27 Novenber 2006 - 1 DESCRIPTION ANALOG BUFFER CIRCQ%; Dl Aﬁ
AND PORTABLE TERM NAL 5 Technical Field The present HPY%”P]"'F % es to
anal og buffer circuits; display devices, and portable termnals, and in
particular, to an analog buffer circuit formed by thin filmtransistors
(TFTs) on an insulating substrate, a display device using 10 the anal og
buffer circuit as a peripheral driving circuit for a display unit, and a
portable term nal provided with the_display device as a screen display
unit. Background Art 15 In the field of flat-panel display devices as
typified by liquid crystal display devices and EL (el ectrol um nescence)
di spl ay devices, in recent years, order to achi eve panel frane
narrowness and reduced panel thlgﬁﬁégépTéogo call ed driver-integrated

di spl ay device has 20 been devel oped in which, on the sanme transparent
substrate wth a display unit conposed of plxels arranged in a matrix, .a

h ded
ot cor at 20° 8PnP 08P RECEYRRu e, BhskiRe DSk P EPkbrarle; RuRigiRG "
crystal display devices and EL 25 display devices, regarding mount i ng of
the driving circuit 27 Novenber 2006 2 S

5 Technical Field
| The presént invention relates to analog buffer circuits,
display devices, and portable terminals, and in particular,
to an analog buffer circuit formed by thin film transistors
(TFTs) on an insulating substrate, a display device using
_10 the analog buffer circuit as a peripheral.driving circuit
for a display unit, and a porﬁaﬁle terminal provided with

the display device as a screen display unit.

_ Background Art
15 In the field of flat-panel display devices as typified
| by liquid crystal display devices and EL |
{electroluminescence) display devices, in recent years, in -
order to achleve panel frame narrowness and reduced panel
.thickness, a so—called driver-integrated display device has
20 been developed in which, on the séme transparent subétrate
with a display unit composed of pixels arranged in a matrix,
a peripheral driving circuit for driving the display unit is
pfovided in ar integrated form. Since TFTs are used as
pixel transistors in liquid crystal display devices and EL

25 display devices, regarding mdunting of the driving circuit




on the transparent substrate, the driving circuit is also formed by TFTs.
As the peripheral driving circuit for the display devi &&NoxembeagPRy buffer
circuit is used in many cases in 5 order to increase a driving capability.
Here, the case of using TFTs to formthe analog buffer circuit on the

insul ating substrate is considered. In TFTs, the absolute value of
threshold value Vth is large and its variationis greatly large. Also, it
is known that, when TFTs are forned_l% on. an insulating substrate such as
a glass substrate, the elenment characteristics of the TFTs are worse than
those in the case of TFTs fornmed on a silicon substrate. As described
above, since the absolute value of threshold value Vth of the TFT is large.
and its arike i vrnapagreEst SPRErgee 15 hehr IRy il usidd i Flstam an anal og
buffer circuit on the insulating substrate, input and output offsets of
the anal'yF™eifterliciScuit and their variations increase. It is assuned
that a plurality. of the analog buffer ¢ircuit be arranged for, for
exanpl e, an Gt RRTPOETAL 9510drg GATGEL (K8 756t SLs@lever) in a

driver-integrated display.device so as .tq correspond to data |ines (signa
lines) i e‘fjﬁcee'diasnplaﬁfqtﬁ#tbuﬁ/ I K Chde, 9 A5G vidr MR 555 ithe i nput

and gutp f.set. t he én |.0g buffer  cir.cuit ause | ar ge

out pgt - p%&%%eﬁ{ ita l_anC%{)erésl%n aeéjg lv%‘lnrgcﬁatpahﬁ%egc,y’ 25" %M ’s t?ﬂﬁ p(ift%-ep&fent ial

er r.or ! %.l@irl:bOtﬁrttg a(:Io @szn?rt%‘:%n%ﬁo'éo‘b%’ﬂ%& %%%GCuit 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

10 on an insulating substrate such as a glass substrate, the o ;

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 wvalue
Vth of the TFT is large and its variation is greatly large,
15. 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 fof, for ekample, an output unit of a
_20' data driver (horizontal driver) in a driver-integrated
display device so as tO'correspond to data lines (signal
lines) in the display unit. 1In this caée, large variations
in the input and output offsets of the analog buffer circuit
cause a large output-potential error in each circuit. Then,

25  this output—potentiél error is a potential difference



3 between colums of the display unit, and is displayed as a  vertical
stripe on the screen. Accordingly, this greatly deteri&f Beuanbardfpay
quality (uniformty). Also, in the case of using TFTs to form an anal og
circuit on an insulating substrate, a | arge absolute value of TFT
threshol d value Vth causes | arge power consunption because a high
power - supply voltage and a | arge idriﬁg" current are required for circuit
driving. Accordingly, this is a disadvantage in reducing power consunption
of the mditspleay cdaviness o tdheuah sp1dr werit, ntegr atediieonbivedr atsien i s

est abl i shed. Enbodi nents of the present invention provide an anal og buffer

circuit vertikizch,stevigre idn tihe avalees buldrdGingui,t this Leeardyby TFTs on
an insulating substrate, it has small input and output offsets and |ess

pover coRsWwHldretesA didipIphaydavitce (iuhiwireh thhe anal og buffer circuit is
used as a peripheral driving circuit for a display unit, and a portable

termnal prowiided wir RHdhedisplraysdey aemas 3 Seheen @dnapbay unit.
DI SCLOSURE OF | NVENTI ON According to a first aspect of the present

inventi @i rotifter® =% AMRVI188d rdn s3Paeg thUf fen ;GigkCuil G ORRN kbehng:
source-foll ower nmeans for driving an output |oad;” and offset- canceling
means fojr Reff QHPNG A S8h detRa! 1o 07 Sald2fNeverhek .gB06.n
because a high power-supply voltage and a large idling
current are required for circuit driving. Accordingly, this
is a disadvantage in reducing power consumption of the
display device, although a driver-integrated configuration
..1s established.. . . ..
Embodiments of the present invention 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 devige 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 INVENTIOCN

According to a first aspect of the present invention,
there is provided an analog buffer cifcuit comprising:
source-follower means for driving an output load; and offset-

canceling means for performing offset detection on said



4 source-follower neans a plural nunber of separate tines and
sequentially canceling the detected offsets, wherein s ad tiNowshee 809%) | ower
means includes a current source conprising: a first MOS transistor which
comes into conduction/nonconduction in accordance with the polarity of a
control signal; a second MOS transistor connected in series to a MOS
transi stor as a source follower; and &4 third MOS transistor which is
connected in series to said first MOS transistor and which conbines with

sai d sec@it MG dlnansrSskebnst @ HOIALE BURFERt o &M rHid QUirles HMgs anal og
buffer circuit may be used, in a display device fornmed including a DA

conver t igagneintauiitl ywakehe1SHEPEhESIaPal 084 db spLays Signalsid . data lines in
a display wunit after converting digital display signals into the analog

di spl ay sghal-scandwwhi gBahs Previded 9n-theesanButdanshgdent: syl ating
substrate, with the display unit, for exanple, for an output unit in the

DA ConVeritishy Melsf €4hhs137oNoyerber c3006 34@, According to a second aspect
of the present invention, there is provided a display device conprising: a

di spl ay iy ctaompasadonbull Xghsi AT L A0GEELL N 3, 1EY %ﬁ% g&maaéft?%&a&e“t
A Ich 1s pro

i nsul ating substrate; and a DA converting circuit vided on the

ranspatefl AsUighibng aubstosl ekt o foe S SRl dtld Ndaiish supplies
anal og signals to"data [ines

to a MOS transistor as a source follower; and a third MOS

transistor which is connected in series to said first MOS

transistor and which combines with said second MOS transistor

to form a current-mirror circuit.

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

example, for an output unit in the DA converting circuit.




in said display unit after converting digital signals into the anal og
signals, wherein said DA converting circuit includes a#/ Bagerer 809G er
circuit conprising: source-follower neans for driving the data |lines; and
of fset-canceling nmeans for perform ng offset detection on said
source-foll ower means a plural —nunber of separate tinmes and sequentially
canceling the detected offsets, wher¥in: a liquid crystal display device
conposed of the pixels, which include liquid crystal cells, conprises
means for prechangiing theadatachingspatt @f%ﬂ@hﬁ]ﬁe@&i@nﬁhﬁén@ﬂfﬂ espondi ng
to a gray-scale level in a node of applying no voltage to I|qU|d crystal;
and sai dheg@Urice prolkawar a@&@ﬁlh?cééﬂféeféérﬁérﬁﬁﬁfe 4 ol gvery nRanRs
conprising an NMOS transi stor and second source-folTower neans conpri si ng

a PMOS tdoaf[ib%is%"dobf pAdesal drihh§EdSOMr Senatf A1 AWRTs MBAlSs ANl 3ai d second
source-fol [ ower neans become active in accordance with the polarity of the

prechar ge sun@t-en g‘%hbséﬁﬁeéd' R4t 9 BalBbheASHRS C dﬁf Lflhce W€$LNLs 1 nventi on,
there is provide di spl ay device conpri sing: I splay unit 27 hbvenber

2006 4b,rquResed %eph‘_gh§%§£éﬁ"@gfgsui‘a@lﬁ@téd%%@%tﬁﬁﬁ Ralen

i nsul ating substrate; and A converting citcuit prOV|ded on the

transpargit, 1S uhat | diswmﬁa&& ws%ghogf de.%g% £ M d e flte'e%h

supplies anal 06g signals to data nes ay unit
Convertﬁ%gsg g'hﬁgp§59nﬁ£§t'gfger converting digital signals into

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. ... oo

a plural number of separate times and sequentially canceling
the detected offsets, wherein: a liguid crystal display
device composed of the pixels, which include liquid crystal
cells, éomprises means for precharging the data lines at
precharge potential corresponding to a gray-scale level in a
mode of applying no voltage to liguid crystal; and said
source-follower means includes first source-follower means
comprising an NMOS transistor and second source-follower
‘means comprising a PMOS transistor, and said first sburce—
follower means and.said second source-follower means become
active in accordance with the polarity of the precharge
potential.

According to a third aspect of the present invention,

there is provided a display device'comprising:'a‘display unit



t he anal og signals, wherein said DA converting circuit _includes an anal og
buf fer circuit conmprising: source-follower means for d&7 Yewgnbdaoetat a

| i nes; and offset-canceling neans for perform ng of fset detection on said
source-foll ower means a plural nunber of separate tinmes and sequentially
canceling the detected offsets, wherein said DA converting circuit is a
ref erence- vol t age- sel ecting DA converiing circuit including a reference
vol tage generating circuit for generating a plurality of reference

vol t agesca@idRep@Tigikelle bheanyebein af mgtayxseal & texetsarayd a reference
vol tage selector for selectively outputting a reference voltage
correspontiig tidg @ sH:Gitkdl adiushl ey sbavakcingm-arpng: the sefey ence

vol tages, and is forned by disposing said analog buffer circuit on the
out put  sissiRfecs dird thef ereanrepavehitagasseLechyr subhserLdl ngi 19 & fpurth
aspect of the present invention, there is provided a display device
conpri sidigip 1& ydisRan i i cFOBREREdof aRLX8L SsahaNgeds | i@, rﬁ%ég on a
transparent insulating substrate; and a DA Converting circuit which is
provi ded,pn;d:he dipAshanent LRsHk-abbnge SHPSLT AL W1 hs Bl h 5 displ ay unit
and whi ch suabliéggéngﬁog siSna!s to_dgta ?%ngsgﬁﬁé%kﬁéééégsgﬁggi 4c in
sal d di spleiildy abL@RICoNYRELLRE dhoh!Bh S5UPELELALO (LD ana) 0g
signal s, wherein sai converting circurt “includes an anal og buffer
circult GRIHS! %%;gﬁgﬂggebﬁgkg9“@5rcﬂ§@néo$8£ig{ﬂggr@b&%@%£¥§fﬁc&kﬂ?5; and

of f set - cancel i ng
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,.wherein.said. DA .converting. circuit .is .a ... e

referénce—voltage—selecting DA converting circuit including a
reference voltage generating circuit for generating a
plurality of reference voltages corresponding to the number
of gray-scale levels, and a reference voltage selector for
selectively outputting a reference voltage corresponding to
one digital display signal from among the reference voltages,
and is formed by disposing said analog buffer circuit on the
output side of said reference voltage selector.

According to a fourth aspect of the present invention,
there is provided a display device comprising: a display unit
lgomposed of pixels arranged in a matrix on a transparent
insulating substrate; and a DA converﬁing circuilt which is
provided on the transparent insulating substrate with said

display unit and which supplies anélog signals to data lines



for performng offset detection on said source-follower neans a 8Iural
nunber of separate times and sequentially canceling tha7Hevaekesdledfsets,
wherein said DA converting circuit is a reference-voltage-selecting DA
converting circuit including a reference voltage generating circuit for
generating a plurality of reference voltages corresponding to the nunber
of gray-scale levels, and a reference?¥oltage selector for selectively
outputting a reference voltage corresponding to one digital display signal

from anong ddied reef grlenceinvial t:ages, coar@rits nbonrgdthy Q&?]@@% ngheai d anal og
buffer circuit on the output side of said reference voltage generating

circuit.cecididg digraifd,f tiheasheckaqt bhecehesent nhn¥eption, there is
provi ded a di splay device conprising: a display unit™ conposed of pixels

ar rangedi hdl @idBtdd XN & iareRaeMuiknehatk BIngUbsbhALE: ANt A
converting circuit which is provided on the transparent insulating

subst ratgeamd esaid i wingplae Wik andewni ehasuppLLeS-aRal PO §ipnals to data
lines in said display unit after converting digital signals into the

anal og si@nasnr MERR] b s %t%%‘ﬂ‘i%lﬁt bHQSEEBCEBEJfC.éDfJ)PP&?e_@ 0g

buffer circuit conprising: source-follower mneans tor driving the data

lines; ang,qffSetqfdceldng.e %Q%elzlwz,il}!%‘éeﬂhﬁr séQQQ%FfQ% {rﬁ%a}{gcgérf:g{&“ ng

of fset detection on said source-fol lower neans “a ur separate

times and,sequentia] lorcancel Lag-otheehephed Qb sel sy MELE N Said DA

converting circuit 1s a
reference-voltage-selecting DA converting circuit including a
reference voltage generating circuit for generating a
plurality of reference voltages corresponding to the number
of gray-scale levels, and a reference voltage selector for
selectively outputting a reference voltage corresponding to
one digital display signal from among the reference voltages,
and is formed by disposing said anaiog buffer circuit on the
output side of said reference voltage generating circuit.

