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'DISPLAY APPA ABLE TERM NAL DEVI CE Techni cal Fy Th
pr esent |nveEAHMWMHmﬂmgﬁw Eﬁné power supply generating circuit, a display
appar atus, and m nal device. Mire partlcularly, t he
present invention nggfes 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

apparatus incorporating the power 15_sypply generating circuit, and a
portable term usi ng the display apparatus as an output display
unit. Backgr Mﬂﬂ@m ntly, portable term nal devices such as cellular
20 telephone er sonal 'gltal Assi stants) have becone
increasingly wi despi%ad. One fact BESERAPTHEY contributed to such rapid

wi despread adoption of portable term nal devices is a display device

i ncorporated therein as an output display unit or, typically, aliquid
crystal 25 display apparatus. This is because the liquid crystal

POWER SUPPLY GENERATING CIRCUIT, DISPLAY 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 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 apparatus incorporating the power
15 supply generating circuit, and a portable terminal device

using the display apparatus as an output display unit.

Background Art
Recently, 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 1is because the liquid crystal



- 2 display apparatus can be driven with |l ess power in principle, and is a
| ow power consunption display device. In a portable term nal device, a
battery of a single power supply voltage is used as a main power supply. In
a 5 liquid crystal display apparatus, on the other hand, power supply

vol tages having different voltage val ues are used dependi ng 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 £hat of the horizontal driving system
is used in a vertical driving systemfor selectively driving the pixels in
units of rows. Therefore, a plurality of power supply voltages having

di ffereaispdbyagppuabyas ake bequiri®@n§ ol i1dsg dhed iiguigh Glyssiad, 15

di spl ay apparatus. A power supply generating circuit provided for each of

the powendsupphyluel bages wonkGmphcbragespheycaaphexity of the overal
structure of the liquid crystal display apparatus and the cost of the

appar atus, thusa nedkitegbié L0rmhindl ciddide®, p Qyd ghee By cPA ik | ow cost
portabl e term nal device incorporating the liquid crystal display
appar atbswveAcsopdingbtyltége exaupté, aa bigaid poystasuphspl ayrappar at us
incorporated in a portable term nal device includes a power supply
genér at 1 hguedrenystadrdibpsad appar2tupowen suppbyheol hame, ofowebattery,
generating a power supply
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 the pixels in units of rows. Therefore,
a plurality of power supply voltages having different
voltage values are required for driving the ligquid 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 ligquid 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, for 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



- 3 voltage having a different voltage value therefrom called a DC DC
~converter. A variety of DC-DC converters are known in the art. One type of
such DC-DC converters is a charge punp DC-DC 5 converter. Unlike well-known
DC-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 out put potential are also
known in the art. In a liquid crystal yisplay apparatus incorporated in a
portable term nal device, the driving voltage or the driving frequency is
reduced to achi eve | ow power consunption in order to extend the |ife of the

battery once ch ed. 15 ver uid cr st us for
this appl? %W%?P%é“a%s? g&bﬁf tt‘ﬁoallt qa‘ﬁ/p‘f § yth ear%%q% ccgaﬁl\a/l]eﬁ &t having
t he regq@a%g$n abrlr%% causes a current to flow in voltage-divider

resi stor W Th %Itage conparison at any tine other than the tine of

vol tage 20 comRAri:san AW iNa A 1BaYALLeN Qoer 4Llon. stesylding in hi gh

power - consunpt i on I'ciency or “ap Ircatrons to 'portable

term nalg 5"{3@&? Sk, a3 D Lyl n&%h? b5 a?‘”tch (}adngf R tdeul ar, a

reduction 1n consunp i on o iquid cryst ay apparatus

i t selsf iéoapew@prta@m ﬁe'ééﬁbrfr{b&(q% ﬁc[o dagdare reques fhe pover

consunption of e porta termn devi ces.
inductor, advantageously, the charge pump DC-DC converter

does not require an external inductor, and contributes to
the size reduction of the portable terminal device. Some
charge pump DC-DC 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 is 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 is an important

25 1issue in order to further reduce the power consumption of



The present invention has been nmade in view of the foregoing problens, and
it is an object of the present invention to provide a power supply
generating circuit 5 capable of | ow power consunption of the overal
apparatus while reducing the power consunption |oss, a display apparatus

i ncorporating the power supply generating circuit, and a portable term nal
devi ce using the display apparatus as an output display unit. 10 Di scl osure
of Invention According to the present invention, at |east one of a voltage
dividing circuit for dividing a circui4 output voltage and a conparator is
active only for a certain period 15 of tinme, thus reducing the power
consunption | oss caused by a constant current flow in vol tage-divider

resi st orgn®rpdPealsPaPeE AhPiat ogénceease the efficiency. Therefore, the
power consunption of the overall apparatus can be reduced. 20 Brief

Descri ption ofnd hrd¥eam ngssdritonl Has dddmetadd agr ameschamadrical |y show ng
the overall structure of a liquid crystal display apparatus according to an
enbodi refdrefolme Pr&sedhs | nyedtionis Y. ol ¢St aofi tigdli prekba@gt am show ng an
exanple of the 25 circuit configuration of pixel circuits.
invention to provide a power supply generating circuit
5 capable of low power consumption of the overall apparatus
while reducing the power consumption loss, a display
apparatus incorporating the power supply generating circuit,
and a portable terminal device using the display apparatus
as an output display unit.
10
Disclosure of Invention
According to the present invention, at least one of a
voltage dividing circuit for dividing a circuit output
voltage and a comparator is active only for a certain period
15 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.

20 Brief Description of the Drawings
Fig. 1 is a block diagram schematically showing the
overall structure of a liquid crystal display apparatus
according to an embodiment of the present invention.
Fig. 2 is a circuit diagram showing an example of the

25 circuit configuration of pixel circuits.



-5 Fig. 3is a schematic diagramof a three-tine-divisiondriving selector
circuit. Fig. 4 is acircuit diagramof a first circuit exanple of the
DC-DC converter. 5 Fig. 5is atimng chart for 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 acircuit diagramof a third circuit exanple of the DC DC converter.
Fig. 8is atimng chart for illustrating the operation of the DC DC
converter according to the third cireust -exanple. 15 Fig. 9 is an external
view schematically showi ng the structure of a cellular tel ephone according
to the present invention. Best Mdde for Carrying Qut the Invention 20 An
enbodi ment of _the Bresent ipvention is described #n dg%ail_ el ow. Wi th
reference to tHE dPatings SCEFPt1Ci §149hFBCRE df abPART s ERBRRTF EAF LG Showi ng
the overall, str crure of a.liquid crystal display apparatus according to an

enbodi ment” ‘of tthe pf%géﬁi%ﬁﬁﬁﬁﬁqbn. 25 As is apparent fromFig. 1, the

ool disnl _ : di LS |
I qul CrySta%lg'SQ.?%lf ﬁlgcuggpgag§?§§agfoé-EE?S£QC£P& 1%“@%%%%?%5 l'i quid

i ncl udes a pi xelF "uni aving an-a iXelr"circurts-in

crystal c¢el e YL iLRlvdideyi ng circuit 12 for selectively driving the
pi xel circuits of the pixé unit 11 in units of 5 rows, a selector circuit

13 fog selectiyglyssypphykRgiag LARYE 8b8Nah 14O+ LA phXehs S?em@i_sﬁw
selectively driven by the vertical driving circuit 12 under the drive

control agCamnd ME-pT &cTRIRAG adlidovidiggnbhede #ndsad BErPgigonverter 14
serving as a power supply generating circuit 10 for generating, for

exanpl e, sxangQat.i ve power supply voltage VSS based on an internal circuit
power supply voltage VDD. The liquid crystal display apparatus according to
thi s enbodi neRt.gi.s60fist hecllrtuingdtageamt of nd egeabhdnci ypei t hakambee
vertical driving circuit 12, the selector circuit 13, 15 and the DC DC
convert epfl4har &d-MCegroavieyr tfear.med on a substrate (hereinafter referred to
as a liquid crystal display panel) 15 on which the pixel unit 11 is formed.
The 19quid cr¥igal 7disphagipanét dbagsamonfiguteirduchrendt exwmeheéng
devices of the pixel circuits, such as thin-film20 transistors (TFTs), are
formed offfa theT DEabét care catd@ ta
Fig. 8 is a timing chart for illustrating the operation
of the DC-DC converter according to the third circuit
example.
15 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 schematically showing the overall structure of
a liquid crystal display apparatus according to an
gmbodiment of the present invention.

