- 1 - DESCRI PTI ON ANALOG BUFFER ClI RCUI T, DI SPLAY

DEVI CE, AND PORTABLE TERM NAL Technical Field The

present invention relates to analog buffer circuits,

di spl ay devices, and portable termnals, and in

particular, to an analog buffer circuit forned by

thin filmtransistors (TFTs) on an insulating

substrate, a display device using the analog buffer

circuit as a peripheral driving circuit for a display

unit, and a portable term nal provided with the

di spl ay device as a screen display unit. Background

Art In the field of flaesoenelridnspl ay devices as

typified by liquid crystal display devices and EL

(el ectrol um nescence) display devices, in recent

years, in order to achieve panel frame narrowness and
ANAIEH R RFh e} IRAHI T K eSS LA 93 VAalH ,eAND PORTABLE TERMINAL

driver-integrated display device has been devel oped

in which, on the sanme transparent substrate wth a

di splay unit conposed of pixels arranged in a matrix,
Teghmyerd lpfdradid driving circuit for driving the display

unit is provided in an integrated form Since TFTs _

afBeyuPEEsgRt givEntioangisdiegres it 1anpi o dhysfer circuits,

, display devices and EL _display devices, regarding

dispdt | 15 Sh&ngr Berigbdier cgirpinag s, ogndhdn particular,

tx)%%f%%%ﬁ%gp%&%§%§$%ﬁ&%ﬁi%h%o%&géi%% %.E%ukglhﬁt%g%%istors
(TFTs) on an insulating substrate, a display device using
the analog buffer circuit as a peripheral driving circuit
for a display unit, and a portable texminal provided with

the display device as a screen display unit.

Background Art

In the field of flat-panel display dévices as typified
by liguid crystal display devices and EL
{(electroluminescence) display devices, in recent years, in
order to achieve panel frame narrowness and reduced panel
-thickness, a so—called driver—integrated display device has
been developed in which, on the same transparent substrate
with a display unit composed of pixels arranged in a matrix,
a peripheral driving circuit for driving the display unit is
pfovided in an integrated form. Since TFTs are used as
pixel transistors in liquid crystal display devices and EL

display devices, regarding mounting of the driving circuit




As the peripheral driving circuit for the display
device, an analog buffer circuit is used in many cases
in order to increase a driving capability. Here, the
case of using TFTs to formthe anal og buffer circuit
on the insulating substrate is considered. In TFTs,
the absolute value of threshold value Vth is |large
and its variation is greatly large. Also, it is known
that, when TFTs are formed <Zom an insul ating substrate
such as a glass substrate, the elenent
characteristics of the TFTs are worse than those in
on t1ge caseh Ghaddnis SFudmit@N and |dCon rPRSiHate. iAS also
descri bed above, since the absolute value of threshold
fommddicby VE#TOf the TFT is large and its variation is
greatly large, when TFTs are used to form an anal og
bufAfserchel pewipherathdrivhayl atiregisulistr ahe, diaplayand
out put offsets of the analog buffer circuit and their
dewigrd atdrorshd sy dasfed telirsudds urse distetiati na mpingr alaistey dh
the anal og buffer ~circuit be arranged for, for
ordedansl encreanft putduiniimgofcagpabddtid vor i Viere( hdhiez oasal of
,drive%g in adriver-integrated display device so as
using ddrsesporfam tder aniailegs budifgralcincudds pnj ihehe
. display unit. In this case, large variations in_the
1D R Ieh ¢ URR TR o fifss spgsdrergd - andMo TR f dhec ppégilate
cause a_l arge out put-potential error in _each circuit. .
valfirent e PIH6t i 4P dRrae Padaipst ¥ariaftion is
di.fference - bet ween colums of the display unit,
ITERidY doGEE ayddOas 1 WGeFPOYR ORF pdhER TR SsErelormed

on é%?%%%%_@ﬂ%h&jyu s &%%%l%uch as a glass substrate, the
element characteristics of the TFTs are worse than those in
the case of TFTs formed on a silicon substrate. As
described above; since the absolute value of threshold value
Vth of the TFT is large and its variation is greatly large,
when TFTs are used to form an analog buffer circuit on the
insulating substrate, input and output offsets of the analog
buffer circuit and their variations increase.

It is assumed that a plurality of the analog buffer .
-.circuit be arranged for,_for example, an output unit of a
data driver (horizontal driver) in a driver-integrated
display device so as to correspond to data lines (signal
lines) in the display unit. In this case, large variations
in the input and output offsets of the analog buffer circuit
cause a large output—potential error in each circuit. Then,

this output-potential error is a potential difference




deteriorates display quality (uniformty). Also, in
the case of using TFTs to forman analog circuit on
an insulating substrate, a | arge absol ute val ue of
TFT threshold value Vth causes | arge power consunption
because a hi gh power-supply voltage and a large idling
current are required for circuit driving. Accordingly,
this 1is a disadvantage in reduci ng power consunption
of the display device, although a driver-integrated
configuration is established. In view of the above
probl ens, the present invention is nade and an obj ect
beprerotolwmsp @f Gladaliarlatalwy thufaret iscidicpiltayiad as a
whj ch, even if the analog buffer circuit is formed by
vertebr @itR Ut dliend SRSt r athccandimgd ysndhiis ignsattly
and, out put offsets and | ess power consunption, a
detf it Wi Lay Whiedh Bhel BHAGE B f-er circuit is
usgﬂ as .a %%ripheral driving circuit for a display
unit-3%and™a *'foFeghI 85t BriPRalFEEotPdEaT i &R #Re10T

< di spl devi, di spl it. Discl
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is @ GWakvhSitage in reducing power consumption of the
display device, although a driver-integrated configuration
is established.

In view of the above problems, the present invention is
made and an object thereof is to provide an analog buffer
circuit in which, even if the analog buffer circuit is
formed by TFTs on an insulating substrate, it has small
input and output offsets and less power consumption, a
display device in which the analog buffer circuit is used as
a peripheral driving circuit for a display:unit, and a
portable terminal provided with the display device as a

screen display unit.

Disclosure of Invention
An analog buffer circuit of the present invention has a
configuration comprising a source-follower means which

drives an output load, and an offset-canceling means whiéh




used, in a display device forned including a DA
converting «circuit which supplies anal og displ ay
signals to data lines in a display unit after
converting digital display signals into the anal og
di spl ay signals and which is provided on the sane
transparent insulating substrate, wth the display
~unit, for exanple, for an output unit in the DA
converting circuit. A so] 4 di spl ay device which
i ncludes a DA converting circuit using the anal og
buffer circuit is provided as a screen display unit
perfordaP Uiiraite deiditialn as thpl kbeddhy ra11BRAr( Reasenal
Digital Assistants) or a cellular telephone. 1In a
plipailt ahinddreldd ralpadda tshitdhean aadawdg chukkefeaiti alilly
havi ng the above configuration, a display device
cangsi Iy thay tdedfe cat A ofdimearst.i NnThdisr awiatl pgobutfiierdicgpleayt is
device as a screen display unit is provided, by
usgger fior @ g spflfagetdevdetee doirowrd Anglsdunge af OBl oweregting
pl ural nunber of separate tines, detection of a fina
cinsfufigewhight sgewnld gseehedvad digpRayckdgaplsotohdata lines
operating point of a final output node conpared with
in geddepilon onid piffter ephyertisbt dggitaicdsraiayl _\;vlgnals
since the final offset voltage is very close to
into fie praérec Cddrarys étlg\?éllﬁaéédaﬁalﬁgt hSs GE@VéﬁFFiaPPythe
cancel each other, the final offset voltage is
S"’“‘?uftFlaé‘I-‘%’ﬁ‘«ﬂfleylil r“é’cﬁh’é@&lng 5 UG &t Spe SE Gt tth SFsRIfY unit,
£ Dr awi n S Hﬁi circuit dia raﬁ1ShOMAQ% a%ﬂ? £
CTe XARPFE S i ﬂn t%}ﬁ%’%f‘%"ér atal 'O BUt fEP TRy circult.

accorgln%lg %ev1%etwhlch includes a DA converting

Al
circuit using the analog buffer circuit is provided as a
.screen display unit of a portable terminal as typified by a
PDA (Personal Digital Assistants) or a cellular telephone.
In a portable terminél in which an analecg buffer
circuit having the above configuration, a display device
using part of a DA converting circuit, or the display device
as a screen display unit is provided, by performing offset
. detection in a source follower a plural number of separate
times, detection of a final offset voltage is performed much
closer to the operating point of a final output mode
éompared with detection of a first offset voltage.
Accordingly, since the final offset voltage is very close to
the finally detected offset voltage and both substantially

cancel each cther, the final offset voltage is sufficiently

reduced.




enbodi nent of the present invention. Fig. 2 is a
timng chart serving to illustrate the operation of
the N-type-buffer analog buffer circuit according to
the first enmbodinment. Fig. 3 is a circuit diagram
showi ng an exanple of a P- type-buffer anal og buffer
circuit according to the first enbodi nent of the
present invention. Fig. 4 is atimng chart serving to
illustrate the operation‘o§ the P-type-buffer anal og
buffer circuit. Fig. 5is a circuit diagramshow ng
an anal og buffer circuit show ng an anal og buffer
circuit according to an application of the first
enbodinment. Fig. 6 is a timng chart serving to
Bridf Istsatipiiten ofpethat iDoewdingan anal og buffer circuit
according to an application of the first enbodi nent.
Fi §ig? ilsia di agremit#diapkhusthaving theespepati oh ah N-
an N-type source follower in the anal og buffer circuit

| tyrecdorfdieny ane lide hayfiflec atlinowidf adeerdinst tenbodilmeit |

Fig. 8 is a diagram (#2) illustrating the operation of
e ipenytp & fs dlvee @ HegiehdnwdmvisR tile@ -anal og buffer circuit
according . to the application of the first enbodi nent.
- Bigri §. 15 pstamdhdgFRAT t#SFrVirdstratihystrate the
oper.ation of an N-tygs source follower in the anal og
|
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Fig. 3 is a circuit diagram showing an example of a P-
fype«buffer analog buffer circuit according to the first
embodiment of the present invention.

Fig. 4 is a timing chart serving to illustrate the
operation of the P-type-buffer analog buffer circuit.

Fig. 5 is a circuit diagram showing an analog buffer
circuit showing an analog buffer circuit according to an
application of the first embodiment.

Fig. 6 is a timing chart serving to illustrate the
operation of an analog buffer cifcuit according to an
application of the first embodiment.

Fig. 7 is a diagram (#1) illustrating the operation of

an N-type source follower in the analog buffer circuit

according to the application of the first embodiment.
Fig. 8 is a diagram (#2) illustrating the operation of
an N-type source follower in the analog buffer circuit

according to the application of the first embodiment.



an N-type source follower in the analog buffer circuit
according to the application of the first embodi nent.
Fig. 11 is a diagram (#1) illustrating the operation
of a P-type source follower in the anal og buffer
circuit according to the application of the first
enbodi ment. Fig. 12 is a diagram (#2) illustrating the
operation of a P-type source follower in the anal og
buffer circuit accordlng‘t@ the application of the
first enmbodinment. Fig. 13 is a diagram (#3)
illustrating the operation of a P-type source

folfiemen iz thaiagakeg (pehf en1eiteuitingaeser dpBgat@on of
the application of the first enbodinent. Fig. 14 is a

an (N-aigrsem {etd)cd | fdldiowatd ngh tie epenaly enfder aiRduwipe
source follower in the analog buffer circuit

acqrubind ngp tihe prdpplatdatn @f dfhd 6 Aot sinbeaiedintent .
Fig. 15 is a circuit diagramshow ng an exanple of a
cufient 1foarce florganmN{iy¥peiddusteatohfyonbe. opegatlibn of
is acircuit diagramshow ng an exanple of a current
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circuit diagram showi ng an exanpl e of an

acqerdiger ft%re @@@Ilé@aﬁ&fomepfcutﬂ?@uuftlré@c@rr@pﬁlgm@@ta
second enbodi nent of the present invention. - 7 Fig.
18¥1g-alti iPng ehéEFa@eﬁﬁi gitduptratipgt Bhenheperation of

3§rat|on of th -buffer analog buffer circuit
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Fig. 12 is a diagram (#2) illustrating the operation of
a P-type source follower in the analog buffer circuit
according to the application of the first embodiment.

Fig. 13 is a diagram (#3) illustrating the operation of
a P-type source follower in the analog buffer circuit
according to the application of the first embodiment.

Fig. 14 is a diagram (#4) illustrating the operation of
a P-type source follower in the analog buffer circuit
according to the application of the first embodiment.

Fig. 15 is a circuit diagram showing an example of a
current source for an N-type source follower.

Fig. 16 is a circuit diagram showing an example of a
current source for a P-type sourcé follower.

Fig. 17 is a circuit diagram showing an example of an
N-type-buffer analog buffer circuit according to a second

embodiment of the present invention.




follower in an anal og buffer circuit according to an
application of the second enbodinent.. Fig. 20 is a
di agram (#2) .illustrating the N-type source follower
in an analog buffer circuit according to the
application of the second enbodinent. Fig. 21 is a
diagram (#3) illustrating the N-type source follower
in an anal og buffer circuit _according to the
application of the second erfbodi nent . Fig. 22 is a
di agram (#3). illustrating the N-type source follower
in an anal og buffer circuit according to the
appliiccatliSon sof ttheinec omhd remsedivient toFiglug3rateathe
di agram (#5) illustrating the N-type source follower
op¢ratypmmd ddieh ii-flerpecinciiar aowdrodl g fifent e rcuit
- application of the second enbodinent. Fig. 24 is a
ACRPFENT o ddraarAstvnd rgnkadisentpl e of a P- type-buffer
anal og buffer circuit according to the second
enBddi-meft 16f 2t Héagraserittl) nvégtliséﬁ@tFPg. apsNi-§yge source
circuit, diagran1shomﬁqﬁafn exanpl e of an  analo

Lol 10 AU HQG R TET ¢ dT U AR R o ft e |
DL R SlofTF Sogoh P ARgrat od || qui d orystal
ci FO8rY 26 431 SrfSRIARMG (48) okl EroF Lbct g WiEvhRe
soltfce® RAPIlel 18 ISR M iiffer circuit according to the
application of the second embodiment.
Fig. 21 is a diagram (#3) illustrating the N-type

source follower in an analog buffer circult according to the

. application of the second embodiment.

Fig. 22 is a diagram (#3) illustrating the N-type

-source follower in an analog buffer circuit according to the

application of the second embodiment.

