10 May 2006 - 1 DESCRI PTI ON POAER SUPPLY GENERATI NG CI RCU T, DI SPLAY
APPARATUS, ‘AND PORTABLE TERM NAL DEVI CE Techni cal Field ThdOpasiWo
invention relates-to a power supply generating circuit, a display
apparatus, and a portable 10 term nal device. Mire particularly, the
present invention relates to a power supply generating circuit for, based
on a power supply voltage having a given voltage value, generating a
power supply voltage having a different voltage value therefrom a display
appar atus incorporating the power 15 dupply generating circuit, and a
portable term nal device wusing the display apparatus as an out put display
unit. Background Art Recently, portable term nal devices such as cellular

20 tel ephones and PDAs (Personal pBsgrtghrAgSi stants) have becone

i ncreasingly wi despread. One factor that has contributed to such rapid
wi despread adoption of portable termnal devices is a display device

i ncorporated therein as an output display unit or, typically, a liquid
crystal 25 display apparatus. This is because the liquid crystal 10 My
2006 - 2 display apparatus can-be driven with | ess power in principle,

and i s #ONDE [BUFELYC GENERATIOG drsgUay ,devseeay APPARATUS, AND

5 PORTABLE TERMINAL DEVICE

. Technical Field
The present invention relates to a power supply
generating circuit, a display apparatus, and a portable
10 terminal device. More particularly, the present invention
relates to a power supply generating circuit fof, based on a
power supply voltage having a given voltage value,
generating a power supply voltage having a different voltage
value therefrom, a display apparatus incorporating the powér
15 supply generating circuit, and a portable terminal device

using the display apparatus as an output display unit.

Background Art

Récently, portable terminal devices such as cellular
20 telephones and PDAs (Personal Digital Assistants) have
.become increasingly widespread. One factor that has
contributed to such rapid widespread adoption of portable
terminal devices is a display device incorporated therein as
an output display unit or, typically, a liquid crystal

25 display apparatus. This is because'the liguid crystal




In a portable terminal device, a battery of a single power supply voltage
is used as a main power supply. Ina 5 liquid crystal displladyianpPefr at us,

on the other hand, power supply voltages having different voltage val ues
are used depending upon a logic unit and an analog unit in a horizontal
driving systemfor driving a pixel unit having an array of pixels, and
still another power supply voltage 10 having 'a greater absolute value than
that of the horizontal driving systemis used in a vertical driving system
for selectively driving the pixels-ig wnits of rows. Therefore, a
plurality of power supply voltages having different voltage values are
required for driving the liquid crystal 15 display apparatus. A power
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supply voltages having different voltage values are used
depending upon a logic unit and an analog unit in a
horizontal driving system for driving a pixel unit having an
array of pixels, and still another power supply voltage
10 having a greater absolute value than that of the horizontal
driving system is used in a vertical driving system for
selectively driving therpixels in units of rows. Therefore,
a plurality of power sﬁpply voltages having different
voltage values are required for driving the liquid crystal
15 display apparatus.

A power supply generating circuit provided for each of
the power supply voltages would increase the complexity of
the overall structure of the liquid crystal display
apparatus and the cost of the apparatus,_thus making it

20 difficult to provide a compact and low-cost portable
terminal device incorporating the liquid crystal display
apparatus. Accordingly, fo; example, a liquid crystal
display apparatus incorporated in a portable terminal device

includes a power supply generating circuit for, based on a

25 power supply voltage of a battery, generating a power supply




A variety of DC-DC converters are known in the art. One type of such DC DC
converters is a charge punp DCG-DC 5 converter. Unlike wel [10Rdasw06C- DC
converters having an inductor, advantageously, the charge. punp DC- DC
converter does not require an external inductor, and contributes to the
size reduction of the portable term nal device. Sone charge punp DC-DC
converters having a function of regulating 10 an output potential are also
known in the art. In a liquid crystal display apparatus incorporated in a
portable termnminal device, the driving3oltage or the driving frequency is
reduced to achi eve | ow power consunption in order to extend the life of
the battery once charged. 15 However, a liquid crystal display apparatus

for this,opphbd ORI Oy & HesiGHEH SO ALy a P! GRSk, DEaGeqcanver t er

having the regulation ability causes a current to flow in voltage-divider

resi storgeimd sS40 tage conparison at any tine other than the tinme of
vol tage 20 conpari son during a regul ati on operation, resulting in high

power - consunp ivaft iledss ANhd-oe ebhivereRe¥. aFar kaBRhi €At tRBSart0 portable
term nal devices such as cellular tel ephones and PDAs, in particular, a

reduct i agmd nc@eess GaRsUME-mn nvdiedsd W ¢ ehusial plingpbaypappar at us
itself is an inportant 25 issue in order to further reduce the power

consanptéaiveftd) MahlA06 weld ~kinharmp od-ald echekriteals HaviegSanThe present
i nvention has been made in view of the

: inductor, advantageously, the charge pump DC-DC converter
does not regquire an extermnal inductor, and contributes to
the size reduction of the portable terminal device. Some
charge pump DC-BC converters having a function ¢of regulating

10 an output potential are also known in the art.

In a ligquid crystal display apparatus incorporated in a
portable terminal device, the driving voltage or the driving
frequency 1is reduced to achieve low power consumption in
order to extend the life of the battery once charged.

15 However, a liquid crystal display apparatus for this
-application is designed such that, typically, a DC-DC
converter having the regulation ability causes a current to
flow in voltage-divider resistors for use in voltage
comparison at any time other than the time of voltage

20 comparison during a regulation-operation, resulting in high
power—consumption loss and low efficiency. For applications
to portable terminal devices such as cellular telephones and
PDAs, in particular, a reduction in power consumption of the

' liquid crystal display apparatus itself 1s an important

25 issue in order to further reduce the power consumption of




foregoing problens, and it is an object of the present invention to
provi de a power supply generating circuit capable of |ow géway 28lesunpti on
of the overall apparatus while reducing the power consunption |oss, a

di spl ay * apparatus incorporating the pbwer supply generating circuit, and
a portable term nal device using the display apparatus as an out put
display unit. Disclosure of Invention In exanple enbodi nents of the present

inventi ofye abort £36L Qggmggaf.g@$5§g§ dividing circuit for dividing a
circuit output voltage and a conparator may be active only for a certain

period of tinmhe s dRAUGHAG RS PRMEHesO MBI LEMOR il@SS sCaused by a
constant current flowin voltage-divider resistors or the conparator to
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apparatus can be reduced. According to a first aspect of the present
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conprising: charge punp neans for repeating charging and discharging
oper at i anpdBl e YW Hrdani patd o rcam et i e Hhd saienedllt ageadiaviudi ng nmeans
for dividing an output voltage of the charge punp neans; regul ati on neans,
havi ng ahiclenpardtcdmd drhec gpard g risenpdiivinddd swql aagd sphtg ned from the
vol tage dividing neans with a reference voltage, for controlling the
suppl y efprars teisodi guirse atd nchéeheh@aogerpswppl@ Meyne2@@bng 4arcuit,

and a portable terminal device using the display apparatus

as an output display unit.

Disclosure of Invention

In example embodiments of the present invention, at
least one of a voltage dividing circuit for dividing a
circuit output voltage and a comparator may be active only
for a certain period of time, thus'reducing the power
consumption loss caused by a constant current flow in
voltage-divider resistors or the comparator to increase the
efficiency. Therefore, the power consumption of the overall
apparatus can be reduced. |

According to a first aspect of the‘present invention,
there is.provided a power supply generating circuit
comprising: charge pump means for repeating charging and’
discharging operations in synchronization with a clock
pulse; voltage dividing means for dividing an output voltage
of the charge pump means; regulation means, having a
comparator for comparing the divided voltage obtained from
the voltage dividing means with a reference voltége, for

'controlling the supply of the clock pulse to the charge pump




means based on the conparison result of the conparator; and control neans
for making at | east one of the voltage dividing neans andl10b&ayczifpar at or
active only for a certain period of tinme. According to a second aspect of
the present invention, there is provided a display apparatus conprising a
pi xel unit having an array of pixghélgn a substrate, and power supply
generating neans forned on the sane substrate as the pixel unit for, based
on an internal circuit power supply voltage, generating a power supply
vol t ag@eRag Mg sed ¢nf fiéee FOMpEItigge v&lsud tf edmthike comperagbrei rodit power
supply voltage, wherein the power supply generating neans includes: charge
punp MELRE TR MEERSationg Mé i AY iﬁ35tdpg€h8ngH§ 8pétalfons in
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conpar gl=e¥; oL rcenp@ri ng the divided vol tage obtained from the voltage
dividing neans with a reference voltage, for <controlling the supply of the
cl ock pul seAceothiénghavge peapndnesapschasedths pheseafpaniepaibasult of the
conparator; and control neans for nmaking at | east one of the voltage
di vi di fpemeans amdviiHedcenpasailey appevetosl yofpriaiograapnxeperi od of tine
during one hori,zontal scanning period. According to a third aspect of the
presentithyv BRVILBA, a0t REFEY| 8IpPovPUEdCE BoPtABFEater nPAdl PAEGFce whi ch uses
a displ pparatus.as an_output di.splay, unit, the djsplay_ _apparatus
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pixel unit for, based on an internal circuit power supply

voltage, generating a power supply voltage having a
different voltage value from the internal circuit power
supply voltage, wherein the power supply generating means
includes: charge pump means for repeéting charging and
discharging operations in synchronization with a clock
pulse; voltage dividing means for dividing an output voltage
of the charge pump means; regulation means, having a
comparator for comparing the divided voltage obtained from
the voltage dividing means with a reference voltage, for
controlling the supply of the clock pulse to the charge pump
means based on the comparison result of the comparator; and
control means for making at least one of the voltage
- dividing means and the.comparator active only for a certain
period of time during one horizontal scanning period.
According to a third aspect of the present invention,
there is provided a portable terminal device which uses a
display apparatus as an output display unit, the display
apparatus comprising a pixel unit having an array of pixels

on a substrate, and power supply generating means formed on




on a .substrate, and power supply generating neans formed on 10 May 2006 -
4b the substrate as the pixel unit for, based on an interha@May2QG06ui t
power supply voltage, generating a power supply voltage having a different
voltage value fromthe internal circuit power supply voltage, wherein the
power supply generating neans includes: charge punp neans for repeating
chargi ng and di schargi ng operatioﬁS4Pn‘synchronization with a clock pulse;
vol tage dividing neans for dividing an output voltage of the charge punp
means; theguelbskoataeansthbapinglauntonparat basédr onoapathhgrhhe di vi ded

" voltage obtained from the voltage dividing neans with a reference voltage,
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based on_the conpari son result of the conparator; and. control ans for
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apparafus according to an enbodi ment "of the present invention."Fig. 2 is a
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circuits. 10 May 2006 - 5 Fig. 3 is a schematic diagramof a

t hr ee- i geedkvibslean: voltage dividing means for dividing an output
voltage of the charge pump means; regulation means, having a
comparator for comparing the divided voltage obtained from

the voltage dividing means with a reference voltage, for
controlling the supply of the clock pulse to the charge pump

means based on the comparison result of the comparator; and
control means for making at least one of the voltage

dividing means and the comparator active only for a certain

period of time during one horizontal scanning period.