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



color filter, a counter electrode, and so on are fornmed on a counter
. substrate, the TFT substrate and the counter substrate being | ayered, with
a liquid crystal material disposed between the two transparent insul ating

substrates 25 (such as gl ass substrates). _ 7 _ The pixel unit 11
includes a pixel array with n rows and mcolums in which n scanning |ines
16-1 through 16-n and msignal lines 17-1 through 17-mare arranged in a

matri x, and pixel circuits are placed at intersections 5 therebetween. As
shown in Fig. 2, by way of exanple, ®edlt 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-fi |£%§£f‘é‘l§&§té)écc?§dir?§'dt@ A1 Shisd Y+ Lh CARAG tPrp{td Ouigh €rystal
cell) 23 having a pixel electrode connected with the drain of the thin-film

transi stpf wdviddead i gigy Sy siale Capacditrs 25BN @ Capacdt or between a
pi xel electrode forned of the thin-filmtransistor 21 and a counter

el ectroderydies ode1 THE 4 Ndrdiddn b ivianpistiuid]l TASf@r sl &t cosmect ed
wi th each of the signal lines 17-1 through 17-m and a gate connected with

each of dhevst@nthdgpltelescilifedi thrafigthd GpikelA wnnstlantipoieits abf Cs i s
applied to the other end of the storage capacitor 22. A conmmon vol tage VCOM
is appliesvd 0 4 hes Dot ercietactt dde fofr 20 tdet Ivay dsupplstialg capaci t or 23.
The pixel circuits with a basic circuit configuration have been descri bed
herei n, byegaysofnekanpl e utxare hottie maedalwmretwelFotrieseampbe, the
pi xel circuits each having a nmenory may support the m xture of nornal
di spl ay ®ye vertical driving circuit 12 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 circuilt 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 selector circuit 13,
15 and the DC-DC converter 14 are integrally formed on a
substrate (hereinafter referred to as a liquid crystal
display panel) 15 on which the pixel unit 11 is formed. The
liquid 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 liquid crystal material

disposed between the two transparent insulating substrates

25 (such as glass substrates).



25 anal og image signals and still image display by digital _ g _ imge
data stored in the nenories. The vertical driving circuit 12 is formed of,
for exanple, a shift register or the |like, and sequentially supplies a
scanning pulse to the scanning lines 16-1 through 5 16-n of the pixel 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 dnd | eft sides of the 10 pixel unit

11. Advantageously, the vertical driving circuits placed at both the right
and | eft sides can prevent a delay of the scanning pulse transmtted to the
pixel circuligd Baght gl 19VGnBYubRE SCAIRLATALLDES \10n1nl beguoh 16-n. 15

In the liquid crystal display apparatus according t his e iment, the
si gnal 14 nesy Isihddy Citfgmkﬂﬂc“r{nrpfséaha%i'dgqli'i%g%r yetal +dieRlgay mane! 15 are

driven according to a selector driving nethod (time-division driving

net hod) .arkePrm tdigh DUNPRES @Al Wiaddign af7-adi.aeent-rSingral sli nes 17-1 20
t hrough 17-m are grouped in the pixel  unit 11. In an exanple where the
liquid aiystial, dirsplpkdranalrcli dss 6@ eneospabithlie tand dotalaides, for
exanple, B (blue), G (green), and R (red) pixel circuits repeated in the
hori gontdleribeattidenn, Lrshdwir de FBg.G2 ,ang Ruyadifaesampligesate 25

grouped in the signal lines 17-1 through 17-m 1In other - 9 words, this
exanpl e cefimpitey pitterleesitnave-ti insilonledyr iaviswg titi hgd de@dloer fiorage si gnal s
corresponding to m 3 channels with respect to the msignal lines 17-1

t hr ough sEAamtbmg sumil€iedd Suah telse aseghdot-di loi teansis3ofr @h,.aadriver 1 C 18
external to the liquid crystal display panel 15. That is, the driver IC 18
out put s SEoragardrREitgral?? ihaving aa- sadi esonmested, wilkhc Fhar dradppl i ed on
each channel to three corresponding signal |ines of each group. The

sel ect oPfcith&uith itz flilie trengiliteiroradl | #neampléguife ctyigdaderi es signal s
out gt for each channel, fromthe driver |C 18 to seguentially su%PIy t he
si ghal s P& AHEYhrldd BilghHrVSitads 6 léaléH §A8pY @ Pixel electrode

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

The liquid 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



Fig. 3 is a diagramshow ng the concept of the threetinme-division-driving
selector circuit 13. As is apparent 15 fromFig. 3, the selector circuit 13
i ncl udes selectors 13-1 through 13-k (k = nl3) corresponding to the
respective output lines of the driver IC 18, and each selector is connected

bet ween one output line of the driver 1C 18 and three signal |Iines of each
group and is fornmed of three 20 anal og switches SW, SW2, and SWB for
time-divisionally sanpling signals supplied to the three signal |ines. Wen

signals for three B, G and R pixels aPe output in a time-series manner to
one output line fromthe driver 1C 18, the B, G and R tine-series signals
are distributed and 25 supplied in turn to the three signal |ines according

to the imale ddvEe-sdHoresl am ahieVimeghorased on the three anal og switches
SWL, SW2, and SWB. The three anal og switches SW, SW2, and SWB are

sequential ly truenedrencét! ased)lhef Eicopen) 1byisekeemes pil s€srSELB, SELG
and SELR. 5 The feature of the present invention is a specific structure of
t he DC- Déxammpler,t er shd.ftThegdtstecet wire taerd ldaper, abindn sefguene iRA-1IPC convert er
14 are described bel ow. A power supply voltage used in a circuit

i ncor por &tugg lilrest ke sldagniidgc ppdtsal tdi $hleaycpanéngl 3 ding shdréeiln thafoarghed t o
as an 10 internal circuit power supply voltage (VDD). [First Crcuit
Exanpb e dfo-mhe DChRCpdasienndt] 1€ §o 4si $oaseauenitt adilagmsehestiowihey a
specific circuit exanple (first circuit exanple) of the DC-DC converter 14.
15 As i s Pdgsdr edtroidm Fingung tst ﬁé pevecfegnvertdrcals sggedridiong tI& t hi s
circuit exanple includes a charge _punp circuit 31, a voltage dividing
circuit @@lsaﬁéa@pﬂéguﬁQﬁlBﬁr@ﬂﬁé&|9r3§ln?hélééﬁﬂlg&@aﬂ@o &T¢DpEEti on of

these circuit components_are descrihed.i etail bel ow. .20 arge Punp
Grcuit @dnPPGusdticon) ﬁPFsPlxﬁﬁ u@&ﬁfléur P& eGr Wﬁét&ﬁﬁﬁggh Lircuit

31 is desgribed.  The ch t.31 incl h
Cransi stof KIS BRUnSEnRARGFONES PPERSF4E0F ORI L CRinaete S1ci vand C12.