According to a fifth aspect of the present invention,

- there is provided 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 lines
in said display unit after converting digital signals into
the analog signals, wherein said DA cbnverting circuit

'inclqdes an analog buffer circuit comprising: source-follower

means for driving the data lines; and offset-canceling means



swi tched capacitor DA converting circuit conprising a conbination of

swi tches and capacitors and in an output stage of the ZWNprereleprd8¥faci t or
DA converting circuit, said analog buffer circuit is disposed, wherein
each capacitor in a DA converting portion of said switched capacitor CA
converting circuit and each capacitor in said analog buffer circuit are
used as each other. According to a éi%%ﬁ'aspect of the present invention,
there is provided a display device conprising: a display unit conposed of
pi xel s agrangeddriiagneiffc¥todec@ett aBEPEHERALdI HSEH &4 Mg Sdhst madLis and a
DA converting circuit which is provided on the transparent insulating
subst r atee piiuira 1S divthbedi 8Bl a¥plRkteaftm¥bi Shd SEERhLES AR} Qehddnales to data
lines in said display unit after converting digital signals into™ the
anal og sirgnalesectaer eiffiseaky PAceonMeshi AODET &ANdrt 105l Udes,@n ;anal og
buffer circuit conprising: source-follower neans for driving the data
lines; andteffsetaparsebkngnnBanserf OhgPeonM Nl f Setn et ection on said
source-foll ower means a plural nunber of separate tines and sequentially
cancel'i R@mdih@rdeheeted 9t bagt Sanuhesshi 8544 Dy convel QbR il | S @
ref erence-vol t age- sel ecti ng/ swi tched-capacitor DA converting circuit

| nel udi g 2HeCheneRRaVLbAdR OPNBAALLNG. £ L4141 QL1 AT MAKPITRR 7006  4e

generating a plurality of reference voltages corresponding to nunber

of grayr3galee LeYelSe 2s'81EH6058, VhLAGE, SEl&F @ pacitor in a DA

converting portion of said switched capacitor CA converting
circuit and each capacitor in said analog buffer circuit are
used as each other.

.According to a sixth aspect of the present. invention,

there is provided 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 lines
in said display unit after converting digital signals into
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 pgrforming offset detectioﬁ on said source—follower means
a plural number of separate times and sequentially canceling
the detected offsets, wherein said DA converting circuit is a
referencemvoltage~selecting/switched—capacitor DA converting

circuit including a reference voltage generating circuit for



for selectively outputting, fromanong the reference voltages, two adjacent
reference vol tages corresponding to upper bits of the i §oteanber2@d9l ay
signals, and a switched capacitor circuit for outputting the anal og

di splay signals which correspond to lower bits of the digital display
signals and which are generated by using the two adjacent reference

vol tages sel ected by said reference Vil fage sel ector, and said DA
converting circuit is fornmed by disposing said analog buffer circuit in an

out put sjeage=afirsaiad pswirbehed 6apacktvencsi FeUEdge A SO rasglimlmy tdevi ce
whi ch includes a DA converting circuit using the analog buffer circuit may

be provided mabar 9" eeaydssplay 180kl s 0f 2 arPastable Fertifalsasdomi fied by
a PDA (Personal Digital Assistants) or a cellular telephone. 1In a

por t abl &dx_ers@llé@ti?v@lFYﬂbﬁlﬂpa_ﬂtﬁﬁél ofrbHf d@bn&1 #16dli fo MM NG the above
configuration, a display device "using part of a DA converting circuit, or

the di spiAY g, Ceuca8daateheePe HEEPhAY WH tadss RF MG D PerSf or mi ng
of fset detection in a Source follower a plural nunber of separate tines,

det ect i fr &k 3 ‘ th
etecti pRfr aikisnal QBESEEgYQEEagﬁ%%gayg%%%gggg &%ﬁ% %f§#¥%ahe50 e

operating point of a final output ( etection of a first
oh 3ot gahpdtop feserdogly. pRtapes e oshhaliach yatbmandipuery,cf ose
substanthdlhy correspond to lower bits of the digital display signals
and which are generated by using the two adjacent reference
voltages selected by said reference voltage selector, and
said DA converting circuit is formed by disposing said analog
Lpuffer circuit in.an.output. stage .of.said.switched.capacitor ...
circuit.
Also, a display device which includes a DA converting
circuit using the analog buffer circuit may be 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 terminal in which én analog 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
detegtion in a source followef 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

compared with detection of a first offset voltage.

Accordingly, since the final offset voltage is very close to



cancel each other, the final offset voltage is sufficient&y reduced. 27
Novenber 2006 5 Brief Description of the Draw ngs Fi g. 21 Npyerabes2pQQi t

di agram showi ng an exanple of an N- type-buffer analog buffer circuit
according to a first 5 enbodi ment of the present invention. Fig. 2 is a
timng chart serving to illustrate the operation of the N-type-buffer
anal og buffer circuit according to"the Tirst enbodi nent. Fig. 3is a
circuit diagram showi ng an exanple of a P- 10 type-buffer anal og buffer
circuit taeeofidiaigly aidthe-ifdd sif £ erbodir®ife ofnd her esgydtdmventiivon. Fig. 4
is atimng chart serving to illustrate the operation of the P-type-buffer
anal og hedd@s]l dddiliidthed Ghd fiA AT HIAYRM QM ATY ARnAN 09
buffer 15 circuit showi ng an anal og buffer circuit according to an

appl i catiumyfathe first enbodinment. Fig. 6 is atimng chart serving to
illustrate the operation of an anal og buffer circuit according to an
application of the first enbodinent. 20 Fig. 7 is a diagram (#1)
illustrating the operation of an N-type source follower in the anal og
buffer circuit according to the application of the first enbodi nent. Fig.
8 is a diagram (#2) illustrating the operation of




an N-type source follower in the analog buffer circuit 25 according to the
application of the first enbodinent. 27 Novenber 2006 %7 Neyqmbep2E6 g
diagram (#3) illustrating the operation of an N-type source follower in
the anal og buffer circuit according to the application of the first
enbodiment. Fig. 10 is a diagram (#4) illustrating the operation of 5 an
N-type source follower in the analog buffer circuit according to the
application of the first enbodinment. Fig. 11 is a diagram (#1) illustrating
the operation of a P-type source follower in the analog buffer circuit
according to the application of the first enbodinent. 10 Fig. 12 is a

diagram (#2) illustrating the operation of a P-type source follower in the
anal og buffer circuit according to the application of the first
enbodiment. Fig. 13 is a diagram (#3) illustrating the operation of a '
P-type sBtiieé Pescewetipn phethhaPogwhudfer circuit 15 according to the
application of the first enbodinment. Fig. 14 is a diagram (#4) illustrating

the operationfd¥- h P5t§pelseutcd FayraheshewninganrrtanprfterarciNtui t

according to the application of the first enbodinment. Fig. 15 is a circuit

diagran1gH8ﬁFH§f5ﬁre§&ﬁﬁP€ Brfieroplegri EntcsatferIf P Aanf Nty pe source
ircuit diagram show ng an exanple of a current

follq¥er.wgi8" 16 .is_a ﬁ

source fOFPR PIEPFeCSoliPEeP PRI bERVention.
o Fig. 2 is a timing chart serving to illustrate the
operation of the'N—type—buffer analog buffer circuit

according to the first embodiment .

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

10 type-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 analég buffer

15 circuit showing an analog buffer circuilt according to an.
application of the first embodiment.

Fig. 6 is a timing chart serving té illustrate the
operation of an analog buffer circuit according to an
applicatibn of the first embodiment. |

20 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

23 according to the application of the first embodiment.



Fig. 17 is a circuit diagram showi ng an exanple of an N-type-buffer anal og
buffer circuit according to a second 25 enbodi nent of ZhdoyambseARoo
i nvention. 27 Novenber 2006 7 Fig. 18 is a timng chart serving to
illustrate the operation of the N-type-buffer anal og buffer circuit
according to the second enbodinment. Fig. 19 is a diagram (#1) illustrating
an N-type source 5 follower in an analog buffer circuit according to an
application of the second enbodinent.._.Fig. 20 is a diagram (#2)
illustrating the N-type source follower in an analog buffer circuit
according to the application of the second enbodinent. 10 Fig. 21 is a
diagram (#3) illustrating the N-type source follower in an analog buffer
circuit accor®itng & olq e diggptancatfion of lusierasteloend-fentyodi regriton Rify. 22 s
a diagram (#3) illustrating the N-type source follower in an anal og buffer
circuit aRcOTEYPY fourpe fablappri tattbn dralene Retbed ehbodiwent. Fig. 23
is a diagram (#5) illustrating the N-type source follower in an anal og
buf fer cFFERFELREcH? dFhg %%P%h‘éath%l?%aﬁ’%nfblfs’ﬁ Hemked bRt embodi ment .
Fig. 24 is acircuit diagram showi an exanple of a_P- 20 type-buffer
anal og buf f erf ‘&1 cfl t+S& SFRAHFH o&gﬂe deddidr 2 temsb ditfe P i@ pifesent
'”Ve%t'QQh N-type source follower in the analog buffer circuit.
according to the application of the first embodiment.

Fig. 11 is a diagram (#1) illustrating the operation of
a P-type source follower in the analog buffer circuit

according to the application of the first embodiment.

190 Fig. 12 is a diagram (#2) illustrating the operation of _ : é

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 foilowerlin thé analog buffer circuit
15 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 cifcuit |
according to the application of the first embodiment.
Fig. 15 is a circuit diagﬁam showing an example of a
20 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 souréé follower.
Fig. 17 is a circuit diagram shbwing an example of an
N-type-buffer analog buffer circuit according_té a-second

25 embodiment of the présent invention.




Fig. 25 is a circuit diagramshow ng an exanple of an analog buffer.
circuit according to an application of the second embodfl NeyambepB0G§ g, 26
is a block diagram showi ng an exanple of a 27 Novenber 2006 8
driver-integrated liquid crystal display device of the present invention.
Fig. 27 is a circuit diagramshow ng an exanple of the structure of a
pixel in a display unit. 5 Fig. 28 is a bl ock diagram show ng an exanpl e
"of a reference-voltage-sel ecting DA gogverting circuit according to a
first applied case of the present invention. Fig. 29 is a circuit diagram
showi ng an exanple of a reference voltage selector. 10 Fig. 30 is a bl ock
di agram showi ng an_exanple of a reference-voltage-selecting DA converting
circuit accor §tfg 1Boia setédmdngpphiet easeviong theipiesenetenveati on. Fig.
31 is a bl ock diagram showi ng an exanple of a sw tched capacitor DA
convert i RGP Cdc ddedithg e ®uifsrt pired ogpprifé@rcad&cofitt he present
invention. Fig., 32 is a circuit diagramshow ng a specific exanple of the
i nt er nal a9 Wife s&foRch&FPLAgEER or DA converting circuit

i 33 is a tiningﬁfhart serving to

according to the third applied cas Fi g.
"Il ustrate th%lgzo %pé?agPﬂhagFa’i"hZ#%w g%‘éﬁtﬁ%é’é?t%? L¥BRVEPEFAY

?iTCL%t follower in an analog buffer:circuit according to an
application of the second embodiment.
Fig. 20 is a diagram (#2) illustrating the N-type
source follower in an analog bﬁffer circuit according to the
application of the second embodiment.

10 Fig. 21 is a diagram (#3) illustrating the N-type

source follower in an analog buffer circuit 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.

15 application of the second embodiment.

Fig. 23 is a diagram (#5) illustrating the N-type
source followér in an analog buffer circuit according td the
application of the second. embodiment.

Fig. 24 is a cifcuit diagram showlng an example of a P-

20 type—buffer analog buffer circuit acéording to the secondr
embodiment of the present invention.

Fig. 25'is a circuit diagram showing an example of an-
analog buffer circuit according_to én application of the
second embodiment.

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




according to the third applied case. Fig. 34 is a bl ock diagram show ng an
exanpl e of a reference-voltage-selecting D/ C converti nd’ ¥pyamher 288&or di ng
to the third applied case of the present invention. 25 Fig. 35 is an -
exterior view showi ng an outline of the 27 Novenber 2006 9 structure of a
PDA of the present invention. Best Mde for Carrying Qut the Invention
Enbodi nents of the present invention are described in 5 detail with
reference to the drawi ngs. [First Enpogigent] Fig. 1 is a circuit diagram
showi ng an exanple of an N type buffer analog buffer circuit according to
a first enbodinment of the present invention. This N-type-buffer 10 anal og
buffer circuit includes an NMOS transistor and is wused when out put-signal
pot ent i aldriyereliatiagglatad dhiquishegivisited! Iy swiey ideviisehbghehet han
particular fixed potential PSIG which is described later. In Fig. 1,

bet ween ®TESEHT FEWERSGFply (e.g., a 15 positive power supply VDD) and a
second power supply_(e.g., _a negative power supply VSS), a source-follower
NMOS  transi sto¥- Qi éﬁdaaCéHFPé%tdééﬁ¥%@ phpware eonmeatele i pf Tefies. A
switch Snl is connected hetween a circuit input termnal INnl- and the NMOS
transi st SCTONMEUIR Sfi AcR1&83 d4md 22618P4Git 8R18n3 are connected in series

bet wegn t he C%E&9i58 is a block diagram showing an example of a
reference—voltage—selecting DA converting circuit according
to a first applied case of the present invention. .