Fig. 23 is a diagram (#5) illustrating the N-type

‘source follower in an analog buffer circuit according to the

application of the second embodiment.

Fig. 24 is a circuit diagram showing an example of a P-

-type-buffer analog buffer circuit according to the second

embodiment of the present invention.

Fig. 25 is a circuit diagram showing an example of an
analog buffer circuit according to an application of the
second embodiment.

Fig. 26 is a block diagram showing an example of a




Fig. 28 is a block diagram showi ng an exanple of a
ref erence-vol tage-sel ecting DA converting circuit
according to a first applied case of the present
invention. Fig. 29 is a circuit diagram show ng an
exanple of a reference voltage selector. Fig. 30 is a
bl ock di agram show ng an exanple of a
ref erence-vol t age-sel ecti ng ;DA converting circuit
according to a second appli'‘ed case of the present
invention. Fig. 31 is a block diagram show ng an
exanpl e of a sw tched capacitor DA converting circuit
drigieorigitrptared higuid applsted dchselefly tdew izeesdntthe
invention. Fig. 32 is a circuit diagramshow ng a
PresyRat finveddadt-e of the internal structure of the
sw_t.ched_capacitor DA converting circuit according to
t hEBhi rd &ppPi EdrEndE. drcag.l"a@ssggwangi anngxempte of the
serving to illustrate the oqperation of the swtched
- STrAAES &folﬁApcld??\;er]t“i Rg disPd@dt Uddcording to the
th%ﬁd aEBILed case. Fig. 34 is _a block diagram show n
an’ eXanpfeldf 2aPlPEk e EATE2YoFRRYERE P BCPEAGPEF COF 2
; rti ircuit according .to the third applied ,
e R e e e AR e PR eGP 188 A SRS ExpEFPERLng

case of the present -inven
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reference voltage selector.
Fig. 30 is a block diagram showing an example of a

reference-voltage-selecting DA converting circuit according

to a second applied case of the present invention.

Fig. 31 is a block diagram showing an example of a
switched capacitor DA converting circuit according to a

third applied case of the present invention.

Fig. 32 is a circuit diagram showing a specific example
of the intermal structure of the switched capacitor DA
converting circuit according to the third applied case.

Fig. 33 is a timing chart serving to illustrate the
operation of the switched capacitor DA converting circuit
according to the third applied case.

Fig. 34 is a block diagram showing an example of a
reference-voltage-selecting D/C converting circuit according
to the third applied case of the present invention.

Fig. 35 is an exterior view showing an outline of the




[First Enmbodinent] Fig. 1 is a circuit diagram show ng
an exanple of an N type-buffer analog buffer circuit
according to a first enbodiment of the present
invention. This N-type-buffer analog buffer circuit
i ncludes an NMOS transistor and is used when
out put-signal potential is relatively high,
specifically when it is hi_grber_than particul ar fixed
potential PSIG which is described later. In Fig. 1,
between a first power supply (e.g., a positive power
supply VDD) and a second power supply (e.g., a
SThHeghur9ecponerDEUpPl Yha/IFesentsolmeentobh ower NMOS
transistor Qnl and a current source Inl are connected
in series. Aswtch Snl is connected between a
circuit input termnal INnl and the NMOS transistor
Begh| Mogde s{ip¥ charvingdOuty S tEwamBien ¢ connected in
-serjes between the circuit input termnal INnl and
theé® RS it dheQRresaid 4NVERtCR g degcaibed in

_de%/]\diching aie al so connected in series. A capacitor
T+ i S el Tt e Pet e s HEFYE Y the output end of

th it ). of the NMOS t i st | d th
ouﬁpuysgﬁ%“ﬁ#énﬁ%ﬁﬁ‘at eend of trﬁQSIS\?vi ?tr:hQ;nS?n'of thg -
.10 -:SW t Snl ... i, t Cn2.is. ted bet
CnE i &L a2 aROE SRR SPoRiRINAR ERemBIEpaE 0 M-
: ' t f.t i 3. of .th i_.tch
o 400 2ol G NI AL A0 S
enlFARM OIS @e S ?.%%%H&i‘i%tn? anpy, :§f f%%&'p%@%%%'f'eflg

means whi ch perforns offset detection on
analog buffer circuit includes an NMOS transistor and is
used when output-signal potential is relatively high,
specifically when it is higher than particular fixed
Ipotential PSIG, which is described latef.

In Fig. 1, between a first power supply (e.g., a
positive power supply VDD) and a second power supply (e.g.,
a negative power supply VSS), a source-follower NMOS
transistor Qnl and a current source Inl are connected in
series. A switch Snl is connected between a circuit input
terminal INnl and the NMOS transistor Qnl. A switch Sn2 and
a switch 5n3 are connecfed in series between the circuit
input terminal INnl and the NMOS transistor Qnl, and a
switch Sn4 and a switch Sn5 are also connected in series.

| A capacitor Cnl is connected between the gate (the
output end of the switch Snl) of the NMOS transistor Qnl and

the output end (the input end of the switch $n5) of the




source follower (the NMOS transistor Qnl) two separate
times and which sequentially cancels the detected
of fsets. A switch Sn6é is connected between the NMOS
transistor Qnl and a circuit output term nal OUTnl.
The circuit output termnal OUTnl (the output end of
the switch Sn6) connects to one end of a swtch Sn7.
The other end of the switch Sn? is supplied with
| ow- | evel (hereinafter referfed to as "L* |evel)
fixed potential PSIG as output-|oad precharge
potential. Next, a circuit operation of the
swiNe¢lypen buf fRrcapet ogpr b ers cioroedteat dortdiawn tithd hmte
first enbodi ment, which has the above configuration,
of | Ghe|d¥e§ berhsisiin@nheand nilmy owlrart d4nd Ftgie 2input end
Basical |y, this analog buffer circuit perforns
of oetp Ut P B Be e rithical IWA 5t fordd ndChehe st 0w rgies Snl
four operations to conplete 1-cycle operation. At
to§nytang fhe gerq et sk rmsh € qanstitute an
onduction,, and the fixed potential PSIG starts to
of{ﬁ%a rh

FECHA LS I AP Yodh e Mhe Sttt ssiion on a
SOL_lSrnB fa'}gt Sns a Gibe' g{Mconducti on, and %S;Si nal Vinis |

Friput” Yo ¥ g Fh e~ AWES 13 ardiidt M QRePaHife times
oo JISE! IS 0, PR o0 Lo P QIR 2t o

PR SRR Bl SLE YO Ll WBBsorr
on12 dXd iao%i%cutil%e o%\@ptucthet%rwna%n %U%Fi ar %'hien circuit output
terminal OUTnl (the output end of the switch Sné) connects
to one end of a switch Sn7. The other end of the switch Sn7
is supplied with low-level (hereinafter referred to as "L"
level) fixed potential PSIG as output-load precharge
potential.

Next, a circuit operation of the N—type—bufferAanalog
buffer circuit according to the first embodiment, which has
the above configuration, is described by using the timing
chart in Fig. 2. Basically, this analog buffer circuit
performs outputting by sequentially performing the following
four operations to complete l-cycle operation.

At first, in a period A, the switch Sn7 is in
conduction, and the fixed potential PSIG starts to precharge
the output load. Also, the switches Snl, Sn3, and Sn5 are

in conduction, and a signal Vin is input to the gate of the

NMOS transistor Onl, thus connecting the two capacitors Cnl




nonconduction, and the switch Sn4 is in conduction.
Then the input signal Vin is supplied to the other
el ectrode of the left capacitor Cnl. Thus, the gate
vol tage of the NMOS transistor Onl changes dependi ng
on the voltage stored in the capacitor Cnl. Also, the
ot her capacitor Cn2 renmains to be connected across
the gate and source of the @!1\)/05 transistor Qnl. At

I

this time, the gate-source tage (VosB) is stored
in the capacitor Cn2. Then, the source voltage is
approximately Vin+ (VosA - VosB). Next, in a period C
and HnZwandes 98 gaie il aroairiae aforidendiMtd disanaiditor
the switch Sn2 is in conduction. This inputs the
Onlkj gridliisvistanes hdeotdadreelcavtaod Igfagehe(Wdsgiit of the NMOS
capacitor Cn2, and the gate potential changes
trappieiih@ron in Héds clarage tstrey v li ench&€ndapaci t or  Cn2.
Let the gate- source voltage at this tinme be VosC, the
soHPéé véPt 8g@eird odaBpr dREnNEVELEhAs+SplogRd- SVés@)fe in
Fin ,_|naper|odD the switch Sn6 is in
no *% At Sgwttcélh 5847 iss itn oeaisid@eti ofhen,
Thi s onnect out l,oad to the source-follower
the, o SRS s 15 SRR taith o W G et
Itgen+ Qs output to.the load. . Th
theoger at i 6 a’CI(tt %&QT 3‘7% Ca%hﬁe g%ljlcf‘z &é:lafgé:’r d t&§ E@OS
I Wi eriod,C fr its
e BRI ChAa obebaERR, Phnent. Yoo Hress: dr
thé %a %@EtonCnﬁerf%ﬁ@bngt%ff%%hequggg 9%0%”c%Eer%%H %€ to

ower a numnb
be connected across the gate and source of the NMOS

transistor Qnl. At this time, the gate-source voltage
(VosB) 1is stored in the capacitor Cn2. Then, the source
voltage 1is apprdximately Vint+ (VosA — VosB).

Next, in a period C, the switches Sn3 and Sn4 are in
nonconduction, and the switch SnZ is in conduction. This
inputé the signal Vin to the other electrode of the right
capacitor Cn2, and the gate potential changes depending on
‘the voltage stored in the capacitor Cn2. Let the gate-
source voltage at this time be VosC, the source voltage is
gpproximately n + (VosB - VosC).

Finally, in a period D, the switch Sné is in conduction,
and the switch Sn7 is in nonconduction. This connects the
cutput load to the source-follower output of the NMOS
transistor Qnl, so that the source voltage n + (VosB - VosC)

is output to the load. The operation in the period D can be
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of separate tines, twice in this enbodi nent, the

detection of the offset voltage VosB the second tine

is perfornmed nuch closer to an operation point in a

final output node than the detection of the offset

vol tage VosA the first tinme. This causes the offset

voltage VosC to be very close to the offset voltage

VosB, and the final offset gltage (VosB - VosQ) is

sufficiently small. In other“words, very high

precision offset cancellation is achieved. In

addi tion, when the source follower is in a basic form
rexbrprs@dsof aant NS tragnsi stlorthampint @red reutimet ¢ from
~offsets for the gate-source voltage Vgs of the NMOS
ity rkg@imnbrgare generated. Also, in the case of offset

cancel lation in which offset detection on the source

f olffoidte iadoyer Pperadionce, aan iobbsdandepednitngsnblet, by

and a final output node have different
Cgﬁe%?tli%h Ohdiit soule datld onsin ag@udper

the drain voltage gccordingly differs between the
of IR et iy TOGE dfd THE 1AHRAd instputthfodgtection
or N o4 OS5 20Tty B orpl ety cancel ed e 20 o
R M N e K MK T e
I N
cau%%%ék?#%%ﬁﬁ?@ﬂ @dﬁ%ﬁﬁg RS A %%%&:%&%%%ttp.tqe

pertor d two separate tines, a flna

of FAkfS €l 1MRIIAYR sBAN AR the final offset voltage (VosB —
VosC) is sufficiently small. In other words, very high
precision coffset cancellation is achieved.

In addition, when the source follower is in a basic
form composed of an NMOS transistor, input and output
offsets for the gate-source voltage Vgs of the NMOS
transistor are generated. Also, inrthe case of offset
cancellation in which offset detection on the source
fellower is performed once, an offset detecting mode and a
final output mode have different NMOS-transistor operation
points. The gate voltage to the drain voltage aécordingly
differs between the offset detecting mode and the final
output mode. Thus, the offset cannot be completely canceled,
so that the input and output offsets are still generated
although an effect of offset cancellation is obtained, to

some extent, compared with the basic form.




sufficiently reduced and hi gh precision offset
cancel l ation can.be performed. Thus, an anal og buffer
circuit having very |low offsets and reduced vari ation
in output potential is realized. This effect is nore
enhanced when there is a large difference in offset
vol tage caused by a difference (e.g., a difference in
dr ai n-source vol tage Vds)_ig operation point of the
NMOS transistor Qnl. Theref ?e, t he anal og buffer
circuit according to this enbodinment is useful when
the circuit is fornmed by using TFTs in each of which
t hé&oalysaisgtly ,vdlrughef Na tiypeebhdifdr waklegVbhfifer! aigeuit
and its variation is very large, particularly when
acepding dif tthe Fiorseenodisiang: TEE enplaryinansul ating
substrate such as a gl ass substrate on which a device
conrbEurd s tit B dnde e dadilopadetadiissrtatdegection is
wever, it is clear, fromthe above description of

beriprmed g iSRRG GiMer & &inainwdfisedn viod tigle can be
4En11equ:o G%gflication_to circuits fornmed by TFTs _or .
SULG iR & angl, hygh prastsion ofdgest icageellation

sybstrates, but abl es hi gh- precision qffset ,
car} B Bt el o 1 FE GRed oG DHEREE cdFeddit daving

[ it di.agram show n n exanple of a P - 14

‘”“é@&%Wﬁﬁgl5%%§n§%€SQE§PF§ gﬁfﬂ&%ﬁogcégr8PEEUFopPﬁ§n¥lal
i g Ty : nbodiment. of _the p nt i nvention. Th .
o B o A 55 ] B e FRTECRR: Plags CHophc® o
1ardeAR8irFe@endid 1S 43ed + Waen %%tEQEé%HgB9lapaa%%gkghce

i's relatively Iow, speC|f|caFIy
(e.g., a difference in drain-source veltage Vds) in
operation point of the NMOS transistor Onl.

Therefore, the analog buffer circuit according to this

embodiment is useful when the circuit is formed by using

. TFTs in each of which.the absolute value of a thresheld

value Vth 1s large and its variation is very large,
partiéularly when the circuit is formed by using TFTs on an
insulating substrate such as a glass substrate on which a
device characteristic of each TFT easily deteriorates.

However, it is clear, from the above description of the

operation, that the present invention is not limited to

application to eircuits formed by TFTs or to circuits formed
by using TFTs on insulating substrates, but enables high-

precision offset cancellation even in the case of other

circuits.