gpﬁgaggdggéﬁéﬁgnq; hannel Y0R:23.h428y, Stk QAR o83 CRIBAILNDS transi st o s

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 17-m are grouped in the pixel unit 11. In an
example where the ligquid 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



and a | oad capacitor C13, and repeats charge/di scharge operations in
synchroni zation with a clock pulse ck supplied froma clock pulse generator ,
34 via an AND circuit 35. In the charge punp circuit 31, the p-channel MOS
5 transistor Ql 1 and the n-channel MOS transistor nl1 are connected in
series between an internal circuit power supply VDD and a ground (GND), and
the gates of these transistors are commonly connected, thereby formng a
CMOS inverter. A first end of the capacitor Cl1 is connected with a common
10 drain node of the MOS transistors @l-1 and Qoll. The n-channel MOS
transistor nl 2 has a drain connected to a second end of the capacitor Cl1,
and a source connected to a circuit output termnal OUT. The | oad capacitor

Cl3 is connect bet ween the circui t,,qut put, tee_rdc”riivnasl. QUT, and t he 15 ground.
The p- channel’ T r SRS P Y 5 T S S Tt e 0 ¥ second end
of the tor Cll, and a drain connected to the ground. The MOS
transistors 12 and Qpl 2 serve as switching devices which are turned on

(conduct) e, suhbel a9 puhse desaeiBad: el oy o sappbbedi20,La,t e

gates. A first end of “the acitor I's connected to the conmon gate

node of the,ME {J ansd $¢ cgriam bhiand @l e rde Wl Nas,ay, anade

connected to a second end the capacitor Cl2, "and a cat hode "connected to

the groun.thhes A% digde ik funct ifgs t0 @Hieds- alcany a8t g pul se
vol t age - 12 applied to the gates of the MOS transistors Qnl 2 and Qpl 2

when t hechd rcithdid cdydiddiat@dpiiie gédae it nansi sthere Q3 thas drise Ce
connected-to the second end of the capacitor Cl2, and a drain connected to
the grouwd.ophitd @Yp Pulaarl | @ igerarsatied abyt immes sl gaulnsevrganerator 36 i s
supplied to the gate of the MOS transistor @l 3 via a |level shifter 37.
When t hevitldnprqaulssepdlipd SrapadredHanntelie tgatth rafe tdver M drrdaingy st or Qpl 3,
the MOS transistor l 3 functions to clanp the switching pul se vol tage
appl i ed tigned tlHaegatods egfcht lgroMBS t ITdues isstleros o@nlcZ ravwd tQ3132 ttisnear gr ound
voltage GND. G ven that an internal circuit power supply voltage VDD

i ndiBat €& wife Pedileyi vEMpavesr g plirerslerdgs sigrals redinutodiqruteaddl t age
VSS led to the circuit output termnal OUT 15 indicates the negative power
suppl y VOAEGd, e [tdfeldrdiyist € 3P [ty SPIdsié llfe SOPRKY flisse of a

o't he. QRS IBUIe OE FPSSRoRI AR ChRe. 751 FAGE CVOUNSS). and Suppl i es
AT AT TR B A T LA
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 of each group and is formed of three

20 analog switches SW1l, SW2, and SW3 for time-divisionally
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-serlies signals are distributed and

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



(Charge Punp Circuit Operation) The operation of the charge punp circuit 31
of the above-described structure is described bel ow. Wen the 25 power
supply is turned on (when the circuit is initiated), - 13 the clock
pul se generated by the clock pul se generator 34 is supplied as a switching
pul se via the AND circuit 35, and the output potential of the capacitor Cl2
based on the switching pulse is first clanped to a potential whose |evel 5
is shifted by the diode D11 by a threshold voltage Vth of the diode D11
fromthe ground | evel. Wen the sw tchHiOng pulse is in a lowlevel (0 V),
the p-channel transistors ll and Ql 2 conduct, thus causing the capacitor
Cll to be charged. The n-channel MOS transistor Onl 1l does not conduct 10 at

this tinmg,;nandi,he:BAt aptiahgabakhe commr diaide nade of $hec M swi,
transistors Ql| and Qnll beomes the VDD | evel. Then, when the sw tching

pul se gog@2t 0Oahhesizoh kguekne¥PDahgYSEh) swhbenBschanNekybSahparwizst or s
Il and Ol 2 conduct, and the potential at the comon drain node of the 15

MOS trangist geguEhtiaang ukichesangsibbeqagyeund (bpeal 69 Ykies@okhat the
potential at the output end of the capacitor Cll1 becones the -VDD | evel.

Thi s potpatkak SEVBD) skscl ednassthr.circuit output voltage VSS fromthe
circuit output termnal QOUT via the n-channel MOS transistor Onl 2. 20 Then,

when & he circThé Hedpute vof tage pSSentsemntansire ext&nspéaheict he
initiation process ends), the level shifter 37 starts operating to
| evel - shetrutherel afipthal Bé-bCpcoihentéhelbevelhshsttrert8Festart s
operating, the clanmp pulse clp of the anplitude voltage VDD-OV generated by
t he cl anppesapupsecfenbrabPorD86cprverver - $hAi freddbpcrihbefebelowhi f Ber 37
- 14

power supply voltage used in a circuit incorporated in the

liquid crystal display panel 15 1s 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 circuit 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
QOnll, capacitors Cll and Cl2, a diode D11, an n-channel MOS

25 transistor Qnl2, p-channel MOS transistors Qpl2 and Qpl3,



to the clanp pul se of the anplitude voltage VDD-VSS, and is then applied to
the gate of the p-channel MOS transistor ol 3 when appropriate. The | ow
| evel of the clanp pul se corresponds to the 5 circuit output voltage VSS,
that is, the -VDD |l evel, which ensures that the p-channel MOS transi stor
Ql 3 conducts. This causes the potential of the anode of the diode D11 to
be clanped to the ground | evel rather than the potential shifted by the
threshol d voltage Vth of the diode D11 from 10 the ground | evel. Thus,
during the later punping operation, a sufficient driving voltage can be
supplied to, in particular, the p-channel MOS transistor pl2. Therefore, a
sufficient switching current can flowin the p-channel MOS transistor Ql 2,
h

th ' tabl e DCL5 .DC ' i th high ' ffici .
Since 5 ST oSt CARCEIRG. Crte s Wl AT T Soher cai ng. the

i ft - ch I i st 1.2, | t it - DC

o1 ze of VIS IS, MR ALORS AL B2, o LS Srrert; copieiy PO
ticul 0 i i I Vt h, h

part oulGriah 20 hen LLANs SLocs iay v 9. bl eahold wold age . suc

Cbnfigurationinh@ﬁg,chggggggﬁ%ggﬁgkkggtoglth@hgoFnggnggyigbgg circuit 32

is described. As 1s appa . 4, the vortage dividing circuit

32 i ngl udesnualshiageodhinvi defly ieel $LehSRE1 Mos thansAR4 R grannegted in
series with each other, and swtching devices connected in series with the

resi st or goRhedR@dR2n $eh @S pRteRannah Ve arnansicstons tpeleaand ygpds: The
pchannel MOS transistor 21 is connected between a reference 5 poténti al

poi nt (i wDbhiasidexagRbendt NeNDNt eahal teier elditle spOWEFhedRP Y aWeR)s taytd one end
of the resistor RL. The p-channel MOS transistor Q22 is connected between
one end afret kemmesilgt eonR2caerd ,t hdetiebguifbraithpguta a0 Aak e@YEr .| Nat hi s
exanple, in the voltage dividing circuit 32, 10 the voltage-divider
resi st or §iRttapddR2fatbedespgredtosoCad tis laneeanedqualthr esicetmaane. Wien
t he negative power supply
10 drain node of the MOS transistors Qnll and Qpll.
The n-channel MOS transistor Qnl2 has a drain connected
to a second end of the capacitor Cll, and a source connected
to a circuit output terminal OUT. The load capacitor Cl13 is
connected between the circuit output terminal OUT and the
15 ground. The p-channel MOS transistor Qpl2 has a source
connected to the second end of the capacitor Cl1l, and a
drain connected to the ground. The MOS transistors Qnl2 and
Qpl2 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 transistors Qnll and Qpll. The
diode D11 has an anode connected to a second end of the