Fig. 29 is a circuit'diagram showing an example of a -
reference voltage selector.

10 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

15 third applied case of the present invention.

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

Fig. 33 is a timing chartrserving to illﬁstrate the

20 operaticon of the switched capacitor DA converting circuit
according to the third applied case.

Fig. 34 is a block diagram showingran example of a
referenée*voltagewselecting D/C converting circuit according
to the third applied case of the present invention.

25  Fig. 35 is an exterior view showind an outline of the -



input termnal INnl and the NMOS transistor nl, and a switch Sn4 and a
swtch Sn5 are also connected in series. A capacitor cnt7 Neverghin @i d
between the gate (the output end of the switch Snl') of the NMOS transi stor
Ml and 25 the output end. (the input end of the switch Sn5) of the 27
Novenber 2006 10 switch Snl. A capacitor Cn2 is connected between the
gate of-the NMOS transistor Qnl and the output end (the input end of the
switch Sn3) of the switch Sn2. The five switches Snl to Sn5 and the two
capacitors Cnl and Cn2 constitute an 57of fset-canceling means which
perforns offset detection on a source follower (the NMOS transistor Qnl)
two separate tinmes and which sequentially cancels the detected offsets. A
swi t ch Srg-iusriouiment ed Bgt weertheheo NMESI 1t ransingtiom. nl and a circuit
output termnal QUTnl. The circuit output 10 term nal QUTnl (the out put
end of the switch Sn6) connects to one end of a switch Sn7. The other end
of the switch. Sn7 is supplied with |owlevel (hereinafter referred to as
"L | evd9ST Masde daeiay g @Ws W\w patvandddTpr echarge: potential . 15
Next, a circuit operation of the N-type-buffer analog buffer circuit -
according to EREOPIPSPLENBdERENPERRREN TRES M ERE abBvEcEsREPgHr 4Ri on, i s
descr | bed .using.the timn chart in Fig. 2. Basically, this anal og

buf f e cidre(q:iy?i Wplg:lhf 5&%91‘&& 9 g oy 5 ially performng the

fol I ow ng [First Embodiment] '
Fig. 1 is a circuit diagram showing an example of an N—

type-buffer analog buffer circuit according to a first

embodiment of the present invention. This N-type-buffer

10 analog buffer circuit includes an NMOS transistor and is {

used when output-signal potential is relatively high,
specifically when it is higher thén particular fixed
potential PSIG, which is described later.
In Fig! 1, between a first péwer supply (e.g., a
15 pqsitive‘power supply VDD} ahd a second power supply (e.g.,
a.hegative 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 ian and the NMOS trénsistor Onl. A switch SnZ and
20 a switch 8n3 are connecfed in series between the circuit
input terminal INnl and the NMOS transistor Onl, and a
‘SWitCh Sn4.aﬁd a switch 8n5 are also connected in series.
_ A capacitor Cnl is connected between the gate fthe
'Qutput'end of the switch Snl) of the NMOS transistor'in and 7

- 25 the outpﬁt'end‘(thé input end of the switch SnS} of the



20 four operations to conplete 1-cycle operation. At first, in eriod A -
the switch Sn7 is in conduction, and the fixed potenti&lN PEWW@%?@W&S to
precharge the output | oad. Also, the switches Snl, Sn3, and Sn5 are in
conduction, and a signal Vinis input to the gate of the 25 NMOS transi stor
!, thus connecting the two capacitors Cnl 27 Novenber 2006 - 11 and Cn2
across the gate and source of the NMOS transistor nl. This stores the
gate-source vol tage (VosA) of the NM transistor Qnl in the capacitors
Cnl and Cn2. Next, in a period B, the switches Snl and Sn5 are in 5
nonconduction, and the switch Sn4 is in conduction. Then, the input signal
Vinis supplled to the other electrode of the left capacitor Cnl. Thus,
the gate SWOIRAYSTIH- t Re CRIMES 1 toraksiZs ter connechadgbstiepandbrgshiet he
voltage stored in the capacitor Cnl. Al so, the other capacitor Cn2 renuains
to 10 be %ﬁﬁ@ctb%@sa&ﬁéélssltsﬁ@rg% and &ber cuteptt REANNERS £PRASI SREr Qnl .
At this t| the t e-squrce vol tage VosB) is stored in the capacitor
Cn2. Theﬁ @ 5Pt &de tPE &P §§?e|yTV?nle90§KltcVS§Bgnlhbxt

in a perlod C the hes Sn3 and Sn4 are in 5 nonconduction, and the
switch si? %85 ﬁngbﬁg%btW8nca?ﬁF§torﬁpEP £he gPénSPnWtﬁtPﬁetﬁB ot her

electgod f%% t.he r| t. gaSaC|to

ne, i gl in Cl rgd the g?g pgtgnt%al changes
. dependi ng on -t hé VoIt Ofed iR tﬁg SpNEi PEFSBR2YCLEFTERE §Bt 8-
source follower (the NMOS transistor Onl) two separate tlmes
and which sequentially cancels the detected offsets.
" A switch Sné is conhected between the NMOS transistor
Onl and a circuit output terminal OUTnl. The circuit output
(10 terminal OUTnl (the output end of the switch Sn) comnects &
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. |
i5 Next, a circuit operation of the N—type—buffer'analog
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
20 fou: 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 précharge.
the output load. Also, the switches Snl, Sn3, and Sn5 are

in conduciion and a signal Vin 1s input to the gate of the

- 25 NMOS transistor in 'thus connecting the two capa01tors Cnl




source voltage at this tine be VosC, the source voltage is 20 approxi mately
n + (VosB - VosC). Finally, in a period D, the switch ShbNpeenber édiduction
and the switch Sn7 is in nonconduction. This connects the output load to
the source-foll ower output of the NMOS transistor Qnl, so that the source
voltage n + (VosB - VosC) 25 is output to the |load. The operation in the
period D can be 27 Novenber 2006 12 perfornmed so as to overlap with that
in the period Cfrom its beginning._ In the above operations, an inportant
point is that, by performng offset dg&ection on the source follower a
nunber 5 of separate tinmes, twice in this enbodi nent, the detection of the
of fset voltage VosB the second tine is performed much closer to an 7
oper at i oARgol-AE BATasEi il gatsuendodeuricen ofhéheddEst tonnefisthe of f set
voltage VosA the first time. This causes the offset voltage VosC to be
very cl o§88lto TRés10teresetheotpagesvosBe drdtene f(Veak) obfsshevBMPage
(VosB - VosC) .is sufficiently small. In other words, very high precision
of f set cAREBPLEEPENOPY ABhitbFeFaPrFiLadit C8A, 2WHefMEhe source fol | ower is

in a basic formconposed of an_NMOS transistor, input and output 15
of fsets for tﬁ%xﬁatggs%u?%ElQ | BageSgEvbichfe B afRP s7bF e

gg?:g }g%bgﬁgﬁﬁgcégaﬁggaggs%hgfS%E%%%tSniaggeahagbg u%%i%Q[CthLL?et

the input signal Vin is supplied to the other electrode of
the left capécitor_Cnl, Thus, the gate voltage of the NMOS
transistor Onl changes depending on the voltage stored in
the capacitor Cnl. Also, the other-capacitor Cn2 remains to
10 be comnmected across the gate and source of the NMOS
transistor Qnl. At this time, the gate—-source voltage
(VosB) is stored in the capacitor Cn2. Then, the‘source
voltage is approximately Vin+ (VosA - VosB).
Next, in a period C, the éwitches Sn3 and Sn4 are in
15 nonconduction, and the switch 8n2 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 ﬁoltage at this time be VosC, the source volﬁage is
20 approximately n + (VosB -~ VosC).

Finally, in a period D, the switch Sn6 is in conduction,
~and the switch.Sn7 is in nonconduction. This connects the
output load tb the source-follower output of the NMOS
tranéistor Onl, so that the source voltage n + (VosB - VosC)

25 is output to the load. - The operation in the peiiod D can be




follower is perfornmed once, an offset detecting node and a final output
node have di fferent NMOS-transistor operation 20 p0|nts27NMEm@§¥8 Wl t age
to the drain voltage accordingly differs between the offset detecting node
and the final output node. Thus, the offset cannot be conpletely cancel ed,
so that the input and output offsets are still generated although an
effect of offset cancellation is obtained, to 25 sonme extent, conpared with
the basic form 27 Novermber 2006 13 Gonversely, in the N-type-buffer
anal og buffer circuit according to the first enbodi nent, by enploying a
configuration in which source-follower offset detection is perfornmed two
separate tinmes, a final offset voltage can be 5 sufficiently reduced and

hi gh preEP§?8ﬁm6ﬂf§@taéaﬁ@ePVﬁFiéH wehh bBapeipothedreThesd, Caftamal og

buf fer C|rcu t havin very | ow of fsets and reduced variation in output

pot ent i alt5i 8°FéAP{iPEd. This effect is nore enhanced when there is a |arge
di fference | of f set volta e caused by a difference di fference

in drai n-sourte VROF t3R eFHt Jo?fe‘?at?%nlrb%‘?ﬁa F- J‘i"?ﬂe“?\ll\?[%gftbraafr‘rslkéﬁ or Qnl.
Therefore %hemgga ol £f§ Ci cgltoac rdln h enbodi nent _is
useful wReA™P 09F8UI B?H%ﬁ By Usi ﬁ g? %Oeiﬁﬁeﬁfamﬁ?%ﬁefhe
ol i LG A ML A O AR AR 1
| of the offset voltage VosB the second time is performed much .
closer to an operation point in a final output mode than the
detectien of the offset voltage VosA the first time. This-
causes the offset volﬁage VosC to be very close to the
10 offset voltage VosB, and the final offset voltage (VosB —
| VosC) is sufficiently small. 1In ofher_words, very high
precisicn effset caﬁcellation is achieved.
In addition, when the source follower is in a basic
forﬁ composed of an NMOS transistor, input and output
15 offsets for the gate-source voltage Vgs of the NMOS
transistor are generated. Also, in.the case of offset
cancellation in which offset_detectiou on the source
follower is performed once, an qffset detectiﬁg mode and-a.
final output mode have different NMOS-transistor operation
20 points. The gate voltage to the drain voltage accordingly
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

';25' some extent, compared with the basic form.




i nsul ating substrate such as a gl ass substrate on which a device
characteristic of each TFT easily deteriorates. Howeve?] NpyemierdP@nr — from
t he above description of the 20 operation, that the present inventionis
not limted to application to circuits formed by TFTs or to circuits
formed by using TFTS on insul ating substrates, but enables high- precision
of fset cancellation even in the case of other <circuits. 25 Fig. 3is a
circuit diagram showi ng an exanpl e of E?R«27 Novenber . 2006 14 type-buffer
anal og buffer circuit according to the Tirst enbodi nent of the present

i nvention. The P-type-buffer analog buffer circuit includes a PMOS.
transistor and is used when output-signal potential is relatively 1ow,
speci fically S5CWHeRseLYisipohke Nhawpehbuferi sukaegfbublevotiagei®SIG  In
Fig. 3, a current source Ipl and a P-type-buffer analog buffer circuit Q
as a souPCERGIGwer dhe ddmsdcradodifiesdri by sapherang power supply VDD
and a power S%Pply_VSS”. A switch Spl is connected between a. circuit

i nput t eFMPHAITUEE ERE 1BndPENS §RUE C6r ToHe oPRISof £ ARSI SesRCHPE BBt ween t he
circuit. inpgt te%ninal | Npl ggd'the source of the PMOS _transistor Ql, - a -
switch SEY ARG &% W Pc 8% 2hFe LeBfecPed 1Pk SEFFEE, VahdRgesGPRcReSP4 and .
gef&g%ﬁhfﬁg§&%ﬁgn% &2%%%%%edlgn%?%&%%’p%%césggga%%%gét gnggligggggted

can be performed. Thus, an analog buffer circuit having
very low offsets and reduced variation in output potential

is realized. This effect is more enhanced when there is a

large difference in offset voltage caused by a difference

10 (e.g., a difference in drain-source voltage Vds) in - |

operation point of the NMOS transistot Onl.
Therefore, the analog buffer circuit according to this
embodiment is useful When.the circuit is fgrmed by using
.TFTS in eaéh of which the absolute value of a threshold |
| 15 wvalue Vth is large and.its variation is very large,
particularly when the circuit is formed by using TFTs on an.
| insulating substrate such as a glass substrate on which‘a.
 device charactefistic of each TFT easlly deteriorates.
However, it is clear,.from thé above description of the
20 operation, that the present invention.is not limited to
application to circuits‘forméd by TFTs or to circuits formed
by using TETS oh insulating substrates, but enables high-
precision offset cancellation even in the case of other -
circuits. |

25 Fig. 3 is a cirecuit diagram showing an example of a P~



out put end of a switch Spl) of the PMOS transistor Qol and the output end
(the input end of the switch Sp5) of the switch Sp4. ATHpERREL0E2 s
connected between the gate of the PMOS transistor Ql and the output end
(the input end 20 of the switch Sp3) of the switch Sp2. The five sw tches
Spl to Sp5 and the two capacitors Cpl and Cp2 constitute an

of f set-cancel i ng neans which perforns offset detection on a source .

fol lower (the PM3S transistor Qopl) two, separate tinmes and sequentially
cancel s the detected offsets. 25 A switch Sp6 is connected between the
source of the 27 Novenber 2006 15 PMOS transistor @l and a circuit '
output termnal QUTpl. The circuit output term nal OUTpl (the output end
of a sm&m@b@f%@@@é—w o fdpa @ridr cofl ta aswiorslingp o the dtivert end of
the switch Sp7 is supplied with high-level 5 (hereinafter referred to as
"H' | evel Sk Péjn)tqh@l PISISGN tas TEIRRpeN -oad hisr Ectiainge bydttent i al . In the
P-type- buf f anal og buffer circuit having the above configuration, the
swi t ches 25 Ot%bgﬁ n¢iEmeite aq% and-TEHIS ¢ SFe Oty diSy us6€r espond
to'the 10.switc Snl to.Sn7 and .the cap itors _Cnl. and Cn2 .in the

~above- ded¢HEY Uttyﬁé-gﬁlﬁ‘flf EPLEREEeY @rclaé:llﬁ’@&yt 1e¥ee sEEGHL1PR NG t he

P-type-b fer nal og buff Ci T ui t i nt| he N‘#&é buf fer
~anal og buw % rCU|qo R %::’hrcw oE@rr &aslxtedmvr? oA &?‘shown, in
Fig. 4. In Fig. 3, a current source Ipl and a P-type-buffer

analog buffer circult Qpl as a sburce follower are connected

in series between a power supply'VDD and a power supply VSS..