Brief Description of the Drawings

Fig. 1 is a block diagram schematically showing the
overall structure of a liquid crystal dispiay apparatus
according to an embodiment of the present invention.

Fig. 2 is a circuit diagram showing an -example of the

circuit configuration of pizel circuits.




driving selector circuit. Fig. 4 is a circuit diagramof a first circuit
exanple of the DC-DC converter. 5 Fig. 5 is a timng chartlOfMay 2006
illustrating the operation of the DC DC converter according to the first
circuit exanple. Fig. 6 is a circuit diagramof a second circuit exanple
‘of the DC-DC converter. 10 Fig. 7 is a circuit diagramof a third circuit
exanple of the DC-DC converter. Fig. 8 is a timng chart for illustrating
t he operation of the DC- DC converter according to the third circuit
exanple. 15 Fig. 9 is an external view schematically showi ng the structure
of a cellular tel ephone according to the present invention. Best Mde for
Carrying Qut the Invention 20 An enbodi ment of the present invention is

described 1npsdet o | bel QuUiLLeHeLa0gs Le L hen frau fgs. ol gesdul o @

bl ock dlagran1 henatlca oW ng overa ure 0 qui d

crystal §§§§¥ rding to an enbodlnent of the present
|nventléﬁ} A§£$§§§%%g?€%%£@TOHIFIg 1, the liquid crystal display 10 May
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having an array of pixel circuits including liquid

of the DC-DC converter.

5 Fig. 5 is a timing chart for illustrating the operation
.0of the DC-DC converter according to the first circuit
example. |

Fig. 6 is a circuit diagram of a second circult example
of the DC-DC converter.

10 Fig. 7 is a circuit diagram of a third circuit example
of the DC-DC converter.

Fig. 8 is a timing chart for illustrating the operation
of the DC-DC converter according to the third circuit
example.

i5 Fig. 9 is an external view schematically showing the
structure of a cellular telephone according to the present

invention.

Best Mode for Carrying Out the Invention

20 An embodiment of the present invention is described in
detail below with reference to the drawings. Fig. 1 is a
block diagram schematicaliy showing the overall structure of
a ligquid crystal display apparatus according to an
gmbodiment of the present invention.

25 As is apparent from Fig. 1, the liquid crystal display




crystal cells, a vertical driving circuit 12 for selectively driving the
pi xel circuits of the pixel unit 11 in units of 5 rows, a dé|Mag2P06Ci rcuit
13 for selectively supplying an image signal to the pixels in the row '
selectively driven by the vertical driving circuit 12 under the drive
control according to a selector driving nethod, and a' DC-DC converter 14
serving as a power supply generating circuit 10 for generating, for
exanpl e, a negative power supply voltage VSS based on an internal circuit
power supply voltage VDD. The |iquid grystal display apparatus according
to this enbodinent is of the driving circuit integration type that the
vertical driving circuit 12, the selector circuit 13, 15 and the DC DC

converter 14 are integrally forned on a substrate (hereinafter, referred to
as 2 || qOPHAEAGES aRCoar QbPdy toatetS TG N HIES @RI PPits

f or med. e, liquid crystal displ anel, 15 .i s configur.ed ,such that
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16-n image signal to the pixels in the row selectively driven by
the vertical driving circuit‘lz under the drive control
according to a selector driving method, and a‘'DC-DC
converter 14 serving as a power supply generating circuit
10 for generating, for example, a negative power supply voltage
VSS based on an internal circuit power supply voltage VDD.
The liguid crystal display apparatus according to this
embodiment is of the driving circuit integration type that
the vertical driving circuit 12, the sélector circuit 13,
iS and the DC-DC converter 14 are integrally formed on a
substrate (hereinafter referred to as a ligquid crystal
display panel) 15 on which the pixel unit 11 is formed. The
ligquid crystal display panel 15 is configured such that
switching devices of the pixel circuits, such as thin-film
20 transistors (TFTs), are formed on a TFT substrate and a
color filter, a counter electrode, and so on are formed on a
counter substrate, the TFT substrate and the counter
substrate being layered, with a liguid crystal material

disposed between the two transparent insulating substrates

25 {such as glass substrates).




and msignal lines 17-1 through 17-mare arranged in a matrix, and pixel
circuits are placed at intersections 5 therebetween. As sha@Man2®icy. 2, by
way of exanple, each of the pixel circuits includes a swi tching device for
selecting a pixel, such as a thin-filmtransistor 21, a storage capacitor
22 having an end connected with the drain of the thin-filmtransistor 21,
and a liquid crystal 10 capacitor (liquid crystal cell) 23 having a pixel
el ectrode connected with the drain of the thin-filmtransistor 21. The
liquid crystal capacitor 23 neans a-cdpacitor between a pixel electrode
formed of the thin-filmtransistor 21 and a counter el ectrode thereof. The
thin-film15 transistor 21 has a source connected with each of the signal

lines 17-1 ”&fh%ugﬁ}éeg Bn 331 12 1920 6 1LANACEL LI W B,6aGH bl n LBGsSCANNI Ng

lines 16-1 throu A constant potenti 'S applled to the other

end of thegsfos &épf&'vwcr?% sc%IﬁﬁrHaDqlw@st Q%&vagY‘du'ilr}ﬁﬂm—'rﬁd to the

—counter e ectro 20 the liquid crystal capacitor he pi xel
circuit sy th @:L%t?éi Cl LldSuii- Cafigyratiom Haveheerdess isbed herein, by
way of exanple, t are not limted thereto. For exanple, the pixel
Circuit speach, havd NSk A RNDF L IMRY sSSP RAHcdd @ tiixitere ceft ivaisnal  di spl ay by
25 anal og |nage signals and still inmage display by digital 10 May 2006 - 8
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fornmed of, for
of the pixel circuits includes a switching device for
selecting a pixel, such as a thin-film transistor 21, a
storage capacitor 22 having an end connected with the drain
of the thin-film transistor 21, and a liquid crystal

10 capacitor (liguid crystal cell) 23 having a pixel electrode

connected with the drain of the thin-film transistor 21.

The ligquid crystal capacitor 23 means a capacitor
between a pixel electrode formed of the thin-film transistor
21 and a counter electrode thereof. The thin-film

15 transistor 21 has a source connected with each of the signal
lines 17-1 through 17-m, and a gate connected with each of
the scanning lines 16-1 through 16-n. A constant potential
Cs is applied to the other end of the storage capacitor 22.
A common voltage VCOM is applied to the counter electrode of

20 the liquid crystal capacitor 23.

The pixel circuits with a basic circuit configuration
have been described herein, by way of example, but are not
limited thereto. For example, the pixel circuits each

| having a memory may support the mixture of normal display by

25 analog image signals and still image display by digital




exanple, a shift register or the like, and sequentially supplies a
scanning pulse to the scanning lines 16-1 through 5 16-n ofl0tMey po0éel unit
11 so as to sequentially select the pixel circuits in units of rows for .
vertical scanning. In this exanple, the vertical driving circuit 12 is

pl aced only at one side of the pixel unit 11; however, vertical driving
circuits may be placed at both right and left sides of the 10 pixel unit
- 11. Advant ageously, the vertical driving circuits placed at both the right
and left sides can prevent a delay-of the scanning pulse transmtted to
the pixel circuits in units of rows by the scanning lines 16-1 through
16-n. 15 In the liquid crystal di spl ay apparatus according to this

enbodi ment, the S|gnal (ines 7-1 thrqugh 17-n1of the liquid crystal
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pixel circuits in units of rows for vertical scanning. In
this example, the vertical driﬁing circuit 12 is placed only
at one side of the pixel unit 11; however, vertical driving
circuits may be placed at both right and left sides of the

10 pixel unit 11. Advantageously, the vertical driving
circuits placed at both the right and left sides can prevent
a'delay of the scanning pulse transmitted to the pixel
circuits in units of rows by the scanning lines 16-1 through
l6-n.

15 In the liguid crystal display apparatus according to
this embodiment, the signal lines 17-1 through 17-m of the
liquid crystal display panel 15 are driven according to a
selector driving method (time-division driving method). For
this purpose, a plurality of adjacent signal lines 17-1

20 through l7¥m are grouped in the pixel unit 11. 1In an
example where the liquid crystal display panel 15 is color-
compatible and includes, for example, B (blue), G (green),
and R (red) pixel circuits repeated in the horizontal |
direction, every three (B, G, and R) adjacent lines are

25 grouped in the signal lines 17-1 through 17-m. In other




‘Col or inmage signals corresponding to m3 channels with respect to the m
signal lines 17-1 through 17-mare supplied 5 to the sel ecitlOdviag20@uit 13
froma driver 1C 18 external to the liquid crystal display panel 15. That
is, the driver 1C 18 outputs B, G and R signals in a tinme-series manner,
whi ch are supplied on each channel to three corresponding signal |ines of
.each group. The selector circuit 13 time 10 divisionally sanples the
time-series signals output for each channel fromthe driver IC 18 to
sequentially supply the signals to-tBe-three signal |ines of each group.
Fig. 3 is a diagram show ng the concept of the three- tinme-division-driving
selector circuit 13. As is apparent 15 fromFig. 3, the selector circuit

13 i ncl ygdesyselggtor, - h =K _ ): r ng to the
Sspect | EUT WS b G hR - i A0 BRI,
connect gg.{hgiqveen one output line of the drlver | C 18 and three si gnal

|l i nes of each group and is formed of three 20 anal og switches SW, SW2, and

SVB for tinmecdhyi-sipaakl glgﬁamgl bagréglggﬁa§naueelm¢§' &Haﬁﬁslgh»ry@éhs' gnal
| ines. When signals for thfree B, G and R piXels are output in

time- seri@Hd@NRY the ane i gfﬂaQUtllhleBelbLthh%u%H Y &Ll Qrelgupbm§e§ G and
R tinme-series signals are stributed and 25 supplied in turn to the three

si gnal ldoemeacereditdg ica ridhe t103MayoR0864ril8r ticmesdixieiranldebvi ng based
on the three analog switches SW, SW2, and SWB. The three anal og sw tches
SWL, SWEheandq@WBl crystal display panel 15. That is, the driver IC
'18 outputs B, G, and R signals in a time-series manner,
which are supplied on each channel to three corresponding
signal lines of each group. The selectbr circuit 13 time-—
10 divisionally samples the time-series signals output for.each
channel from the driver IC 18.to sequentially supply the
'signals to the three signal lines of each group.
Fig. 3 is a diagram showing the concept of the three-
time-division-driving selector circuit 13. . As is apparent
15 from Fig. 3, the selector circuit 13 includes selectors 13-1
through 13-k (k = m/3) corresponding to the respective
output lines of the driver IC 18, and each selector is
connected between one output line of the driver IC 18 and
three signal lines df each group and is formed of three
20 analog switches SW1l, SW2, and SW3 for time—di&isionally
sampling signals supplied to the three signal lines.
When signals for three B, G, and R pixels are output in
a time-series manner to one output line from the driver IC
18, the B, G, and R time-~series signals are distributed and

25 supplied in turn to the three signal lines according to the




are sequentially turned on (closed)/off (open) by selector pulses SELB,
SELG and SELR 5 The feature of the present invention is aOdderi
structure of the DC-DC converter 14. The structure and operation of the
DC-DC converter 14 are described below. A power supply voltage used in a
circuit incorporated in the |liquid crystal display panel 15 is herein
referred to as an 10 internal circuit power supply voltage (VDD). [First
Circuit Exanple of the DC-DC Converter] Fig. 4 is a circuit diagram show ng
a specific circuit exanple---f-i-rs-tocircuit ex-anple) of the DC DC
converter 14. 15 As is apparent fromFig. 4, the DC-DC converter 14
according to this circuit exanple includes a charge punp circuit 31, a
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circuit 3 S. r t | | n | MOS
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generator 34 via an AND circuit
structure of the DC-DC converter 14. The structure and

operation of the DC-DC converter 14 are described below. A
power supply voltage used in a circuit incorporated in the
liguid crystal display panel 15 is herein referred to as an

10 internal circuit power supply voltage (VDD).

