converter may include a voltage dividing unit to
generate a feedback voltage by dividing the first voltage and
to output the feedback voltage to the first control unit.
[0012] Inaccordance with another embodiment, an organic
light emitting display device includes a plurality of pixels;
and a DC-DC converter configured to supply a first voltage to
the pixels, wherein the DC-DC converter includes: voltage
conversion circuit unit configured to convert an input voltage
to a first voltage; a first control unit configured to control the
voltage conversion circuit unit based on a feedback voltage
and a reference voltage; and a capacitor check unit configured
to determine whether a capacitor is coupled to a capacitor
coupling terminal based on sensing a voltage of the capacitor
coupling terminal which is selectively coupled to the first
control unit.

[0013] The capacitor check unit may include a current
source configured to supply current to the capacitor coupling
terminal; and a second control unit configured to determine
that the capacitor is coupled to the capacitor coupling termi-
nal when the voltage of the capacitor coupling terminal exists
within a predetermined range.

[0014] The DC-DC converter may include a first switch
coupled between the first control unit and the capacitor cou-
pling terminal. The DC-DC converter may include a refer-
ence voltage supply unit configured to supply the reference
voltage to the first control unit. The DC-DC converter may
include a resistor coupled between the first control unit and
the reference voltage supply unit. The DC-DC converter may
include a second switch coupled between respective ends of
the resistor.

[0015] The capacitor check unit may turn on the first switch
and turn off the second switch when the capacitor is coupled
to the capacitor coupling terminal, and the capacitor check
unit may turn off the first switch and turn on the second switch
when the capacitor is not coupled to the capacitor coupling
terminal.

[0016] The reference voltage supply unit may vary the ref-
erence voltage based on a reference voltage control signal.
The reference voltage supply unit may include a digital logic
unit configured to count a number of pulses of the reference
voltage control signal; and a digital-analog converter config-
ured to output a reference voltage based on a signal supplied
from the digital logic unit indicative of the pulse number.
[0017] The DC-DC converter may include a voltage divid-
ing unit configured to generate a feedback voltage by dividing
the first voltage and to supply the feedback voltage to the first
control unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0019] FIG. 1 illustrates an embodiment of'an organic light
emitting display device;

[0020] FIG. 2 illustrates an embodiment of a pixel,

[0021] FIG. 3 illustrates an embodiment of a DC-DC con-
verter; and

[0022] FIG. 4illustrates a more detailed embodiment of the

DC-DC converter.

DETAILED DESCRIPTION

[0023] Example embodiments are described more fully
hereinafter with reference to the accompanying drawings;



US 2015/0076997 A1l

however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0024] Hereinafter, when a first element is described as
being coupled to a second element, the first element may be
not only directly coupled to the second element but may also
be indirectly coupled to the second element via a third ele-
ment. Further, some of the elements that are not essential to
the complete understanding of the invention are omitted for
clarity. Also, like reference numerals refer to like elements
throughout.

[0025] FIG. 1 illustrates an embodiment ofan organic light
emitting display device which includes a pixel unit 20, a scan
driver 30, a data driver 40, and a DC-DC converter 60. The
pixel unit 20 includes a plurality of pixels 10 coupled to scan
lines S1 to Sn and data lines D1 to Dm. The scan driver 30
supplies a scan signal to pixels 10 through corresponding scan
lines S1 to Sn. The data driver 40 supplies data signals to
pixels 10 through respective data lines D1 to Dm. The DC-DC
converter 60 supplies first and second voltages ELVDD and
ELVSS to each pixel 10. The organic light emitting display
device also includes a timing controller 50 to control the scan
driver 30 and the data driver 40.

[0026] Each pixel 10 receives first and second voltages
ELVDD and ELVSS from DC-DC converter 60, and gener-
ates light corresponding to a data signal based on current
flowing from first voltage ELVDD to second voltage ELVSS
via an organic light emitting diode.