Fig. 3 is a circuit diagram showing an example of a P-




when it is lower than the particular fixed voltage
PSIG In Fig. 3, a current source Ipl and a
P-type-buffer analog buffer circuit Ql as a source
foll ower are connected in series between a power
supply VDD and a power supply VSS. A switch Spl is
connected between a circuit input termnal |Npl and

the gate of the PMOS transiitor Q! . Between the
circuit input term nal | Npl and the source of the PMOS

transistor pl, a switch Sp2 and a swtch Sp3 are
connected in series, and a switch Sp4 and a switch

Lyspioaf tex ommebt@edoutf feserigsi A capaeitray plthe first

connected between the gate (the output end of a
emkoginenispy e thee RNOS tmarsisior (Ple andypdidumifteut

end (the input end of the switch Sp5) of the swtch
anagpg By ffyactioruidpl in el udsm e tRMD D dinmeeni tiver gatce isofused
hthe PMOS transistor Qpl and the output end (the input
VihPU It e Edt e tspiaf isheahiticte ISpLowTheHdaigically
hswi.tches Spl to.Sp5 and the two capacitors Cpl and
WaGh 2 e oris tit{fite HIRT dss diarddirddiah § imesh ¥ odttiage PSIG.

pe fo%ms of.fset detection on a_ source follower (the

PI\/E5§ Fnsist Br COPFFPEWS O8RS AP¢ BPfed Pahype-buffer

ntially .cancel he detected offsets. A switch

an%g%ui%su flggeﬁ:n)é@"trgél etheeTSt fle SOUTCEe T6 LOHET- afs cpppgcted
in eSS, | and a circuit o ut termnal OUTpl
. in g€ . :

The cir cuit g(%lﬂlt %ut'p T msrlfgptl ("Pﬂeapﬁ’toﬁ'ﬁlr éﬁg’parfy ySS-
A sWHRh sPR6) scenpect § o Qne end _of .a switch Sp7. The

ot her gﬁd of t%e sv%me%icﬁ%gg?%flsasﬁﬁﬁfzpégf vlvlnpﬁl% terminal
- INpi GRdl @¥el gate of the PMOS transistor Qpl. Between the
circuit input terminal INpl and the source of the PMOS
transistor Qpl, a switch Sp2 and a switch Sp3 are connected
in series, and a switch Sp4 and a switch Sp5 are connected
in series.

A capacitor Cpl i1s connected between the gate (the
output end of a switch Spl) of the PMOS transistor Opl and
the output end (the input end of the switch Sp5) of the
switch Sp4. A capacitor Cp2 is connected between the gate
of the PMOS transistor Qpl and the output end (the input end
of the switch Sp3) of the switch Sp2. The five switches Spl
to Sp> and the two capacitors Cpl and Cp2 constitute an
offset-canceling means which performs offset detection on a
source follower (the PMOS transistor Qpl) two separate times

-and sequentially cancels the detected offsets.

A switch Sp6 is connected between the source of the




(hereinafter referred to as "H' level) fixed potenti al
PSI G as output-load precharge potential. In the
P-type-buffer analog buffer circuit having the above
configuration, the switches Spl to Sp7 and the
capacitors Cpl and Cp2 respectively correspond to the
swtches Snl to Sn7 and the capacitors Cnl and Cn2 in
the above-described N-type-buffer anal og buffer
circuit (see Fig. 1), and H;le“P-type-buffer anal og
buffer circuit is identical to the Ntype-buffer
anal og buffer circuit in circuit operation. Its
PMQS nirenchairdr iGshawh d reiligni®.ovigoor didiglihal OUTH1 .
identical to the N-type-buffer analog buffer circuit
Thé nciopsriat iontand aeinteag el T IAppiH e atitgutoferfd et a
Enbodinent) Fig. 5 is a circuit diagram show ng an
Jetéd‘rrpﬂyé)ofccamecarmltag dnef feerd ciff cuigwidodorsdi’ng tTheamther
plication of the first enbodi ment. Accordingly,
encéq—‘tﬁ vidiee v igetht i Sarvs disn smipplied avidiFig.gls lave ldenot ed
by identical reference nuqeral s. In the anal og buffer
(he(ﬁerlélﬂﬁt%d%ﬂiiﬁ]?@q ¢t s "dppllielilorf i xsdh rortgavt ind PSIG
per f or m_out put | oad prechargqe in an al ternating-
as Qirteet S e i6d t hat uses both an
N-% pgh bgffer al g buffer circuit and
5 Buf F&7P&n 63 r.ang OEuPFEFeElF&EFPlFshaV1ng the
Gi fi c L1y, ';,e gtot cw t
b R R T) NE g HPE RSP T Ep e Tt 8P e
caﬁgéﬁkof%nc§1t%%% Cp2 respectively correspond to the
switches Snl to Sn7 and the capacitors Cnl and Cn2Z in the
above-described N-type-buffer analog buffer circuit (see Fig.
1), and the P-type-buffer analog buffer circuit is identical
to the N-type-buffer analog buffer circuit in circuit
opération. Its timing chart is shown in Fig. 4.
Accordingly, it is identical to the N-type-buffer analog
buffer circuit in operation and advantages.

(Application of First Embodiment)

Fig. 5 is a circuit diagram showing an éxample of an
analog buffer circuit according to an application of the
first embodiment. Accordingly, equivalent portions in Fig.
'l and Fig. 3 are denoted by identical reference numerals.
In the analog buffer circuit according to this application,
in order to perform output load precharge in an alternating-—

current mannef, a configuration that uses both an N-type-

buffer analog buffer circuit and a P-type-buffer analog




buffer anal og buffer circuit (hereinafter referred to
as an N-type source follower NSF) as shown in Fig. 1
and a P-type- buffer analog buffer circuit
(hereinafter referred to as a P-type source foll ower
PSF) as shown in Fig. 3 are connected in parallel.
Also, the circuit output termnal OUT1 (the output
ends of switches Sné and Sp6) connects to one end of
a switch S7 (corresponding t® switches Sn7 and Sp7).
The other end of the switch S7 is supplied with
alternating- current potential CS as output-I|oad
bufec hat gea potientdmd LoyedNext, circuit operations of the
above-configuration analog buffer circuit according
't 0 Spkeidpipaildgt,i dn Fie. desbiithednWat kiketeteagaputo
the timng chart in Fig. 6 by wusing the operation
tenmingst r&l argl isn EHimgruit tautiht [tedrhienalt QTG cmamN-type-
Fig. 6, froma period OAto a period OD, the Ntype
bufdfsn ceandlotd dwdif SR lirswdt | (g radmidfarhe dEdrypel to as an
source follower PSF is not active. Al so, froma period
N-type (puwrqserficdd ompr N6 )Pasy pdrossurice Fid.| dwemdPSF Hgype—
active, while the N-type source follower NSF is not
buff&n paled ipdifess Cidwadtt vidreass nefl tiefre redigrged to as a
p follower NSE/PSF is realized by using a control
RGN SO NESH tHPPLOME Tt & SESnPrcolShRe 18y Fignt 3s@deceonnected
in I nl/lpl .of %ch source follower. The control signal
REGAFBdont HSCout Pt S cliddordamid kietAirRé OUF7 (the
ol.arity of. precharge tentj al . It is at "H |evel
OUt%ﬁlé:n e Odr é”é“ﬁ%Fg‘&%pé?l nES %éégzisé:‘)&f’e'cﬂc‘s revere sng¢ of
a s%@%%%sS%hﬁqpﬁkg%gﬁnég%hc%of%%E%C %s E?t%nges%gstveThe
[t 7s at "L" Tev
other end of the switch 87 is supplied with alternating-
current potential C$ as output-load precharge potential.
Next, circuit.operations of the above-configuration
analog buffer circuit according to the application are
described with reference to the timing chart in Fig. 6 by
using the operation illustrations in Fig. 7 to 14. In the
timing chart in Fig. 6, from a period OA to a period OD, the
N-type source follower NSF is active, while the P-type
source follower PSF is not active. Also, from a period EA
to a period ED, the P-type source follower PSF is active,
while the N-type source follower NSF is not active. |
Activeness/nonactiveness of the source follower NSF/PSF
is realized by using a control signal Ncont/Pcont to control
the current source Inl/Ipl of each source follower. The

control signal Ncont/Pcont is output in accordance with the




Then,, an - 18
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when precharge potential CSis at "H' |evel, and
causes the P-type source follower PSF to be active.
Specific circuit operations are as follows: At first,
in the period OA, the analog buffer circuit has a
connecting state as shown in Fig. 7. Specifically, the
swtches Snl, Sn3, Sn5, and Sn7 of the N-type source
foll ower are in conduction éclosed), and its swtches
Sn2, Sn4, and Sné are i n"nbhconduction (open). Then,
all the switches of the P-type source follower PSF
are in nonconduction, and this state continues up to
poldei PeréOhArhdiyd ettt dhe ot p dwoadistiaids when
to be precharged at the CS potential, which is at "H'
thd quedchantk tgreterpriachargiing LoNtriMmues,d10 iRl RRURE the
OD. Also, a signal Vin is input to the gate of an
N- WS stqarnst sfarl drdr; NgRertebybd wrtisapacitioris G “and level
Cn2 are connected across the gate and source of the
whayMDg adtargs torte@iiialTHS ist artes'Hthd egatle- sswlemses the
voltage (VosnA) in this state of the NMOS transistor
P-igiie isputee dapdaiviasr $5CEhItcame @exividext, in the period
0B, the analog buffer circuit has a connecting state
as SBREMALFNCEL§Uig. oBpsatipral rye s@i fehéswsal and Snb
in the N-type source follower NSF are in . ]
At dodcdnddet ithe, Perdod St dhespaaleg huddrauctirenit has a
i nput si%naI,Vin is supplied to the
Peftdcagaci £HFCEARCathys, Hife

swi %%gﬁvgl agﬁngf %33 NN?E tgan i stor Onl changes
ep d|Hg'o he “Vol't € SBdr &% iHhe N-type source
follower are in conduction (closed), and its switches $n2,
5n4, and Sn6 are in nonconduction (open). Then, all the
switches éf the P-type source follower PSF are in
nonconduction, and this state continues up to the period 0OD.

In this state, the output load starts to be precharged
at the CS potential, which is at "H" level, and the
precharging continues to the period OD. Also, a signal Vin
is input to the gate of an NMOS transistor Qnl, whereby two
capacitors Cnl and Cn2 are connected across the gate and
source of the NMOS transistor Qnl. This stores the gate-
source voltage (VosnA) in this state of the NMOS transistor
Onl in the capacitors Cnl and Cn2.

Next, in the period 0B, the analog buffer circuit has a
connecting state as shown in Fig. 8. Specifically, switches
Snl and Sn5 in the N-type source-follower NSF are in

nonconduction, and a switch Sn4 is in conduction. Then, an




the capacitor Cnl. Also, the other capacitor Cn2 is
still connected across the gate and source of the
NMOS transi stor nl, and the gate-source voltage
(VosB) at this time is stored in the capacitor Cn2.
The source voltage in this state is approximately Vin
+ (VosA - VosB). Next, in the period OC, the anal og
buffer circuit has a connecting state as shown in
Fig. 9. Specifically, the™ $%itches Sn3 and Sn4 in the
N-type source follower NSF are in nonconduction, and
the swwtch Sn2 is in conduction. This inputs the
insignalgnAn tin the oigiariel et node afhdherdghode of the
‘ capacitor Cn2, -and the gate potential changes in
lefzccormiaricerr it h- t MEhueo| ttage @itey athlitadd e  apac iNMDS
Cn2. Let the gate- source voltage in this state be
trafgsiGtathdsburlemgess tgeeridingappr ctaratalhage stovesB in
VosC). Finally, in the period OD, the anal og buffer
theigapaaitaradnl cofdest i Miestodthe msaglaovirtdm Fi2g.is1@till
Specifically, the switch Sn6 in the N-type source
COPRYtRfera NS § Shen gadendast isomrean@ ft HdiesWMOSh t8Rnisd s tor
i n nonconduction. This connects the output load to :
- Onlih @08 hge FRGIa G SSufttades diieed) et thhd sNvb®e is
t ransi stor |, gnd outputs the source voltage Vin +
STOrggs B t%&sgaa&%ﬁ% C84d. MbPe SOUKESOYOLAEI6N 1PoithE s
Staocf tige NMOS t.r%gsﬁilst or, Ml in - 19_ the output node
and ThEPSFEFIHPHT Foi'nt df WREANVOECSEr ansi stor nl

ok R T R e A (R
connecting state as shown in Fig. 9. Specifically, the
switches Sn3 and Sn4 in the N-type source follower NSF are
in nonconduction, and the switch Sn2 is in conduction. This
-inputs the signal Vin to the other electrode of the right
gapacitor Cn2, and the gate potential changes in accordance
‘with the voltage stored in the capacitor Cn2. Let the gate—
source voltage in this state be VosC, the source voltage is
approximately n + (VosB — Vos(C).

Finally, in the period 0D, the analog buffer circuit
has a connecting state as shown in Fig. 10. Specifically,
the switch Sné in the N-type source follower NSF is in
conduction, and the switch $7 is in nonconduction. 'This
connects the output load to the source follower output
(source} of the NMOS transistor Onl, and ocutputs the source
voltage Vin + (VosB - VosC) to the load.

Here, the operation point of the NMOS transistor Onl in




realizing low offsets. In periods EA, EB, EC, and ED
the output load is precharged at the CS potentia
corresponding to "H' level, and the P-type source
foll ower PSF operates identically to the Ntype
source follower NSF to output a signal. Since circuit
operations are simlar, their descriptionis omtted.
Fig. 11 to Fig. 14 are illustrations of operations in
the periods EA to ED. As dk3cfibed above, by using,
in conbination, the precharge circuit (the switch S7)
‘ and the N-type source follower NSF and the P-type
thesourigentf elddaweinPShe Wiesetival tages aTd wenmeelsi ons
are controlled in accordance with the polarity of the
traimitow dirtlagéert ke futsiuto fifeat dan des e qieec hateged rtyo
preferable potential ("H' level/"L" |evel)
clags res pamdi mg-hter .t h&hpel ,avidsB of Vds€ dust patrywehiadde. thus
As the current source Inl of the N-type source
re#lg|2iggerl owNSHE faedk st-he current source Ipl of the P-type
source follower PSF, 1-transistor units conposed of a
S|ﬁ@lEeNWEQStEﬁnsE@toECpaﬁﬁdaEgbngh@ PNVEButr dnsdlsier

are used respectively. A so, by using 3-transistor
preghargess ashdie 8 Pogentdadngoricgsresding var |“H i EVER
current is reduced, thus enabling reductions
andthe P \Fé’Pteaéé’uéﬁ& 581168{”9601E’§ﬁt PReTatrs: L0enspCatRy to
the'Nr eS own %E%@ %acurrent source for an
A R It S F FrgEUisd 4igfes. Since
anS|stor |1 _and t,ransi s e,
- C o
1r€oﬁne€ tlg% r@gg 31mf¥ their &escégbtlon is omitted.
Fig. 11 to Fig. 14 are illustrations of operations in the
«periods EA to ED.