A switch Spl is connected between a circuit input terminal

10 INpl and the gate of the PMOS transistor Qpl.- Between the :

circuit input terminal INpl and the soﬁrce 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.

15 A capacitor Cpl is connected between the gate (the
output -end of a switch Spl) of the PMOS transistor Qpi and
the output end (the input end of the switch Sp5) of the.

' switch Sp4. A capacitor CpZ2 1s connected between the gate
of the PMOS transistor Opl and the output end {(the input end

20  of the switch Sp3) of the switch Sp2. The five switches Spl
to Sp5 and thé 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.

25 A switch Sp6 is connected between the sourée_of the



15 Accordingly, it is identical to the N-type-buffer analog buffer circuit
in operation and advantages. (Application of First Enbo%l?h‘é?@}bqtiz@%S is a
circuit diagram showi ng an exanple of an analog buffer circuit according
to an application of the 20 first enbodi nent. Accordingly, equivalent
portions in Fig. 1 and Fig. 3 are denoted by identical reference nunerals.
In the anal og buffer circuit according to this application, in order to
perform out put |oad precharge in an glfgr_nati ng- current manner, a
configuration that uses both an N-type 25 buffer analog buffer circuit and
a P-type-buffer anal og 27 Novenber 2006 - 16 buffer circuit is enployed.
Specifically, in Fig. 5, between a circuit input termnal INL and a

ci rcuit otM@Putttagyfigtadr QU amah aN-ctiyper th wiftgru tarta nog nladf O8I pdi.r cui t
(hereinafter referred to as an 5 N-type source follower NSF) as shown in
Fig. 1 anthe P-aopd Bifrdr tamicglb @il ditheuioutphdr eindafifer referred to
as a P-type source follower PSF) as shown in Fig. 3. are connected in
paral | el .St $Afd GOt odEpeRe @b ©dl 20gmitehhépTout File efliserof |
switches Sn6é and Sp6)., connects to one end of 10'a switch S7 (corresponding
to switcHa¥ §i%7 Efd SSACh PR 16t FEPPdA@ o Lithe Mg disve2 is supplied with
al terpatipng- current potenti CS as output-load precharge potential.

Next , gci r@%ﬁel&ﬁe&aﬁ"i 5r?sfee(§fr &%alBsveconfivgdr atfitgigd potential PSIG

as output-lecad 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

(10 switches snl to Sn7 and the capacitors Cnl and Cn2 in the

above-described N—-type-buffer analog buffer circuit (see Fig.
1}, aﬁd the P-type-buffer analog buffer circuit is identical
" to the N-type-~buffer analog bﬁffer circuit in circuit
opérafion. Its timing chart is sﬁown in Fig. 4.
15 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 example of an
analog buffer circuit according to an application of the
20 first embodimené. Accordingly, equiﬁalenf porticns in Fig.
1 and Fig. 3 are denoted by identical reference numerals.
In the analog buffer circuit according.tp this épplication,
in order to perform output load preéharge in an alternating-
current mannef, a configuration that uses both an N-type-

25 buffer analog buffer circuit and a P—type~buffe£ analog



anal og buffer circuit according to the application are 15 described wth
reference to the timng chart in Fig. 6 by using the opeNatgugier 2006
illustrations in Fig. 7 to 14. In the timng chart in Fig. 6, froma :
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, froma period EA 20 to .
a period ED, the P-type source follower PSF is active, while the N-type
source follower NSF is not active. A év_eness/ nonacti veness of the source
foll ower NSF/ PSF is realized by using a control signal Ncont/Pcont to
control the current source Inl/Ipl of each source follower. The 25 control
signal Ncont/Pcont i-s output in accordance with the 27 Novenber 2006 17
pol ari t y Pt fsre cHdicyed tpdeentipdbyes.- 1t is at "H' level when the precharge
potential CSis at "L" level, and causes the ' N-type source follower NSF to
be active. |tSP§caficpilyevdl Fifiendpreehtrge poteREPAE TIPPE at "H' |evel,
and causes the 5 P-type source follower PSF tqo be active. Specific circuit
oper at i or§TA@3ds 1) ifdds 2 A TEPRdt OUtRUth&egBringd ONT 1 hanaNaltygebuf f er
circuit ha connecting state as.shown in Fig. 7. Specifically, the

swi t ches §%f,%r8r?§l,aq§35,Ejugfqﬁrsﬁ?‘r{ff’lﬂ:héhﬂ-rleﬂ'ﬁé‘fgﬁﬁr 6@pr6 el FBwer &fe in

duct i losed). and.its swj Sn2, Sp4, and Sné '
oncondulL ISR SRERFe" THARCVETI MERE SgurliHEs 16 ife B £ osBUFR ol | ouer

PSF.are-bﬂffer analog buffer circuit (heréinafter referred to as a

P-type source follower PSF) as shown in Fig. 3 are connected
in parallel. Also, the circuit output terminal OUT1 (the

output ends of switches Sn6é and Spé) connects to one end of

100 a switch 87 (corresponding to switches Sn7 and Sp7). The .

other end of the switch 87 ié supplied with alternating-
current potential CS as output-load precharge potential.
Next, circuit operations of the abovewConfiguration
analog buffer circuit according to the application are
15 described with reference to the timing chart in Fig. 6 by
using the operation illustrations in Fig. 7 to 14. 1In the
timing éhart ih 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
20 to a period ED, the P-type source follower PSI is active,
while the N-type source follower NSF.is not active. .
| Activeness/nonactiveneés 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

25 control signal Ncont/Pcont is output in accordance with the



nonconduction; and this state continues up to the period OD. In this state,
the output load starts to be precharged 15 at the CS pdt ¥avgmher 208 ch 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 20 source voltage (VosnA) in this
state of the NMOS transistor @l inatfye capacitors Cnl and Cn2. Next, in
the period OB, the analog buffer circuit has a connecting state as shown
in Fig. 8 Specifically, switches Snl and Sn5 in the N-type source ‘
foll ower NSF are in 25 nonconduction, and a switch Sn4 is in conduction.
Then, an PP2aevientedr r2oodaryg pomsatisilghdl. Vilh is stppE'edevelt Wbeot her

el ectrode of the_ |left capacitor Cnl. Thus, the gate voltage of the NMOS

t ransi st P QRTSEHEFGEs PedFetdidg Con ishe tvSit'ageveilor eadi gausiks &apaci t or
Col. Al'sqg, the other capacitor Cn2 is still 5 connected across the gate and
source ofV THENMBLEEanSIdOIET BSF tanbet RELddEe- séiir &6 ¥ 'ade LEVEIR) at
this tine is stored in the-'%ap citor Cn2. The _source voltage in this '

state is "APr BESRLPEEY VPACRLERis &S, 1§088) "HNeteVeiln £RE FarS68 OB the

anal og buffer circuit sa 10 nnectin tate as shown in Fig. 9.
Speci ?i cg I5P% KEUTSGi {%%géls?w@%]?gﬁdtgn%ei gfc?ﬁgel\l-type source fol |l ower NSF

are 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

switches Snl, Sn3, Sn5, and Sn7 of the N-type source

10 follower are in conduction (closed), and its switches $n2, | ?

Sn4, and Sﬁ6 are in nonconduction (open). Then, all the
switches of the P-type source follower PSF are in
nonconduction, and this staté continues up to the period OD.
In this state, the output load starts to be precharged |
15 at the CS potential, which is at "H" level, and the
precharging continues to the period ODh. Also, a signal Vin
isrinput to the gate of an NMOS transistor Qnl, whereby two
capacitors ¢cnl and Cn2,a£e connected-across the gate and
source of the NMOS transistor-in. This stores the gate-
20 source voltage (VosnA) in this state of the NMOS transistor
Onl in the capacitors Cnl and Cn2;
Next, in the period OB; the analog buffer circuit has a
connecting state as shown in Fig. 8; Specifically, switéhes
Snl and Sn5 in the N-type SOurce‘follower NSF are in

- 25 nonconduction, and a switch Sné is in‘conductioh, Then, an



i n nonconduction, and the switch 'Sn2 is in conduction. This inp @f t he
signal Vin to the other electrode of the right capacit%?N?j‘PZr}beéﬁ % he gate
potential changes in accordance 15 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 - VosC). Finally, in the period OD, the analog
buffer circuit has a connecting state as shown in Fig. 10. Specifically,
20 the switch Sn6é in the N-type sounpqigqjlower. NSF is in conduction, and
the switch S7 is in nonconduction. Thi's connects the output |oad to the
source follower output (source) of the NMOS transistor nl, and outputs
the source voltage Vin + (VosB - VosC) to the load. 25 Here, the operation
poi nt of inRatNFOSnEdaNdnster s@pbliind2 ZoNshenbehe2086ect@odehefouhput node
and the operation point of the NMOS transistor Qnl when a final offset is
det ect ed18f& FeppciEpssenio edbHSot hBE. IFThEsVoVssBe- ofoslei BMOEry snal |
thus realizing |ow offsets. 5 In periods EA EB, EC, and ED, the output

| oad is TPPREERALGEICRE FheTEeSSpeeeRPr&RIcERr EBBoRElkgItostrrefiedBl ,; and
“the P—ty@ﬁgsource.follo r PSEF oper ates identicalté to the N-type source
fol | ower “RBFCEBAGUERGL “B1si ghaF O  StREeOtRPFcHRP26HEPEL FBASLar 8L&iHi | ar,

their. description is omtted. 10 Fig. 11 to Fig. 14 are illustrations of
operéiioﬁgnchFﬁg across %ﬁe gage agd source o t%e NMOS transistor '
Onl, and the gate-source voltage (VosB) at this time is
stored in the capacitor Cn2. The source voltage in this

state 1s approximately Vin + (VosA - VosB).

Next, in the period OC, the analog buffer circuit has a

10 connecting state as shown in Fig. 9. Specifically, the _ ' ' é

switches'Sn3 and Sn4 in the N-type source-follower NSF are
~in nonconduction, and the switch Sﬁz is in conduction. This
inputs the signal Vin to the other electrode of the right
qapacitor Cn2, and the gate pofential changes in accordanée
15 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 - VosC).
Final}y, in the period OD, the analog buffer circuit
has a connecting state as shoﬁn in Fig. 10. Specifically,
20' the switch Sné in the N-type source fbllbwer.NSF is in
" conduction, and the switch 57 is in nonconduction. This
rconnects the output load to the source follower output
{source) of the NMOS transistor in,.and outputs the source
voltage.Vin + (VosB - VosC) to the load. |

25 Here, the operation point of the NMOS transistor Qnl in



periods EA to ED. As described above, by using, in conblnatlon t he
precharge circuit (the switch S7) and the N-type source? 7 Nov e L0REF and
the P-type source foll ower PSF, whose 15 voltages and connections are
controlled in accordance with the polarity of the output voltage, the
output | oad can be precharged to preferable potential ("H' level/"L" -

| evel) corresponding to the polarity of the output voltage. As the current
source Inl of the N-type source follo 20 NSF and the current source Ip
of the P-type source follower PSF, 1-tfansistor units conposed of a single
NMOS transistor and a single PMOS transistor are used respectively. Al so,
by using 3-transistor units as shown in Fig. 15 and Fig. 16, a variation
in currerthg uytahiicathde hus! efebldpey atdductdans: 28 itheofiMst  vol tage and
out put potential error. 27 Novenber 2006 20 The circuit shown in Fig.

is a cur MMM Seive Gor e N thipe s afrfeetf did oledredNSRl dre Fiegy 15, a PIVDS
t ransi st or Cpll and an NMOS transistor Onll are connected in series _
bet ween é:l&ﬁﬁer S Y S and A FondiosupplWpsa@sds Areryl st lley dfhusont rol
signal Ncont .is su plled to the gate of the 'PMOS transistor Qpll. The NMOS
transi st drfIEE A 5‘ ¢tfd a drain which are short-circuited, and

forns a curre t |n|ng wth an NMOS transistor nl2
havi ng a gateegoﬁﬁ§&P§5 ﬁé*tﬁg'gﬁﬁe ol tﬁB NP8 PrE&REtstigpd is

precharged at the CS potential corresponding to "H" level, '
and the P~type source follower PSF operates identically to

the N-type source follower NSF to output a signal. 'Sinée

circuit operations are similar, their description is omitted.

10 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 §7) and the N-type source
follower NSF and the P-type source follower PSF, whose

15 voltages and connections are controlled in accordance with
the polarity of the output voltage, the output load can be
precharged to p;eferable potential ("H" level/"L" level)
corresponding to the polarity of the output voltage.