[0027] The scan driver 30 generates a scan signal under
control of timing controller 50, and supplies the scan signal to
scan lines S1 to Sn.

[0028] Thedata driver 40 generates data signals under con-
trol of timing controller 50, and supplies the data signals to
respective ones of the data lines D1 to Dm. When the scan
signal is supplied to a specific scan line, the pixels 10 coupled
to the specific scan line receive a data signal from correspond-
ing ones of the data lines D1 to Dm.

[0029] The DC-DC converter 60 receives an input voltage
Vin from a power unit 70, and generates first and second
voltages ELVDD and ELVSS 10 be supplied to each pixel 10
based on a conversion of input voltage Vin. The first voltage
ELVDD may be a positive voltage and the second voltage
ELVSS may be a negative voltage. The power unit 70 may be
a battery which provides DC power, or may be a rectifying
device that converts AC power into DC power.

[0030] FIG. 2 illustrates an embodiment of a pixel, which,
for example, may be the pixel 10 shown in FIG. 1. For illus-
trative purposes only, the pixel in FIG. 2 is shown coupled to
an n-th scan line Sn and an m-th data line Dm.

[0031] Referring to FIG. 2, the pixel 10 includes a pixel
circuit 12, coupled to the data line Dm and the scan line Sn, for
controlling an organic light emitting diode (OLED). An
anode electrode of the OLED is coupled to the pixel circuit
12, and a cathode electrode of the OLED is coupled to second
voltage ELVSS. The OLED generates light with a luminance
corresponding to current supplied from the pixel circuit 12.
[0032] The pixel circuit 12 controls the amount of current
supplied to the OLED, based on a data signal supplied to the
data line Dm, when a scan signal is supplied to the scan line
Sn. The pixel circuit 12 includes a second transistor T2
coupled between first voltage ELVDD and the OLED, a first
transistor T1 coupled among the second transistor T2, the data
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line Dm, and the scan line Sn, and a storage capacitor Cst
coupled between a gate electrode and a first electrode of the
second transistor T2.

[0033] A gate electrode of the first transistor T1 1s coupled
to the scan line Sn, and a first electrode of the first transistor
T1 is coupled to the data line Dm. A second electrode of the
first transistor T1 is coupled to one terminal of the storage
capacitor Cst. The first and second electrodes are source and
drain electrodes. For example, if the first electrode is the
source electrode, the second electrode may 1s the drain elec-
trode.

[0034] The first transistor T1 coupled to the scan line Sn
and the data line Dm is turned on when the scan signal is
supplied from scan line Sn. When the first transistor T1 turns
on, a data signal is supplied from the data line Dm to storage
capacitor Cst. The storage capacitor Cst charges a voltage
corresponding to the data signal.

[0035] A gate electrode of the second transistor T2 is
coupled to a first terminal of the storage capacitor Cst. A first
electrode of the second transistor T2 is coupled to a second
terminal of the storage capacitor Cst and the first voltage
ELVDD. A second electrode of the second transistor T2 is
coupled to the anode electrode of the OLED.

[0036] The second transistor T2 controls the amount of
current flowing from the first voltage ELVDD to the second
voltage ELVSS, via the OLED, based on the voltage stored in
the storage capacitor Cst. The OLED generates light corre-
sponding to the amount of current supplied from the second
transistor T2. The oixel 10 may have a structure different from
FIG. 2 when incorporated into the display device of FIG. 1.
[0037] FIG. 3 illustrates an embodiment of a DC-DC con-
verter, which, for example, may correspond to the DC-DC
converter 60 in FIG. 1. FIG. 4 illustrates a more detailed view
of this converter.

[0038] Referring to FIG. 3, the DC-DC converter 60
includes a voltage conversion circuit unit 110, a first control
unit 120, and a capacitor check unit 130. The voltage conver-
sion circuit unit 110 converts input voltage Vin supplied from
an external source to first voltage ELVDD. The voltage con-
version circuit unit 110 may be, for example, a boost-type
converter and may generate the first voltage ELVDD to have
the positive voltage. The voltage conversion circuit unit 110
converts input voltage Vin received from input terminal IN to
the first voltage ELVDD, and outputs the first voltage ELVDD
to an output terminal OUT.