As described above, by using, in combination, the
precharge circuit (the switch S7) and the N-type source
follower NSF and the P-type source follower PSF, whose
voltages and connections are controlled in accordance with
the polarity of the output voltage, the output load can be
pbrecharged to preferable potential ("H" level/"L" level)
corresponding to the polarity of the output voltage.

As the current source Inl of the N-type source follower
NSF and the current source Ipl of the P-type source follower
PS5F, l-transistor units composed of a single NMOS transistor
and a single PMOS transistor are used respectively. Also,
by using 3-transistor units as shown in Fig. 15 and Fig. 16,

a variation in current is reduced, thus enabling reductions

in offset voltage and output potential error.




bet ween a power supply VDD and a power supply VSS. An
"L" level control signal Ncont is supplied to the
gate of the PMOS transistor Qll. The NMOS transistor
Il has a gate and a drain which are
short-circuited, and fornms a current- mrror circuit
by conmbining with an NMOS transistor Qnl2 having a
gate connected to the gate of the NMOS transi stor
n1l1l. The NMOS transistor—@d2-is connected in series
to the NMOS transistor Qnl as a source follower, and
its source is connected to the power supply VSS. The
Ci Mgl tishown bﬁo%hglnlﬁlés a5CHEr aNty$eRheeshbAkc® for an
P-type source foll ower In Fig. 16, a PMOS
N-tymnsdiale fQidwand vy NMIG trignsitst, o @vbd ah@nsistor
connected in series betmeen a power supply VDD and a
Qplgowerd supMMoSVESardis'tdr draviela reorion@le cHe@ndln Reafites
is supplied to the gate of the NMOS transistor nl 3.
be threrPMO® dwean sivpicdly QIR ahab =a pgatce sapely disE.n W et
are short-circuited, and fornms a current- mrror
levslr qgintrgyl @G@bﬁdlNgqmullaI&mpmwﬁﬁdltansmst@ﬁt@nbf the
having a gate connected to the gate of the PMOS
- PMOS drginstigi-orQep L . ThEhRMBBIOS: arsinstieto@n 08 lils has a gate
connected in series to the PMOS transistor ol as a
‘ands gy Ag@ inoMhdwer aranghiord-sdarced teds epAnderdd o cugent—
power supply VDD. Although, in the above-described
mlf&r?&] GdThYifePYC PP@@.lpéng Mtha@@owpﬁg ttrentsﬁétpurr eniz
enbodi nent and its plication, case

hav&@ﬁ‘r 8e91a6ﬁ| S%Peaftﬁge@dééﬂ@cpﬁéﬁ pE 5@% HMFPéd trta%élstor
on @epa ateyhbaes, Ls9ese Bed as an exanple, the nymber

the NMOS transistor Qnl as a source follower, and its source
is connected to the power supply VSS.

The circuit shown in Fig. 16 is a current source for a
P-type source follower PSF.. In Fig. 16, a PMOS transistor
Opl2 and an NMOS transistor Qnl3 are connected in series
between a power supply VDD and a power supply VSS. An "H"
level control signal Pcont is supplied to the gate of the
NMOS transistor QOnl3. The PMOS transistor Qpl2 has a gate
and a drain which are short-circuited, and forms a current-
mirror circuit by combining with the NMOS transistor QOnl3
having a gate connected to the gate of the PMOS transistor
- QOpl2. The PMOS transistor Qnl3 is connected in series to
the PMOS transistor Qpl as a source follower, and its source
is connected to the power supply.VDD.

Although, in the above-described analog buffer circuits




~tinmes the offset detection is performed is not Iimted

to twice, but may be three or nore tines. As the

nunber of tines increases, higher precision offset

cancel | ation can be achieved. An anal og buffer

circuit in the case of performng offset detection

three tines is described below as a second

enbodi ment. [ Second Enbodi nent] Fig. 17 is a circuit

di agram showi ng an exanpl® © an N-type-buffer anal og

buffer circuit according to a second enbodi nent of

the present invention. The N-type-buffer anal og
acdufdielg cd aild 6t deHh o r¥MeS dnf@nYsS e@p1ard disn, a

used when output signal potential is relatively high,
casspem fttiald ysoudtenfidl lickvdd @iTds dthae teaydiiceuliar pdofedmed

potential PSIG which is described later. In Fig. 17,
twears iMIB iter arisiest drs Qezkrddeal s@URee exlapidleyerchandumber of

current source In2l1 are connected in series between a
timpeneihes gilse VR tawd: imnp dwe ipesifppine dVSS. nAatsdiitndlted to

Sn21 is connected between a circuit input term na
twijggn2bugneat e gitreeoort e VS mesans ifst gheQnamber of

Between the circuit input termnal |INn2l and the
tingsydgsrepsese RMeberr pasicdedon QfZsctaconicedhasizn gag be

a swtch_Sn23 are connected in_ series, a swtch Sn24
achgyes -swPPc RGPS Buéfeanfdecsdti An the cséri 8§, and a

Sn26 and a switch Sn27 are connected in

Per§é>rr?“é§g RIESFAcPEEPCEIST taTEsNePEEd LefREEH TPRE §atev

as % second embodiment.

[Second Embodiment]

Fig. 17 is a circuit diagram showing an example of an
N-type-buffer analog buffer circuit according to a second
embodiment of the present invention. The N-type-buffer
analog buffer circuit includes an NMOS transistor and is
used when output signal potential is relatively high,
specifically, when it is higher than particular fixed
potential PSIG, which is described later.

In Fig. 17, an NMOS transistor Qn2l as a source
follower and a current source In2l are connected in series
between a power supply VDD and a power supply VSS. A switch
Sn2l is connected between a circult input terminal INn2l and
the gate of the NMOS transistor On2l. Between the circuilt
input terminal INn2l1 and the source of the NMOS transistor
Cn2l, a switch 8n22 and a switch Sn23 are connected in

series, a switch Sn24 and a switch Sn25 are connected in




out put end of the switch Sn21) of the NMOS transi stor
21 and the output end (the input end of the swtch
Sn27) of the switch Sn26. A capacitor Cn22 is
connected between the gate of the NMOS transistor
@21 and the output end (the input end of the switch
Sn25) of the switch Sn24. A capacitor Cn23 is
connected between the gate of the NMOS transi stor

21 and the output end (thé2input end of the switch
Sn23) of the switch Sn22. The seven swtches Sn2l to
Sn27 and the three capacitors Cn2l to Cn23 constitute

sedieof foel -£aneetdNGrmEANmId Wi Ref fIm Ofd ®¥innected in
detection on the source follower (the NMOS transistor

sefdyd ) three separate tinmes and sequentially "cancels
the detected offsets. A switch Sn28 is connected
betwespatdicogon@d ok thanchve8 beamsiest aheQaateandha
circuit output terminal OUTn2l. The circuit output
outartrigred GURHRL sWiiecholnll) erfd tfe INMOS swianeti s3R280n21
_ connects to one end of a switch Sn29. The other end
ancgftheheowygute rergh2Gtiss igupyl ieedl wift Hhe 'sWidvdl S2i7jedf the
potential PSIG Subsequently, circuit operations of
sWitgd Sifedfg Bufda@acidiore ¢in Zadsorcdinmg ate W@tsf@@@ndthe gate
enbodi nent, which has the above configuration,
&é’secﬂ% oM isdsr Snd ek hde opEpuh ek (@Fiér tlnPHt

%i %% by .usi ng the operatlon illustrations in Fig.

-end1§’ & g‘*y‘"lﬁh e 2an Qo Buietcly Sadit pér cePasitor
ut.puttin nce.b uentially the fO||OMAn

an% 1p conn é% bé%wee% %e gaf% of the NMOS %ran51stor

On21 and the output end (the input end of the switch Sn23)

of the switch Sn22.

The seven switches Sn2l to Sn27 and the three
capacitors Cn2l to Cn23 constitute an offset-canceling means
which performs offset detection on the source follower (the
NMOS transistor On2l1) three separate times and sequentially
cancels the detected offsets.

A switch Sn28 is connected between the source of the
NMOS transistor On2l and a circuilt output terminal OUTn21.
The circuit outpﬁt terminal QUTn21 (the ocutput end of the
- switch Sn28) connects to one end of a switch Sn29. The
other end of the switch Sn29 is supplied with "L" level
fixed potential PSIG.

Subsequently, circuit operations of the analog buffer

circuit according to the second embodiment, which has the

above configuration, is described with reference to the




operations to conplete 1-cycle operation. In a period
A, as shown in Fig. 19, the switch Sn29 is in
conduction, and an output |oad starts to be precharged
at the fixed potential PSIG Also, the switches Sn2l
Sn23, Sn25, and Sn27 are in conduction, and a signa
Vinis input to the gate of the NMOS transistor (21,
so that three capacitors Cn2l, Cn22, and Cn23 are
connected across the gate %%d‘source of the NMOS
transi stor Qn21. This stores the gate-source voltage
(VosA) at this tinme of the NMOS transistor Q21 in
tiniiey capael teor $igN2h.8 GR2sianrf 123 pNttion 118 Ja@Ha8d ons
B, as Fig. 20 shows, the swtches n21 and Sn27 are
in iFihoncordudticon,2and e a4 1logh bY¥2erH $irdhit performs
conduction. Then, the signal Vin is supplied to the
outmitierirg} ecideods Gfeduee tiefitliys ttheaFadilbaringnZlivelhus,
the gate voltage of the NMOS transi stor n21 changes
opdnttiggcortdancaplicte tlhewdld agersitdoad in t he
capacitor Cn2l. Also, the two other capacitors Cn22
andnCa2Besiedshi | s sbanrciedFagr 0o%8,t heegavetahdSn29 is
source of the NMOS transistor 21, and the

in garslusdiose @8t age oOVEERB) leadt ite ritismisol e m@céargﬁd at

the capacitors Cn22 and Cn23. The source voltage
the ﬁéxﬂmoffﬁaﬁéﬁét 85 16n21Al§oapEhex siatehysven2 (\?@@A
VosB) in a period C, as Fig. 21 shows,
Snz@hea§ﬁ|§8ﬁ@sargn2§ sﬁadsﬁieoapeapﬁ RofdgRabcViBnisapdput
swi. t ch in conduction. This |nguts t he

to §E§ngﬁt9'ﬁf B%thM8§h§Fan31stor On2l, so that three

capacitors Cn2l1, Cn22, and Cn23 are connected across the

gate and source of the NMOS transistor Qn2l. This stores

. the gate-source voltage (VosA) at this time of the NMOS

transistor Qn21 in the capacitors Cn2l, Cn22, and Cn23.

Next, in a period B, as Fig. 20 shows, the switches

'8n21 and Sn27 are in nonconduction, and the switch Sn26 is

in conduction. Then, the signal Vih is supplied to the
other electrode of the leftist capacitor Cn2l. Thus, the
gate voltage of the NMOS transistor On2l changes in
accordance with the voltage stored in the capacitor Cn21l.
Also, the two other capacitors Cn22 and Cn23 are still
connected aCross the gate and source of the NMOS transistor
On2l, and the gate-source voltage (VosB) at this time is
stored in the capacitors Cn22 and Cn23. The source voltage
of the NMOS transistor On2l is approximately Vin + (VosA -

VosB) .




el ectrode of the capacitor Cn22 in the center, and the
gate voltage changes in accordance with the voltage
stored in the capacitor Cn22. Let the gate-source
voltage in this state be VosC, the source voltage is
approximately Vin + (VosB VosC). Next, in a period D
as Fig. 22 shows, the switches Sn23 and Sn24 are in
nonconduction, and the switch Sn22 is in conduction.
This inputs the signal Vin £% The other electrode of
the rightist capacitor Cn23, and the gate voltage
changes in accordance with the voltage stored in the
capreitt, o nCa2derlield e agatregsouncenvakt agdecakwhilices
time be VosD, the source voltage is approximtely Vin
Sn25 (Afos Gn2evests) .iFimaldondddtimmeraned the asvifidh S224 is
shows, the switch Sn28 is in conduction, and the
in swnddrtSRZ0. | THiE Ingnoonduet isdrnalhive rc anenties dtdher
output load to the source follower output (source) of
elqdterddvOS & rtdivsicstrerci@ni] Cred timatthteheesdugnre andl ttége gate
Vin + &gglc - VosD) is output to the load. This
voldpgcatdhemdas tife aeedushre e ati the ther vorltedsstayed gn the
overlap with that in the period E fromits beginning.
capatifed SBeive- désdr ithed BPeraovers, var tiagsoritarth igoistete

i.s that the detection of the offset voltage VosC
be yosiet e sPHToEhFoAlfiagg t%sné%oﬁéﬁ‘ﬁéﬁ%éfd Vi dIVe§8r —

an operation
g an op

Next, in a period D, as Fig. 22 shows, the switches
Sn23 and Sn24 are in nonconduction, and the switch Sn22 is
in conduction. This inputs the signal Vin to the other
electrode of the rightist capacitor Cn23, and the gate
voltage changes in accordance with the voltage stored in the
capacitor Cn23. Let the gate-source voltage at this time be
VosD, the source voltage is approximately Vin + (VosC -
vVosD) .

" Finally, in a period E, as Fig. 23 shows, the switch
Sn28 is in conduction, and the switch Sn29 is in
.-nonconduction. This connects the output load to the source
follower output (source) of the NMOS transistor 0On2l, so
that the source voltage vVin + (VosC - VosD) 1s output to the
locad. This operation in the period E can be performed so as
to overlap with that in the period E from its beginning.