[First Circuit Example of the DC-DC Converter]

Fig. 4 is a circuit diagram showing a specific circuit
~example—{first circuit example) of the-DC—DC~converter-14;

15 As is apparent from Fig. 4, the DC-DC converter 14 according
to this circuilt example includes a charge pump circuit 31, a
voltage dividing circuit 32, and a regulation circuit 33,
The configuration and operation of these circuit components
.are described in detail below.
20 {Charge Pump Circuit Configuration)

First, the configuration of the charge pump circuit 31
is described. The charge pump circuit 31 includes a p-
channel MOS transistor Qpll, an n—-channel MOS transistor
Onll, capacitors Cl1 and Cl2, a diode D11, an n—-channel MOS

25 transistor Qnl2, p-channel MOS transistors QplZ and Qpl3,




In the charge punp circuit 31, the p-channel MOS 5 transistor Qll and the
n-channel MOS transistor Qnll are connected in series betviddvlanP0dont er nal
circuit power supply VDD and a ground (GND), and the gates of these
transistors are conmonly connected, thereby formng a CMOS inverter. A
first end of the capacitor Cl1 is connected with a cormmon 10 drai n node of
the MOS transistors nll and Qll. The n-channel MOS transistor 12 has a
drain connected to a second end of the capacitor Cll, and a source
connected to a circuit output termpaliOJT. The | oad capacitor C13 is ---
connected between the circuitoutput term nal OUTandthe 15 ground. The

p- channel MOS transistor pl2 has a source connected to the second end of

trans, ot G Tnlrdribegiis L & b TEH 1y U A S 6 tur ned on
gatos.  orT eSS  HhBAR SR TR TE TR RPRE (I B g e
node o AP MBLANSA Sk AN Do e at) ods Dl b an anode
Vol tage. 10" My 2006 AT RERPY EA e e arce B TRETMAS Pransi ot ors onl2
and @12 yphenstde grcudy ithd Hldmiet: Ty MRS iandsion 1Qeld has
connected in series between an internal circuit power supply
VDD and a ground (GND}, and the gates of these transistors
are commonly connected, thereby forming a CMOS inverter. A
first end of the capacitor Cll is connected with a common
10 drain node of the MOS transistors Onll and Qpll.
The n-channel MOS transistor ©Onl2 has a drain connected
to a second end of the capacitor C1l1, and a source connected
to a circuit output terminal OUT. The load capacitor Cl13 is
o CORBECEOd - hetween the circuit output terminal QUT..and the. ... .
15 ground. The p-channel MOS transistor Opl2 has a source
connected to the second end of the capacitor Cli, and a
drain connected to the ground. The MOS transistors 0Onl2 and
QOpl2 serve as switching devices which are turned on
(conduct) when a switching pulse described below is applied
20 to the‘gates.
A first end of the capacitor Cl2 is connected to the
common gate node of the MOS tramsistors Onll and QOpll. The
diode D11l has an anode connected to a second end of the

capacitor Cl1l2, and a cathode connected to the ground. The

25 diode D11 functions to diode-clamp a sWitching pulse voltage




a source connected to the second end of the capacitor Cl2, and a drain
connected to the ground. 5 A clanp pul se clp generated by &aodiiaypOgsul se
generator 36 is supplied to the gate of the MOS transistor Ql3 via a

| evel shifter 37. Wien the clanmp pulse clp is applied to the gate of the
- MOS transistor Ql3, the MOS transistor 13 functions to clanp the
switching pul se voltage applied to 10 the gates of the MOS transistors (nl2
and @12 to a ground voltage GND. G ven that an internal circuit power
supply voltage VDD indicates the posjfjive power supply voltage and a
circuit output voltage VSS led to the circuit output termnal OUT 15

i ndi cates the negative power supply voltage, the level shifter 37

| evel -shifts the clanp pulse of a first anplitude voltage (VDD OV)
generatéﬂﬁﬂff¥héxb¢§@pgﬁ&@§e0§éﬁ@ﬁaﬁ@ﬁ 3$sangd stREscRadg pifsBrdf a second

anplitude vol tage and supplies the resulting pulse to the gate
of the PR dfsniet CM% tllsaﬁé‘:‘nl&érteéolsTh?hi‘“QSeﬁ&}Pé%Sft%é R}Sch?ﬁg _

cperati gy %Iﬁlftéﬁheﬁ@@?%ﬁ%oﬁtmﬁéei%%%é%ﬁgraﬁ@o i thif cabogttppecir ! !
above- desc d structure is g i_bed be|OM/ When the 25 power supply is
Urned G e aRe CEPPEGEeS 557 EREr GPBHRE 10 Nay 2006 - 13" the of ook

pul sg generaaeg\k%{% B8 chj;p pg%g&&@@&f@}s Of Sfark pSHPP! &I AR SWi tching

pul se via the
36 is supplied to the gate of the MOS transistor Qpl3 via a

level shifter 37. When the clamp pulse clp is applied to
the gate of the MOS tramsistor 0pl3, the MOS transistor Qpl3
functions to clamp the switching pulse voltage applied to

.10 the gates of the MOS transistors QnlZ2 and QOplZ to a ground
voltage GND.

Given that an internal circuit power supply voltage VDD

indicates the positive power supply veoltage and a circuit
output voltage VSS led to the circuit output terminal OUT

15 indicates the negative power supply voltage, the level

shifter 37 level-shifts the clamp pulse of a first amplitude
voltage (VDD-0V} generated by the clamp pulse generator 36
to the clamp pulse of a second amplitude voltage (VDD-VSS5),
and supplies the resulting pulse to the gate of the p-
20 channel MOS transistor Qpl3. This ensures the switching

operation of the p—chanﬁei MOS transistor Qpl3.
(Charge Pump Circuit Operation)

The cperation of the charge pump circuit 31 of the
‘above—desc;ibed structure is described below. When the

25.  power supply is turned on (when the circuit is initiated),



the output potential of the capacitor Cl2 based on the switching pulse is
first clanped to a potential whose level 5 is shifted by tH&Map2¥6D11 by a
threshold voltage Vth of the diode D11 fromthe ground | evel. \Wen the
switching pulseisin alowlevel (0 V), the p-channel transistors Qil
and Q12 conduct, thus causing the capacitor Cl to be charged. The
n-channel MOS transistor Onll does not conduct 10 at this tinme, and the
potential at the comon drain node of the MOS transistors Qll and nll
becones the VDD | evel. Then, when thé3swi tching pul se goes to the high

| evel (VDD |level), the n-channel MOS transistors Qnll and Qnl2 conduct,
and the potential at the common drain node of the 15 MOS transistors Qll

and nl | C tlg;‘g o) e ?995:%}!. I, at: £ he
out put _e%lggo% tEe cap%%i#%@é%ﬁgé blgékgoérlr%% ?ﬁée)dz (}%E)lél'%v% : !dslap394?§rls{i al
(- VDD) 'éu;%@@ﬁ_‘}iélf 8 SH{CMin®UbhPile W 4 a0 Viom fEOm e 3 F glfd out put
t er m nal via the n-channel 'MOS transistor Onl12. 20 Then, Wpen_ t he
circuit opd RUitiRl tRAGEMSS T | SEStHO SQil-1 193¢t etz (W, tdie dnd tiation

process ends), the level shifter 37 starts operating to |evel-shift the

clanp puwe-ddihg Wiensd hes | evedt shidiia 36 o HPdsemParatimge tiheegl amp
pulse clp of the anplitude voltage VDD OV generated by the clanp 25 pul se

genegat ofs 3hifxd@Ewst -3 fdiedidpihey evalh:sidder Wi thydVaen20¢6 - 14 to
the clanp pul se of the anplitude voltage VDD-VSS, and is then applied to
t he gat etif dikelepDalameim Mie tgmngidstietvel. When the switching
pulse is in a low level (0 V), the p—chénnel transistors
Opll and Qpl2 conduct, thus causing the capacitor Cll to be
charged. The n-channel MOS transistor Qnll does not conduct
10 at this time, and the potential at the common drain node of
the MOS transistors Qpll and Qnll becomes the VDD level.
Then, when the switching pulse goes to the high level
(VDD level), the n-channel MOS transistors Onll and Onl2
conduct, and the potential at the common drain node ¢f the
15 MOS transistors Qpll and QOnll becomes the ground level (0 V),
| so that the potential at the output end of the capacitor Cl1
becomes the -VDD level. This potential (-VDD) is led as the
circuit output voltage VSS from the circuit output terminal
OUT via the n-—channel MOS-transistor Oonl2.
20 Then, when the circuit output voltage VSS rises to some
extent (when the initiation process ends), the level shifter
37 starts operating to level-shift the clamp pulse clp.
When the level shifter 37 starts operating, the clamp pulse
clp of the amplitude voltage VDD-0V generated by the clamp

25 pulse generator 36 is level-shifted by the level shifter 37




Q13 when appropriate. The low |l evel of the clanp pul se corresponds to the
5 circuit output voltage VSS, that is, the -VDD | evel, whi df Meng2d@es t hat

t he p-channel MOS transistor Q13 conducts. This causes the potential of
the anode of the diode DIl to be clanped to the ground | evel rather than
the potential shifted by the threshold voltage Vth of the diode DI from
10 the ground |l evel. Thus, during the |ater punping operation, a
sufficient driving voltage can be supplied to, in particular, the

p- channel MOS transistor ol 2. Therefone, a sufficient switching current
can flowin the p-channel MOS transistor 12, thus ensuring stable DG 15
DC conversion with high conversion efficiency Since a sufficient sw tching

Cranet S5 G folb%% Ppi?lg%“ A iR P B R TS - 98 Sachi eved

with a gmall CI t IS ef f ect renarkabl cuIarI 20 when
transistt}r ? t%teesl?dﬁd: olqaﬁ?mﬁa@gﬁr 5‘51 TS (thin-film
transi st rs? -y ro { tage Dividing Grcuit Configuration) Next, the
configuration o VoI T age dividing circuit 32 is described. As is

appar ent frogh 1efv@ti KR! HRdee 2t dEndoslehag2 L nepudes

vol t age- di vi reS|stors connéc in series

Wi t hseach QLher, 1%2%115‘@&1%9%9 vs%ev't%%% GNeGled vl $8LLES WhiRnt he

reS|stors R1 an
ensures that the p-channel MOS transistor Qpl3 conducts.