capacitor Cl2, and a cathode connected to the ground. The

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



voltage VSS led to the circuit output term nal OUT becones the -VDD | evel

- the vol tage-divider point P between the voltage-divider resistors Rl and R2
has a potential of O V 15 (ground level). It is to be noted that the

resi stances of the voltage-divider resistors RL and R2 are not necessarily
equal, and may be set as required. The voltage dividing circuit 32 is
active to performvoltage division only for a certain period of tinme during
20 which the p-channel MOS transistors @21 and Q22 are conducting. The
p-channel MOS transistors Q21 and Q22 Teceive via the gates an enable
pul se enb generated by an enabl e pul se generator 38 and supplied via a

| evel shifter 39. When the enable pulse enb is applied to the gates, the 25

p- channgh, MGyt k8Nghat ghe eGP 2Rd 142 teARAUGH 38 (Al th&1 gp12l6 voltage
dividing circuit 32 becones active. Assum ng that the clock pul se ck

gener at gl eBy thle cgh-eek tPuksengenarabior hchadsa thahsad fr YgiEHrdenotes the
hori zontal scanning period), as depicted in the timng chart 5 of Fig. 5,

the enabl gopubsecenbecsegener ahedskomdt baderabhe pdagr caarar atior, 38 at
intervals of 1H The enable pulse enb is in the lowlevel only for a

certai napar eodrafint coRndutiedg tbhehtHgpeinad. The enabl e pul se enb causes
the MOS transistors Q21 and Q22 to conduct in this |owlevel 10 peri od,

t hereby nakiagcldep viohl agectp viehagatedchyt a32lanpi pels& yenethabrt he
internal circuit power supply voltage VDD represents the positive power
supply 6l ttageuppdithetoi tbeai padet pdt thel MaFe twES slisd otro QI8 ciiracw@ t out put
15 termnal QUT represents the negative power supply voltage, the |evel

shi fter 189eflegbifshicf B3 .anWhaabkbepgllempobud ski 3P aplaippddedydlot age

(VDD- OV) generated by the enabl e pulse generator 38 to an enable pulse of a
second éﬁﬁl9?@6e°@0¢¥89¥0€VDDaVSSfFoéngpéﬁppﬁﬁésM@ﬁetﬁ@ﬁﬂ#ﬁﬁﬂj Plse to the
20 gates of the p-channel MOS transistors 21 and p22. This results in a
suf fi ci EHPCEEPRPNEOVELEREe P8 EHé EAPARINREL SROECLLEHST SPBS eGEP and 22,

Corit quEEi BRFe35°F: el 0% RESRBAFREEFaCran 3Pt RELPagh & FOR R cuit 32
voltage GND.

Given that an internal circuit power supply voltage VDD
indicates the positive power supply voltage 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-VSS),
and supplies the resulting pulse to the gate of the p-

20 channel MOS transistor Qpl3. This ensures the switching
operation of the p-channel MOS transistor Qpl3.

(Charge Pump Circuit Operation)

The operation of the charge pump circuit 31 of the

above-described structure is described below. When the

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



- 17 is described. As is apparent fromFig. 4, the regulation circuit 33
i ncludes a switching device such as a p-channel MOS transistor Q3l, a
sanpl e-and-hold (S/H) circuit 40, a conparator 41, and the above-descri bed
AND circuit 35. 5 1n the regulation circuit 33, the p-channel MOS

transi stor @31 is connected between the vol tage-divider point P of the
voltage dividing circuit 32 and a noninverting (+) input termnal of the
conparat or 41, and receives the above-noted enable pul se enb via the gate.
The 10 MOS transistor Q31 conducts for3za-period when the vol tage dividing
circuit 32 is active to transmt the divided voltage obtained at the

vol t age-di vider point P to the sanple-and-hold circuit 40 and the
conparat gr. 41.. The sanpl e-and-hol d circuit 40 holds the divided _15 voltage
transni t tef 8 Thed GERRTASST RpFP UKk Ay Lk 9 G e 3%’085
transi stor 31 conducts,. and _continuousl uppl.j.es..i.t_t. e non-inverting

i nput t ePPRARSSF 3hé 88%&5?1&{1& p&.s%ﬁé%(ft?ﬁ?gworuff%gcsgg’n iMerting (-) -
i nput termnal .to. which a.refer e volt (i LS _eX | e, the 20 ground
ovel ) 1 ohen Bk e" BeFerd sl Bl Wik kAR G T3P Conduct o and

the divi ded alitags.otalned gt ha gldpass i vidernalnt, B ol heavol tage

di viding circui i's supplie arator 41 °via't

3 15 505Nk e (il 48l WaCLR09111S homPaled Mdily a9 and o gnce

vol t age. en the divi vol tage exc _ ref'erence vol tage,
the highthgvel seempani $08 sl lgrichirUARVAd t GrHdie tAND Gkt hg35 as a

gate control signal thereof.

pulse is in a low level (0 V), the p-channel transistors
Qpll 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 Onll becomes the VDD level.

Then, when the switching pulse goes to the high level

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

15 MOS transistors Qpll and Qnll becomes the ground level (0 V),
so that the potential at the output end of the capacitor C1l1
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 Qnl2.

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



(Regul ation Grcuit Operation) 5 The regul ati on operation of the regul ation
circuit 33 of the above configuration is described below. As depicted in
the timng chart of Fig. 5 the lowevel tine (tl through t3) of the enable
pul se enb during a period of 1His called the regulation tinme. Furthernore,
10 the tine froma fall time tl of the enable pulse enb to a transition
time t2 of the clock pulse ck is called the preconparison tinme in the
conparator 41, and the tine fromthe transition tinme t2 of the clock pul se
ck to arisetine t3 of the enable puld4e-enb is called the conparing tine
of the 15 conparator 41. It is assunmed that the clanp pulse clp is
generated during the lowlevel time (t1 through t3) of the enable pulse
enb. First . \i v i cl ' h ation
eehecl ‘?41& El:%ﬁlléjé A0 e}%ﬂéudﬁ@ 5'10@%%“ B0Fsd heyf eoul

tinme mhen ena se enb is ed voltage

corresp Se RPLE 1Al Of o h@n&'ﬁ—%ﬂénr?é’i RS terMdal e QUT |

obt ai ne t th vol t agedi vi der point P of the voltage dividing CIrCUIt 32.

When thQKngg%méﬁaéﬁﬁﬂgﬁrfgﬂéage VSS obtained at the circuit output
term nal OUT does not reach the -VDD level that is 25 the target voltage,

the vol tage- ghyi del; pekBL BfMahed clamplPuipet eRiirdlsgungherd hae the 0 V
(ground level). At this tinme, the non-inverting input voltage (the voltage

of the \dldcage- dwipddy RAItHgP)VSS, oredt tihe, itherdvom ispn, whiage (ground
| evel ), and the conparator 5 41 supplies t he hi gh-1 evel conparison result
to the ANBuriersCuiHat3Thelheighde AN ittraridi SSosupplid esortdiected ock pul se ck
to the charge punp circuit 31. In synchronization with the clock pul se ck

a punpi Myieperatsesn the perfeartned iof title charde punpheidicadd Bl tkhe
sequence of operations is 10 repeatedly perfornmed every 1H period. Finally,
t he negdte vé ammeguttovditeagr 88l rleathesratieen arlgat thebPdteargiiadol t age. When

the negative output voltage VSS reaches the target
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 MOS transistor QplZ2, 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 Qpl2, a
large current capacity DC-DC converter can be achieved with
a small circuit. This effect 1s 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 Rl