In the above-described operations, an important point

is that the detection of the offset voltage VosC detected




point in the final output node, conpared with the

of fset voltage VosA detected the first time. This

causes the offset voltage VosD to be very close to

the offset voltage VosC, so that the final offset

vol tage (VosC - VosD) is sufficiently small. In other

~words, higher precision offset cancellation is

achi eved conpared with the case of perform ng source

foll ower offset detection t4® Separate tines. As

descri bed above, according to the N-type-buffer

anal og buffer circuit according to the second
thenfoididrefitne bys RrfmEdN gnsrQe S tonven @ffkset-ion

detection three separate tinmes, the final offset
poivo] tiagetHes frigthic edityill hidd hatbrididted iwidhheheasdE et

performng the detection tw ce, and hi gher precision
vo lofdgetVaan cdtdaattican twhan fde grertfiotered. Thikugauars aha og

buffer circuit having very |low offsets and reduced
of fegrti atdldraden Vootlerita &le ivenyealliczed toFitfe 24 fisetavoltage

circuit diagramshow ng an exanple of a P- type-buffer
Vosgnalssy et dhecifiiggilt oddcetdivied taget h&os€condfosD) is

enbodi nent of the present invention. The P-type-buffer
sut{igicy tHot r@eldi-r cdint oithelru#es i Phbeherapsiesicdoan@fset

Is_used when output signal potential is relatively
cancgfladded fisc o eveghsrmperies Mdwdy thsasagsr fcul ar
&jxed potential PSIG In Fi%. 24, a current source
PertOIMingd S UBes TOLARYFSt 6 T5§52 #ed8CHi0BuHe FEPPERER
18 connected in series between a - 26 positive power

§5pply VDD and a negative power supply VSS.

As described above, according to the N-type-buffer
analog buffer circuit according to the second embodiment, by

performing source follower offset detection three separate

. times, the final offset voltage is reduced smallér than that

in the case of performing the detection twice, and higher
precision offset cancellation can be performed. Thus, an
analog buffer circuit having very low offsets and reduced
variation iﬂ potential is realized.

Fig. 24 is a circuit diagram showing an example of a P-
type-buffer analog buffer circuit according to the second

embodiment of the present invention. The P-type-buffer

analog buffer circuit includes a PMOS transistor and is used

when output signal potential is relatively low, specifically,
when it is lower than particular fixed potential PSIG.
In Fig. 24, a current source Ip2l and a PMOS transistor

OpZ2l as a source follower are connected in series between a




A switch Sp2l is connected between a circuit input
termnal | Np2l and the gate of the PMOS transi stor
Q21. Between the circuit input termnal |Np2l and
the source of the PMOS transistor 21, a switch Sp22
and a swtch Sp23 are connected in series, a switch
Sp24 and a swtch Sp25 are connected in series, and a
switch Sp26 and a switch Sp26 are connected in series.
A capacitor Cp2l is connect €8 Bet ween t he gate (the
out put end of the switch Sp2l) of the PMOS transi stor
Q21 and the output end (the input end of the switch
poSPhRiRe gfowdre sy i€ VIBp2and As cappct i KPP iSupply VSS.
connected between the gate of the PMOS transistor
A $pPichntblheioutpuiccnmt (deweeapud cianhiiof idmitsvidmihinal
Sp25) of the switch Sp24. A capacitor Cp23 is
INpHhreed ethd arateem f he1g MO Dt 1dres MO tQrdlsi stketween the
. Q21 and the output end (the input end of the swtch
Clgypll ingput Heewwinah Bl ad Yevarwwie chestigpAMAD
Sp27 and the three capacitors Cp2l1 to Cp23 constitute
tragh ot fetRAhc 61 iS5t tta P2 i perfidris Bidkeare

detection on the source follower (the PMOS transistor

- comyenieq pilp S iR atte ik SRE S Stk ft isitFh Shifcelare

the detected offsets. A switch Sp28 is connecte
ORI ihe e B Phw s TGN & LT P26 are

co cllerccuei&a Jut ut.etserm' nal OUTp2l1. The circuit output
VT P2t he output end of the - 27 switch

Sp%8£a%8%9%%23c£91093 gggnggt%geb% ﬁ%%g %B%gga¥ge(the
output end of the switch Sp2l1) of the PMOS transistor Qp2l
and the output end (the input end of the switch Sp27) of the
switch Sp26. A capécitor Cp2Z2 is connected between the gate
of the PMOS transistor Qp2l and the output end {(the input
end of the switch Sp25) of the switch SpZ24. A capacitor
CpZ3 is‘connected between the gate of the PMOS transistor
Op21 and the output end (the input end of the switch Sp23)
of the switch Sp22.

The seven switches Sp2l to Sp27 and the three

capacitors Cp2l to Cp23 constitute an offset-canceling means

which performs offset detection on the source follower {the
PMOS transistor QOp2l) three separate times and sequentially
cancels the detected offsets.

A switch Sp28 is connected between the source of the
PMOS transistor Qp2l and a circuit output terﬁinal OUTpZl.

The circuit output terminal OUTp2l (the output end of the




other end of the switch Sp29 is supplied with "H'
| evel fixed potential PSIG In the P-type-buffer
anal og buffer circuit having the configuration, the
switches Sp2l1 to Sp29 and the capacitors Cp2l, (Cp22,
and Cp23 respectively correspond to the switches Sn2l
to Sn29 and the capacitors Cn2l, Cn22, and Cn23 in the
above-descri bed N-type-buffer anal og buffer circuit
(see Fig. 17), circuit oﬁe?étrons are identical to
those in the NN type-buffer analog buffer circuit. In
the timng chart in Fig. 18, the signal Vinis at "L"
swieslel Sp2add thengrecheas gene pateif athPSvd tch alpZH' The
level. Also in the case of the P- type-buffer anal og
otlpesf fend @ f che |, swoperlat e aind sadwantadesith dent ileatelt o
~those in the N-type-buffer analog buffer circuit can
fixed aptemierl (Bpidi cati on of Second Embodi nent) Fig.
25 is a circuit diagramshow ng an exanple of an
andifo g hsuFré peinbedite raeoeddion pufd ean capehiicathironngf the
the second enbodinment, and in this figure, equivalent
COor IS o1 n ]y SWEAGHrRP KRR L d& £in2 Heanst édepyeapacitors
jdentical reference nunerals. In the anal og buffer
CrLhr dd42 acdt diRfg tERIE v iceatiespond tor dédre sritches
|.oad precharge in _an

S 1A G R S P G%A G A2 g the
on e ALV OE 51 00 o MLt ELLSULE 8102, s
17ﬂf]é¥J§EiEMgﬂ¥%aéf%J§ %rezgﬂe%ﬁﬁ%%.nt% %%B%g Eniqg%tN“
type-buffer analog buffer circuit. In the timing chart in
Fig. 18, the signal Vin is at "L" level, and the precharge
potential PSIG is at "H" level. Alsc in the case of the P-
type-buffer analog buffer circuit, operation and advantages
identical to those in the N~type-buffer analog buffer
¢ircuit can be obtained.

(Bpplication of Second Embodiment)

Fig. 25 is a circuit diagram showing‘an example of an
analog buffer circult according to an application of the
second embodiment, and in this figure, equivalent portions
in Fig. 17 and Fig. 24 are denoted by identical reference

numerals. In the analog buffer circuit according to this

.application, in order to performroutput load precharge in an

alternating-current manner, a configuration that uses both
an N-type-buffer analog buffer circuit and a P-type-buffer

analog buffer circuit is employed.




termnal IN21. and a circuit output termnal OUT21, the
N- type-buffer analog buffer circuit (N-type source
foll ower NSF) shown in Fig. 17 and the P-type-buffer
anal og buffer «circuit (P-type source follower PSF) in
Fig. 24 are connected in parallel. Also, the circuit
output termnal OUT21 (the output ends .of the output
ends of the switches Sn28, Sp28) connects to one end
of the switch S29 (corresﬁo%%li'hg to the switches Sn29,
Sn29). The other end of the switch S29 is supplied
with alternating-current potential CS as output | oad
pr échantfge rpetendtsi,alin FAagt.h@s5anakagebuf bekigicngti input
according to the application, the circuit operations
tewditdile WAl percb e faairr cwainalcaghpluif frerrndinaduidUT28hi ddhe N-
have been described with reference to the tining
tyrshdraffigr Rrpl@y buimgiFaquitl AN-eyoE gowd3e dud livver
circuit operations of a simlar P-type- buffer anal og
NSHufsherreiime Fiitg -arld ancertdet dycyperfoovfifed iamalog buffer
. synchroni zation with polarity inversion of the
C1rgtedcdh dfge YRSotsemy sl &.Mﬁ@rdé’sg@r)i Bad Falsove 4 Byreusi ng,
i n conpination, the precharge circuit (switch S29)
congite e . B 16t ce PRSI SHEr CRESE U OR@ R (ppaiinal
OUT%ﬁur%glﬁI ol |l oner PSF, whose currents and connections
e (&5 PHTPET 15795 Odr FRRC QWL SPRE B8 &her pridfches

snafUt o OLLAGR, NS U UL L02d, 480 B, RSB ned (o
ol B3Pl BONEISTELRE], QUAOORINST Bt euc
of ¥h® switch $29 is supplied with alternating-current
potgntial CS as output load precharge potential.

In the analog buffer circuit according to the
application, the circuit operations of the N-type-buffer
analog buffer circuit, which have been described with
reference to the timing chart in Fig. 6 by using Fig. 19 to
Fig. 23, and the circuit operations of a similar P-type-
buffer analog buffer circult are alternately performed in
synchronization with polarity inversion of the precharge
-pqtential CS. As described above, by using, in combination,
the precharge circuit (switch $29) and the N-type source
follower NSF and the P-type source follower PSF, whose
currents and connectiohs are controlled in accordance with
the polarity of output voltage, the output load can be
precharged to preferable potential ("H" level/"L" level}.

Although uses of the above-described analog buffer




not particularly limted, the circuits are suitable
for use in part of a peripheral driving circuit for
driving a display unit. However, the present invention
isnot l[imted to application to a driving circuit
for a display device, but will be useful particularly
when the present invention is used as a single anal og
buffer circuit fornmed by T %ﬁ an insul ating
substrate. Fig. 26 is a bl otk di agram show ng an
exanple of a driver-integrated display device, for
exanple, a liquid crystal display device. In Fig. 26,
clmppuits ramspaiiend td nsd atimg: subbteatomd femboekargplte, axe
gl ass substrate 11, a display unit (pixel unit) 12
no%e Grposed fr i Xelns iedl .a thet rddxcciists enmeduitedlg &8s use
substrate 11 is provided opposi ng another gl ass
1n axst raft @ petirhegsleditiorimanet nrap t theer edtwieen 2 and
. liquid crystal material is encapsulated between both
dlSsQ}b?s‘zt rHS,  HBTSSIRE a tdics pigs eReneinvercB opariel ot § imited.
' q§d Qne exanpl e of pixel structure in the display
to Lﬁﬂlct 1pAtyan dnn qrﬁvmn@ A cuAc 9 Reldizwlionc CeFésea
TFT (t@;n fi 4; transi stor) 21 as a_pixel transistor,
.df&?ﬁ%ﬁ PagCIR Ly WG a thiex B eEEBEt rden tion
cted tq. t e drai.n e of .the TFT 2
is qg%%Fcapﬁcﬁﬁ&ﬁ'fsaﬁg&Pﬁg%H%%%r FéEFP&&e%EEWﬁgcéngng on
tr of the TFT 21. Here, the liquid
an ﬂﬁ%aiﬁ x giF %ftgggﬁs aliquid crystal - 30 capathor

pr99509§6b§5“§98159ﬁ RixgLag! ERLL9dS 200 2. SOHDLEE

driver-integrated display device, for example, a liquid

but

crystal display device. 1In Fig. 26, on a transparent
insulating subétrate, for example, a glass substrate 11, a
display unit (pixel unit) 12 composed of pixels in a matrix
is formed. The glass substrate 11 is provided opposing
another glass substrate, with a predetermined gap
therebetween, and liquid crystal material is encapsulated
between both substrates, whereby a display panel (LCD panel)
is formed.

One example of pixel structure in the display unit 12

- 1s shown in Fig. 27. Each pixel 20 includes a TFT (thin

film transistor) 21 as a pixel transistor, a liquid crystal
gell 22 having a pixel electrode connected to the drain
electfode of the TFT 21, and a hold capacitor 23 having one
electrode connected to the drain electrode of the TFT 21.

Here, the liquid crystal cell 22 means a liquid crystal




el ectrode formed so as to be opposed thereto. In this
'structure, the TFT 21 has a gate el ectrode connected
to a gate line (scanning line) 24 and a source

el ectrode connected to a data |ine (signal line) 25.
In the Iliquid crystal cell 22, the counter electrode
is connected to a VCOMIine 26 in common for each

pi xel . A conmon voltage VCOM (VCOM potential) is
supplied in comon for each30pixel to the counter
electrode in the liquid crystal cell 22 by using the
VCOM |ine 26. The other electrode (termnal on the

capOsirg e pﬁﬂdﬁiidé@ﬂ@e@edrh&ﬂ@'pﬁ#éﬂp@lieﬂﬁro& ia$1d_ a counter
connected to a CSline 27 in common for each pixel.

elddarmdd rfddredcase of tpendorofpigetiH thldriexoca hori zont al
period) inversion driving or I|F (Fis a field period)
i nfer $hos dirvcngrea dheplfa8f gighak whoehei slecitbdn
in each pixel is inverted in polarity, with the VCOM
corputadiad dlo as gater éflerenceanilisy, limejh@icasel of sgsimg
VCOM i nversion driving in which the polarity of VCOM
clasgtrents glonnedtederticed datacyldings (sfignHlofl ine) R&get Aer the
with the 1H inversion driving or the 1F inversion
119%%@n9ﬁ§5t§ﬁs@eﬂﬁe2@olé@ﬁtFO@ﬂteﬁh@1@St§@ﬁ@nﬂﬁaponnected
lied to the CSline 27 is inverted_in _an
to &1 VEPHatlitRG- €Gr A8nCoRERRe £ otn cayhc PSRz at PoFOWER t he

l%ﬁ %otentlal Here, an_al ternating-current voltage
T6n VeOMa (NGO Pgehitied) if SHPPLEGde 1o CPH‘E‘OGSfor each

nt|§ i s u ed a pot e

oo 54 1 ReHEET s PdRatrracwin FoR PROERE crvetal cell 22

by using the VCOM line 26. The other electrode (terminal on
the counter electrode) of the hold capacitor 23 is connected
to a CS line 27 in common for each pixel.

Here, in the case of performing 1H (H is a horizontal
period) inversion driving or 1F (F is a field period)
inversion driving, a display signal which is written in each
pixel 1is inverted in polarity, with the VCOM potential as a
reference. Also, in the case of using VCOM inversion
driving in which the polarity of VCOM potential is inverted
in cycles of 1H or 1F, together with the 1H inversion
driving or the 1F inversion driving, alsoc the polarity of
the CS potential supplied to the CS line 27 is inverted in
an alternating-current manner in synchronization with the
VCOM potential.