[0039] Referring to FIG. 4, in one embodiment, the voltage
conversion circuit unit 110 may include a first inductor L1, a
first transistor M1, and a second transistor M2 to perform a
voltage boosting operation. The first inductor L1 is coupled
between a first node N1 and input terminal N1, through which
the input voltage Vin is received. The first transistor M1 is
coupled between the first node N1 and ground or another
reference potential. The second transistor M2 is coupled
between the first node N1 and the output terminal OUT. The
first node N1 may be a common node of the first inductor L1,
the first transistor M1, and the second transistor M2.

[0040] The circuit configuration of the voltage conversion
circuit unit 110 in FIG. 4 is merely one embodiment. A
voltage conversion circuit unit having a different structure
may be used in FIG. 3.

[0041] Referring to FIG. 3, the output capacitor C1 may be
coupled to output terminal OUT of the DC-DC converter 60.
[0042] The first control unit 120 may have a first terminal
TM1 to receive a feedback voltage Vib and a second terminal
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TM2 to receive a reference voltage Vref. The first control unit
120 controls the voltage conversion circuit unit 110, based on
feedback voltage Vb and reference voltage Vref. For
example, the first control unit 120 may control the on-off state
of one or more transistors (e.g., first and second transistors
M1 and M2) in the voltage conversion circuit unit 110, so that
the input voltage Vin is converted to the first voltage ELVDD
at a desired voltage level.

[0043] The capacitor check unit 130 checks whether a
capacitor Csr for slew rate control is coupled to a capacitor
coupling terminal Tc. The capacitor check unit performs this
function by sensing a voltage Vic of the capacitor coupling
terminal Tc, which can be electrically coupled to the second
terminal TM2 of the first control unit 120. The capacitor
checkunit 130 may include a current source 250 and a second
control unit 260, as illustrated in FIG. 4.

[0044] The current source 250 supplies a predetermined
current to the capacitor coupling terminal Tc. As a result, a
predetermined voltage is applied to the capacitor coupling
terminal Tc. The second control unit 260 senses a voltage Vtc
of the capacitor coupling terminal Vitc.

[0045] When the sensed voltage Vtc exists within a prede-
termined range, the second control unit 260 decides that the
capacitor Csr is coupled to the capacitor coupling terminal
Tc. For example, when the voltage Vitc of the capacitor cou-
pling terminal Tc¢ is lower than a predetermined first compari-
son voltage V1, the second control unit 260 may determine
that the capacitor coupling terminal Tc is coupled to ground.
[0046] When the voltage Vitc of the capacitor coupling ter-
minal Tc is greater than a predetermined second comparison
voltage V2, the second control unit 260 may determine that
the capacitor coupling terminal Tc is in a floating state.
[0047] When the voltage Vitc of the capacitor coupling ter-
minal Tc is greater than the first comparison voltage V1 and
lower than the second comparison voltage V2, the second
control unit 260 may decide that the capacitor Csr is coupled
to the capacitor coupling terminal Tc. In one embodiment, the
first comparison voltage V1 may be less than the second
comparison voltage V2.

[0048] The DC-DC converter 60 may include a first switch
SW1 coupled between the second terminal TM2 of the first
control unit 120 and the capacitor coupling terminal Tc.
When the first switch SW1 is turned on, the second terminal
TM2 of the first control unit 120 may be electrically coupled
to the capacitor coupling terminal Tc.

[0049] Accordingly, when the first switch SW1 is turned on
at a time when the capacitor Csr is coupled to the capacitor
coupling terminal Tc, the capacitor Csr may be electrically
coupled to the second terminal TM2 of the first control umt
120. When the first switch SW1 is turned off, the second
terminal TM2 of the first control unit 120 and the capacitor
coupling terminal Tc may be electrically decoupled from
each other.