-VDD | evel voltage, the potential of the voltage-divider point P becones O
V (ground level). At this time, the non 15 inverting input voltage (the
vol tage of the voltage-divider point P) is equal to the inverting input

vol tage (ground level), and the conparator 41 supplies the | owl evel
conparison result to the AND circuit 35. Then, the AND circuit 35 stops
supplying the clock pulse ck to the charge 20 punp circuit 31. In this way,
the voltage dividing circuit 32 divides the difference between the circuit
out put voltage VSS obtained at the eirLguit output termnal OUT and the
internal circuit power supply voltage VDD, the conparator 41 conpares 25
the divided voltage obtained at the voltage-divider point P - 20 of the
voltage dividing circuit 32 with the reference voltage, (in thiss exanple,
Uhe orods 1%, drtyideid S APETeS e TE A S Ths 11 THEANIET reni ¢ 35
control s, the supply of the clock pulse.ck .(sw tchin se he charge 5
punp ci rdceblijtc?l,coot%ee e eycpolpnersa*?]flngS tvhlethr etgrlgﬁ at7on %?qrrsgﬁjt a?sno&t at the
circuit t. vol S i r - I tage. In the
DC- DC cos(r?li\vlgehﬂJi or \fjlft hga?ﬁ}%ie%a O\C/ée)rt%?)sn J|]ééoul];%tcgpgjnl aa\cétggr%%% t\(;lqﬂlﬁgbq—pr esent
enbodi , e wy<Channhel ; M r ansi I éﬁ%?ﬁ :égéﬁ e
turnedngﬁ%g¥%hb§§§§ on tﬁ% enab éibﬁﬁiéﬁﬁﬁkﬁFggﬁéﬁ% t he j%?%%ge f%%ding
circyit 34 And e LAPara! A Al Aty Onlne fOltd it T eaW Al dyidEe and

i nactive otherw sé. This causes a current to flow in the voltage-divider
resi st orss;pghgawo% a drhe G alry A kel f orrre gerdipinhdaeri od of
time required for the regul ati on operation, thus reducing the power )
consunpMosN Jress icalse YR a £ aimsdtalbetivedd] amd rerdde fvalHeagedi vi der
resistors Rl and R2 and the conparator 41. 20 [Second G rcuit Exanple of

t he DC- Rés@anver Rer Janfdl g-heb disrauid anitpditagreamistedwiaquy .anot her circuit
exanpl e (second circuit exanple) of the DC-DC converter 14. In Fig. 6,

equi val ent pént tbas esatpdse showhei mokitgged daveéddesi gnatedtbyg2the sane
reference nunerals.

the voltage-divider resistors Rl and R2 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 R2 has a potential of 0 V
15 (ground level). It is to be noted that the resistances of
the voltage-divider resistors Rl and R2 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 Qp22 are
conducting. The p-channel MOS transistors Qp2l 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



25 The DC-DC converter 14 according to the second circuit T - 21 exanple
includes a regulation circuit 33" having a different configuration from
that of the regulation circuit 33 in the first circuit exanple, and other
configuration of the DC-DC converter 14 is the same. In the regul ation
circuit 33" in 5 this circuit exanple, the sanple-and-hold circuit 40 is

| ocated after the conparator 41, which is different fromthe first circuit
exanple in which the sanple-and-hold circuit 40 is | ocated before the
conparator 41. Specifically, in the-régulation circuit 33 in the first 10
circuit exanple, the divided voltage obtained fromthe voltage dividing
circuit 32 is held by the sanple-and-hold circuit 40; whereas, in the

regul ati i i Lokt cqQRd,Cj kLt | e, the conparison result
o “the CombSeas byidinblcr pepT e B ReLbht AR et ¢ 40 15 The only

difference i dim P! fHat A LHEEEK ISuT Qe b f(%_ér?é‘x‘;éatéc[‘ 164 oMk teppeg ati on
of regulation in the regulation circuit 33'". [Third Crcuit Exanple of the

DC- DC Conyesd efdn2Pfafbg- 34 hﬁsaab#)@&k.ogi 89" am showkngtagother circuit
exanple (third circuit exanple) of the DC-DC converter 14. In Fig. 7,

equi val exhr pRsitONSstonhhagepshovn) i Nnaki gepbcka dastpsatedihy thersanme
reference nunerals. The DC-DC converter 14 according to the third circuit

exanpl e ¢ nckigless 25tme r egabati puleer enbt 183génbastag Ardinf tReeshable
configuration

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 Qp2l 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
circulit output voltage VSS led to the circuit output

15 terminal OUT represents 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 Qp2l 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



- 22 fromthat of the regulation circuit 33" in the second circuit

exanpl e, and ot her configuration of the DC-DC converter 14 is the sane.
Specifically, in the regulation circuit 33" in this 5 circuit exanple, for
exanpl e, an n-channel MOS transistor Qn31 is used as a swi tching device,
and, for exanple, the clanp pulse clp is used as a sanpling pulse for the
sanpl eand-hold circuit 40. The other conponents are basically the sane as
those in the second circuit exanple. The sanpling 20 pul se for the

sanpl e-and-hold circuit 40 is not |li+m1ted-to the clanp pulse clp. In the
DC-DC converter 14 according to the third circuit exanple, the enable pul se
of the first anplitude voltage (VDD OV) generated by the enable pul se

gener at or, 3§ﬁ%érﬁ %plarltg N%éggﬁ%%tp%rogpﬁggyerterh%pff%ﬂgati %hen

appl i ed t6 thE ga P ansi stor's H1 %dnd he vol t age

di vi di t 132 I N It
(oo ver Srehit, 3 mE?%d%’%E‘% ERA R0 RRTSgR AThe PR T ea o

the gateygh the,0:aha0nel,s30 MOSLiARSLSL 0N N3l (s /The ommatayer 41 can

have an o et cancell "functi t cancell ation ctionis a

function ghpdehect| QQ a%@ldc%'?l%aa'b%%ea-@e%f r9@led WRIDCR 11 Suliitk@lsy to be caused
at an input of an ampliifier that typically forms the 25 conparator, so that

the of fset maynnpheappgaladiohheiouhput 33 -tﬂé %Cbﬁéﬁﬁfel fbg. 8 is a timng
chart for showing the circuit operation of the DC converter 14 according

to the thiredsestoni Hperanpl eonhecickids bleithicRe ehar tyol&ageraividerdi cates 5
the conparing tinme of the conparator 41 (which is equal to an active period
of the vpbtagepPdb¥i dhegvoilteget d32ididgt ke reatpanat anhddd) noa-time T2
indicates the sanpling tine of the sanple-and-hold circuit 40, and a tine
T3 i ndi catesrtheghdhdi igpuitngeaminkd sdnthe- moophaldoci Adyi &nd0. 10 The
circuit operation of the DC-DC converter 14
receives the above-noted enable pulse enb via the gate. The
10 MOS transistor Qp3l conducts for a period when the voltage
dividing circuit 32 1is active to transmit the divided
voltage obtained at the voltage-divider point 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 Qp31 until the
next time the MOS transistor Qp3l conducts, and continuously
supplies it to the non-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

Qp31, so that the divided voltage is compared with the

25 reference voltage. When the divided voltage exceeds the



according to the third circuit exanple in the case where the conparator 41
has the offset cancellation function is described belowwth reference to
the timng chart of Fig. 8. First, simlarly to the previous circuit

exanpl es, the 15 voltage dividing circuit 32 and the conparator 41 are
active only for a period of the tine T1l, and the conparison result of the
conparator 41 is sanpled by the sanple-and-hold circuit 40 for a period of
the tinme T2 during the time T1 and is held for a period of the tinme T3
other than the tines 20 T1 and T2. Thk8conparator 41 detects an offset for
a certain period of tinme during the holding tine T3, that is, for a period
other than the conparing tinme Tl, nore specifically, for a period of tine

uhen theeeaalhecPyhde gnh ihd Ridhe )l Qtlpardach lagiaal D of a clock

which transitions at a he nore sPecifically,tx 34. a sanpling

tine ~2sui£§‘_£llée| %% &%@erp@w c\is:édl@cr Fshan h Jed R¥nithe1Cd fdnCU t ck pul se
ck genexa the sanple and™hol esulting |local "AND clo the hld utput o~ 'Xxcuyt