Here, an alternating-current voltage which is almbst

identical in amplitude to the €S potential is used as the




pi xel electrode in the liquid crystal cell 22 fromthe
data Iline 25 through the TFT 21, a voltage drop
occurs in the TFT 21 due to parasitic capacitance,
etc. Accordingly, an alternating-current voltage
which is DC-shifted for the voltage drop is used as
the VCOM potential. Referring to Fig. 26 again, on the
same gl ass substrate 11 with the display unit 12, for
exanpl e, a data processing 3€iTcuit 13 on the |eft
side of the display unit 12, horizontal drivers
(horizontal driving circuits) 14A and 14B on th upper

vc@andhd tveri sl desadfudlng divilay Wiidnali?, iR ten in the
vertical (V) driver (vertical driving circuit) 15 on
piddie ereatods dien afhd Na qliisplayatil c2 lar® o ded asita
peripheral driving circuits. These are only shown as
Lirpara5 ofhrqegh plier @FTAL rg valrteitd irandddieys dre thet TFT
limted to these. Also, the horizontal drivers 14A
21 ghe 4B prap g 1 dicspesdd-aomesi tdier. uppsromtindgwer asi de
of the display unit 12. The peripheral driving
a1t et ey v gy et Ubp ags iwig dhois  tD8msdyddthade for the
~_polysilicon or CG (Continuous Grain Crystal) silicon,
volfade henpiltelusadansi $her YOOM pededitdpilay unit 12., In
the |iquid crystal display,_ device having the above
coRff§urabPoR® Hidpl 49 adfanpaPh thei Aplie diams(puBjtrate
G,t%gr en),., and B (hlue) parallel inputs having a | ow,
11 &36 isPleyaands. 42, dRTamperide 6f 9G0¢ PEogessing
: fr the ,substrate exterior throygh an.input pad
ClrEEFF %gto&n&hﬁéq?f%ZSlpgvgl-§%Ff9é&p %8V8P% ﬁéerted)
hor&%o%%%lh%ﬁﬁ%%r%n(gbngontal driving circuits) 14A and 14B
on th upper and lower sides of the display unit 12, and a
vertical (V) driver (vertical driving circuit) 15 on the
right side of the display unit 12 are provided as peripheral
driving circuits. 'These are only shown as part of
peripheral driving circuits, and they are not limited to
these. Also, the horizontal drivers 14A and 14B may be
- disposed on either upper or lower side of the display unit
12. The peripheral driving circuits are formed by using low
temperature polysilicon or CG (Continuocus Grain Crystal)
silicon, with the pixel transistors in the display unit 12.
In the liquid crystal display device having the above
configuration, display data Data is input as R (red), G
(green), and B (blue) parallel inputs having a low voltage

amplitude (e.g., an amplitude of 0 V to 3.3 V) from the

substrate exterior through an input pad unit 16, and is




vol tage anplitude (e.g., 0 Vto 6.5 V) by the data
processing circuit 13. The | evel-shifted display data
Data is supplied to the horizontal drivers 14A and
14B. The horizontal driver 14A has a digital driver
structure including, for exanple, a horizontal shift
register 141, a data sanpling latch unit 142, a second
latch wunit 143, a level shifter 144, and a DA
(digital to analog) convereéng circuit 145. Also the
hori zontal driver 14B is identical to the horizontal
driver 14A in structure. The horizontal shift register
leddl-sharteda(sevél-cOPLEAtEON L $£5PRDSENd B high
hori zontal start pulse HST supplied froma timng
voljeage atmpyi thdeui & . § NPto shovs)e . mng) genNEiat®sta
sanpling pul ses which are sequentially transferred in
prooes hiong zohtahipelrd od The syewedr-eoshh zBtéOdWle® data Data
hori zontal clock pulse HCK supplied fromthe tim ng
is gewephi¢dgtei thaitor Thendat adsiangts NgA adroh 148t 142
sequentially sanples and | atches, in one horizontal
perfifed horrirendiadp Idayi vibat & 4Bathass appliigedaflr dmitee dat a
processing circuit 13 in synchronization with the

- STy gl el g gefirst cseantbhye + e Hordizoonitadl sdhifit

register 141. The latched digital data for one line is
reﬁiﬂr%fr%? erted & Jatheaudomy |ateh omit 142 i @ $econd latch

hori zont al_ bl anki ng_ peri_od. ital data for one line
anilg' G R sdonand & dip 1343, Smenalos)

out ut di gital, 3} for one lLine is - increased in

CONVKF Yy didoshi e e %%@@l}pmﬂa&r 14B 1is

identical to the horizontal driver 14A in structure.

The horizontal shift register 141 starts a shift

‘operation in response to a horizontal start pulse HST
- supplied from a timing generating circuit (not shown), and

generates sampling pulses which are sequentially transferred

in one horizontal period in synchronization with a
horizontal clock pulse HCK supplied from the timing

generating circuit. The data sampling latch unit 142

sequentially samples and latches, in one horizontal period,

the display data Data supplied from the data processing
circuit 13 in synchronization with the sampling pulses
generated by the horizontal shift register 141.

The latched digital data for one line is transferred to
the second latch unit 143 in a horizontal blanking period.
Digital data for one line is all output from the second

latch unit 143. The output digital data for one line is




|

and converted into anal og display signals by the DA
converting circuit 145. The anal og display signals for
one |ine, output fromthe DA converting circuit 145,
are output to data lines 25-1 to 25-n forned
corresponding to the nunber n of horizontal pixels in
the display unit 12. The vertical driver 15 includes a
vertical shift register and a gate buffer. In the
vertical driver 15, the vetiical shift register
starts a shift operation in response to a vertica
start pul se VST supplied froma timng generating

incidamsdd i dfeveilowy) ,thand egeNnersaligxescanni Ngndpulssesaipplied
whi ch are sequentially transferred in one vertica

- andperarock rtreds imdtor @miadaig @ispliely & igemtliscaly aheckzpul se

VCK supplied fromthe timng generating circuit. The
cony@adriate d i edninildg .pullhes aared osequeptliagl lsygoatlgutf otro one

gate lines 24-1 to 24-mformed corresponding to the
lingumsartpudt frem ithal DApiccsivertBygusiimguisr fliddal are output

scanning of the vertical driver 15 to sequentially

to gartsutl ittes goarnitRy 25uins ésrmed: kergaspondaay te4thet o

24-m the pixels in the display unit 12 are
nu“%?é‘&uélntoufaﬁ’i%l%@%@tle@lﬁﬁlén|11ns the géapleyi HBSE. 1fhe
signals_for one |ine

di s
S|ﬁb?t5ﬁEBb ??yﬁf%Y?Enl?nlnFﬁ%d§%l%CY%th?%%I§h¥€F one
ne thr lines 25-1
reo Sh8R PRY ENEPTEEARE -ur 1P| RGFoBERSLRON, LI 1S, the
i.spla L one.screen.is - 34 .1n the
Ver%l%%ld%gﬁgstaﬁgal 5Fa§t8§$gcg'ﬁ&g?ggoPﬁ5a5689eln response
to a vertical start pulse VST supplied from a timing

generating circuit (not shown), and generates scanning

pulses which are séquentially transferred in cne vertical

period in synchronization with a vertical clock pulse VCK

supplied from the timing generating circuit. The generated

~scanning pulses are sequentially output to gate lines 24-1

to 24-m formed corresponding to the number m of vertical

pixels.

By using vertical scanning of the vertical driver 15 to

sequentially output the scanning pulses to the gate lines

24-1 to 24-m, the pixels in the display unit 12 are

sequentially selected in units of rows (lines). The analog
display signals for one line are simultaneously written in
the selected pixels for one line through the data lines 25-1
to 25-n. By repeating the line-unit writing operation,

image display for one screen is performed.




configuration, by providing, in an integrated form
the peripheral circuits, such as the data processing
circuit 13, the horizontal drivers 14A and 14B, and
the vertical driver 15, on the sanme panel (the gl ass
substrate 11) with the display.unit 12, a display
panel integrated with all driving circuits can be
constituted, and it is not required that another
substrate, an IC, and a traf$istor circuit be
provided in the exterior. Thus, this enables size
reduction and reduced cost of the entire system 1In
t he rdrdhee n-igitieg icated alll @4ish16kY sidi @i Rka%gUe%ECapove -
to constitute, for exanple, the DA converting circuit
cod#ibyuraa @naligg gadFelimd f G tardGERICH MO dD fAd¥8h, the
above-described first or second enbodinent, or its
perigiemt icincuitusetich 4 rigte Appld ef-dcaselidg Gir2®hiits 13,
a bl ock di agram showi ng an exanple of a
the dierigme-aloldrgesrselleldt iargl DA ORRY thihkg veirtdWwall. driver
Here, for exanple, R (red), G (green), and B (bl ue)
156-431 tthéi giamse padetla, (HROGI@ SeRB uHEDte A5, wirdh BB
to bB5, is supplied as the display data Data. In Fig.

- dispdava undfterd@nce Vdlsndgey gemerdatintgogiatedi widh all driving

., generates reference voltages VO to V63 for 64

CLIGESs Cane be epdistidaresspandi Ag d6 606 rediugpldy thatta

ta. T?Fse reference voltages VO to V63_are.sugplied

NG e PEPEREE Loy 0 PRadé s 8FEc FotE 2BBRS t3ZGC1FY1E2BE The
reference voltage - 35 selectors 32R 32G and 32B )

progFgegr&Qi&ég ESLCrAETdat AUSpnedhls enables size reduction

and reduced cost of the entire system.

In the driver-integrated liquid crystal display device,
to constitute, for example, the DA converting circuit 145,
an analog buffer circuit according to the above—deécribed
first or second embodiment, or its application, is used.

[First Applied Case]

lFig, 28 is a block diagram showing an example of a
reference-voltage~selecting DA converting circuit. Here,

for example, R (red), G {(green), and B (blue) 6-bit digital

data, bRO to bR5, bGO to bG5, and bB0 to bR5, is supplied as

the display data Data.

In Fig. 28, a reference voltage generating circuit 31
generates reference voltages V0 to V63 for 64 gray-scale
levels corresponding to 6-bit display data Data. These
reference voltages V0 to V63 are supplied to reference

voltage selectors 32R, 32G, and 32B. The reference voltage-




25-1 to 25-n in the display unit 12, and sel ect and
output, from anong the reference voltages VOto V63
for 64 gray- scale levels, reference voltages
corresponding to bROto bR5, bGO to bG, and bBO to
bB5 as anal og display signals. Each exanple of
reference voltage selectors 32R, 32G and 32B i s
shown in Fig. 29. Buffer circuits 33R, 33G and 33B
are provided on the output38ides of the reference -
vol tage selectors 32R, 32G and 32B, that is, between
the output sides and the data lines 25-1 to 25-n. The
sel88EORs Lhgk, theg buldersfd rou 15 33Rieq 338G Al A3 & fes

provided are as fplloms: Enlarged screen size,
254ncteasedn resobmkd i Osp iy theid i ke, Ha ddedd BHdE output,

crystal display device increases a capacitive |oad
framcima@sg Peastd f €r SaRacHd B JeNeral e i nrQacdy ¢frdihe
data lines 25-1 to 25-n. To charge/di scharge the
scxhpabeéteVve, refdrémca PoEULyEs NEOLdetpBBIing to RO to bR5,
corresponding driving capability is required.
bGOrher 6@ £,antchéoBUftferbRY raidrs 133R di 33G@y andym3dB ar €ach
required. In this applied case, the anal og buffer
exaanrlauiafs refopmmdingdldadre fdlresttommfst nEaRG, tdwel 32B is
second enbodi nent, or its application, which are
shopesdll Fedy -atbde, are used as the buffer circuits 33R
33G _and 33B. Since the analog buffer circuits have
vePYIt6w 6firseissaRdRr edd6edandr B3Bi eiei provhtpdt on the
otential as described above, there is not any - 36

ou ISFASIh&F ey teferescreyoditage ised@cdoitsg 32R, 326G,
trate such
anéﬂgfﬁ, that %s, between the output sides and the data

lines 25-1 to 25-n. The reason that the buffer circuits 33R,
33G, and 33B are provided are as follows:

Enlarged screen size, increased resolution, or the like, of

the liquid crystal display device increases a cépacitive

load such as parasitic capacitance generated in each of the
data lines 25-1 to 25-n. To charge/discharge the capacitive
load in a predetermined time, corresponding driving
capability is required. Therefore, the buffer circuits 33R,
33G, and 33B are required.

In this applied case, the analog buffer circuits

according to the first embodiment, the second embodiment, or

‘its application, which are described above, are used as the

buffer circuits 33R, 33G, and 33B. Since the analog buffer
circuits have very low offsets and reduced variation in

output potential as described_above, there is not any




as the glass substrate 11 by using TFTs. Accordingly,
even if analog buffer circuits according to the first
enbodi nent, the second enbodi nment, or its
application, are arranged as the anal og buffer
circuits 33R, 33G and 33B, variations in offsets
between the analog buffer circuits can be suppressed.
Thus, vertical stripes caused by the offset
vari ations do not occur, so3fhat display quality
(uniformty) can be increased. In addition, enabling
the provision of the buffer circuits 33R, 33G and
pré@bet ahéMNCERay ea £ls | M NgeLapabih i {ysd it ihe fapaciddd&such
| oads of the data lines 25-1 to 25-n. Thus, a |arge,
as htlgh-gI esol subonr Sird vier -bntegiay egkrd qui d cryst al
di splay device is realized. Also, in the case of
usifng cantilned yhufdven difr ewallog acaTed ’Y ricaitthe alidostding
or second enbodi nent, or its _application, in the
to hiore zom =t eebacdbimseritd A tdre detB>rid rembpet fnosrmd N g VGAM
i nversion driving, very good convenience is obtained.

-appnk @At iothe s e nangedorasf drteblajalioy oyffieer circuits 33R,

consunption viewpoint, that the data lines 25-1 to
3365-andhe3 3By ataiafddntco 1@ prftdatd dretgrenn Sda @rladvsl
i%f'g'“ white level in a nornmally white liquid crystal
buffiedy|Gyr i €arahe pepgessaekl  iThus noaraiioplplsgek pes
Ii%fid CGgital di spl ay devic%g, and the white | evel
causied kY gl R iTaRd VaaRdee s damod s F§- dartent
onse. to ,VCOM i nversion. - I n ot her

. manner_in .res 37 C o
I Sdras. T S GO TS Pt G e (BGeREeR  In addition,

enabling the provision of the buffer circuits 33R, 33G, and

33B can increase driving capability for the capacitive loads

of the data lines 25-1 to 25-n. Thus, a large, high-

resolution driver-integrated liquid crystal display device

is realigzed.