As the current source Inl of the N-type source follower

20 NSF and the current source Ipl of the P-type source follower
| PSF, l-transistor units composed of a single NMOS transistor
_and a single PMOS transistor are used respectively. Also,

by using 3—transistor_units as showﬁ‘in-Fig; 15 and Fig. 16,
a variaﬁion in current is reduced, thus enabling reductions

25 in offset voltage and output potential error.



10 Qnll. The NMOS transistor Qul2 is connected in series to the NMOS
transistor Qnl as a source follower, and its source i s2eDAvEeheEd0% t he
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 15 l2 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 nl3. Thgufwgs transi stor @l2 has a gate and
a drain which are short-circuited, an orms a current 20 mrror circuit by
conmbining with the NMOS transistor Qnl13 having a gate connected to the
gate of the PMOS transistor Qpl2. The PMOS transistor Qnl3 is connected in
series to théhpVEESTERPASEEPER Pl Fag-alBolbsce tortemersowndeifersaurce s
connected to the power supply VDD. 25 Although, in the above-described
anal og b&F P iSBHAS ?ﬁlﬂﬁﬁéhﬁ§ﬁ 2008 Fig. a8eoRdPNESt 6TEREifLRE

enbodi nent .and its ap Ilcatlon case in which source-foll ower offset
detectio@ﬂﬁi St%6a§§6§F8FeQPﬁ%e§rPsCB€§€FFB@dlasSSHl@§anple t he
nunmber o tlnes the of fset detection |s gerforned is not limtedto 5

twice, baf ﬁﬁfnbg'Pﬁﬁgg‘éPp Pe VPPmB8d As PW@rnﬁHBBFYoVSStin%Q I HCr eases,
ci rou  PRRe a3t SEBMoMTORY 0Pf SUPBRAERCtPoRRENPBESt Prodips
descr'be%M%@(¥gan51stor Qpll. The NMOS transistor Qnll has a gate
and‘a drain which arershortwcircuited, and forms a current-
mirror circuit by cbmbining with an NMOS transistor Onl2

having a gate connected to the gate of the NMOS transistor

10 Onll. The NMOS transistor Onl2 is connected in series to ‘ ‘ ,;

the NMOS transistor QOnl 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 éource follower PSF. 1In Fig. 16; a PMOS transistor
15 OplZ and an NMOS transistor Onl3 are connected in series
between a power supply VDD and a power supply VSS. An "“H"
level céﬁtrol signal Pcont is supplied to the gate of the
NMOS transistor QOnl3. The PMOS transistor Qpl2 has a gate.
and a drain Wthh are short- C1rcu1ted and forms a current~
20 mirror circuit by combining with the NMOS transistor Qnl3
having a gate connected to the gate of the PMOS transistor
Qpl2. The PMOS transistor 0Onl3 is connected in series to
rthe PMOS transistor Qpl as a source follower, and its source
' is connected to the power'supﬁly'VDD.

25 - Although, .in the above-described analog buffer circuits



as a second enbodi nent.. 10 [Second Enbodi ment] Fig. 17 is a circuit

di agram showi ng an exanple of an N-type-buffer anal og BUNpesmber 28RS
according to a second enbodi nent of the present invention. The _
N-type-buffer analog buffer circuit includes an NMOS transistor and is 15
used when out put signal potential is relatively high, specifically, when
it is higher than particular fixed potential PSIG which is described
later. In Fig. 17, an NMOS transi stor 21 as a source follower and a
current source In2l1 are connected in series 20 between a power supply VDD
and a power supply VSS. A switch Sn2l1 is connected between a circuit input
termnal INn2l and the gate of the NMOS transistor On2l. Between the :
circuit JIPRAANEr Hindihg Ni2is tarsnhdid megdr cardofi tishe oINS ttirensiast or - Qn21,
a switch Sn22 and a switch Sn23 are connected in 25 series, a switch Sn24
and a switSF SR comread@lilewEr NdferiederBos 1o issmeardformaid a
switch Sn26 and a switch Sn27 are connected in series. A capacitor Cn2l is
connect ed et iE&T e [GRSE (hdesGiARE &vd 36F SREPIR -t desazmpest athe NMOS
transi stqr, 21 .5 and the output, end (the input. end of the switch Sn27) of

the switchn2é'e RIEEFICIHTTEGIPP IS BSTTOTES Bt Mo&n 1tAd test &° of the

NN_DS %ra%}iscte‘?“ bngz :Il'na%‘rn et D‘:%r%uet %lilct m%r}de (tti%%sl.nplilxts the number of

times increases, higher precision offset cancellation can be
achieved. An analog buffer circuit in the case of |
performing offset detection three times is described below
as a second embodiment.

19 [8econd Embodiment]

Fig. 17 is a circuit diagram showing an example of an
N-type-buffer aﬁalog buffer circuit according to a second
embodiment of the present invention. The N—typembuffer
analog buffer ciréuit includes an NMOS transistor and is

15 used when output signal pdtential is relatively high,
| specifically, when it is higher than particular fixed
potentiél PSIG, which is described later.

in Fig. 17, an NMOS transistor Qn2l as a source
follower and a current source.In21 are connected in series

ZQ between a power supply VDD and a power supply VSS. A switch
SnZl is connected between a.circuit input terminal INn2l1 and
the gate of the NMOS transistor OnZ2l. Between the circuit |
input terminal INn21 and the source.of the NMOS trénsistor
On2l1, a switch Sn22.and a’ switch Sn23 are connected in

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




end of the swtch Sn25) of the switch Sn24. A capacitor_ (Cn23 is connected

bet ween the gate of the NMOS transistor 10 Qn21 and t he2bNeyubeeAllq t he

i nput end of the switch Sn23) of the switch Sn22. The seven sw tches Sn2

to Sn27 and the three capacitors Cn2l to Cn23 constitute an

of fset-canceling nmeans which perforns offset detection on the source

follower (the 15 NMOS transistor Qn2l) three separate tines and.

sequentially cancels the detected off.sets. A switch Sn28 is connected

bet ween the source of the NMOS transistor Qn2l and a circuit out put

term nal OQUTn21. The circuit output termnal OUTn2l (the output end of the
.20 switch Sn28) connects to one end of a switch Sn29. The other end of

the swit&Fr8F29 radsapgrileehwiSnR 6" Bnd ayelitfhyEa2gopant capnpsted in
Subsequently, circuit operations of the analog buffer <circuit according to

the secor@*efodi ment, which has the 25 above configuration, is described

with reference to the 27 Noyermber 2006 23 timing chart in Fig. 18 by
usi ng the ope%aF?BﬁC%F?ﬁs@?%%lbﬁSCOPﬁe?$%F @%ﬁ?%eﬁlﬁhez%atQhét%%alog buf f er

Sbéfﬁlfoﬁift%ﬁrt?%ﬁsﬂ‘é%e%t 0 8GnarALT oRt BhnNibgerransasthE Snshn 1n i
the Sl 6082908 oA TCORUCLLRD. B R DL LR, 1

precharg
switch Sn26. A capacitor Cn22 is connected between the gate

of the NMOS transistor Qn2l 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 transistor

10 ©n2l and the output end (the input end of the switch Sn23) - :

of the switch 5n22.

The seven switches Sn2l to 8Sn27 and the three
capacitors Cn2l to Cn23 constitute an offset—-canceling means
which performs offset detection on the soﬁrce follower (the

15 NMOS transistor Qn2l) threé separate times and sequentially
cancels the detected offsets.

A switch Sn28 'is connected between the source pf the
NMOS transistor QnZl and a circuit output terminal OUTn21.
The circuit output terminal OUTnZl.(the output end of the

.20 switch Sn28) connects to one end of a switch Sn29. Thé
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 embodimént, which has the

- 25 above configuration, is described with reference to the



the fixed potential PSIG Al so, the switches Sn2l1, Sn23, Sn25, and Sn27
are in conduction, and a signal Vin is input to the gatéNevernhss?2

transi stor Qn21, so that three 10 capacitors Cn2l, Cn22, and Cn23 are
connected across the gate and source of the NMOS transistor Qn2l1. This
stores the gate-source voltage (VosA) at this tine of the NMOS transistor
M2l in the capacitors-Cn2l1, Cn22, and Cn23. Next, in a period B, as Fig.
20 shows, the switches 15 Sn21 and S are in nonconduction, and the
switch Sn26 is in conduction. Then, the signal Vinis supplied to the

ot her el ectrode of the leftist capacitor Cn2l. Thus, the gate voltage of
the NMOS transi stor n21 changes in accordance with the voltage stored in
t he capa¢ilméngCsrart20nAFsg,. tlife bywmsdinigertheapaeirbaisonCi22uahdaChd8dsar e
still connected across the gate and source of the NMOS transistor Qn21,
and the &&t Eigoude toolFigge 2BVosBheatneioy bufdeirs cigruisdpenfohas
capacitors Cn22 and Cn23. The source voltage of the NMOS transistor Qn2l

i s appr oRPRHELY Y RIFe( Yys AedugntygdBy. the Nevdsbéno2ddse 24 Next, in a
period C,_ as Fig. 21 shows, the switches Sn25 and Sn26 are in
noncondu8??6ﬁ?lgﬁa {tRe CSWPLEI SSRZEYFde PREEEHAGELi on. This inputs the
signq% Vin to_the other electrode of the, capacitor Cn22 in the center, and

the gate 5 vol?ayePThaRGet’ i ASatloVlahtef Wt El?het]i}%l PEHECRtREY iR the

in conduction, ‘and an output load starts to be precharged at
the fixed potential PSIG. Also, the switches Sn2l1, Sn23, -
- 8n25, and Sn27 are in conduction, and a signal Vin is input.

to the gate of the NMOS transistor Qn2l, so that three

10 capacitors Cn2l, Cn22, and Cn23 are connected across the

gate and source.qf the NMOS transistor On21. This stores
the gate-source voltage (VosA) at this time of the NMOS
transistor Qn2l in the capacitors Cn2l, €n22, and Cn23.
Next, in a period B, as Fig. 20 shows, the switches
15 Sn21 and 8Sn27 are in nonconduction, and the switch 8n26 is
in conduction. Then, the signal Vin is supplied to .the
other eleqtrode of the leftist capacitor Cn2l. Thus, the
~gate voltage of the NMOS transistor Qn2l changes in.
accordance_ﬁith the voltage stored in the capacitor Cn2l.
20 Also; the two other capacitors Cn22 and Cn23 are still
connected across the gate and source of the NMOS transistor
.‘Qn21, and the gate-source voltage (VosB) at this time is
stored in the capacitors Cn22 and Cn23.' The source voltage
of the NMOS transistor Qn21 ié approximately Vin + (VosA -

25 VosB).



capacitor Cn22. Let the gate-source voltage in this state_ be VosC,  the
source voltage is approximately Vin + (VosB - VosC). NekkNoyamber gi§ od D,
as Fig. 22 shows, the switches 10 Sn23 and Sn24 are in nonconduction, and
the switch Sn22 is in conduction. This inputs the signal Vin to the other
el ectrode of the rightist capacitor Cn23, and the gate. vol tage changes in
accordance with the voltage stored in the capacitor Cn23. Let the
gate-source voltage at this tine be 1 %/o_sD, the source voltage is
approximately Vin + (VosC - VosD) Fina , in aperiod E, as Fig. 23 shows,
the switch Sn28 is in conduction, and the switch Sn29 is in

nonconduction, This connects the output |oad to the source 20 foll ower

out put (sour cEFx&f EReaNVESipHafisi 860FiQn2kl sbowshathehewsbohee vol t age
Vin + .(VosC - VosD) is output to the load. This operation in the period E
can be p&¥¥or @ $62%s anep igy HongenEiudtichat angd the puiited Bnfdodsits

begi nning.. I n the above-described operatiaons, an _inportant point 25 is .
that the ‘FeCESUGHION t hdhdft SBPWHS tthGe Ng&eld¥iacitedthes RébeFber 2006 25

the third.tine is perforned nmuch clgser, to an operation point in the final
out put nﬁ&&cr{g"é’ anj t&ﬁet ﬁapﬁgl&PFs&n%zv&lrﬁ&G@ V68Adet BB dRENELPY St

5;rféglh%%1%%%%e%h%%%esoﬁks%Ec%%h%% & Y93R {RePE Y BhYeChP8 b0 ke gl f set
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

10 Sn23 and Sn24 are in nonconduction, and the switch Sn22 is = o -

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
15 VosD, the source voltage 1s -approximately Vin + (VosC -
VosD) .
Fiﬁally, in a period E, as Fig. 23 shows, the switch
Sn28 is in conduction, and the switch Sn29 is in
nqnconduction. This.connectsrthe output load to the source
20 follower output (séurce) of the NMOS transistor OnZ2l, so
that_the source voltage Vin + (VosC - VosD) is output to the
load. 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

25 is that the detection of the offset voltage VosC detected



5 VosC, so that the final offset voltage (VosC - VosD) is sufficiently
small. In other words, higher precision offset cancel | %t Noyembsr 3§ eved
conpared with the case of performng source follower offset detection two
separate tines. 10 As described above, according to the N-type-buffer
anal og buffer circuit according to the second enbodi nent, by perform ng
source follower offset detection three separate tinmes, the final offset
voltage is reduced smaller than that_ 'y_jhe case of performng the
detection tw ce, and higher 15 precisi'on offset cancellation can be
performed. Thus, an analog buffer circuit having very |ow of fsets and
reduced variation in potential is realized. Fig. 24 is a circuit diagram
showi ng dieexXdnpide téfea 1p- peyFerpeds aucinallogebufberncippeuatiascording to
the second , 20 enbodi nent of the present invention. The P-type-buffer
anal og b#PEET dity &iier fiiRelugedratrmedet r spgipsree wadhi shasedfsahen out put .
signal potential is relatively |ow, specifically, when it is |ower than
parti cul ¥PI538&d Vﬁ&%‘eﬁ*@i‘ﬂ&ﬁﬁ@?’ &he figsg. time.q %Uﬁﬁeﬁfﬂu%ﬁrébel p2l and a

PMOS tran%%§%§é- ﬁg ngl as a source fol Lower are connected in series
bet ween &ZPRoVEMEL20660 28 PpodrtivvElpsRetostippl §TUPBtanal kadegati ve -
power. suppl y. VSS. . A.S 'tc?.S%ﬁl i, connected between a_circuit input
terni%ale%ﬁﬁﬁzﬁoaﬁ thghﬁa &" Pﬁ%sﬁ%tgoﬁ&ﬁﬂ§i§§8ﬁ p21°Bbt Ween t he
sufficiently small. 1In other words, higher precision offset
cancellation is achieved compared with the case of
performing source follower offset detection two separate

times.