[0050] The DC-DC converter 60 may include a reference
voltage supply unit 150 to the supply reference voltage Vref
to the second terminal TM2 of first control unit 120. The
reference voltage supply unit 150 may vary the reference
voltage Vref, corresponding to a reference voltage control
signal Cv supplied through a control terminal Tv.

[0051] Referring to FIG. 4, the reference voltage supply
unit 150 may include a digital logic unit 220 and a digital-
analog (D/A) converter 210. The digital logic unit 220 gen-
erates a control signal Sv corresponding to the reference
voltage control signal Cv supplied from an external source.
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The control signal Sv is supplied to the digital-analog con-
verter 210. For example, the digital logic unit 220 counts a
number of pulses of the reference voltage control signal Cv,
and generates the control signal Sv based on the pulse num-
ber. The control signal Sv is then supplied to the digital-
analog converter 210.

[0052] Thedigital-analogconverter 210 outputs a reference
voltage Vref corresponding to the control signal Sv from the
digital logic unit 220. A resistor Rs and a second switch SW2
may be positioned between the second terminal TM2 of the
first control unit 120 and the reference voltage supply unit
150. The second switch SW2 is coupled between respective
ends of resistor Rs. Accordingly, the second switch SW2 may
be coupled in parallel to the resistor Rs.

[0053] When the second switch SW2 turns on, the refer-
ence voltage Vref is supplied to the first control unit 120.
When the second switch SW2 turns off, the reference voltage
Vref is supplied to the first control unit 120 through the
resistor Rs.

[0054] Referring to FIG. 4, one end of each of the resistor
Rs and the second switch SW2 is coupled to the second
terminal TM2 of the first control unit 120. The other end of
each of the resistor Rs and the second switch SW2 is coupled
to the digital-analog converter 210 of the reference voltage
supply unit 150.

[0055] The DC-DC converter 60 may include a voltage
dividing unit 160 to supply a feedback voltage Vib to the first
terminal TM1 of the first control unit 120. The voltage divid-
ing unit 160 generates feedback voltage Vb by dividing the
first voltage ELVDD. For example, the voltage dividing umit
160 may be coupled to the output terminal OUT and may
divide the voltage (e.g., first voltage ELVDD) of the output
terminal OUT. The voltage dividing unit 160 may include, for
example, a plurality of resistors R1 and R2 coupled in series.

[0056] The first control unit 120 performs pulse width
modulation (PWM) control on voltage conversion circuit unit
110, using feedback voltage Vb supplied from the voltage
dividing unit 160 and the reference voltage Vref supplied
from the reference voltage supply unit 150. When the refer-
ence voltage Vref varies, the first voltage ELVDD output from
the voltage conversion circuit unit 110 also changes. In this
case, the variation time of the reference voltage Vref is con-
trolled, thereby controlling the variation time of the first volt-
age ELVDD.

[0057] When the capacitor Csr is coupled to the capacitor
coupling terminal Tc, the capacitor check unit 130 detects
coupling of the capacitor Csr through the operation described
above. When it is determined that the capacitor Csr is coupled
to the capacitor coupling terminal Tc, the capacitor check unit
130 turns on the first switch SW1 and turns off the second
switch SW2.

[0058] As a result, an RC delay (based on resistor Rs and
capacitor Csr) occurs in reference voltage Vref supplied from
reference voltage supply unit 150. Accordingly, the slew rate
of reference voltage Vref'is reduced, and the slew rate of first
voltage ELVDD is also lowered.

[0059] When the capacitor Csris not coupled to the capaci-
tor coupling terminal Tc, the capacitor check unit 130 may
detect non-coupling of the capacitor Csr through the opera-
tion described above. When it is determined that the capacitor
Csr is not coupled to the capacitor coupling terminal Tc, the
capacitor check unit 130 turns off the first switch SW1 and
turns on the second switch SW2.
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[0060] Thus, the RC delay (based on resistor Rs and capaci-
tor Csr) disappears. As a result, it is possible to restore the
slew rates of the reference voltage Vref and the first voltage
ELVDD.