35, and¢hBeebfas a switching and a AND cy uit 31 ormed by th a Punmp CyrC 31
t pex~rmperk lied t the chaxg arge Punp CrCUyt the clck which ch 5 ys
suPp This caymegulheibhecheeakbtAbpPeobtibap T2 and pul se. ing pexatin using
than the sanplyng a punp a the xcuit ~0. th sytyons at a tim

sam Pl e~andJhhd SggtibhetsanPbe¥rtatod vipthef rebaldtéoncuitcaxanpBes’ yn9

t he dyvyded the hl the abve~desCrybe as neans for hold Cult 32 x the d 1~
1n Gircuift the pdowse colntfage oy ng Qeswexibeylt bedomwot d- hol d the Howe a

| tage obtained fromthe Conparatr 41' ~0, and anY thex v marison result o~
and Cyr CUyt &snédpictaddinaithe pimhsgsahpkt phlFdovi Bedtbel Lag-b result f
linyted t able o~ hlding the 32 ~ the Crpa~l so such a as 15 device cap a

di vi di ngeggkctipmeaillpahirogioh tt3ne<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 enb 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 circuit 32. When
the negative output voltage VSS obtained at the circuit
output terminal OUT does not reach the -VDD level that is

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



the vitag x a cent ~urthernmre~ conparato'~ 41 f , maY be used. divydyng
cyxClyt 32 the or an SRS voltage ed such latch ci xClyt (Ces ~r nmaking the
o~ tine are Config~ar itching deny a ain Period QP22 axe ce swonlY r rt
ansi stoxs (21 and er resistors Rl ve tr aCty a P-channel MS the

vol tagerdyvyd r Q~2 may be that th d t bth sides o~ nel Ms transisto
conneCte a p~chan nd R2. However th les, furthernore' a a fitted) Cxibed
cyrcuyt cranp mln the above des 25 - 25 charge punp DC-DC converter of
t he negative voltage generation type tilgat- generates a circuit output

vol tage VSS of the -VDD | evel based on the internal circuit power supply
vol tage VDD is discussed, by way of exanple. However, the 5 voltage | evel

isnot limted,t he, -VDD | eve|, an char ge_ pu DC- DC converter of the
positivéPQB??Eb%?géﬁgpﬁfiBHaPyggetﬁag 38ﬁ8Pﬁge%g¥ggbsitive power supply

ol tage havi di fferent voltage value fromthe internal circuit power
\s/uppl 3 vol ;/:'aggt %%a’%aer&e bnell?%en _t%l?\ﬁ%tlcr?q c{ﬁQuBIO T A% sﬁ%ﬁﬁ’ ;I volot age

VoD oy 850,45 8PPLLCaGLE. LD hDS aDevesdesct bed grgulh exampl es,

furthernore, € Vo I'Ag rcai and the conparator 41 are

active opkyolping ¢RbLAl DoPPLLEd GEoLhies Lber ey hedhgi Do pOReroy

consunption | 0ss: S IS the " nos prerera orm an ne o

vol tage gl Vé@fsdﬁg%@gre%t?%éhamngecsﬂﬁmgagrr duimycBecacthyg only for a

certain perio tinme, reby al so reducing the power consunption | oss.

circuit 35. Then, the AND circuit 35 supplies the clock
pulse ck to the charge pump circuit 31. In synchronization
with the clock pulse ck, a pumping operation is performed in
the charge pump circuit 31. The sequence of operations is
10 repeatedly performed every 1lH 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
point P becomes 0 V (ground level). At this time, the non-

15 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 result 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 voltage VSS
obtained at the circuit output terminal OUT and the internal
circuit power supply voltage VDD, the comparator 41 compares

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



The charge punp DC-DC converter (power supply 20 generating circuit) 14
according to the above-described circuit exanples is forned integrally with
the vertical driving circuit 12 and the selector circuit 13 in a peripheral
region of the pixel unit 11 (so-called frame region) on the sane substrate
(liquid crystal display panel) 25 15, as is apparent fromFig. 1. - 26
Since TFTs are used as pixel transistors of the pixel unit 11, TFTs may

al so be used as the transistors which constitute the DC DC converter 14,
including the MOS transistors Qoll th2ough Qol 3, Q2l, Q22, Q3l, M;ll,
and 5 0l 2 shown in Figs. 4 and 6, and the transistors which constitute the
| evel shifters 37 and 39, the sanple-and-hold circuit 40, and the

conpar atu® 4k A% Rfe |BASIQINLIS ARSI B O 1§ [HY L% fB¥% P& manuf act ured
usi ng the sanme process as that™ of the pixel unit 11, resulting in sinple 10

and | ownGAsd oduL tipns flanfrdratdn dre 1 CQIMES i sekft-od N the
t ransi st or caidg:uﬁt s, the I\/[%Spgr ansi stog%fsO Ql 1 an%@l I formsng ao CMOS

i nvert erhdl @ddiganandly ddunimol tage A 3R culhersf dhtddld ssHot necessary
to isolate the other 15 MOS transistors (including the diode D11), which

require sapplgh o tdnd andbaloldags di  (heyaried gumed)oftol ke andddey can
be easily manufactured in a sinple manner using the same process as that of
t he pi xeumpnidi rBlhid Bl hitheasds, dheeratingy dheansigilort ioin alitaitetse ,
shoul d be fornmed by a 20 silicon chip on a substrate different fromthe

i quid ahpst ahedicsiplcay tpaneipults . vd It ddee VS® égaiongsappild catrngat ed@ipl es, the
charge punp DC-DC converter 14 according to the above-described enbodi nent

i s formiéviedt egrldldge.with the pixel unit 11 on 25 the liquid crystal

di spl ay panel 15. However, it is not r - 27
In the DC-DC converter 14 of the above configuration

according to the present embodiment, the p-channel MOS

10 transistors Qp2l1, Qp22, and Qp31 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 required for the
regulation operation, thus reducing the power consumption
loss caused by a constant current flow in the voltage-

divider resistors Rl and R2 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, equivalent portions to those shown in Fig. 4 are
designated by the same reference numerals.

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



necessarily formed integrally with the pixel unit 11, and may be used as an
. external circuit to the liquid crystal display apparatus, or nmay be forned
on a substrate different fromthe liquid crystal display panel 15. 5 As is
apparent fromthe foregoing description, it is nore advantageous if the
charge punp DC-DC converter 14 is integrally forned on the sanme 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 exanples can
achieve a large current capacity withpa small circuit, and is significantly
effective particularly when transistors having a |l arge threshold vol t age
Vth, such as TFTs (thin-filmtransistors), are used, the DC DC converter 14

formed integrally with the pixel ynit 11 on the 15 same substrate %reatly
cont r i bGEERLS a}qc\(ﬁi}d-d(?ﬁsta, Y AP e g Edt: tasSe ntAY itk Puditdd K8 i qui d
crystal displa pparatus. .In the foregoi ng enbodi nent,. .t char ge punp
B0 DO o SHTSPERE ARBh G (e Tab e LASRUATIER AT Coanp dhest | &
used as wer, suppl y..generating circuit in.an_active trix liquid