10 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 smaller than that.
in the case of performing the detection twice, énd higher
15 precision offset cancellation can be performed. Thus, anr
analog buffer circuit having very low offsets and reduced
-Vaiiation iﬁ potential is realized.
Fig. 24 is a circuit diagfém showing an example of a‘f%'
type~buffer analog buffer circuit according to the second
20  embodiment of the present invention. The ?-type—buffer
analog buffer circuit includes a PMOS tranéistor and is ﬁsed-
when output signal potentiél is relatively low, specifically, -
when it is lower than particular fixed potential PSTG.
In Fig. 24, a current soﬁrce IpZ2l and a PMOS transistor

©25 0p2l as a source follower are connected in series between ‘a



circuit input termnal INp2l and the source of the PMOS 5 transistor 21,
a switch Sp22 and a switch Sp23 are connected in seri e2] Navenier é#06Sp24 . and
a switch Sp25 are connected in series, and a switch Sp26 and a switch Sp26
are connected in series. A capacitor Cp2l is connected between the gate
(the 10 output end of the swtch Sp21) of the PMOS transistor (21 and
the output end (the input end of the switch Sp27) of the switch Sp26. A
capacitor Cp22 is connected between tkb[e gate of the PMOS transistor Q21
and the output end (the input end of fe switch Sp25) of the switch Sp24.
A capacitor 15 Cp23 is connected between the gate of the PMOS transistor
Q21 and the output end (the input end of the switch Sp23) of the switch
Sp22. Thewdtdvesworehesudply VODSpR? andeghd itvier e wetapapiptler ¥36p21 to
Cp23, constitute an offset-canceling nmeans 20 which perforns of fset -

‘det ecti ot Giwitied Sedrcé sf slonowertett brethes Er avgicsticr 1Qp2t) teltméeadepar at e
times and sequentially cancels the detected offsets. A switch Sp28 is
(:_onnect-e&I\E’@'Hv\/@(lﬂﬁi tthe sanec e foftheh EMOSMES amsdidiost G2@p2 1 Berregncitheui t

. output terminal QUTp2l. 25 The circuit output term nal OUTp2l (the out put
end of tKerSA{ovERber t2gognaty INggilt eRdSHP®) sevrsecesd theoRMO8nd of the
svm'tcgu Sp29. The other end of the switch Sp29 is supplied with "H' | evel

transistor QpZl, a switch Sp22 and a switch Sp23 are
connected in sefies, a switch Sp24 and a switch Sp25 are
connected in series, and a switch Sp26 and a switch Sp26 are

connected in series.

A capacitor Cp2l is connected between the gate (the

10  output end of the switch Sp2l) of the PMOS transistor Qp21

and the output end (the input end of the switch Sp27) of the
switéh Sp26. A capacitor Cp22 is connected between the gate
of. the PMOS transistor QOp2l and the output end (the inpuf
end of the switch Sp25) of the switch Sp24. A capacitor
15 Cp23 is connected between the gate of the PMOS transistor
Qpr2l and the output end (the input end of the switch Sp23)
of the switch Sp22.
The seven switches Sp2l1 to Sp27 and the three
gapacitors szi to CpZ3 constitute an offset—canceling means
20 which performs offset detection on the source foilower {the
PMOS transistorlQpZI) three separate times and sequentially
cancels the detected offséfs.
A switch Sp28 is connected_betwéen the source of the
PMOS'transistor'Qp21 and a circuit output térﬁinal OUTp21.

25 The circuit output terminal.OUTpZI {the output end of the



fixed potential PSIG In the P-type-buffer analog buffer circuit having the
5 configuration, the switches Sp21 to Sp29 and the capaéi Nevambacg9dt cp22,
and Cp23 respectively correspond to the switches Sn2l1 to Sn29 and the
capacitors Cn21, Cn22, and Cn23 in the above-described Ntype-buffer
anal og buffer circuit (see Fig. 17), circuit operations are identical to
those in the N 10 type-buffer analog buffer circuit. In the timng chart

in. Fig. 18, the signal Vinis at "L",.level, and the precharge potenti al
PSIGis at "H' level. Also in the case of the P- type-buffer anal og buffer
circuit, operation and advantages identical to those in the N-type-buffer
anal og buffer 15 circuit can be obtained. (Application of Second

Enbodi mesw)i tehg Sp28) | soanerkteute dhageash siowhrgsuntekafpl®. of Tha anal og
buffer circuit according to an application of the second enbodinent, and.
in this Pithereendqaitvahentvpoehi 8R3920si Aurpdied7wasl FHY. lodedre denoted
by identical reference. nunerals. In the analog buffer circuit according to
this appP€st PereritA2dr 88LCto perform output [oad precharge in an
alternating-c¥rrent manner , fonfhguration t hat uses.  both . an

a ]
N-t ype- buf f er FAnaPo g PUFPETORt Tui A0ue PPt e i iEr BBk 0 buf f er
i yp't i I d. 27 nb 200 8 | h d i Fi 25
circ 1S (0] . ve r er S, In rFlg. )
betmg%n g°€%?§&%¥%%ﬁﬁuttﬁg sw1%ches gng to ngb andmgﬂe capacltgrs _
Cp2l, Cp22, and Cp23 respectively correspond to the switches
Sn2l1 to Sn29 and the capacitors Cn2l, Cn22, and Cn23 in the
above—described N-type-buffer analog buffer circuit (see Fig.

17), circuit operations are identical to those in the N-

10 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. . Also in the case of the P-
type-buffer analog buffer circuit, operation and advantages
identical to those in tﬁe N-type-buffer analog buffer

15 circuit can be obtained.

(Application 6f Second Embodiment)

Fig. 25 is a circuit diagram showingian example of an
énalog buffer circuit accordihg to an application of the
second embodiment, and in this'figure, eqﬁivalent portions

..20 in'Fig. 17 and Fig. 24 are denoted by identical reference
numerals. In the analog buffer circuit according to this
application, in order to pefform.output load precharge in an
alternating—current‘manner, a éonfiguration that uses both

‘-_ an N-type-buffer analog buffer circuit and a Pftypevbuffef

 25 analog buffer circuit is emploved.



termnal IN21 and a circuit output termnal OUT21, the N type-buffer
anal og buffer circuit (N-type source follower NSF) shodhNpyenrieg20067 and
the P-type-buffer analog buffer 5 circuit (P-type source follower PSF) in
Fig. 24 are connected in parallel. Also, the circuit. output term nal

QUT21 (the output ends of the output ends of the switches Sn28, Sp28)
connects to one end of the switch S29 (corresponding to. the switches Sn29,
Sn29). The other end 10 of the switch S29 is supplied with
alternating-current potential CS as put | oad precharge potential. In
the anal og buffer circuit according to the application, the circuit
operations of the N-type-buffer analog buffer circuit, which have been
descri bed withnlbéthefewende, t onthigti Abpgbehaetni a Eigeubtbynpstng Fig. 19
to Fig. 23, and the circuit operations of a simlar P-type- buffer anal og
buf f er citeeuiinadr N3t endateky rpedfroomeguitn tesynehlonUZ&Li, onhwi ¥R pol arity
i nversion of the precharge potential CS. As described above, by using, in
conbi nat it¥Re—POEERE predhar juféprcaircdw t(EhteRe) sandcehéoflpype source
foll ower NSF and the P-type source foll ower PSF, whose currents and
connect i JE) apBO¥BniPoFLEd £A abeoitdanetienbutiierpsbralroybof feunt put

vol t age, the oqutput | oad can be recharged to preferable potential ("H'

| evel "LchSVéF)ﬁPzgyﬁﬁtﬁ835ﬁ9u§8518WthgS§&oﬁé-Eéger?ﬁeéranalog buf fer 27.

2006 29 , .
connecteg in parallel. Also, the circuit output terminal

Novenber
OUT21 (the output ends of the output ends of the switches
Sn28, Sp28) connects td‘bne end of the switch $29
(corresponding to the switches Sn29, Sn29). The other end
10 of the switch S29 is supplied with alternating-current
potential CS as output lcad 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
15 referénce 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 circuit are alternately pérformed in
- synchronization with polarity inversion of the precharge
pqtential CS. As described above, by using, in combination,
207 the precharge circuit (switch S29) and thé ﬂ—type source .
follower NSF and the P-type source follower PSF, whose
currents and connectiohs are contrelled in accordance with
the polarity of output voltage, the output load can be
precharged to preferable potential ("H" level/"L" level).

25 - Although uses of_the above—-described analog buffer



circuits according to the first and second enmbodi ments are not
particularly limted, the circuits are suitable for use27NﬂW%@¥¥2@¥5a

peri pheral driving circuit for driving a display unit. However, the present
invention is not limted. 5 to application to a driving circuit for a

di splay device, but will be useful particularly when the present

invention. 1is used as a single analog buffer circuit formed by TFTs on an
insul ating substrate. Fig. 26 is a bl di agram showi ng an exanple of a

10 driver-integrated display device, for exanple, a liquid crystal display
device. In Fig. 26, on a transparent insulating substrate, for exanple, a
gl ass substrate 11, a display unit (pixel unit) 12 conposed of pixels in a
mat ri x '|Q}HQH%¥§daCFﬁéng§s§Os¢b§tﬁaﬁétlﬁnﬁsSﬁﬂ@@ﬁd@@bgépm§nﬁg aBeanot her

gl ass substrate, with a predeterm ned gap therebetween, and liquid crystal
mat eri al Tog @%&ﬁ%#&ﬁéﬁ ljedkedn BbEh CLgbELcst ege ﬁﬁéfﬂéb}eafarsﬁﬁay panel
(LCD panel) is farned. One exanpl e of pixel structure . in the display
uni t 12 FoRatsRowg Pﬁrnipgeré-% dE&é’Hn& %élrcﬁé’ﬁ ROEUHELVARIFE (thin fi | m
tranS|stor) 1l as a p|x§ ran5|%h a liquid cr stal cell 22 haV|n :
pi xel PIGY UBnfrect EGVES Ehe taFaPHeSER CFP88€ &Pntﬁé R 2imiiRd a hoId

capaci tor 23 h V|n .one, el ectrode connectgd to th | ectrode of the

TFT 21. 28 ﬁé)upelcfa &1 §8i @ EFyIaF E&FFU32 hRAng 1FP a‘P’dgc‘?WSFal 27 .

hbvenberb%Qoglll be useful particularly when the present invention.
is used as a single analog buffer circuit formed by TFTs on
an insulating substrate.
Fig. 26 is a block diagram showing an examﬁle of:a
(10 driver-integrated display device, for example, a liguid
crystal disélay device. In Eig. 26, on a tranSparent.
insulating subétrate, for example, a glass substrate 11, a
display unit (pixel unit) 12 composed of pixels in a matrik
.is formed. The glass substrate 11 is provided opposing
15 another glass substrate, with a predetermined gap
therebetween, and liquid crystal material is encapsulated
“between both substrates, whereby a display panel (LCD panel)
is fqrmed. |
One example of pixel struéture in the display unit 12
20 is shown in Fig. 27. Each pixel 20 includes a TFT (fhin
film transistor) 21 as a pixel transistor, a liguid crystal .
cell 22 having a pixel electrode connected to the drain
electfoée_of the TFT 21, and a hold-capacitor 23 having one
electrode connected to the drain electrode df the TFT 21.

25 ‘'Here, the liguid crystal cell 22 means a liquid'crystal




- 3 0 capacitor produced between the pixel electrode and a counter ‘

el ectrode formed so as to be opposed thereto. In.this sZ?Nevamisr 204 TFT 21
has a gate el ectrode connected to a gate line (scanning line) 24 and a
source 5 el ectrode connected to a data line (signal line) 25. In the

liquid crystal cell 22, the counter electrode is connected to a VCOMIine
26 in common for each pixel. A common voltage VCOM (VCOM potential) is
supplied in common for each pixel to égle_counter electrode in the liquid
crystal cell 22 10 by using the VCOM Iine 26. The other el ectrode (term nal
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 performng 1H (His.
a hori zomasacipen ayodunsst diegiwedhn by réxeliF elledts-oalef iaeldd apepivodprls

i nversion driving, a display signal which is witten in each pixel is

i nvert ed 8YE3 tRRIMGa 1B a e ICOWpeiremsiesl thergto.reference. Al so, in
the case of using VCOMinversion driving in which the polarity of VCOM
potential is FRAvEPLED STIHCE ERes thP TﬂTogllh,aSt éggﬁﬁ@reaﬁﬁﬁrf’ﬁ% 1H ,
inversion 20.drivjng or the 1F inversion drivi n(_:; al so the polarity of the

CS pot entTAREUHH i & FAHfe 1889 | (7eaPPIY Pt @4 iPpd ansource
oLt ergal L QR GLEnL Sminec ) nsunohuoniaal Rt L0, VO peen
liguid crystal cell 22, the counter electrode is connected
to a VCOM line 26 in common for each pixel. A common
voltage VCOM (VCOM potential) is supplied in common for each

pixel to the counter electrode in the liquid crystal cell 22

10 by using the VCOM line 26. The other electrode (terminql op_me” m“mm 

- the counter electrode) of the hold capacitor 23 is connected
to é 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).