Also, in the case of using analog buffer circuits
according to the first or second embodiment, or its
application, in the horizontal drivers 14A and 14B for
performing VCOM inversion driving, very good convenience is
obtained. This is because it is preferable, in a power
consumption viewpoint, that the data lines 25-1 to 25-n be
precharged to a particular gray-scale level (e.g., white
level in a normally white liquid crystal display device, and
black level in a normally black liquid crystal display
device}, and the white level or the black level changes in

an alternating-current manner in response to VCOM inversion.




which is inverted in an alternating-current manner in
synchroni zation wth the VCOM potenti al, as descri bed
above) to be supplied to the CS line 27, as the
precharge potential CSin Fig. 5 or Fig. 25, the CS
potential is at a gray-scale level (white level in a
normal ly white liquid crystal display device, and
black level in a normally black liquid crystal

di spl ay device) in a node~of7applying no voltage to
the liquid crystal. Accordingly, driving of the data
lines 25-1to 25-n may be started at the gray-scale
| evml ,ots@rt Ratrdd 38 ddiNGheUse o deh tSW1f | @ohitial
thus enabling a reduction in power consunption. In

‘whidh sisapplvediedsen dhea Swdiedt i+ dufight hatnted hig

swtch S29 in Fig. 25 are used as precharge sw tches.
synaehreivez aniadrogy btk fiere GrC@Midet eactciorldi ngs tdeddweibed above)
applications of the first and second enbodi nents, a
to duek tsurwsh igpvhl td orhe P& floime My ON<OFfhedindattpofe gactential
swtch, control signals Ncont and Pcont for

-CS plat fRirhd iy GNVESRF 5 vitHte ¢FS tinepovier] isuppl y§ ey -scale

precharge signal for performng OV OFF driving of the

LeYflectdtige sviviedh far & gervatediod Wiy te tideuigl genstal ng

. circuit 34 (see Fig. 28). [Second Applied Case] In the
A1 SR SRSl A 1 e L8V 1A Tt 6n POrmTAdLY el tLiquid

_ rt.icul arl en the nunber of horizontal pixels in
cr ts%@ldi%ﬁp&f%’uﬁjet"lf?)i e Eadisle Offe aRiEENg g0 voltage to
thd flg{ugi%ﬁglrysﬁ%&\e/gl \ acg%&isi%lgﬁgft,ord%:i%%%g %ZfG’thaen%asi,:%Blines

acc
25-1 to 25-n may be started at the gray—scale level, so that

less driving current is sufficient, thus enabling a
reduction in power consumption.

In this applied case, the switch S7 in Fig. 5 and the

~switch 829 in Fig. 25 are used as precharge switches. 1In

the analog buffer circuits according to the applications of

the first and second embodiments, a switch signal for

‘performing ON/OFF driving of each switch, control signals

Ncont and Pcont for performing ON/OFF driving of the power

supply, and a precharge signal for performing ON/OFF driving

+ of the precharge switch are generated by a timing generating

circuit 34 (see Fig. 28).

[Second Applied Case]

In the reference-voltage-selecting DA converting
ciréuit, particularly when the number of horizontal pixels

in the display unit 12 increases, the numbers of reference




the lengths of wires for transmtting reference
voltages VO to V63 accordingly increase. Therefore,
as Fig. 30 shows, a buffer circuit 35 is provided
after the stage of a reference voltage generating
circuit 31 for increasing driving capability. Al though
the buffer circuit 35 is here indicated by one bl ock,
actually buffer circuits 35 are provided so as to
correspond to reference vol¥&ges VOto V63. Also, in
this applied case, the analog buffer circuit

according to the first or second enbodi nent, or its

. volaﬁﬁjé GRII Qo M LR | %Z@Sgdcp%@Ba%rdl%gg%eqn%Srea@% and
buffer circuit 35. In the First Applied

th WdRfty lidises33Rr IRansaid 338 hardln@f /IaRees Vo
voltages VOto V63 obtained after selection by the

to SH e eaer 32yl BAG et 32B Thamiiflote i Rist Higy .appl is@dws,
case, the buffer circuit 35 handles reference

bufifgint agessw@ t36 \IG3 ohtvdideeld afefeor e heelsatigcon thy ridference
sel ectors 32R, 32G and 32B. Since the sane reference

VOhﬁﬂgﬂa@@@@mauimqw&inmuithaddE@¢ iafctrera sdlnlg, darivemger of
using the anal og buffer circuit according to the

capfibadeltor s @dde verlrb ddliembmit fear dirsuidppli dat heme i s
simlar to that in the First Applied Case. Therefore,

indigateRe byamper &dootk -agcdusdivhoy falssy eireuigsgdddare
conveni ence i s obtained, in particular, in the case of

Proyiffg SCh@Sarlddl GPBIFRENG it Hefqrendte ‘fqlrfs%getﬁ VO to V63.
second epbodj ment, _or its application. -

de8cF P bettabBig, aBEﬂh%‘iin@a%ﬁe slﬁ%| %@abﬁgf%vfé?accﬁwcult

according to the first or second embodiment, or its
application, which is described above, is used as the buffer
circuit 35. In the First Applied Case, the buffer circuits
-33R, 33G, and 33B handle reference voltages V0 to V63

- obtained after selection by the selectors 32R, 32G, and 32B,
while, in this applied case, the buffer circuit 35 handles
reference voltages V0 to V63 obtained before selection by
the selectors 32R, 32G, and 32B.

Since the same reference voltages V0 to V63 are handled
after all, a manner of using the analog buffer circuit
according to the first or second embodiment, or its
application, is similar to that in the First Applied Case.

. Therefore, for the same.reason as described above, very good_
convenience is obtained, in particular, in the case of using
the analog buffer circuit in the first or second embodiment,

or its application.




in the first or second enbodi nent, or its application,
as the buffer circuit 35 for the reference voltage
generating circuit 31, relative variations in
potential anong reference voltages VOto V63 can be
reduced because the analog buffer ~circuit has very
| ow of fsets and reduced variation in output
potential. This perforns display driving at anal og
di splay signal levels actu?gtely corresponding to
digital data bRO to bR5, bGO to bGs, and bBO to bBS
thus enabling display of a higher quality i mge.
[ Thisr dicApplibed Gasek Fibg. udlngs thcbkbogk odi 8AKERYr circuit
showi ng an exanple of the configuration of swi tched
in capact fxvt DA convard iebddingdtit S.or |itd SpirieASsHTed s
that, for exanple, R (red), G (green), and B (bl ue)
thé-ififal giitraluidat3y HRO e i et@dd v di@EmgdbB@ndrating
bB5 are supplied. In Fig. 31, switched capacitor DA

- cinmnvierdl ngddiattnia s7aER,iotkG iand 4R iale oo dederence

for the data lines 25-1 to 25-n in the display unit

- VORGSR & 5 viia AP ceapdrs tradudRd demeersts rigiec ianedioss buf fer

. 41R, 41G and 41B have built-in buffer «circuits for
CIRPE SRS MEAS0r O&s Off sttt eefde msnlws efoMeage tisal dat iomgput

DA converting circuit. In this applied case, the
POtGIfiGY -buffiér Eerdemins Qlispd oy st véndsedopdalog display

. egﬁog%ge t, or its _application, is used.as this
S VEHSC GCCUrRitG Y3 ST esPondd gt t9i 4PairrdnEfitag L&

cifli xamle - 40 f the_internal confi.guration
“to %F&%h%G®MﬁPcﬁgé'CgﬁécppgrtﬁA%BS’ thus enabling display of

a higher guality image.
[Third Applied Case]

Fig. 31 is a block diagram showing an example of the

- configuration of switched capacitor DA converting circuits.
It is here assumed that, for example, R (red), G (green),

~and B (blue) 6-bit digital data, bR0O to bR5, bG0 to bG5, bBRO

to bB5 are supplied.

In Fig. 31, switched capacitor DA converting circuits

- 41R, 41G, and 41B are provided for the data lines 25-1 to

25-n in the display unit 12. The switched capacitor DA
converting cilrcuits 41R, 41G, and 41B have built-in buffer
circuits for the same reason as in the reference voltage
selecting DA converting clrcuit. In this applied case, the
analog buffer circuit in the first or second embodiment, or
its application, is used as this buffer circuit.

Fig. 32 is a circuit diagram showing a specific example




converting circuit according to the Third Applied
Case. For ease of understanding, this specific
exanpl e shows a case in which the switched capacitor
DA converting circuit is constituted by using two
bits and the N-type-buffer analog buffer circuit
according to the first enbodinent in Fig. 1 1is
conbined with the 2-bit sw tched capacitor DA
converting circuit. In Frg4032, in a viewin
conparison with the circuit in Fig. 1, on the side of
i nput data VinO of a lower bit (LSB) a first

of Sthd Chess @i %éﬁa@f&ymﬁwmﬁmﬂwéﬂ&amr DA
Sn2-0, Sn3-0, Sn4-0, and Sn5-0, and capacitors Cnl -0,

codgh t (AR -&i deu i Addtafii andPnedensi ke gfpilinRitcdat a2 For
Vinl of an upper bit (MSB), a second

ea s d £ hasdandtaapiac | ahigy G c O esetudfe SMdWENES case in
' Sn2-1, Sn3-1, Sn4-1, and Sn5-1, and capacitors Cnl-1
whigrtd 02 -dwiltshpydigedi tAlis@A adriarnting circuit is
swW t ches- and- capaci tor group conposed of sw tches
corgrlitutedSid iuysiSB-tiwo Bnds arahdien -typenduddeacidralsog
Cnl-i and Cn2-i which are connected to fixed
buffsremiinguivi glcqamsiimicalte ther fiueer icodloddatentii g iFg. 1
provi ded. An NMOS transistor Onl  and a current supply
s |qamimecheriglr fdre goltitosw idimheshiceeies togh @RamprSiez ting
. in the output portion are identical to those in the
Clreddd-of Fig. 1. In the built-in-buffer swtched

capacitor DA converting .circuit having the above
co P.Eagatﬁan 1Phe 8&850FFaﬁ@@P6F15021W1FHetE§p8&FFBF§ in

[~ 2 d.1n hir wW_t.ch nd-
1ggn Cn ide oftQ%ﬁht d%é% d!%oe%faadlower kit (LSB)

a first switches-and-capacitor group composed of switches
Sn2-0, Sn3-0, Sn4-0, and Sn5-0, and capacitors Cnl-0, and
Cn2-0 is provided, and on the side of input data Vinl of an
upper bit (MSB), a second switches—-and-capacitor group
composed of switches Sn2-1, Sn3-1, Sn4-1, and Sn5-1, and
capacitors Cnl-1l and Cn2-1 is provided. Also, a third
switches—and-capacitor group composed of switches Snl-i,
Sn2-i, 8n3-i, Snd-i, and Sn5—i, and capacitors Cnl-i and
CnZ2-i which are connected to fixed potential Vinl (initial)
for numerical matching is provided. An NMOS transistor Onl
and a current supply Inl in the buffer portion, and switches
Sn6 and Sn7 in the output portion are identical to those in
the case of Fig. 1.

In the built-in-buffer switched capacitor DA converting

circuit having the above configuration, the capacitance of




capacitor group is set to be equal to the capacitance
of the capacitors Cnl-O and Cn2-0 in the first
swi t ches-and- capacitor group, and the capacitance of
the capacitors Cnl-1 and Cn2-1 in the second
sw t ches-and-capacitor group is set to be 1/2 of each
of the above capacitances. Al so, since input data
VinO and Vinl are binary data having 1 ("H level)/O
("L" level), the input perfdfnms switching. As a
result, an analog voltage is output in accordance wth
a difference in each potential of the input data VinO
thanghpddittordHerelL - Sidice dive- ioper atHeORfrd hfrisdHehethd-
capacitor DA converting circuit is known, its
caggesictd Pptgaup Sidedet o tHedquAlisao tdre: tdfferi tineeuidt the
portion has an offset- canceling function, and its
capAEcicii s dpelr-a iaond iGnSidmidrartheo fitdeer casie: dfe tHand-
N-type-buffer analog buffer circuit according to the
cagdgistorerdyodipnerand |tls: tdapany telvara dfs tishawpaaiteing. Cnl-1
33. Aswitch signal for performng OV OFF driving of
anggaiZ-swiitte he aaald sivjfabs sNeowt—carpRdom droup is set
performng OV OFF driving of a current source, and a
to éﬁac]’da?r g%fgﬁagﬁhloﬁ d?hep@\br%’ﬁnqﬁ@a@wt@ﬁmaﬂu vﬂﬂ@oof sgnce
precharge switch are output by the timng generating
lnHﬂtr Site VArOripadaiiowd @fﬁf%&lnééﬁcéﬁtﬁ‘g h@é’éﬁ’& ilort "&an
reduce of f sets, thus reducing a variation in out puyt
18%1)4&.( L' Hediedfor éhe yPibnibemitegshe N 4Dt Ay 2
according to the first

resy d%ﬁQUff ! m'ﬁiﬁ%ﬁéﬁghggtput in accordance with a

difference in each potential of the input data Vin0 and Vinl.

Here, since the operation of the switched capacitor DA

- converting circuit is known, its description is here omitted.

Also, the buffer circuit portion has an offset-
canceling function, and its circuit operation is similar to

the case of the N-type-buffer analog buffer circuit

‘according to the first embodiment. Its timing chart is

shown in Fig. 33. A switch signal for performing ON/OFF
driving of each switch, contrel signals Ncont and Pcont for
performing ON/OFF driving of a current source, and a
precharge signal for performing ON/OFF driving of a
precharge switch are output by the timing generating circuit
42,

The above offset-canceling operation can reduce offsets,
thus reducing a variation in outpﬁt potential. Therefore,

by combining the N—-type-buffer analog buffer circuit




capaci tor DA converting circuit, operation and
~advantages simlar to those in the First Applied Case
are obtained. In addition thereto, as is clear from
the circuit configuration in Fig. 32, the capacitors
Cn2-0 and Cn2-1, which correspond to the capacitor
Sn2 in Fig. 1, can also be used as sw tched
capacitors. Although this applied case exenplifies a
case in which the Ntype-btffer anal og buffer circuit
according to the first enbodinent is conbined with
the switched capacitor DA converting circuit, the
acddndipey bud fiate afialsag dnifdcEimetitr Guiith t3RCeRditRthdd t he
first enbodi ment, the anal og buffer circuit according
capay itilver dppldaatdranmgf dirediit,stoperaadiomekind advistages
anal og buffer circuit according to the second
s imdpfsoditrenthaere dint ShapFliiredt i2Zppldan fassl mideadhtained. In
conbined for use. (Application of Third Applied Case)
addditd.or34Hayretdhl @k idi agream Jhow ridiear iexarip] eooff ithwation
. _configuration of a reference-voltage-selecting DA
in Egfirertd mghecicapgiod tacsoCaizng eadakndppl.i ehtlichn cor repond
third Applied Case. The reference-voltage-selecting
to pRec GRRGHYRE Sidcdit Fiflecdrdicd§ @dsens assd @st isya tched
is.a DA converting circuit in which reference voltage
CAPEEECESs and switched capacitors are used in

copbipation, Lt is here assuned that,. for exanple, R

RS AT TE SE s C R i TP R AT

a bBO to hB5 are.supplied as.display data.Data. -.43
ehe R B e A R R G APl B BaREr GPeth®
firg%tembodiment is combined with the switched capacitor DA

converting circuit, the P-type-buffer analog buffer circuit
' according to the first embodiment, the analog buffer circuit
according to the application of the first embodiment, or the
- analog buffer circuit according to the second embodiment or
its application can be similarly combined for use.