This causes the potential of the anode of the diode D11 to
be clamped to the ground level rather than the potential
shifted by the threshold voltage Vth of the diode D11 from
10 the ground level. Thus, during the later pumping operation,
a sufficient driving voltage can be supplied to, in
particular, the p-channel MOS transistor Qpl2.
Therefore, a sufficient switching current can flow in
the p—-channel M0OS transister Qpl2, thus ensuring stable DC-
15 DC conversion with high conversion efficiency. Since a
sufficient switching current can be obtained without
increasing the size of the p-channel MOS transistor 0Opl2, a
large current capacity DC-DC converter can be achieved with
a small circuit. This effect is remarkable particularly
20 when transistors having a large threshold voltage Vth, such
as TFTs (thin—film transistors), are used.
{(Voltage Dividing Circuit Configuration)
Next, the configuration of the voltage dividing circuit
32 is described. As is apparent from Fig. 4, the voltage

25 dividing circuit 32 includes voltage-divider resistors R1




such as p-channel MOS transistors 21 and 22. The p- channel MOS

transi stor Q21 is connected between a reference 5 potenti di0 May2806(in this
exanple, the internal circuit power supply VDD) and one end of the
resistor RL. The p-channel MOS transistor 22 is connected between one
end of the resistor R2 and the circuit output termnal QUT. In this
exanple, in the voltage dividing circuit 32, 10 the voltage-di vider
resistors R and R2 are designed so as to have an equal resistance. \Wen

t he negative power supply voltage VS&led to the circuit output term nal
QUT becones the -VDD |l evel, the voltage-divider point P between the

vol t age-di vider res-istors-RlL and R2 has a potential of 0 V 15 (ground

level). It is to be noted that the resistances,of the vol. -di vi der
resi st o RRZGFPIREHSE ndt ﬁﬁ&%%%épﬁﬁyeﬁé%ﬂﬁah%ﬁkfi ysgé%ggg?gs required.

The voltage dividing circuit 32 .,is active,to per.for I epdi vision only
for a cElaVAGeHEABFTES it SHRFiSTH ¥ 20" \?brﬂechrpet lés'%ﬁ-@ghg{gnéﬁgl\/gg't ransi st ors

Q@21 and 22 are conductipg., .The p-cghann r ISt 0 2l and 22
e o DR AR et OB o, &

recei ve S se e by "an” enabl e pul se
0512 Sl R IS0 BB p Tl olehEn ngesetthoeny
COMUCE 50 st 1639 0k 200 ol 190 hodh Ol eauk padspeconss
supply VDD) and one end of the resistor RI. The p-channel
MOS transistor Qp22 is connected between one end of the
resistor R2 and the circuit outputrterminal QuT.
In this example, in the voltage dividing circuit 32,
10 the voltage-divider resistors R1 and RZ are designed so as
to have an equal resistance. When the negative power supply
voltage VSS led to the circuit output terminal OUT becomes
the -VDD level, the voltage—-divider point P between the
- voltage-divider resistors Rl and R2Z has a potential of 0 V.
15 (ground level). It is to be noted that the resistances of
the voltage-divider resistors Rl and RZ are not necessarily
equal, and may be set as required.
The voltage dividing circuit 32 is active to perform
voltage division only for a certain period of time during
20 which the p-channel MOS transistors Qp2l and Qp2Z are
conducting. The p-channel MOS transistors Op21 and Qp22
receive via the gates an enable pulse enb generated by an
enable pulse generator 38 and supplied via a level shifter

39. When the enable pulse enb is applied to the gates, the

‘25  p-channel MOS transistors Qp2l and Qp22 conduct so that the




pul se generator 34 has a period of 2H (H denotes the horizontal scanning
period), as depicted in the timng chart 5 of Fig. 5, the did¥ae2@il se enb
is generated fromthe enable pulse generator 38 at intervals of 1H The
enable pulse enb is in the lowlevel only for a certain period of tine
during the 1H period. The enabl e pul se enb causes the MOS transistors Q21
and Qp22 to conduct in this lowlevel 10 period, thereby naking the
voltage dividing circuit 32 active. Gven that the internal circuit power
supply voltage VDD represents the paqg tive power supply voltage and the
circuit output voltage VSS led to the circuit output 15 term nal OUT
represents the negative power supply voltage, the |level shifter 39
| evel -shifts an enagle pul. se of first anplitude voltage (VDD OV)
gener atgagﬁﬁg?h@\lﬁh bPe ﬁﬁFgBltggﬁekﬁF‘aﬁ“e%gg?Bl‘éﬁ enabl e pul se of a second
anplitude vpltage (VI VS%% d supplies the resyltin Jlse to.the 2-0
gates of the T RHAhTANER 1% (A0SR Ll 2 SR oed H ohe &% i n a
sufficient _driving voltage to the p:chan e% I\/E? transist.ors Q21 and 22,
Chus. ernStiTRGITHE RYPE chf B Soperation Chetbor? (HEIRRIEn O cui
Config i %? 'Q_gll 5 figuratlio { egul at i on.circuit 33
10 I\/ayu};(g%%g&)li %:és es%?i%ggad%gﬁg’ !%ga%é Jr'(g%%&fjflgﬁ%rﬁ gtﬁrﬁi,‘{‘-{ hcehar%tgul ation
cireuit,83pjnclqdes, @ sYLEDI Hg JEVLLE FUCHAS & di VM ne enable

pulse generator 38 at intervals of 1H. The enable pulse enb

is in the low level only for a certain period of time during

the 1H period. The enable pulse enb causes the MOS

transistors 0Op2l and Qp22 to conduct in this low-level

10 period, thereby making the voltage dividing circuit 32
active.
Given that the internal circuit power supply voltage
VDD represents the positive power supply voltage and the
circuit output voltage VSS led to the circuit output
15 terminal OUT represenits the negative power supply voltage,

the level shifter 39 level-shifts an enable pulse of a first

amplitude voltage (VDD-0V) generated by the enable pulse

generator 38 to an enable pulse of a second amplitude

voltage'(VDD—VSS), and supplies the resulting pulse to the
20  gates of the p-channel MOS transistors Qp21 and Qp22. This

results in a sufficient driving voltage to the p-channel MOS

transistors Qp2l and Qp22, thus ensuring the switching

operation thereof.

{Regulation Circuit Configuration)

25 Finally, the configuration. of the regulation circuit 33




MOS transi stor 31, a sanple-and-hold (S/H) circuit 40, a conparator 41,
and the above-described AND circuit 35. 5 In the regul ati onlOdviag20®6 33, the
p-channel MOS transistor Q31 is connected between the voltage-divider
point P of the voltage dividing circuit 32 and a non- inverting (+) input
term nal of the conparator 41, and receives the above-noted enabl e pul se
enb via the gate. The 10 MOS transistor Q31 conducts for a period when the
voltage dividing circuit 32 is active to transmt the divided voltage
obt ai ned at the voltage-divider pointlP to the sanple-and-hold circuit 40
and the conparator 41. The sanple-and-hold circuit 40 holds the divided 15
voltage transmtted via the MOS transistor Q31 until the next tinme the

MOS transi $- JRla conguct ,%@%%@tmw%ﬁ supild eSedidr 4@ dhe

non-inverting I nput termna conparator 41. The conparator 41 has

an i nverdiing (¢ )34 N1 ud&s M Naks £ oh WY i defarancss wlg-agtuddd this
exanpl e, the 20 ground level) is applied, and is active when the MOS

transi stpys Qhconductgoand 4 haagdh vd-dadivel taoes abt alinediiat ad he

vol t age-di vider point P of the voltage dividing circuit 32 is supplied to

the CoMpam0atdbk R tdiel MIR tdmnsd-sdedcr i@l AN dihaduitthesdi vi ded vol tage
is conpared with the 25 reference voltage. Wen the divided voltage exceeds

the 40 May 2066thel&egieberienceivrettiages,t htehpghhbavell mospari son result
is supplied to the AND circuit 35 as a gate control signal

transistor Qp3l is connected between the voltage-divider
point P of the voltage dividing circuit 32 and a non-—
inverting (+) input terminal of the comparator 41, and
receives the above-noted enable pulse enb via the gate. The

10 MOS$S transistor Qp3l cbnducts for a period when the voltage
dividing circuit 32 is active to transmit the divided
voltage obtained at the voltage—divider peoint P to the
sample—and-hold circuit 40 and the comparator 41.

The sample-and-hold circuit 40 holds the divided

15 voltage transmitted via the MOS transistor QOp3l until the
next time the MOS transistor 0Op3l conducts, and continuously
supplies it teo the noﬁ—inverting input terminal of the
comparator 41. The comparator 41 has an inverting (-) input
terminal to which a reference voltage (in this example, the

. 20 ground level) is applied, and is active when the MOS

transistor Qp3l conducts and the divided voltage obtained at
the voltage-divider point P of the voltage dividing circuit
32 is supplied to the comparator 41 via the MOS transistor
Op31, so that the divided voltage is compared with the

25 reference voltage. When the divided voltage exceeds the




thereof. (Regulation Circuit Operation) 5 The regul ati on operation of the
regulation circuit 33 of the above configuration is descrilbedajp2l06w. As
depicted in the timng chart of Fig. 5 the low level time (t1l through t3)
of the enable pulse enb during a period of 1His called the regul ation
time. Furthernore, 10 the tine froma fall time tl of the enable pulse enb
toa transitiontinme t2 of the clock pulse ck is called the pre-
conparison tinme in the conparator 41, and the time fromthe transition
time t2 of the clock pulse ck to a rigg time t3 of the enable pulse enb is
called the conparing tinme of the 15 conparator 41. It is assuned that the
clanp pulse clp is generated during the lowlevel tinme (tl through t3) of
the enable pulse enb. First, the valtage dividing circuit 32 is active for
t he reg&ﬁéﬁnﬁQQﬁ|%9¥H%§?¢tﬁ?QHﬂﬂﬂhiﬁﬁﬂ%iaQQWEaFéspéerﬁﬁétalsZO di vi ded

vol tage corresponding to the potential of the circuit Qutput term nal OUT

i s obt afHER At e $%@t§@@-QﬁRﬁW%E'%&o@ﬁtanéFetﬁ8n$6Pﬂa&égﬁﬁ iding circuit
32. When. the negative output voltage VSS obtained at the circuit out put

t er mi nal*™"&5f°does not reach the -VDD I evel that is 25 the target voltage,

t he vol tage-divider, poinf.P ha 10 006 - 19 potential higher than
‘the 0 V (groghﬁng3E$?? é&rFH?g Spﬁﬁagg%% non-inverting input voltage (the