15 inversion driving, a display signal which 1s written in each
pixel is inverted in polarity, with the VCOM potential as a
reference. Aiso, in the case of using VCOM inversion
driving in which the polarity of VCOM potential is inverted'
in cyéles cof 1H or 1F, togethér with the 1H inversion

20 driving or the 1F inversion driving, also the polarity of
the CS potential supplied to the CS line 27 is inverted in
an alternating-current manﬁer in synchronization with-the
VCOM potential.

Here, an alternatingmcurrent voltage which is almost

25 -identical in_amplitude to the C8 potential is used as the



25 identical in anplitude to the CS potential is used as the 27 Novenber
2006 31 VCOM potential. Actually, when a signal is w??Nerember2h@d pixe
el ectrode in the liquid crystal cell 22 fromthe data |ine 25 through the
TFT 21, a voltage drop occurs in the TFT 21 due to parasitic capacitance,
etc. Accordingly, an 5 alternating-current voltage which is DCshifted for
the voltage drop is used as the VCOM potential. Referring to Fig. 26
again, on the sane glass substrate 1l,with the display unit 12, for
exanple, a data processing circuit 13 on the left side of the display unit
12, 10 horizontal drivers (horizontal driving circuits) 14A and 14B on th
upper and | ower sides of the display unit 12, and a vertical (V) driver
(verticalVe@M watgndiliedui t RPetBadayt hehen ghtsigingd df wiwé tdiespliay theit 12 are
provi ded as peripheral driving circuits. These are only shown as part of
15 peri pkerdll @liaAtagds deuithe, laaygicheyvaralneelli @2t édomo thehdesa Al so,
the horizaontal drivers 14A and 14B nmay be di sposed on either upper .or

| ower si de6t “hdtdiodpltayhenitET 23, Fh¥OB&RgBnEraP @CCHrRg 18 tdgi 8 Tar e

formed by _usjng | ow tenperature polysilicon or CG (Continuous Gain o
Crystal)¥§045 F@bW?HﬁsﬁﬁthgaﬁﬁféFa¥F§nsF§ForsAFﬁo Rengildpl ¢ unit 12.1

In the liquid crystal displa % vice havin tg above caonfiguration,-
qisplgy 3gp§rﬁggénﬁécﬁﬁ6&$ta§° %ﬁﬁsdfgl&b gﬁr gﬁf%lgﬁﬁdB%Fﬁlggf paral | el
I nput s h%%ﬁ@%g% b%@bvggt%%%d as the VCOM potential.

Referring to Fig. 26 again, on the same glass substrate
11 with the display unit 12, for example, a data processing

circuit 13 on the left side of the display unit 12,

10 horizontal drivers (horizontal 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 periphefai
driving circuits. ‘These are only shown as part of

15 peripheral driving circuits, and they are not limited to

- these. Also, the horizontal drivers 142 and 14B may be
disposed on either upper or lower side of the display unit:
12. The peripheral driving circuits are ermed by using low
temperature polysilicon or CGV(Continuous Grain Crystal)

20 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

‘25 substrate exterior through an input pad unit 16, and is



anplitude (e.g., an anplitude of 0 Vto 3.3 V) fromthe 25 substrate
exterior through an input pad unit 16, and is 27 Novenb&f Nevaeper 3906

| evel -shifted (Il evel -converted) to one having an high voltage anplitude
(e.g., 0Vto 6.5V) by the data processing circuit 13. The |l evel-shifted
di splay data Data is supplied to the horizontal drivers 14A and 14B. 5 The
hori zontal driver 14A has a digital driver structure including, for
exanple, a horizontal shift register 1, a data sanpling latch unit 142,
a second latch wunit 143, a level shifter 144, and a DA (digital to anal og)
converting circuit 145. Also the horizontal driver 14B is 10 identical. to.
the horizontal driver 14A in structure. The horizontal shift register 141
starts a sHigh-shigerest | Grevied cosperdedio ta bori bemtialy enahtigpul se HST
supplied froma timng generating circuit %not shown), and gener ates

sanpl i ng U S6E IR H s&g@ent %al ot farsier bedthesdggaone hori zont al
period in synchronization with a_horizontal clock pulse HCK supplied from
the tinm AFoGaTMst T Citedide. The davglsahpiitRg PaseRagnppteqPata
sequentially sanpl es in_one horizontal period, the display

dat a Datdi%ﬁﬂﬁﬁié&dfF%E%P%Z%%ggzbﬁFB&e§§Fﬁ§r901éﬁréBﬁt1f§'in _ -
PYmChEO ol BRerk bRy L SETRL 19 Y8R, SETELSH £, By e hor zontal i
- - structure including, for example, a horizohtal shift '
register'14l;-a data sampling latch unit 142, a second latch
unit 143, a level shifter 144, and a DA (digital to analog)
converting circuit‘l45. ‘Also the horizontal driver 14B is

10 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

15 in one horizontal peiiod in synchronization with a
~horizontal clock pulse HCK supplied from the timing
generating circuit. . The data sampiing latch unit 142
sequentially samples and latches, in one horizosﬁal perioed,
the display data Data supplied from the data pfecessing
20  circuit. 13 in synchronization with the sampling pulses
generated by the horizontalishift register 141.

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

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




the second latch unit 143 in a horizontal blanking périod. Digital data
for one line is all output fromthe second 25 | atch uni#7Xgemberdd¥ut put -

di gi tal

data for one line is 27 Novenber 2006 33 increased in |evel

by

the level shifter 144, and is supplied and converted into anal og display
signals by the DA converting circuit 145. The anal og display signals for

one line, output fromthe DA converting circuit 145, are output 5 to data-
lines 25-1 to 25-n forned correspondi to the nunber n of horizontal

pi xels in the display unit 12. The vertical driver 15 includes a vertical
shift register and a gate buffer. In the vertical driver 15, the vertica

shift register starts a shift operation in response 10 to a vertical

pul se VSTREEgpEedd iy égvalt Pii e dernelachagterr édidtt endt ishewnpliadd
gener ates scanni ng

ul ses which are sequentially transferred in one

pul, . . .
verti cal 2feFPaYeEikesy ABKPoARRAPPoA 1RPLAYaSHERLEaPYCEHEK PPUl se VCK

supplied fromthe timng generating circuit. The_generated 15 scanni ng

pul ses

corresponding to.th unber
scanni ng 8Pefh8u§8P?i%

pu|S§§

12 are’

10

15

20

25

aFer¥eqtdRei SEEFUGt paP -t o TGSt 8PPILREsI28P1 8Vt §ignakst bpFeane
n1gf vertical pixels. Bﬁ #sin% verti cal
aPdPGePA15°PE e EéRbe Rt FSPEY SGCput
to the,gate _lLin 20 24-1 tq 24- the pixel.s in . th
Lo AR Py tEor Satator AR To20F D) GRaTeRPREET N THE SRl o
number n of horizontal pixels in the display unit 12.
The vertical driver 15 includes a vertical shift
register and a gaté buffer. In thé-vertical driver 15, the

vertical shift register starts a shift operation in response

generating circﬁit*(not'shown), and generates scanniﬁg
pulses which are séquentially transferred in one fertical
period in synchronizatibn with a vertical clock pulse VCK
supplied from the timing generating circuit. The generated
scanning pulsés are sequentially output to gate lines 24-1
to 24~m formed corresponding to the number m of vertical
pixels. ‘

| By using ve;ticai scanning of the vertical driver 15 to
sequentiaily output the scanning pulses to the gate lines
24-1 to 24-m, the pigels in the display unit iz are
sequentiaily selected in units_of rows {(lines}. The analog
display signals for one 1iﬁe are simultaneously written in
the selected.pi#els for one line throﬁgh the data lines 25-1
to 25-n. By repeating the lihe¥unit writing operation,

image display for one screen is performed. -

start

fhe8 sB4%hni ng
di splay unit

to a vertical start pulse VST supplied from a timing L : i



di splay signals for one line are sinmultaneously witten in the selected

pi xel s for one line through the data lines 25-1 to 25- A7 NpyemkssedPt ng t he
line-unit witing operation, 25 inmage display for one screen is perforned.
27 Novenber 2006 34 1In the liquid crystal display device having the above
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_5,5, on the same panel (the glass . -
substrate 11) with the display unit 12, a display panel integrated with
all driving circuits can be constituted, and it is not required that

anot her substrate, an IC, and a transistor circuit be provided in the
exterior. Thush thfslédubfesrgtielrddapliavndeviandhaetugetheodPovd the
entire system In the driver-integrated liquid crystal display device, to
const i t uCERTAGNTELANHI e PVt BEODAJEBAvelti AG dPfearpteds forin 5%@ og buffer
circuit accqording_to . the above-described first or second enbodi nent, or

i ts appl PEELPER s HEEHItP5 PRCPSPSABPFI 88 tCaBEPCRrPgingsciEcHIbl dék
o agram 3501419 2 OTRLS O 2 SLSLeNGE VoL oqg sehort Lng B4 conver{ g
g?;gi%s gigoggtggbggkhopgggl e bBO. Lo bBR. 1S, supplied . as,, 20 the
display unit 12, a display panel integrated with all driving
circuits can be constitﬁted, and it is not required that
another substrate, an IC, and a tranéistor circuit be |
provided in the exterior; Thus, this enables size reduction
|10 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 aboﬁe-deécribed
first.or second embodiment, or its application, is used.

15 [First Applied Case]

Fig. 28 is a block diagram showing an example of a
referencewvoltégeuselecting 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 bB5, is supplied as-

20_ 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

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



In Fig. 28, a reference voltage generating circuit 31 ﬂfnerates ref erence
vol tages VOto V63 for 64 gray-scale |evels correspondi fghewngep?08di spl ay
data Data. These reference voltages VOto V63 are supplied to reference 25
'vol tage sel ectors 32R, 32G and 32B. The reference voltage 27 Novenber o
2006 35 selectors 32R 32G and 32B are provided for the data lines 25-1
to 25-n in the display unit 12, and select and output, from anong the

ref erence voltages VO to V63 for 64 gray- scale levels, reference voltages
corresponding to bROto bR5, 5 bGO to BG, and bBO to bB5 as anal og di spl ay
signals. Each exanple of reference voltage selectors 32R 32G and 32B is
shown in Fig. 29. Buffer circuits 33R, 33G and 33B are provided on the

out put sﬁ@é@céprﬁhézﬁeféﬁ@mcéndoﬁﬁégérgepé@VstdSQFw 8¢ datg hihues2B, that
is, betmeen the output sides and the data |ines 25-1 to 25-n. The reason
that the2Buff &P &Pr8uiifstBeriispiay HAdT33B. aﬁédp%i‘/ea‘edaa@eoaépw | ows:

Enl arged screen size, increased resol ution, the like, of the liquid
crystal GFSPI afoREviERe rREPESEES 50856§€PtVQet95V§6a§°§u@ﬁ %§abara3|t|c
capaci tan nerated in _each of the data lines 25-1 to 25-n o

e
charge/d?§8ﬁ§ GEVERE - cAFAETENTE VICdEa ST §°6F€&@P€Fﬁpﬂe&°UQ%9 o bRS,
correspo ng d n C bi |i is required., Therefore he b ffer
C|rc§ftsﬂ§§R,o égér gﬁg-ggg EPegﬁgqﬁFrga.iog asspfay H§nald? ac
example of reference voltage selectors 32R, 32G, and 32B is
shown in Fig. 29.

Buffer circuits 33R, 33G, and 33B are provided on the

output sides of the reference voltage selectors 32R, 32G,

10 and 32B, that is, 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 ligquid crystal display device increases a cépacitive

15 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.

'20 ~ In this applied case, the analog buffer circuits
according to the first embodiment, the second embodiment, or
its application; which arerdescribed above, aré used as the
buffer circuits.33R, 33G, and 33B. Since the analog buffer
circuits have very low offsets and reduced variation in

25 output potential as described above, there is nbt'any



20 In this applied case, the analog buffer circuits according to the first
enbodi ment, the second embodinent, or its application,2iWNpeambsr é0fescri bed
above, are used as the buffer circuits 33R, 33G and 33B. Since the anal og
buffer circuits have very |low. offsets and reduced variation in 25 output
potential as described above, there is not any 27 Novenber 2006 36
probl em when they are forned on an insulating substrate such as the gl ass
substrate 11 by using TFTs. Accordlqu%E even if analog buffer circuits
according to the first enbodi nent, the’ second enbodinent, or its 5
application, are arranged as the analog buffer circuits 33R 33G and 33B,
variations in offsets between the analog buffer circuits can be

suppr ess@dobliems whesr ttheyl aster ifpemede aus e bpsuhatmhgseub$amaablenshdo not
occur, so that display quality (uniformty) can. be increased. In
add|t|onaSIGh@nﬂﬂﬁﬁﬁgSph§tgﬁ¢$|éﬂthOﬂSﬂhe BEfTser circuits 33R, 333G and
33B can increase driving capability for the capacitive loads of the data
lines 25-1 toRr9SoRILTALE, avear§é, anphhg Pesbput tbrcdityerceardbnat ed

| iquid crystal display deV|ce is realized. 15 Also, in the case of using
anal og biPf &PCcitiEgitt §MPREEBERtng the SREOPFr SHbEALBERENdOENBSEI ment, or its
application, .in the horizontal drivers 14A and 14B for perfornlng VCOM

i nversi oAPPYHCGIEAGR vaBFS Go6a1E6RY &fti éhEedpglog buffer circuits 33R,

33G, and 33B, variations in offsets between the analog
buffer circuits can be suppressed. Thus, vertical stripes
caused by the offset variations do not occur, so that

display quality (uniformity)} can be increased. In addition,

10 emabling the provision of the buffer circuits 33R, 336, 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 cfystal display device
is realized.