(Application of Third Applied Case)

Fig. 34 1s a block diagram showing an example of the
configuration of a reference-voltage-selecting DA converting
circuit according to an application of the third Applied
Case. The reference-voltage—-selecting DA converting circuit
according to this application is a DA converting circuit in
which reference voltage selectors and switched capacitors
are used in combination. It is here assumed that, for
example, R, G, and B 6-bit digital data bRO to bR5, bG0 to

bG5, and bBO to bB5 are supplied as display data Data.




reference voltages for 64 gray-scale levels for 6-bit
digital data bROto bR5, bGO to bGh, and bBO to bB5,
but, for exanple, reference voltages VOto V8 for 9
coarser gray- scale levels. The reference voltages VO
to V8 are supplied to the reference voltage sel ectors
52R, 52G and 52B. The reference voltage selectors
52R, 52G and 52B sel ecti vel out put two adj acent
reference voltages from anohgy The reference voltages
VOto V8, for exanple, for upper 3-bit data, bR3 to
bR5, bG3 to bG5, and bB3 to bB5 from anong 6- bit
di @i ralfed@hae bBOth@ebBonch&Dihg bGOcuandshBgherbBés not
The selected two reference voltages are input to
re Savdrotee drodapacist dio DA AC @mesr-td o) eCilletidiliss 3R 6-53GE
and 53B, wth lower 3-bit data, bROto bR2, bG to
digiGx 1l aletabBO do BBD ,afmgty tichédd- bianddibgiot alo #&tca, PERO
to bR5, bGO to bG, and bBOto bB5. The switched ‘
for aparinler, DATeoere iviog tagiasc Vit $53R, f53GY and 538 gray-
include circuit portions in their input . stages which
SCadeén dreated 83- biThed ded ereine®, WililageandOvitet V8havwiengupplied
bet ween the two reference voltages, |evels

Lo I ESPSRENRG VO UTREY GRerecToBist &t a26ROAPE BRB- bEbe

fto b&2, zind bBO to bB2. The generated 3-bit data,,
relGreBCaViVR tagRd SRS OZPe S 28uppkfed g PRE SFigrkdvely

swi.t ¢ched apacitoreE_A convertin portions. It is the
OUTENE P AIBLGR T3 SERAETCRIVOATEges THEEN ETEPRCcEPE i n

[ ich t - buf f I buf_f - 44 .
o ReRER, RaVAER, Y YBTAL HE BORkRR U et 5-osc

dat%?”%?ge%om%hg, bG3 to bG5, and bB3 to bBS from among 6-

‘bit digital data, bRO to bR5, bGO to bG5, and bBO to bBS.

The selected two reference voltages are input to

switched capacitor DA converting circuits 53R, 53G, and 53B,

-with lower 3-bit data, bRO to bR2, bG0 to bG2, and bBO to

“bB2 among the 6-bit digital data, bRO to bR5, bG0 to bG5,

and bB0 tc bB5. The switched capacitor DA converting
circuits 53R, 53G, and 53B include circuit portions in their
input stages which generate 3-bit data, Vin0, Vinl, and Vin2
having, between the two reference voltages, levels
corresponding to the lower 3-bit data, bRO to bR2, bGO to
bGZ, and bRO to‘bBZ.

The generated 3-bit data, Vvin0O, Vinl, and Vin2, are

supplied to the original switched capacitor DA converting

‘portions. It is the circuit in Fig. 32 that indicates a

basic circuit in a case in which N-type-buffer analog buffer




the switched capacitor DA converting portions. The
circuit in Fig. 32 is adapted for 2-bit data, VinO
and Vinl. In a case for 3 bits, one circuit portion
of capacitors and switches is added. As descri bed
above, also in the DA converting circuit in which the
reference voltage selectors and the capacitors are
used in conbination, anal og buffer circuits according
to the first or second enbbHiment, or its
application, can be conbined for the sw tched
capacitor DA converting circuits 53R, 53G and 53B

cidduiaach aETesey ited ARRY RS et a6 RS i0kd with

‘application to a liquid crystal display device
" the @wyiasettdfcagddiad ony HoahreGeling asrdiisplsay ahenentsuit
is described. The applicationis not limted to the
in dppgl. 82 daseddyptied for @pplitcalaitan W& ngossidbvantia In a
various types of display devices in each of which an
casgndicaay D dfifter, @inrecwitraus tppovitded of tdapacidames and
substrate as a display unit is provided, such as EL
swidichysisayi sd@ddeds using EL (el ectrol uni nescence)
el enents as display el enents. Display devices as
t ypEf feackjbefiecabb¥oe- déser ipethe| PHurdneeysing circuit
. display devices according to the applied cases are
in ghichpitber sefaserss yordemedpsprafoani 8df shesrappcitors
i ghtwei ght portable termnals. Fig. 35 is an exterior
ATrey U&RIs HOWCRE P AR asdOR n8ngf ophBuL £85 cdEryditsr c6prding to
rtable term nal of the present . invention,
thep%lrs or secon% emLodime t, or its applgcation, can be
combined for the switched capacitor DA converting circuits
53R, 53G, and 53B.

In each above-described applied case, an example of
application to a liquid crystal display device composed of
liquid crystal cells as display elements is described. The
application is not limited to the applied case, but the
application is possible to various types of display devices
in each of which an analog buffer circuit is provided on the
same substrate as a display unit is provided, such as EL
display devices using EL (electroluminescence) elements as
display elements.

Display devices as typified by the above-described
liguid crystal display devices according to the applied
cases are suitable for use as screen display units for small,

lightweight portable terminals.

Fig. 35 is an exterior view showing an outline of the




for exanple, a PDA. The PDA in this enbodi nent has,

for exanple, a folding structure in which a cover 62
is provided to a main device wunit 61 so as to be
opened and cl osed. On the top surface of the main
device unit 61, an operation unit 63 having an
arrangenent of various keys, such as a keyboard, is

di sposed. Also, on the cover 62, a screen display
unit 64 is disposed. As The& streen display unit 64, a
liquid crystal display device is used in which the
above-descri bed DA converting circuit according to

- stihetitre Sdf Sasonthbf tdinithaApRf ethE s dampriawdedon,

on the sane substrate with the display unit.
forAceamp g, to RO%e. | i quid crystal display devices
according to the above applied cases, as descri bed
ab@\ne, POAntiegrtétiiso rmiodh meinitv &k sGi Ifoui examplegsial Yolding
realized, and noreover, enlarged screen size,
sty wes aidh rasigtiuta aroveand 2 i ipeaseididdrage aquedint ydepdire
be achi eved, and al so power consunption can be
uniefifc et aFherefasr @pgprasyisgidrlsisache an ddiad tony stiface
di spl ay device as the screen display unit 64 can
of it MPd davd a8 MR ikdat igdh dRerEtd entudd HiF davimng an
enl argenment_in screen size, and increased resol utiaon
ATTHP STy € TqUA TIPS it § e iREY PovRrKeBPRURpt | bf Bisposed.
al the screen dis %%y unit 64 achi eves extension of_ .a
>t 8 yFoREFES CConde SRS GSABHEY MPdt R% ASugh sPreed-
l'ication t.o the PDA_ h been .here, - 46 gsscri ed
ne J0 SBR[ & o e AR Sty cae Pl oy
device is used in which the above-described DA converting
circult according to the first, second, or third applied
case is provided on the same substrate with the display unit.
According to the liquid crystal display devices
according to the above applied cases, as described above,
integration with driver circuits is easily realized, and

moreover, enlarged screen size, increased resolution, and

~increased image quality can be achieved, and also power

consumption can be reduced. Therefore, provision of the
liguid crystal display device as the screen display unit 64
can contribute to simplification in the entire structure,
enlargement in screen size, and increased resoiution and

image quality, and reduced power consumption of the screen

‘display unit 64 achieves extension of a battery-powered

consecutive usable life.

Although the application to the PDA has been here




is not limted to this applied case, but is suitable
for use in various types of small, |ightweight
portable termnals, particularly in cellular
t el ephones. As descri bed above, according to the
present invention, by perform ng source-follower
of fset detection a plural nunber of separate tines, a
final offset voltage can be sufficiently reduced, and
hi gh precision offset canceffation can be perforned,
thus realizing an analog buffer circuit having very
| ow of fsets and reduced variation in output
depot Bdd ads &7 StBhdle, lthAm anal OGO fLr iy device
conprising: source-follower neans for driving an
is owputimdeetl amdihiof fagiloaheaddag heanss faritable for use
perform ng of fset detection on said source-follower
in resnisows ptyped einberllof Isiepanatieght mesritlle terminals,
sequential |y canceling the detected offsets. 2. An
PRt W hf far ed¥loular aedemdiaes.o claim 1, wherein
sai d anal og buffer circuit is forned on an insul ating
subst AgserBpechighorie. mpceansiisgoits. tie mregpaltognvention,
buffer circuit according to claim1, wherein said
LY QRRIEHIT U SR ianatu g sty stetsifriea faolnlovmard
_ ans conprising an NMOS transi stor and second source-
nu“?’fﬂﬁ &éﬁm%m%i fg fa meNos fhssisivaldirgean@d s &ied
i.r st ource:-fol | ower, neans and ,said second s
Suffsf&ﬁﬁéé-@ai "SRMCSTaidd Pedbn® TECisven # HESGh gameellation
'caﬂmﬂgqﬁgy%é%%égjt@ﬁég ﬂ@&?ﬁ%%%%ean analog buffer circuit
having very low offsets and reduced variation in output

potential.




potential for precharging the output load. 4. A
di spl ay device conprising: a display unit conposed of
pi xel s arranged in a matrix on a transparent
i nsul ating substrate; and a DA converting circuit
which is provided on the transparent insulating
substrate with said display unit and whi ch supplies
anal og signals to data line%’in said di splay unit
crari@fter converting digital signals into the anal og
signals, wherein said DA converting circuit includes
1. an Anahongl bufifuwfferiogigunt tc omppirssngg: sour ce-f ol | ower
nmeans _fo g i ving the tad!Lnes; and 1 .
oP PURTE ChR %‘i"?’%rg s 16 Fért-8Pnf g BHPek Rt et dn
o8f f sat desotk Cind ohbaner faeanse o piniral 6OFHEr dbtection on
. .Separate_tjnmes and sequentially canceling the ,
saldqgpBEFEAT of 1 Xets. MoAlS 57 ALY &hi YRR i Ue SRR hd- mps and
sequEhBi fy MWherel mpaind Rraleadbekfeetsircuit is formed
by thin filmtransistors. 6. A display device
according to claim4, wherein said DA converting
2. Ehreilibs a,sidiehed capaci LoL, Dy £ONVRr tLRgs g reUi tyherein
conprising a conbination of swtches and capacitors,
saidandnedogn uffan stageudf the swidmdeed capaciehor sulating
subsEPRVENLY e, £ U« aid anal og buffer circult is
rsposed. 7. portagpe termnal conprising: a display
unit conposed of pixels arranged in a matrix on a
trans ent insulating substrate; and a DA converfin _
3. %Prc%ﬁ%iﬂﬂﬂ(ﬂPﬁﬁfrprSﬁgagﬂtona??ﬁFQ%ﬂﬁhsﬁgreﬁialm 1, "erein

sald source-follower means includes first source-follower
means comprising an NMOS transistor and second source-
follower means comprising a PMOS transistor, and said first
source~follower means and said second source-follower means
become active 1in accordance with the polarity of precharge

potential for precharging the output load.

4. A display device comprising:

a display unit composed of pixels arranged in a matrix on a
‘transparent insulating substrate; and

a DA converting circuit which is provided on the transparent
insulating substrate with said display unit and which supplies
analog signals to data 1lines 1in said display unit after
converting digital signals intc the analog signals,

wherein said DA converting circuit includes an analog buffer
circuit comprising:

source-follower means for driving the data lines; and

offset-canceling means for performing offset detection on
said source-follower means a plural number of separate times and

sequentially canceling the detected offsets.




i nsul ating substrate with said display unit and which
supplies analog signhals to data lines in said display
unit after converting digital signals into the anal og
signals, wherein said portable term nal is provided
with,. as a screen display unit, a display device in
whi ch said DA converting circuit includes an anal og
buffer circuit conprising s#irce- follower means for

5. Rl VaNg,ithe datacki nescang,pf f 68t -CAnGe! ing (fBaRs,f Alaiqg
perfd?%?ﬁgﬁof%set detectloﬁﬁ%n sai d source-foﬂFomer
analpgahsffepl aiaduidunizerf afmese par &hént £irg® Bnansistors.
sequentially canceling the detected offsets.
6. A display device according t¢ claim 4, wherein said Da
converting circuit is a switched capacitor DA converting circuit
comprising a combination of switches and capacitors, and in an

output stage of the switched capacitor DA converting circuit,

said analog buffer circuit is disposed.

7. A portable terminal comprising:

a display unit composed of pixels arranged in a matrix on a
transparent insulating substrate; and

a DA converting circuit which is provided on the transparent
insulating substrate with said display unit and which supplies
analog signals to data lines in said display unit after
converting digital signals into the analog signals,

wherein said portable terminal is provided with, as a screen
display wunit, a display device in which said DA converting
circuit includes an analog buffer circuit comprising source-
follower means for driving the data lines and offset-canceling
means for performing offset detection on said source-follower
means a plural number of separate times and sequentially

canceling the detected offsets.