5 The regulation operation cf the regulation circuit 33
of the above éonfiguration is described below.
As depicted in the timing chart of Fig. 5, the low-
level time (t1 through t3) of the enable pulse enb during a
period of 1H is called the regulation time. Furthermore,
10 the time from a fall time tl of the enable pulse enb to a
- transition time t2 of the clock pulse ck is called the pre-
comparison time in the comparator 41, and the time from the
transition time t2 of the clock pulse ck to a rise time t3
of the enable pulse eﬁb is called the comparing time of the
15 comparator 41. It is assumed that the clamp pulse clp is
generated during the low-level time (tl through t3) of the
enable pulse enb.
First, the voltage dividing circuit 32 is active for
the regulation time when the enable pulse enb is low, and a
20 divided voltage corresponding to the potential of the
| circuit output terminal OUT is obtained at the voltage-
divider point P of the voltage dividing cixcuit 32. When
the hegative output voltage VSS obtained at the circuit
oﬁtput terminal OUT does not reach the -VDD level that is

25 the target voltage, the voltage-divider point P has a




vol tage of the voltage-divider point P) is over the inverting input

vol tage (ground level) , and the conparator 5 41 supplies tlRé2006l eve
conparison result to the AND circuit 35. Then, the AND circuit 35 supplies
the clock pulse ck to the charge punp circuit 31. In synchronization wth
the cl ock pul se ck, a punping operation is performed in the charge punp
circuit 31. The sequence of operations is 10 repeatedly perforned every 1H
period. Finally, the negative output voltage VSS reaches the target -VDD

| evel voltage. When the negative outijput- vol tage VSS reaches the target
-VDD | evel voltage, the potential of the voltage-divider point P beconmes O
V (ground level). At this tinme, the non- 15 inverting i nput voltage (the
vol t age 2_yolt di_yi er.,R0oiyN i q the inverting input
voltage ?3?§E§8¥ k&gg?f lt¥lag]d t%eocg Qr nS Z%L upplies the | owl evel
conparison r CiLLEU e t 35 stops
suppl yi ng thgéc %%io%% %eAHE t%Bﬁh%ﬁgﬁargég Q%Ppunp CIF%UI{ﬁg% In this
way, th@o!@h&;@g@fdtﬁbdbegtﬁb'é(lﬁ'l’irlggr ?Miﬁ‘ésp)“ﬂ@ diytlerpoce between the
circuit outpdt voltage VSS “obtained a circuit output termnal OUT and

the 'ntﬁﬁ@éktlﬁgrEﬂbﬁtpgﬂﬁ&aéﬁpﬁb¥oMﬁht@Q@eYPD,aBBetﬁgnpéﬁﬁéﬁﬁtéﬁ conpar es
25 the divided voltage obtained at the vol tage-divider point P 10 May 2006

- 2@ oh1tBepMOLtagendi Mh%‘hnme%&cabﬂxpg@l%ﬁhréglﬁlfetsr@ﬂgemwoltage (in
this exanple, the ground level), and, based on

-circuit 35. Then, the AND circuit 35 supplies the clock

pulse ck to the charge pump circuit 31. 1In synchronization

with the clock pulse ck, a pumping operation is performed in

the charge pump circuit 31. The sequence of operations is
10 fepeatedly performed every 1H period. Finally, the negative
output voltage VSS reaches the target -VDD level voltage.

When the negative output voltage VSS reaches the target

-VDD level voltage, the potential of the voltage-divider

ﬁoint P becomes 0 V (ground level). At this time, the non-
i5 inverting input voltage {(the voltage of the voltage—-divider

point P) is equal to the inverting input voltage (ground

level), and the comparator 41 supplies the low-level

comparison résult to the AND circuit 35. Then, the AND

circuit 35 stops supplying the clock pulse ck to the charge
20 pump circuit 31.

In this way, the voltage dividing circuit 32 divides
the difference between the circuit output veltage VSS
obtained at the circuit output terminal OUT and the internal
circuit power supply voltage VDD, the cbmparator 41 compares

- 29 the divided voltage obtained at the voltage-divider point P



t he conparison result, the AND circuit 35 controls the supply of the clock
pul se ck (switching pulse) to the charge 5 punp circuit 31,10tMey 20086
operating the regulation circuit so that the circuit output voltage VSS
beconmes the target -VDD |evel voltage. In the DC-DC converter 14 of the
above configuration according to the present enbodi nent, the p-channel MOS
10 transistors 21, 22, and 31 are turned on/off based on the enable
pul se enb to make the voltage dividing circuit 32 and the conparator 41
active only for the regulation time_ gpd_inactive otherwi se. This causes a
current to flowin the voltage-divider resistors RL and R2 and the
conparator 15 41 only for a certain period of tinme required for the

regul ati on operation, thus reducing the power consunption |oss caused by a
const antoEurhtefot taee | ¢l T HRIR®| ¢ugeiitdidg derth edistiffie®RrGNd R2 and t he
conparator_ 41. 20 [Second Crcuit Exanple of the DC-DC Converter] Fig. 6 is
a bl ock W% SHoviFhgs afreele ci traidrowmtani e se it H13566 CRexanypl e)

of the DC-DC converter 14. _In Fig. 6, equivalent portions to those shown
in Fig. WaremRivshimtetsbytt Heh s MY 1 aric & T FRBYIodS 3%eThe DC-DC
converter 14 according to the second circuit, 10 May 2006 - 21 exanple

i ncl udess¥R glﬂ‘ﬁtt’r fh ThSuiRv P Gﬂ‘avﬁsﬁ"g‘té:hdi“fgf e% EEnfPGuERBFER from

that Jof the Legulatl o olney & 33U, Tt ShasioPQTRLs, 80 ot her

that the circuit output voltage VSS becomes the target -VDD

level voltage.
In the DC~DC converter 14 of the above configuration
according to the present embodiment, the p—channel MOS
10  transistors Qp2l, Qp22, and Qp3l are turned on/off based on
the enable pulse enb to make the voltage dividing circuit 32
and the comparator 41 active only for the regulation time
and inactive otherwise. This causes a current to flow in
the voltage—-divider resistors Rl and R2 and the comparator
15 41 only for a certain period of time reguired for the
- regulation operation, thus reducing the power consumption
less caused by a constant current flow in the voltage-

divider resistors Rl and RZ and the comparator 41.

20 [Second Circuit Example of the DC-DC Converter]
Fig. 6 is a block diagram showing another circuit
example (second circuit example) of the DC-DC converter 14.
In.Fig. 6, equivaleht portions to those shown in Fig. 4 are
designated by the same referenée numerals.

25 . The DC-DC converter 14 according to the second circuit.




converter 14 is the sanme. In the regulation circuit 33" in 5 this circuit
exanpl e, the sanple-and-hold circuit 40 is |ocated after tibeMao2gier at or
41, which is different fromthe first circuit exanple in which the
sanpl e-and-hold circuit 40 is |ocated before the conparator 41.
Specifically, in the regulation circuit 33 in the first 10 circuit

exanpl e, the divided voltage obtained fromthe voltage dividing circuit 32
is held by the sanple-and-hold circuit 40; whereas, in the regulation
circuit 33" in the second circuit exahpte, the conparison result of the
conparator 41 is held by the sanple-and-hold circuit 40. 15 The only
difference is this point, and there is no difference in circuit operation

f | a3 in I T yn] f
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eqU|vaIent p ons to those own In 6 are designated by the sane

ref erencg AUMRral S, 5 £ s dl 10 %Hf&’%ttr%rr %ﬁ%@ﬂﬂw Q£ he et icr@eci reuit
exanpl e includes 25 a regulation circuit 337" having a different

confi gUIRH WL MaYy 20Q%he sbéne fTom thal 1Qiguhiha iegWialc@R gncypt 33" in

the second circuit exanple, and other conflguratlon of the DC-DC
tCﬁin\S@rtQ;rmM discdilie: s3@np19PeaiHd Galnpl.e-lamd-h@ e @idlratiien 40i Gguit 33" in
located after the comparator 41, which is different from the
first circuit example in which the sample-and-hold circuit
40 is located before the comparator 41.
Specifically, in the regulation circuit 33 in the first
10 circuit example, the divided voltage obtained from the
voltage dividing cifcuit 32 is held by the sample—and-hold
circuit 40; whereas, in the regulation circuit 33' in the
second circuit example, the comparison result of the
comparator 41 is held by the sample-and-hold circuit 40.
15 The only difference is this point, and there is no

. difference in circuit operation of regulation in the

régulation circuit 33'.

[Third Circuit Example of the DC-DC Converter]
20 Fig. 7 is a block diagram showing another circuit
example (third circuit example) of the DC-DC converter 14.
In Fig. 7, equivalent portions to those shown in Fig. 6 are
| designated by the same reference numerals. The DC-DC
.converter 14 according to the third circuit example includes

25 a regulation circuit 33'' having a different configuration




5 circuit exanple, for exanple, an n-channel MOS transistor n3l1l is used
as a switching device, and, for exanple, the clanp pul se dbMas20i$ed as a
sanpling pul se for the sanple- and-hold circuit 40. The other conponents
are basically the same as those in the second circuit exanple. The
sanpling 10 pulse for the sanple-and-hold circuit 40 is not l[imted to the
clanp pulse clp. In the DC-DC converter 14 according to the third circuit
exanpl e, the enable pulse of the first anplitude voltage (VDD OV)
generated by the enable pul se generatpz 38 15 is polarity-reversed by the
inverter 42, and is then applied to the gates of the MOS transistors Q21
and Qp22 of the voltage dividing circuit 32. The enabl e pul se of the

second anplitude vol tage (VDD \VSS) i.s |evel-shi.ft by the Jlevel shifter
39, and %o W%ﬁbﬁoité't?gtroeqlﬁg OF e r?—%hd‘r%%q‘e 2GMES transistor
M31. The conparator .41 can, have an off.set cancel |.ation.-function. The
of f set BN QT fretdh o%s 'y conffl'g%ra%flO%dé)tfg&h%ngcaﬁg cancel i ng an

a functi“on o
of fset, which.is likely.to b caused at an input of an anplifier that
typi cal ISV h1e4k2"59yctohr(repasreaa or, so that the offset may not appear at the

LBt 18 aekpBilRspatty LA robbectohcarmingsiharh befo show ng e
exa”B' €.l dihi %xtafn@l%g, GRAT toxfadlieTe o Fl nl-RGSHAS MOS transistor
On31l is used as a switching device, and, for example, the
clamp pulse clp is used as a sampling pulse for the sample-
rand—hold circuit 40. The other components are basically the
same as those in the second circuit example. The sampling
10 pulse for the sample-and-hold circuit 40 is not limited to
the clamp pulse clp.