cryst al e &5 ainar SPUTHAI A0 O SrPeiRtenel & dheoPSy hevi ces

(eleCtrQiﬁg%gﬂE@r q%VE%e%%F?%aﬂkxel%h @%émyédﬁié?f% lé%rcﬂ%%?%%n’ithe

present 1 nvention’is not mted to an appliFcation toliquid cryspal 25

di sgs} 2y HRAIAINSEY NG Alhe ggﬁ%ﬁ%@%ﬁ% 19 haraGti vg ;5 28 matrix

di spl ay apparatuses such-as : y apparatuses using el ectrol um nescent
(EL) deviceseds aRiee! tdies Rlopad@Voeea , The 1S Blsay 13RRalaluS RECeHdI Ng to
the present 5 invention is suitable not only for a display of OA equi pnent

such as rpeis0RAlr GQAPWkaHH 12Nd (Werhd Bl 9GRS QS L-aheMihsiien Jieeiivers, and
so on, but also for a display unit of portable term nal devices such as

cel | ul a0t elsepheaesdand fARAS thet eraed rk@osi 2@ .reducti on or conpact ness of
the 10 overall devices. Fig. 9 is an external view schematically show ng

t he structurepetifiipetiagbl ént ehai nabuilevioce, cénehias3a tel thkaritet ephone,
according to the present invention. The cellul ar tel ephone according to

t hil exgrplcaiits exBmpdrst rthet dd vddek tvhatagenobthriortd Soofmackeof a devi ce
case 51, a speaker unit 52, an output display unit 53, an operation unit
54, andvalfpgeoghunding €ig5uiite 33r Agngeddi Byt he sesmlehendopolfn the
cellul ar tel ephone of this structure, the output display unit 53 is

i mpl eneREEGUBY 4020vPrE6R§ cipsthr droplayigppsiacydt add dRethequid

crystal disglay,apearatus according to the above-described enbodi nent is
used asSEREPA GaF Uity S¥AMP Fsprﬁ SPPRAAESST ABEULE ARGl yeadvant ageous! y,

the liquid crystal ,displ pparat us i ncorporating the DC onverter
accordiﬁampsr%%grzéqa6§v§¥&§s@Vi%&8 Erpe Ftagaahﬁggscﬁ§c5§gg4§s t he out put
15 The only difference is this point, and there is no

difference in circuit operation of regulation in the

regulation 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



- 29 5 10 display unit 53 of a portable term nal device such as a cellular
-t el ephone, which greatly contributes to a | owpower-consunption and conpact
portabl e term nal device since the DC-DC converter can achieve a |arge
current capacity with a small circuit. In particular, the DCDC converter
can provide | ow power consunption |oss and high efficiency, thus achieving
| ower power consunption, and the |ife of a battery as a main power supply
can be extended once it is charged. Industrial Applicability As described
above, in a power supply generating 152207 circuit accordi ng to the present
i nvention, a display apparatus incorporating the sane, or a portable
term nal device using the display apparatus as an output display unit, at
| east ongr@fm MOlAGE e didig InRars id-chiGOMRERr alrpreHes sa@onee only for a
certain period of time, thus making it possible for the conparator to
conpar e \wdlrcages examplfegr andl @eid WwWwriEigudtiloh aheaethevra@dpc t he vol t age
di viding neans and the conparator are active only for the period when the
vol t ages canwexarpraridd ilsy thee seorgpar at or and i nactive ot herw se. Therefore,
t he power consunption |oss caused by the voltage dividing neans and the
conpar at or cafpbeifédadég, in- tB@ rE€hALMBidtn Aipowert SAppl yngehésati ng
circuit conprising: charge punp neans for repeating charging and 5
di schar gicig cogdr ®xiaows &,n foymeireoyilzat iaon nrichanaed] ¢I8 pulage;isitolnt age
di vidi ng means for dividing an output voltage of the charge punp neans;
regul at i @m3fedds Usiesiasg sa sedrisdriatco defvdiceoormpal i fpn exarPldi vitded vol t age
obt ai ned fromthe vol tage. dividing nmeans with a reference voltage, for
cont r ol | CAGMPhOVLFSp I Pofl &t K el Gk p P 1tie g matifarfge filiep SRERA€ based on
t he conparison _resylt of the conparator; and control neans for _naking at
| east oné‘n@lf"?’lcljré1 FOrrCHge 15 -di Vitd AFFafOTReR e Gdifp G lddt i€ onl y
for a certain per%pd of, tine. . . .

sanme as those in theé second circuilit 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 Qp22 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 Qn3l.

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 ocutput



2. A power supply generating circuit according to claim1, wherein the _
control neans nakes the vol tage dividing neans and the conparator inactive i
for a period other than the 20 period when the voltages are conpared by the
conparator. 3. A power supply generating circuit according to claim1,
wherein the voltage dividing neans includes vol tage-divider resistors
connected in series between an output term nal of the charge punp neans and
a reference potential point, and 25 the control neans includes swtching
means connected in - 31 series wtfzthe voltage-divider resistors. 4. A
power supply generating circuit according to claim1l, wherein the control
means i ncl udes sw tching neans connected between a vol tage-divider point of
the voltage dividing 5 circuit and an i nput term nal of the conparator. 5.

A power QIHAQE generating circuit according to claimi1, wherein the

regul ati on means i ngl udes .hql ding nmeans for hql ding the conparison result
of the conpafafor 8 65 A 5&%&Pgs&86F§ SQEeF Wﬁ&gcﬁgéuFﬁrSB& rding to claim

15 MBS I S B s
nol outaul. o, the o noueans, (9. charee R PYS .  Agoner
Teang OR8G5 A ST Gt S S A | Bheeelddor sl ing
or | ot ciih i Bl TRER AN MO HRAIGHR kAl 1 B e raror

has an ofdmfirf@ncelilhat ion fnati anand et adls AndfifRete i@ & aeft ain
period of time during the hold or latch period of the sanpl e-and-hold

circuit Qmdid-Ghdinal toi rtni& 44 disspl 2y @pRArN USGIEYdsSithg a pi xel unit
havi ng an - 32 array of pixels on a substrate, and power supply
gener at inwd digan< ifer red i tdanRara nsisilidate rasaittheiopi xel unit for, based
on an internal circuit power supply voltage, generating a power supply
vol tédge havi Ageacdrtheértenpevaltiageof the DC-DC converter 14
according to the third circuit example in the case where the
comparator 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 T1l, 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 period 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 value fromthe internal circuit power supply voltage, wherein the power
supply generating neans includes: charge punp neans for repeating charging
and di schargi ng operations in synchronization with a clock pul se; 10
vol tage dividing neans for dividing an output voltage of the charge punp
means; regul ati on neans, having a conparator for conparing the divided
vol tage obtained fromthe voltage dividing neans wwth a reference vol tage,
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
maki ng at | east one of the val 2dgé di vi di ng neans and the conparator active
only far a certain period of tinme during one hor|]é10nt ahescanni ng period. 20
9. A display apparatus according to clai i the control neans
makes the voltage dividing nean Zanﬁo‘;‘he orrpar at or g@cﬁve for a period
ot her than the per| od ntuﬁ@ vol t ages ar gs,@oqp&? % by the conparator. 10.
A display a e‘cordl ng t é:l@lckap wherein .t e;0255vol tage dividing
¢3nc"r es voI ta eigtadd@f tre5| stor 514 33F %‘%nnect ed_ip.series
bet ween an outpyk g8Ffii nal of thg\quaﬂg purrp nmeans ndoaatefer ence
pot entoica Pb‘gl nt, and the scamer Sla means H]&léjd;@ F?hl ng neans connected
in serles W dh:eﬂcﬂﬂ age- di vj 5[6@?‘%tors 5 11. \A»@h‘rslgﬂ y appar at us
accoggdn’gh?o cl ai m 8, }Q/@eﬁerﬁufﬁe control, tnganssl?m? udes sw t chi ng nmeans
connect ed betweg ntaevd tage-di vi ger c|&'>(¥i°ﬁ1l of the \ol toa@eréP% ding circuit
and gfex ﬁﬂﬁﬁe terninal, of f idw Stpar at or . J2e A i Iay appar atisn accor di ng
to claim S8, %@det(h the 10 regglF ?eop\ﬂﬂ’%ans i ncl udg h@l@@“hg nmeans for
hosl) di ng sHEP conpari son | esbPt he cor‘g%elr am@ro 1 A di spl @y appar at us
actording to cjyaismCP?, “wher ei n | thene 10 Ling £ime