[0061] However, there may exist a case where it is unnec-
essary to use the capacitor Csr even when the capacitor Csr is
coupled to the capacitor coupling terminal Tc. In this case, a
separate switch control signal (e.g., provided from an external
source) is supplied to the digital logic unit 220 of the refer-
ence voltage supply unit 150. As a result, it is possible to turn
off the first switch SW1 and to turn on the second switch
SW2, even when the capacitor Csr is coupled to the capacitor
coupling terminal Tc.

[0062] That is, the digital logic unit 220 may receive a
switch control signal and supply a signal corresponding to the
switch control signal to the capacitor check unit 130, in order
to turn off the first switch SW1 and turn on the second switch
SW2.

[0063] Thefirst and second switches SW1 and SW2 may be
implemented, for example, by transistors. The on-off states of
the first and second switches SW1 and SW2 may be con-
trolled by the second control unit 260 of the capacitor check
unit 130. In this case, the first and second switches SW1 and
SW2 may be alternately turned on.

[0064] Although not shown in FIGS. 3 and 4, another volt-
age conversion circuit unit may be included in the DC-DC
converter 60. This voltage conversion circuit may convert the
input voltage Vin to a second voltage ELVSS, and may output
the converted second voltage ELVSS.

[0065] By way of summation and review, an organic light
emitting display device includes a DC-DC converter which
generates power sources for driving the display device by
converting an external power source. One or more of the
aforementioned embodiments may reduce power consump-
tionby varying a voltage output from the DC-DC converter. A
capacitor may be included in the DC-DC converter in order to
control the slew rate of the voltage output from the DC-DC
converter.

[0066] Thus, according to one or more of the aforemen-
tioned embodiments, a DC-DC converter and organic light
emitting display device is provided that checks whether a
capacitor for slew rate control is coupled. Further, a DC-DC
converter and organic light emitting display device is pro-
vided that controls whether a capacitor for slew rate control is
used.

[0067] Themethods and processes described herein may be
performed by code or instructions to be executed by a com-
puter, processor, or controller. Because the algorithms that
form the basis of the methods are described in detail, the code
or instructions for implementing the operations of the method
embodiments may transform the computer, processor, or con-
troller into a special-purpose processor for performing the
methods described herein.

[0068] Also, another embodiment may include a computer-
readable medium, e.g., a nontransitory computer-readable
medium, for storing the code or instructions described above.
The computer-readable medium may be a volatile or non-
volatile memory or other storage device, which may be
removably or fixedly coupled to the computer, processor, or
controller which 1s to execute the code or instructions for
performing the method embodiments described herein.
[0069] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
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and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise indicated. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims.

What is claimed is:

1. A DC-DC converter, comprising:

avoltage conversion circuit unit to convert an input voltage
to a first voltage;

a first control unit to control the voltage conversion circuit
unit based on a feedback voltage and areference voltage;
and

a capacitor check unit to determine whether a capacitor is
coupled to a capacitor coupling terminal, the capacitor
check unit to determine whether the capacitor is coupled
to the capacitor coupling terminal based on sensing a
voltage of the capacitor coupling terminal which is
selectively coupled to the first control unit.

2. The converter as claimed in claim 1, wherein the capaci-

tor check unit includes:

a current source to supply current to the capacitor coupling
terminal; and

a second control unit to determine that the capacitor is
coupled to the capacitor coupling terminal, when the
voltage of the capacitor coupling terminal exists within
a predetermined range.

3. The converter as claimed in claim 1, further comprising:

a first switch coupled between first control unit and the
capacitor coupling terminal.

4. The converter as claimed in claim 3, further comprising

a reference voltage supply unit configured to supply the ref-
erence voltage to the first control unit.