In the DC-DC converter 14 according to the third
circuit example, the enable pulse of the first amplitude
voltage (VDD-0V) generated by the enable.pulse generator 38

15 is polarity-reversed by the inverter 42, and is then applied
to the gates of the MOS transistors Qp2l and Op22 of the
voltage dividing circuit 32. The enable pulse of the second
amplitude voltage (VDD-VSS) is level-shifted by the level
shifter 39, and is then applied to the gate of the n-channel

20 MOS transistor QOn31.

The comparator 41 can have an offset cancellation
function. The offset cancellation function is a function of
detecting and canceling an offset, which is likely to be
caused at an input of an amplifier that typically forms the

25 comparator, so that the offset may not appear at the output




5 the conparing time of the conparator 41 (which is equal to an active
period of the voltage dividing circuit 32 and the conparatioMé#ial006a ti ne
T2 indicates the sanpling tine of the sanple-and-hold circuit 40, and a
time T3 indicates the holding tinme of the sanple-and-hold circuit 40. 10
The circuit operation of the DC DC converter 14 according to the third
circuit exanple in the case where the conparator 41 has the offset

cancel lation function is described belowwith reference to the timng:
chart of Fig. 8. First, simlarly te 2he-previous circuit exanples, the 15
voltage dividing circuit 32 and the conparator 41 are active only for a
period of the tine Ti, and the conparison result of BhefcogparatorTgl i's
sanpl ed t sanpl e-and-hold circuit 40 for a period of the tine

du??ng Fﬁérfp%é Ti and is held for a period of the time T3 other than the

times 20 Ti d I2._The marator. 4l detects an offset fpr a certain
period of tiﬁgadugi%a ?hggﬁgﬁgi%%ngn%O?3%E?HéPgiEge For % peri od ot her

th th i ti J~_ 0T i ficall f.Qr period, of .ti me when
he"naBP S IBTEL" AR, oo gt e Bp So Rk B
whi ch t L,k I ti : . - o] : . ing tine
TZ!Cnnrggggg%F??§§%F§%'thg% %ﬁég€¥5§?g§ gQggghe%aﬁéggb$Et%ggéﬁggggpulse

gend at @he3dompardntheihel drouhButofbat-hecsanm! @5aRdrhoLdoGihLguly, 40 is
h | A

performed by the AND circuit 35, and the resulting |oca

an active period of the voltage dividing circuit 32 and the
comparator 41), a time T2 indicates the sampling time of the
‘sample—and-hold circuit 40, and a time T3 indicates the
holding time of the sample—and-hold circuit 40.

10 The circuit operation of the DC-DC converter 14
according to the third circuit example in the case where the
comparatbr 41 has the offset cancellation function is
described below with reference to the timing chart of Fig. 8.

First, similarly to the previous circuit examples, the

15 voltage dividing circuit 32 and the comparator 41 are active
only for a period of the time T1, and the comparison result
of the comparator 41 is sampled by the sample-~and-hold
circuit 40 for a period of the time T2 during the time T1
and is held for a period of the time T3 other than the times

20 Tl and T2. The comparator 41 detects an offset for a
certain period of time during the holding time T3, that is,
for a period other than the comparing time T1l, more.
specifically, for a peribd of time when the enable pulse enb
is in the low level.

25 A logical AND of a clock which transitions at a time




5 is supplied to the charge punp circuit 31 as a switching pulse. This
causes the charge punp circuit 31 to perform the punping dpevag 2006 usi ng
the I ocal AND of the clock which transitions at a time other than the
sanpling time T2 and the hold output of the sanple-and-hold-circuit 40. 10
In the above-described circuit exanples, the sanple- and-hold circuit 40 is
used as neans for holding the divided voltage obtained fromthe voltage
dividing circuit 32 or the conparison result of the conparator 41.

However, it is not limted to the sagpl e-and-hold circuit 40, and any

ot her 15 devi ce capabl e of holding the divided voltage obtained from the
vol tage dividing circuit 32 or the conparison result of the conparator 41
for a certain period of tine, such as a latch circuit or an SRAM may be
used. FUPERRF nbren thg %wh@n@emre@si%rmmuSr@eq:k@WJuageﬂm vi di ng
circuit 32 20 active only for a_certain period of tine are configured such
that the“p2chabikfe MES Ww%%rlgy e %WW%@ GeNFRiest et t o bot h

si des of the volt -divider resistors Rl and . However, the p-channel

MOS trar%ﬁl%t*b#lecss RYIBEE O the et ?rﬁ%él%b@%@&.%ﬁ. reuit

I th 2006 - h DC- DC t f
the hegdtTASVE ecﬁgé’,»ét@%déi’% T5pe S hAn e A Qe ot
xg: Eggg VSS é)gdlscu% cé“ based ogﬁh%ll nt naI Clﬁrﬁ"g |cthi%%wer suppl y

pulse. This causes the charge pump circuit 31 to perform
the pumping operation using the local AND of the clock which
transitions at a time other than the sampling time T2 and
the hold output of the sample—and-hold circuit 40.

10 In the above-described circuit examples, the sample-
and-hold circuit 40 is used as means for holding the divided
voltage obtained from the voltage dividing circuit 32 or the
‘comparison result of the comparator 41. However, it is not
limited to the sample—and-hold circuit 40, and any other

15 device capable of holding the divided voltage obtained from
the voltage dividing circuit 32 or the comparison result of

* the comparator 41 for a certain period of time, such as a
latch circuit or an SRAM, may be used. Furthermore,
switching devices for making the voltage dividing circuit 32

20  active only for a certain period of time are configured such
that the p-channel MOS transistors Qp2l and Qp22 are
connected to both sides of the voltage-divider resistors Rl
and RZ2. However, the p-channel MOS transistor Qp22 may be
omitted. |

25 In the above-described circuit examples, furthermore, a




5 voltage level is not limted to the -VDD | evel, and a charge punp DC- DC
converter of the positive voltage generation type that geriérdhe300s6
positive power supply voltage having a different voltage value fromthe
internal circuit power supply voltage VDD based on the internal circuit
power 10 supply voltage VDD nmay al so be applicable. In the above-descri bed
circuit exanples, furthernore, both the voltage dividing circuit 32 and
the conparator 41 are active only for a certain period of tine, thereby
reduci ng power consunption |oss. This2bs-the nost 15 preferable form and
one of the voltage dividing circuit 32 and the conparator 41 may be active
only for a certain period of time, thereby al so reducing t he power

consunpt 1,0 C I r supply 20
generatr%g T 3UII3 14 accordrng % Qﬁ%ggg g%%ﬁﬁégérrbg' Circuit exanpl es
is for ral |l |v I sel ect or
circuit %}ae%&lpe er aawr eég%)%ré%% tahgrlﬁ:léx urﬁllt?)wt V?Dégadglgl %Eg frame

region) on he S 1%%% et d | dfuid %r&%r@;'ald'ca@c%&tp ?’5 as is
apparent fromFig. 1. 10 May 2006 - 26 Since TFTs are 8 g

transi stafiscLfe i Q_s?(%ilsdﬁﬁéedllrbyﬂr:v BB eanpile Uﬁ%%e%rt h%h&r ansi stors
which constitute the DC DC converter 14, including the MOS '‘transistors
ol | 5t hraugh d113vd®3b fd22infdRds t@ldhe aRBD level, and a charge
| ‘pump DC-DC converter of the positive voltage generation type
that generates a positive power supply voltage having a
different voltage value from the internal circuit power
supply voltage VDD based on the internal circuit power
10 supply voltage VDD may also be applicable.
In the above—-described circuit examples, furthermore,
both the voltage dividing circuit 32 and the comparator 41
are active only for a certain period of time, thereby
reducing power consumption loss. This is the most
15 preferable form, and one of the voltage dividing circuit 32
and the comparator 41 may be active only for a certain
period of time, thereby also reducing the power consumption
loss.
The charge pump DC-DC converter (power supply
20 - generating circuit) 14 according to the above-described
circuit examples is formed integrally with the wvertical
driving circuit 12 and the selector circuit 13 in a
peripheral region of the pixel unit 11 (so-called frame
region) on the same substrate (liquid crystal display panel)

25 15, as is apparent from Fig. 1.




5 12 shown in Figs. 4 and 6, and the transistors which constitute the

| evel shifters 37 and 39, the sanple-and-hold circuit 40, @iday h@do
conparator 41, and at |east these transistor circuits may be manufact ured
using the same process as that of the pixel unit 11, resulting in sinple
10 and | ow cost production for formation of the DC-DC converter 14. In the
transistor circuits, the MOS transistors Qll and nll formng a CMOS
inverter are driven by the voltage OV-VDD. Therefore, it is not necessary
to isolate the other 15 MOS transistofg (including the diode DIl), which
require a high withstand voltage, if they are formed of TFTs, and they
can be easily manufactured in a sinple manner using the sane process as
that of the E[xel unit 11. In this case, the other transistor circuits,
etc., shoul dSBBCEOTRBA BFcaU869spPi BOREEhF PRI AEQEDHsPF atRe ¥ ¥®k ent from

exanpl e&i it Iondrgs Bidp SH9E. BE E6R0eFPer Do SREEOLaPRGE BOEG
e TR B TR S B,
o oxt ottt S Ra SRS T Re TGl BRiPyRBr L aPERr ayOBBbar SRLE: B mmy be
fo”@d P13 BN dherdltlenedha & oohhnenk! QuigscL¥stal 4l spl ay panel 15.
constitute the level shifters 37 and 39, the sample-and-hold

circuit 40, and the comparator 41, and at least these

transistor circuits may be manufactured using the same
process as that of the pixel unit 11, resulting in simple

10 and low-cost production for formation of the PC-DC converter

14.