pulse jon U8
ump‘lnq perat
P

samp

the

10

25



regul ati on means applies a logical AND of a clock which transitions at a
-time other than a sanpling tinme of the 15 hol ding neans and a hol d out put
of the holding nmeans to the charge punp neans. 14. A display apparatus
according to claim 12, wherein the holding neans conprises a

sanpl e-and-hol d circuit or a latch circuit for sanpling the conparison
result of the conparator 20 for a period for which at | east one of the

vol tage dividing neans and the conparator is active and for hol ding or
latching it for a period other than-tRat —period, and the conparator has an
of fset cancellation function and detects an offset for a certain period of
time during the 25 hold or latch period of the sanple-and-hold circuit or

latch théégerGQB'bc -Be. ¢ ?ﬂ@é?@é?yoﬁpgﬂéaﬁHé ?EGQrQbYEaégaC'a'”‘8

wherei n display devi ces of e pixels conpris fquidcry cells. 16. A

portablegbﬁéghﬂébnd%yb@etmgtCaeﬂé§§tésd559h§¥u§ta8@@§ U, 8238 Q48 put
ST

display unit, the diSplay apparatus conprising a pixel unit ing an array

of pixel szogna subst navel BRYcHOYRT tBHPPhYeBRHET &L +8Y: FE3h%ef 0L ES $Nn the
sanme substrate as the pixel unit for, based on an internal circuit ‘power

supply voblagge gsneﬁatumgcasﬁéaerb§Uﬁ@&yoﬁ0ex9m§§Qe heyi,88e 2, dihd er ent
vol tage value fromthe internal circuit power supply voltage, wherein the
powers supplyagengeatlngsnranslimctedess the -vDD 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 vertical
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.



charge punp neans for repeating charging and di schargi ng operations in
-synchroni zation with a clock 15 pul se; voltage dividing neans for dividing
an out put voltage of the charge punp neans; regulation nmeans, having a
conparator for conparing the divided voltage obtained fromthe voltage
dividing nmeans 20 with a reference voltage, for controlling the supply of
the clock pulse to the charge punp neans based on the conparison result of
t he conparator; and control neans for making at | east one of the voltage

di vi di ng neans and the conparator actidke-only for a certain 25 period of
time during one horizontal scanning period. - 35 17. A portable term nal
devi ce according to claim 16, wherein the control neans makes the voltage

di vi di ng nearﬁi@@éi PPfs COPPAL AL QT 2 & NALLLY %&Esfs@@féoaf%@@gpﬁ@p the
t d by t

peri od when e voltages are conpare e conparator. 5 18. A portable

term nal ydeyi ¢e, agpoLdiAg LOs6l BbMiiB8a whekgkncbhRsyotbageydi¥hdi ng means
i ncl udes voltage-divider resistors connected in series between an out put

term nal cehstheuebatge punpcneanseandraiuef ehencaingt enki mbspoi nt, and the
control neans includes switching nmeans connected in 10 series with the

vol t age- dirhdestoesi 9p0LSsthi8ugh pplLBabbp2ter ghpal dpvicegactordhag to
claim 16, wherein the control neans includes sw tching nmeans connected
bet ween anypl sAgendini Begspohnanaf 6t handokhagerdnyidtagscwheéght and an
input termnal of the conmparator. 15 20. A portable term nal device
accor di ngothstttaten tbe Wbeedi ahfifiteregdlatndn3feanbei sehpdesahdtbohd neans
for holding the conparison result of the conparator.
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 DC-DC converter
14.
In the transistor circuits, the MOS transistors Qpll
and Qnll forming a CMOS inverter are driven by the voltage
0v~VvDD. Therefore, it is not necessary to isolate the other
15 MOS transistors (including the diode Dl11), 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 unit 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



21. A portable terminal device according to claim20, wherein the

. regulation neans applies a logical AND of a 20 clock which transitions at a
time other than a sanpling tinme of the hol ding nmeans and a hol d out put of
t he hol ding neans to the charge punp neans. 22. A portable term nal device
according to claim 20, wherein the holding neans conprises a

sanpl e-and-hold 25 circuit or a latch circuit for sanpling the conparison
- 36 result of the conparator for a period for which at | east one of the
vol tage dividing neans and the conpargtor is active and for hol ding or
latching it for a period other than that period, and 5 the conparator has
an of fset cancellation function and detects an offset for a certain period
of time_durin rlod he sanpl e- and- hoId ircuit or

| at ch
L oh orrgaeaarsly Mokl ird ittt plaB thetaidn aFRgt blel 3P 26. 10

wh t he. di t di t
i ch o884 P L,?f.% e rcé?%%&iy HoshEod R e g ars, P o1

AR EERAL BE B
{vql gb] eﬁkc L%% ga%eg%%%hcgkg%¥g9]5QL8§]gg]ca]ca]ca]ca]ca]ca]ca]ca]ca]
caj ca] ca
As is apparent from the foregoing description, it is
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 including the liquid crystal display
apparatus.
In the foregoing embodiment, the charge pump DC-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 limited to an application to liquid crystal

25 display apparatuses, and is also applicable to other active-
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telephone, according to the present invention.

- S2A0% &5 AR L)

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 output display unit 53 is implemented by a
20 liquid crystal display apparatus, and the ligquid crystal
display apparatus according to the above-described
embodiment is used as the ligquid 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
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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. 1In 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.
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5 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
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
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5. A power supply generatlng 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 period 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
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based on an internal circuit power supply voltage,

generating a power supply voltage having a different voltage

5 wvalue 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

pulse;

10 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

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
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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
regulation 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 function 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
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5 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 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.



10! sSt $10%&' () - $! St $10900&' () - $! f ZSt $10YXX&' () - $! St $109%6?#7?&' () - $L10%9& () -
10 10; @ zX6B<

10! 31#10%gWIWL' () - y! 31#10%&' () -ySt $10%9& () -$!' St $10% ) & () -$! oSt $109%& () - $!
St $10%&' () - $CnxY8 10! yl "10%<<& ()-10%& ()-s

S10%@& ()-!10%@& ()-f910%@& ()- 10gWyW 10gWgW 10gWgWD~dExY8 10!

y 110%@& ()- !10%@& ()-M 109 ()- L!10%@& ()- L!10%@& ()-yl"10%x () - QdExY
8 10! y/#10%a& ()-L (!109%&& ()-L

(1109%@N& () -, &H#109%@&' () - ~ $10%@& ()~ 3516%& ()-:qdYNC 10! 10@10@
10@49&$100/@ ()-9F7 10%& ()- SSMLO%@& () - 9s3- 100/@ ()-9110%&' () -4qdEYNC
10!

18?@&?&%’ o 1? BT AL 210008 L) SLME0PE( 1 b1 () - VBN
égf‘%0&égg%gfg/ﬁ&%%ggﬁ¥¥g&ggf8Eﬁ&msf 168@&f€}PE?e dividing means

and the comparator inactive for a period other than the

period when the voltages are compared by the comparator.

5 18. A portable terminal device according to claim 16,
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.

21l. 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
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and for holding or latching it for a period other than that
period, and
5 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.
23. A portable terminal device according to claim 16,
10 wherein the display apparatus comprises a ligquid crystal

display apparatus which uses liquid crystal cells as display

devices of the pixels.