5. The converter as claimed in claim 4, further comprising:

a resistor coupled between the first control unit and the
reference voltage supply unit.

6. The converter as claimed in claim 5, further comprising:

a second switch coupled between respective ends of the
resistor.

7. The converter as claimed in claim 6, wherein:

the capacitor check unit turns on the first switch and turns
off the second switch when the capacitor is coupled to
the capacitor coupling terminal, and

the capacitor check unit turns off the first switch and turns
on the second switch when the capacitor is not coupled
to the capacitor coupling terminal.

8. The converter as claimed in claim 4, wherein the refer-
ence voltage supply unit varies the reference voltage based on
a reference voltage control signal.

9. The converter as claimed in claim 8, wherein the refer-
ence voltage supply unit includes:

a digital logic unit to count a number of pulses of the

reference voltage control signal; and

a digital-analog converter to output a reference voltage
corresponding to a signal from the digital logic unit
indicative of the pulse number.

10. The converter as claimed in claim 1, further compris-

ing:
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a voltage dividing unit to generate a feedback voltage by
dividing the first voltage and to output the feedback
voltage to the first control unit.

11. An organic light emitting display device, comprising:

a plurality of pixels; and

a DC-DC converter to supply a first voltage to the pixels,

wherein the DC-DC converter includes:

a voltage conversion circuit unit to convert an input
voltage to a first voltage;

a first control unit to control the voltage conversion
circuit unit based on a feedback voltage and a refer-
ence voltage: and

a capacitor check unit to determine whether a capacitor
is coupled to a capacitor coupling terminal based on
sensing a voltage of the capacitor coupling terminal
which is selectively coupled to the first control unit.

12. The display device as claimed in claim 11, wherein the
capacitor check unit includes:

acurrent source to supply current to the capacitor coupling
terminal; and

a second control unit to determine that the capacitor is
coupled to the capacitor coupling terminal when the
voltage of the capacitor coupling terminal exists within
a predetermined range.

13. The display device as claimed in claim 11, wherein the
DC-DC converter includes a first switch coupled between the
first control unit and the capacitor coupling terminal.

14. The display device as claimed in claim 13, wherein the
DC-DC converter includes a reference voltage supply unit to
supply the reference voltage to the first control unit.
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15. The organic light emitting display device as claimed in
claim 14, wherein the DC-DC converter includes a resistor
coupled between the first control unit and the reference volt-
age supply unit.

16. The display device as claimed in claim 15, wherein the
DC-DC converter includes a second switch coupled between
respective ends of the resistor.

17. The display device as claimed in claim 16, wherein:

the capacitor check unit turns on the first switch and turns

off the second switch when the capacitor is coupled to
the capacitor coupling terminal, and

the capacitor check unit turns off the first switch and turns

on the second switch when the capacitor is not coupled
to the capacitor coupling terminal.

18. The display device as claimed in claim 14, wherein the
reference voltage supply unit varies the reference voltage
based on a reference voltage control signal.

19. The display device as claimed in claim 18, wherein the
reference voltage supply unit includes:

a digital logic unit to count a number of pulses of the

reference voltage control signal; and

a digital-analog converter to output a reference voltage

based on a signal supplied from the digital logic unit
indicative of the pulse number.

20. The display device as claimed in claim 11, wherein the
DC-DC converter includes a voltage dividing unit to generate
a feedback voltage by dividing the first voltage and to supply
the feedback voltage to the first control unit.

I S T T
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(%) A DC-DC converter includes a voltage conversion circuit
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unit, a control unit, and a capacitor check unit, The voltage
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voltage. The confrol unit controls the voltage comversion cir
cuitunit based on a feedback voltage and a reference voltage,
The capacitor check unit defermmnes whether a capacitor 1s
coupled o a capacitor coupling terminal based on sensing a
vollage of the capacitor coupling temminal, which is selec-
tively coupled to the irst control uni,
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