In the transistor circuits, the MOS transistors Qpll

and Onll forming a CMOS inverter are driven by the voltage
0V-VDD. Therefore, it is not necessary to isolate the other
15 MOS transistors {(including the diode D1l), which require a
high withstand voltage, if they are formed of TFTs, and they
can be easily manufactured in a simple manner using the same
process as that of the pixel unif 11. In this case, the
other transistor circuits, etc., should be formed by a
20 silicon chip on a substrate different from the liquid
crystal display panel 15.
In the foregoing application examples, the charge pump
DC-DC converter 14 according to the above-described
embodiment is formed integrally with the pixel unit 11 on

25 the liquid crystal display panel 15. However, it is not



5 As is apparent fromthe foregoing description, it is nore advantageous
if the charge punp DC-DC converter 14 is integrally fornmedoda 26sane
substrate as the liquid crystal display panel 15. In addition, since the
charge punp DC-DC converter 14 according to the above-described 10 circuit
exanpl es can achieve a large current capacity with a small circuit, and is
significantly effective particularly when transistors having a | arge
threshold voltage Vth, such as TFTs (thin-filmtransistors),. are used,
the DC-DC converter 14 fornmed integra?y-with the pixel unit 11 on the 15
sanme substrate greatly contributes to a | owcost, thin and conpact
assenbly including the liquid crystal display apparatus. In the foregoing

nbodi h h
above- d”‘ﬁg%ﬁs%s%lém EFTesha &%@g—*ﬂ&%‘)”é%&ihe"’%%%%pwéei?u%pfy dener at i ng
cireuit Ve mabr iy L qund Grystal i splay . aRRar atys paving |iquid
crystal cgl s as glsﬁlay dévices (glectro opt i cal ég % pi xel s, by

vay of ﬁﬁgg-ﬁﬁg dehs 1 BE &rgsgetfo&aganahog gﬁbge&akgnygfe?£9n@n

applica crystal appar at uses,

appl i Ca?é@m ‘Eh%t e Euagt b)é?sjcgl'\/ms% aﬁ@l F@t rix display apparatuses
such as EL displ ay "appar atuses ng-e ectro m nescent (EL) devices as
pixed displays devigesredPerdbsPlRY BPPAMS BESOF bt 0 fthe present
more advantageous if the charge pump DC-DC converter 14 is
integrally formed on the same substrate as the liquid
crystal display panel 15. In addition, since the charge
pump DC-DC converter 14 according to the above-described
10 circuit examples can achieve a large current capacity with a
small circuit, and is significantly effective particularly
when transistors having a large threshold voltage Vth, such
as TFTs (thin-film transistors), are used, the DC-DC
converter 14 formed integrally with the pixel unit 11 on the
15 same substrate greatly contributes to a low-cost, thin and
compact assembly inéluding the liquid qrystal display
apparatus.
In the foregoing embodiment, the charge pump DBC-DC
converter according to the above-described circuit examples
20 is used as a power supply generating circuit in an active-
matrix liquid crystal display apparatus having liquid
crystal cells as display devices (electro—optical devices)
of pixels, by way of example.' However, the present
invention is not 1imi£ed to an application to liquid crystal

.25 - display apparatuses, and is also applicable to other active-




5 invention is suitable not only for a display of OA equi pnment such as
personal conputers and word processors, television receivadMa®Zisso on
but also for a display unit of portable term nal devices such as cellular
t el ephones and PDAs intended to size reduction or conpactness of the 10
overall devices. Fig. 9 is an external view schematically show ng the
structure of a portable term nal device, such as a cellular telephone,
according to the present invention. The cellul ar tel ephone according to
this exanple is 15 constructed such 4dhat, on a front surface of a device
case 51, a speaker unit 52, an output display unit 53, an operation unit
54, and a m crophone unit 55 are arranged in turn fromthe top. In the
cellular tel ephgone _of this structur%@ t he_out put display unit 53 is

P

i npl eneM3dd iy d4SP3 Ay GRRFTEYSER SyicdpPsy PhpPacRLay, *RRETERBSEF qui d
crystal display apparatus accaording to the above-descr.ibe enbodi nent is
used as‘%%h?dﬁ%}ﬁQFﬂaxﬂﬂﬁﬂe%ﬁQﬂﬁ é?lgpSEWéFﬁ§.aﬁc86?8'n8F§?gaﬁvantageously,
t he qug%ﬁ.cr stal display apparatus incorporating the DC DC converter

accordi he 25 above-described circuit exanples is used as the out put

10 May 2006 7 29 di;ﬁlaﬁ uni t 5§ of ar$Q£t ée ﬁerninaé devi ce such as a
fc p@?egFFy EERTFT BT e t 572 YW %%mer-consunption

cellular tele ﬁoﬂ%?p
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such as personal computers and word processors, television
receivers, and so on, but alsoc for a display unit of
portable terminal devices such as cellular telephones and
PDAs intended to size reduction or compactness of the
10 overall devices,

Fig. 9 is an external view schematically showing the
structure of a portable terminal device, such as a cellular
telephone, according to the present invention.

The cellular telephone according to this example is

15 constructed such that, on a front surface of a device case
51, a speaker unit 52, an output display unit 53, an
operation unit 54, and a microphone unit 55 are arranged in
turn from the top. In the cellular telephone of this
structure, the outpﬁt display unit 53 is implemented by a

20 liquid crystal display apparatus, and tﬁe liguid crystal

| display apparatus according to the above—described
embodiment is used as the liquid crystal display apparatus.

Accordingly, advantageously, the liquid crystal display
apparatus incorporating the DC-DC converter according to the

25 above-described circuit examples is used as the output




5 wth asmll circuit. In particular, the DC-DC converter can provide |ow
power. consunption |oss and high efficiency, thus achievi nd0nhiae2006ower
consunption, and the life of a battery as a nmain power supply can be
extended once it is charged. 10 Industrial Applicability As described
above, in a power supply generating circuit according to the present

i nvention, a display apparatus incorporating the sane, or a portable

term nal 15 device using the display apparatus as an output display unit,

at | east one of voltage dividing nmeand®and a conparator is active only for
~a certain period of tinme, thus making it possible for the conparator to
conpare voltages only for this active period. In other words, the voltage

dividin . t - i e.peri od when
Ri g%&d;e%@% & MY @Fsadeh ‘éfél\ﬂ@ey hi®h LRkeap

the volta re conpare t he conparator an nactive othermnse

Ther ef org,1 1h1& PQUET e mmﬂm | 485, 1Qqused, i pdthe el taag%wd' viding means
and the-conparator can be reduced.” 10 May 2006 - 30 CLAIMS 1. A power

supply gehRiald g g el S dniag: dﬁ%ﬂﬂ%& RérmifRangelQter 8R8AEI NQ

charging and 5 di schargi ng operations |n synchroni zation with a cl ock

pul se; w RS didd i dRanm fhidive di NG 3R eubRYhtvekbagety

5 with a small circuit.. In particular, the DC-DC converter
can provide low power consumption loss and high efficiency,
thus achieving lower power consumption, and the life of a
battery as a main power supply can be extended once it is
charged.
10
Industrial Applicability
As described above, in a power supply generating
circuit according to the present invention, a display
apparatus incorporating the same, or a portable terminal
:15 device using the display apparatus as an output display unit,
at least one of voltage dividing means and a comparator is
active only for a certain period of time, thus making it
possible for the comparator to compare voltages only for
this active period. In other words, the voltage dividing
20 means and the comparator are active only for the period when

the voltages are compared by the comparator and inactive
otherwise. Therefore, the power consumption loss caused by

- the voltage dividing means and the comparator can be reduced.




of the charge punp neans; regul ation neans, having a conparator for
conparing the 10 divided voltage obtained fromthe vol t agéOdlay 206g neans
with a reference voltage, for controlling the supply of the <clock pulse to
t he charge punp neans based on the conparison result of the conparator;
~and control means for making at |east one of the voltage 15 dividing neans
and the conparator active only for a certain period of time. 2. A power
supply generating circuit according to claim1l, wherein the control neans
makes the voltage dividing neans an®&Qhke conparator inactive for a period
ot her than the 20 period when the voltages are conpared by the conparator.
3. A power supply generating circuit according to claiml1, wherein the

vol tage dividing neans includes VO%%;Q?% |vider resi stors connected in
series between an output term nal e charge punp neans and a reference
pot enti al point, and 25 the control means i ncl udes sw tchi ng neans
connected in 10 May 2006 - series wwth the voltage-divider resistors.

4. A pover sup Blw%rgg%gﬁx [e,%ﬁ%!cge% ascandingohPrebphgn 1, wherein the

control "neans”inclu I ng means connecte bet ween a vol t age-di vi der

poi nt of thegﬂ&iz&égﬁuﬂb%%ﬂg BofiF&Mkdt A @bty drRy minal of the

conpar at or . A power supply generating circuit according to claim1,
wheri ngihenkegyhat bpRraRaBasi I8! Ygasnbhehdiagi oRaRsth G clock

pulse;
voltage dividing means for dividing an output voltage
of the charge pump means;
regulation means, having a comparator for comparing the
10 divided voltage obtained from the voltage dividing means
with a reference voltage, for controlling the supply of the
- clock pulse to the charge pump means based on the comparison
result of the comparator; and
control means for making at least one of the voltage
15 dividing means and the comparator active only for a certain
period of time.
2. A power supply generating circuit according to claim 1,
wherein the control means makes the voltage dividing means
and the comparator - inactive for a period other than the
20 period when the voltages are compared by the comparator.
3. A power supply generating circuit according to claim 1,
wherein the voltage dividing means includes voltage-divider
resistors connected in series between an output terminal of
the charge pump means and a reference potential point, and

25 the control means includes switching means connected in




hol di ng the conparison result of the conparator. 6. A power supply
generating circuit according to claim5, 10 wherein the réafM=mt2000 neans
applies a logical AND of a clock which transitions at a tinme other than a
‘sanpling time of the holding nmeans and a hold output of the hol ding neans
to the charge punp neans. 7. A power supply generating circuit according to
claim5, 15 wherein the hol ding neans conprises a sanple-and-hold circuit
or alatch circuit for sanpling the conparison result of the conparator
for a period for which at | east one 3f -t he voltage dividing neans and the
conparator is active and for holding or latching it for a period other

t han t hat 20 period, and the conparator has an offset cancellation

functlon Q§E%c§% QPﬁgggggdﬁggdg cgg%gggopgrlod of time during the

hol d orSFa%cﬁ peri o circuit or latch circuit. 25

8. A digplay BB%EaEﬁéggg”QEhékQEl gPEXELu D! Lo 081G a0, 10y My 2005 - 32

array of piXxefs on a power upp? y generafing neans formed

on the 8AEECSHDRLEALENSOLNGRNKEk nUDleE ObwicbABA] ADaRD LaEnELa cl T oult

power supply voltage, generating a power supp ol tage having a dlfferent
voltagebétwggﬂe foembhe-bay el psiheubE PQ&B&o§%5§%Yd¥§&&fKE% wherei n

t he power supply generating neans' includes: charge punp neans for
repeati pgr-eN@EghAg aAdinput terminal of the comparator.
5. A power supply generating circuit according to claim 1,
wherein the regulation means includes holding means for
holding the comparison result of the comparator.
6. A power supply generating circuit according to claim 5,
10 wherein the regulation means applies a logical AND of a
clock which transitions at a time other than a sampling time
- of the holding means and a hold output of the holding means
to the charge pump means.
7. A power supply generating circuit according to claim 5,
15 . wherein the holding means comprises a sample—and-hold
circuit or a latch circuit for sampling the comparison
result of the comparator for a period for which at least one
of the voltage dividing means and the comparator is active
and for holding or latching it for a periecd other than that
20 period, and
the comparator has an offset cancellation function and
detects an offset for a certain period of time during the
hold or latch period of the sample—and-hold circuit or latch
circuit.

25 8. A display apparatus comprising a pixel unit having an




di schargi ng operations in synchronization with a clock pulse; 10 voltage
di-viding means for dividing an output voltage of the char gé0pdmp20P6ans;
regul ation neans, having a conparator for conparing the divided voltage
obtained fromthe voltage dividing neans with a reference voltage, for
controlling the supply of the 15 clock pulse to the charge punp neans based
on the conparison result of the conparator; and control neans for making
at |east one of the voltage dividing neans and the conparator active only
for a certain period of time durirg3ane horizontal scanning period. 20 .9.
A di spl ay apparatus according to claim38, wherein the control nmeans nmakes
the voltage dividing neans and the conparator i nactive for a period ot her

h h i wh
di opl ;_ygalggé'r 8 elﬂnggésﬁ B ot roBEFRP b G, 58 e?ée‘i?%r? ALt A
nmeans i ncl ude t cann
seri es ﬁgﬁﬁée% %ﬁegﬁgﬁug eg%$%a§§b$£?% % qgi[&ééﬂé ande;tsgf;pence

potenti gl pai nt, .and.Lhe, conkiol, Ipaps, Lack 6, 1 €hI00 means connect ed

in serr e vol'tage- VT d eS|stors. 11. A di spl ay appar at us

accordian%9§%kﬁhn58pow?§rgﬁﬂ%igevong&éOﬂa Sy i et fidesh s W hiq neans
connect e t age i der polnt of the voltage d|V|d|ng circuit
and:gn value from the internal circuit power supply vecltage,
wherein the power supply generating means includes:
charge pump means for repeating charging and
discharging operations in synchronization with a clock
pulse;

10 voltage dividing means for dividing an qutput voltage

of the charge pump means;

regulation means, having a comparator for comparing the
divided wvoltage obtained-from the voltage dividing means
with a reference voltage, for controlling the supply of the

15 clock pulse to the charge pump means based on the comparison
result of the comparator; and

control means for making at least one of the voltage
dividing means and the comparator active only for a certain
period of time during one horizontal scanning period.

20 9. A display apparatus according to claim 8, wherein the
control means makes the voltage dividing means and the
comparator inactive for a period other than the period when
the voltages are compared by the comparator.

10. A display apparatus according to claim 8, wherein the

25 voltage dividing means includes voltage-divider resistors




input termnal of the conmparator. 12. A display apparatus according to
claim8, wherein the 10 regulation neans includes hol di ng 10edas2d0sr

hol ding the conparison result of the conparator. 13. A display apparatus
according to claim 12, wherein the regulation neans applies a |ogical AND
of a clock which transitions at a tinme other than a sanpling tinme of the
15 hol ding neans and a hold output of the holding neans to the charge punp
nmeans. 14. A display apparatus according to claim 12, wherein the holding
means conprises a sanple-and-hold crrd8it or a latch circuit for sanpling
the conparison result of the conparator 20 for a period for which at |east
one of the voltage dividing neans and the conparator is active and for

hol di Ng Qnnd AED 110 dde Iy P RAILP LRI ARIN AL TR NS Ghe AthrlRE

conpar ator has an of fset cancel |l at1 on. ctlon and detects an offset for

a certai f I lat c riod of the
sanpl e- ghdlﬂﬁonll'éggnlgrac%dl ?&%ﬁ%{%ﬁ%%ﬁ%ﬁ%&% (Hom@c gn?!ca:wt 15. A displ ay

appar at us acq@didag ++61CkakmMs8 i neheBRisn sw@l'téﬁhﬁ?é ﬁl@&h@eéoﬁhetlﬁ@dphﬁd s
conprise liquid crystal cells. 16. A portable term nal device which uses a

di spl ay feaRRansius @ b 1aHgaitaidis Ak dlisttorishe di splay apparat us
conprising a pixel unit having an array of.pixels on a substrate, and
powes supply meneiAldy Gppeans JOa®b @lingheéo claim 8, wherein the
control means includes switching means connected between a
voltage-divider point of the voltage.dividing circuit and an.
input terminal of the comparator.
12. A display apparatus according to claim 8, wherein the
10 regulation means includes holding means for holding the
comparison result of the comparator.
.13. A display apparatus according to claim 12, wherein the
regﬁlation means applies a logical AND of a clock which
transitions at a time other than a sampling time of the
15 holding means and a hold output of the holding means to the
charge pump means.
14. A display apparatus according to claim 12, wherein the
holding means comprises a sample—and-hold circuit or a latch
circuit for sampling the comparison result of the comparator
20 for a period for which at least one of the voltage dividing
means and the comparator is active and for holding or
latching it for a period other than that period, and
the comparator has an offset cancellation,functidn and
detects an offset for a certain period of time during the

25 hold or latch period of the sample-and-hold circuit or latch




sanme substrate as the pixel unit for, based on an internal «circuit power
supply voltage, generating a power supply 10 voltage havi nd0aMaii 2G0ér ent
voltage value fromthe internal circuit power supply voltage, wherein the
power supply generating means includes: charge punp neans for repeating
charging and discharging operations in synchronization with a clock 15
pul se; voltage dividing neans for dividing an output voltage of the charge
punp neans; regul ati on nmeans, having a conparator for conparing the

di vi ded vol tage obtained fromthe voltage dividing neans 20 with a
reference voltage, for controlling the supply of the clock pulse to the
charge punp neans based on the conparison result of the conparator; and
control npans, for maki ng at | east one of the voltage dividing nmeans and
the conpatBf¥ttactive only for a certain 25 period of tinme during one
hori zont scanpin eri od. May 2006 - A ortable term na

devi ce a oro%}rfglstl‘g[ f}ﬁ?ﬁalrba %/\/d%?’céﬁ’iﬁht“t’?et(?or’ﬁ%1 SHEEs the vol t age
di vi di ng, neans nd t C arat.or .inactive for period e an the
per | od LR e B idaresar i e ikt éit&rfys%a@e AL%0r t abl e

“termnal, €EVICE a c rd|@%§cxclal 16, gh éehg %he %pl%ﬁgf di vi di ng neans
I ncl udes oltaéj é%r ng} gnﬁ ¢dd 't s ér € fween an out put
ternbnajaﬁgaratus as an output display unit, the display apparatus
comprising a pixel unit having an array of pixels on a
substrate, and power supply generating means formed on the

same substrate as the pixel unit for, based on an internal

circuit power supply voltage, generating a power supply
10  voltage having a different voltage value from the internal

circuit power supply voltage,

wherein the power supply generating means includes:
charge pump means for repeating charging and

discharging operations in synchronization with a clock

15 pulse;
voltage dividing means for dividing an output voltage
of the charge pump means;
regulation means, having a comparator for comparing the
divided voltage obtained from the voltage dividing means
20 with a reference voltage, for controlling the supply of the
clock pulse to the charge pump means based on the comparison
result of the comparator; and
control means for making at least one of the voltage
dividing means and the comparator active only for a certain

25 period of time during one horizontal scanning period.




t he charge punp neans and a reference potential point, and the control
means i ncl udes switching neans connected in 10 series w tHOtNMay 2006
vol tage-di vider resistors. 19. A portable term nal device according to
claim16, wherein the control means includes swtching neans connected
bet ween a vol tage-di vider point of the voltage dividing circuit and an
input termnal of the conparator. 15 20. A portable term nal device
according to claim16, wherein the regulation neans includes hol di ng neans
for holding the conparison result of33he conparator. 21. A portable
term nal device according to claim20, wherein the regulation nmeans
applies a logical AND of a 20 clock which transitions at a time other than
a sanplijRg iy, qhihe ohding mRanecandcd-Aehg @t Rdkial 16he hol di ng
nmeans to the charge punp neans. 22. A portable“term nal device according
to cl ai Prlei dIIgLiddntche 1NQldindg IRRRS tERMRLH $8§ea ds TRl ayandahel d 25
circuit or a latch circuit for sanpling the conparison 10 May 2006 - 36
result Qfnd e LYo Ahartheld ¢drf ar pehieh athkeashaanenheof the
vol tage dividing neans and the conparator is active and for holding or
| at chi ngdrti ddOkh@nP@hic0& oQtthgiest Rae tbaparpar bpdthandomphlietepnpar at or has
an offset cancellation function and detects an offset for acertain period
Ff tiﬁelﬁurimgpbheabh@I&e&hib&ﬂCHep&bbodcobrﬁhﬁgsaapbéaamdiEold circuit or
atc '
wherein the voltage dividing means includes voltage-divider

resistors connected in series between an output terminal of

the charge pump means and a reference potential point, and

the control means includes switching means connected in

10 series with the voltage-divider resistors.

19. A portable terminal device according to claim 16,
‘wherein the control means includes switching means connected
between a voltage-divider point of the voltage dividing
circuit and an input terminal of the comparator.

15 20. A portable terminal device according to claim 16,
wherein the regulation means includes holding means for
holding the comparison result of the comparator.

21. A portable terminal device according to claim 20,
wherein the regulation means applies a logical AND of a

.20 clock which transitions at a time other than a sampling time
of the holding means and a hold output of the holding means
to the charge pump means. |
22. A portable terminal device according to claim 20,
wherein the holding means comprises a sample-and-hold

25 circuit or a latch circuit for sampling the comparison



circuit. 23. A portable term nal device according to claim 16, 10 wherein
the di splay apparatus conprises a liquid crystal display dppdaa2@¥ which
uses liquid crystal cells as display devices of the pixels. 10 May 2006 -
37 ABSTRACT A power supply generating circuit, a display apparatus
i ncorporating the sane, and a portable term nal device using 5 the display
apparatus as an output display unit are provided. |In a DC DC converter .
having a charge punp circuit (31), a voltage dividing circuit (32), and a
regulation circuit (33), p-channel-M&-+ransistors (Q2l, @22, Q31l) are
turned on/off based on an enable pulse enb to make the voltage 10 dividing
circuit (32) and a conparator (41) active only for a period of regulation
time and inactive_ otherw se. [ a a rreat tQ.f in
: voltage}ﬁﬁﬁﬁgeP ré@FsFSP?%Eﬂf?Q %5% §n§%¥§§dc5§%a?§?§P ?El 8§%Fy0 or a
certain petiod v%fll}:tr?'gg? 383U HE0nbah ot BRT eaU! BbipR-aRBEALLORCtipYS T educi ng

15 the power cons 0SS “cause y a constant current flow in the

vol tagediyvider 1183i5Ho0s ¢BtenkRYy 38drbbeaCREPREA! 8Enek4than that

period, and

5 the comparator has an ocffset cancellation function and
detects an offset for a certain period of time during the
hold or latch period of the sample-and-hold Qircuit or latch
circuit.
23. A portable terminal device according to claim 16,

10 wherein the display apparatus comprises a liquid crystal
display apparatus which uses liguid crystal cells as display

devices of the pixels.
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ABSTRACT

A power supply generating circuit, a display apparatus
incorporating the same, and a portable terminal device using
the display apparatus as an output display unit are provided.
In a DC-DC converter having a charge pump circuit (31), a
voltage dividing circuit (32), and a regulation circuit (33},
p-channel MOS transistors (Qp2l, Qp22, Qp3l) are turned
on/off based on an enable pulse enb to make the voltage
dividing circuit (32) and a comparator (41) active only for
a period of regulation time and inactive otherwise. This
can cause a current to flow in voltage-divider resistors (R1,
R2) and the comparator (41) only for a certain period of
time required for the regulation operation, thus reducing
the power consumption loss caused by a constant current flow

in the voltage-divider resistors (R1l, R2) and the comparator

(41).