15 Also, in the case of using analog buffer.circuits
according to the first or second embodiment, or its
application, iﬁ the horizontal drivers 14A and 14B for

 performing VCOM inversion driving, very good. convenience is
cbtained. This is because it is'ﬁreferable, in a power

20 consumption viewpoint, that the data lines 25-1 to 25-n be
precharged to a particular gray-scale level (e.g., white
;evel in a normally white liquid crystal display device, and
black level in a normally black ligquid crystal display
device), and the white level or the black level changes in

- 25 ‘an alternating-current manner in response to VCOM.inversiOn.



obtained. This is because it is preferable, in a power 20 consunption :
viewpoint, that the data lines 25-1 to 25-n be prechar gedorankergd9q i cul a
gray-scale level (e.g., white level in anornmally white liquid crystal

di spl ay device, .and black level in a normally black Iiquid crystal display
device), and the white level or the black | evel changes in 25 an
alternating-current manner in response to VCOMinversion. 27 Novenber 2006
37 In other words, by using the CS_pq}Fn;ial (potential which is inverted
in an alternating-current manner in synchronization with the VCOM -
potential, as described above) to be supplied to the CSIline 27, as the.
precharge potential 5 CSin Fig. 5 or Fig. 25, the CS potential is at a
gray-scal e | égePthatii wortdsvebyi nsangokhal £§ phiertiaguidoteysial di spl ay
device, and black level in a normally black liquid crystal display device)
in a mddPichagsl Vintgmied din age aldermiad nigqeiud renyts rainnesc éor di ngl v, -
driving of the data lines 10 25-1 to. 25-n may be started at. the gray-scale
| evel , sERYRFONIESE I Wildd ddver 80M oderftiicilenes degsrdhasl prhgve)
reduction in power consunption. In this _applied case, the swtch S7 in Fig.
5 and the® & CHPPIIST foritye 58 diveyu<dd 4§ pPecREFGEa&HFT BREENTEAL 15 the

anal og buffer cj.rcuits according to t applications of the first and
second entodi’l ﬁ@§,5ao§W%F@h g%gn&%efg%.pﬁ%ﬁP&Fﬁ#ndSCﬂFCﬁFgHFVVFﬁ@lﬁf each

swi tch, qgﬁ%ﬁpuw%ﬁ%%ﬁh%vel in a normally white liquid crystal
 display device, and black level in a normally black liquid -
crystal display device) in a mode of applying no voltage to

the liguid crystal. Accordingly, driving of the data lines

10 25~1 to_25¥n may be started at the gray-scale leﬁel, so that

less driving current is sufficient, thus enabling a
reduction in power consumption.
| In this applied case, the switch 87 in Fig. 5 and the
switch 829 in Fig. 25 are used as précharge switches. 1In
i5 the analog buffer circuits according to the applicationé of
the first and second embodiments, a switch signal for
performing ON/OFF driving of eéch switch, contrel signals
Ncont and Pcont-for performing ON/OFF driving of the powér
supply, and.a precharge signai for performing ON/OFF driving.
.20 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
circuit, particularly when the number of horizontal pixels

25 'in the display unit 12 increases, the numbers of reference



Ncont and Pcont for performng OV OFF driving of the power supp and a
precharge signal for performing OV OFF driving. 20 of tﬁEN9W€@%5ﬂé@53mﬁtch
are generated by a timng generating circuit 34 (see Fig. 28). [Second
Applied Case] In the reference-voltage-selecting DA converting circuit,
particularly when the nunber of horizontal pixels 25 in the display unit
12 increases, the nunbers of reference 27 Novenber 2006 38 voltage

sel ectors 32R, 32G and 32B accordingl8 i ncrease and the lengths of wres
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 5 voltage generating circuit 31 for increasing
driving vapaboki epledtbbhoughRt hd2Buf hed GRkBcaicto3Binglheiecrieadecahdd by
one bl ock, actually buffer circuits 35 are provided.so as to correspond to
referencéhﬁoﬂ?ag§§SV@ft@lv©8 farstranamtiiitd ngppkifedenasevoi haganalig buffer
circuit 10 according to the first .or second enbodirrent, or its
appl|catF@nVGQhﬁéﬁoFglaééErFﬁééeaééve TherafedeasashBipuf B8r sheweeuit 35
In the First Applied, Case, the buffer circuits 33R 33G and 33B handle

r ef er encBUY 6EFafRECVE L 80 VES P6B¥aﬁﬁ@da§F?ért§§Ié@ﬁgénoﬁyatﬁ@f§éﬁﬁéﬁors
32R, ZG, nd 32B, 15 while, in this applied case, the buffer circuit 35
handl®es PgFégﬁn€8n96?Fé§€sc%%FPbtv%é SBFaFHQHeBEFBEedgéVéﬁglon by

capability. Although the buffer circuit 35 is here
indicated by one block, actually buffer circuits 35 are
providedlso as to correspond to reference voltages V0 to V63.

Also, in this applied case, the analog buffer circuit

10 according to the first or second embodiment, or its -

application, which is described above, is used as the buffer
circuit 35. 1In the First Applied Case, the buffer ciréﬁits
33R, . 33G, and 33B handle reference voltages V0 to V63
obtained after selection by the selectors 32R, 32G, and 32B,

15 ﬁhile, in this applied case, the buffer circuit 35 handles
reference yoltages V0 to V63 obtained before selection by
the selectors 32R, 326G, and 32B. |

~Since the same reference voltages_VO to V63 are handled

after all, a manner of using the analog buffer circuit

20 according to the first or second embodiment, or its
application, is similar to that in the First Applied Case.
_Tﬁerefore, for the same reason as described above, very good_
convenlence is obtained, in particular, in the case of using
the analog buffer circuit in the first or second embodiment,

25 or its application;




the selectors 32R, 32G and 328. Since the same reference voltages VO to
V63 are handled after all, a manner of using the anal 0%17H9Y‘?“§?er399%uit 20
according to the first or second enbodinent, or its application, is
simlar to that in the First Applied Case. Therefore, for the sane reason-
as descri bed above, very good convenience is obtained, in particular, in
the case of using the analog buffer circuit in the first or .second

enbodi ment, 25 or its application. 27 venber 2006 39 As described
above, by using the analog buffer circuit™ in the first or second

enbodi ment, or .its application, as the buffer circuit 35 for the reference
vol tage generating circuit 31, relative variations in potential anong
reference 5 vaist dgesr¥etioaVe8ecabvbesieduted beeaugebtiiceanaliogubuf f er
circuit has very low offsets and reduced variation in output potential.
Thi s per figy isredifsiglsdy odr isgiaegdatemiealiowndi,s plray tssiagpdlidadviens ascuratel y
corresponding to digital data bRO to bR5 bGOto bG, and bBO to bBS, thus
enabl i ng s ERf st clrgugd thidghdorqidle e fiersgee [vhiitedeAgeniesd téage] Fig.
31 is a bl,ock diagram show ng an exanple of the configuration of swtched
capaci t orS BEYdnvert itfd adiivEu Vg Latiionss ime pe teaddndd 2Meag, reéerersspl e, R

d G 5 d bl 6-bit digital data, bRO to bRS, bG&O to
g&g )BBcgﬁﬁﬂﬁgﬁé’v% t%nVG%‘gany%g re&uced’%ed%useat%e analo% buffer

circuit has very low offsets and reduced variation in output
potential. This performs display driving at analog display
signal levels aécurately corresponding to digital data bRO
to bR5, bGO to bG5, and bBO to bB5, thus enabling display.of
10 a higher quality image. . |
[Third Appiied 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),
15 and B (blue) 6-bit digital data, bRO to bR5, bGO to bG5, bBO
to bB5 are supplied.
‘ In Fig. 31, switched capacitoerA converting circuits
41R, 41G, and 41B are providéd.for the data lines 25-1 to.
25-n in the display uﬁit 12..lThe switched capacitor DA |
20 converting circuits 41R, 41G, and 41B have built-in buffer
circuits for the same reason as in the reference voltage
‘selecting DA converting circuit. In this applied case, the
analog buffer circuit in the first'ér second embodiment, or
its application, is used as this buffer circuit.

- 25 Fig. 32 is a circuit diagram showing a specific example



to bB5 are supplied. In Fig. 31, switched capacitor DA converting circuits
41R 41G and 41B are provided for the data |ines 25-1 £bNopauberggig ne

di splay unit 12. The switched capacitor DA 20 converting circuits 41R 41G
and 41B have built-in buffer circuits for the same reason as in the
reference voltage selecting DA converting circuit. In this applied case,

the analog buffer circuit in the first or second enbodi nent, or its

application, is used as this buffer ciycuit. 25 Fig. 32 is a circuit

di agram-showi ng a specific exanple 27 venber 2006 40 of the internal
configuration of the swi tched capacitor

DA converting circuit according to

the Third Applied Case. For ease of understanding, this specific exanple

shows a cHsehen infltimgk )t ke rdiiduotred. coapetither sPA teorderdbpag itorcDat is 5
constituted by using two bits and the N-type-buffer analog buffer circuit
accor di nFanyemdng csitr caitfodiaremdiing Fiog.the  Tihs mobMipipidedwiCkiset. he FBxbi t
swi tched capacitor DA converting circuit. . In Fig. 32, in aviewin

conpar i sG#5A f tReegistagidingn thd skisgpect fign eptaersiedshoivsi apaasdata Vi nO -

"of a | ower bit %LSB) ..a first sw tches-and-capacitor group conposed of
swi t ches WS heggaidchegl capagddogn HA0 comvgrddpacicigeainiso, and Cn2-0
vided, .and . o &)he si,de of input data Vinl of an_ upper bit (MSB),

secon S\fﬁ_’otnt,sﬁég'p&r?

is pr

10

gbgéﬂp@ktgpo@ﬂts and the N-type-buffer analog

buffer circuit according to the. first embodiment in Fig. 1
is combined with the 2-bit switched capacitor DA converting
circuit.

In Fig. 32, in a view in comparison with the circuit in

Fig. 1, on the side of input data Vin0 of a lower bit (LSB) -~

15

20

25

a first switches—and-capacitor group composed of switches
5n2-0, Sn3-0, Sn4-0, and Sn5-0, and capacitors Cnl-0, and
Cn2-0 is prOvidéd,.and on the side of input data vinl of an
upper bit (MSB), a second switches-and-capacitor group
composed‘bf switches Sn2-1, Sn3-1, Sn4-1, and Sn5-1, and
capacitors Cnl-1 and Cn2-1 is provided. Also, a thifd

switches—and-capacitor group composed of switches Snl-i,

- 8n2-i, Sn3-i, Sn4-i, and Sn5-i, and capacitors Cnl-i énd

Cn2-i which are connected to fixed potential Vinl (initial)
for numerical matching is provided. An NMOS transistor Onl

apd a current supply Inl in the buffer portion, and switches

5n6 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

-"gircuit having the above configuration, the capacitance of

a




15 conposed of switches Sn2-1, Sn3-1, Sn4-1, and Sn5-1, and capacitors
Cnl-I and Cn2-1 is provided. Also, a third swi tches-andZdapaebaadlOgroup
conposed of switches Snl-i, Sn2-i, Sn3-i, Sn4-i, and Sn5-i, and capacitors’
Cnl-i and Cn2-i which are connected to fixed potential Vinl (initial) 20
for nunmerical matching is provided. An NMOS transistor Ol and a current
supply Inl in the buffer portion, and swtches Sn6 and Sn7 in.the output
portion are identical to those in the (f)a_se of Fig. 1. In the -
built-in-buffer switched capacitor DA converting 25 circuit having the
above configuration, the capacitance of 27 Novenber 2006 41 the
capacitors Cnl-i and Cn2-i in the third switches-and- capacitor group is
set to behsymEpradsiidne cagadi taardc €rdf-it Hen Wapadi it swirtleh@sarcthden2-0 i.n
the first sw tches-and- capacitor group, and the capacitance of the

capaci t orFRfILtPS HRPRCHZE Bt tthdesespred Wi tidive sapad-icapas todr tdreoup i S
set to be 1/2 of each of the above capacitances. Al so, since input data
Vi nO and SARAC 1 DiGrdrP dardh rgvitng ™ tireH filrsfesig oires-angivel ), the i nput
performs switching. As a result, an anal og voltage is output in accordance
with a 1CFHRFFEENEE TR 4 FoCefEPAC RIS oin Fapra oViteosaka@lvilnl .-
Here, .since, t peration of the swi tched capacitor, DA converting circuit -
is known 1 sé}%é"gcﬁnpttlh(?n 5§ éw&r*ficg‘teec‘dr.an ~$EPARS BuFrerPeitte St porti on
has an Oﬁ£§%ﬁi 1/2 of each of the above capacitances. Also, since
Ainput data Vin0 and Vinl are binary data having 1 ("H"
level)/0 ("L" level), the input performs switching. As a

result, an analog voltage is output in accordance with a

10 ~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 fuﬁction, and itsrcircuit operation is similar to
15 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, control signals Nconf andaPcont for
performing ON/OFF driving of a current source,.and a
20 precharge signal for performing ON/OFF driving of a
precharge switch are output by the timing generating circuit
42..
The above offset—canceling-operétion can reduce offsets,
thus reducing a variation in outpﬁt potentiél. Therefore,

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



canceling function, and its circuit operation is simlar to 15 the case of
the N-type-buffer anal og buffer circuit according to th&7 NoveebesgBefi ment .
Its timng chart is shown in Fig. 33. A switch signal for performng

ON OFF driving of each switch, control signals Ncont and Pcont for
perform ng OV OFF driving of a current source, and a 20 precharge signal
for performng OV OFF driving of a precharge switch are output by the
timng generating circuit 42. The aboye offset-canceling operation can
reduce offsets, thus reducing a variation in output potential. Therefore,
25 by conbining the N-type-buffer analog buffer circuit 27 Novenber 2006
42 according to the first enbodinment with the switched capacitor DA
convert i ME&ITEUg  topdratiios tamthbadiaenages thsithiel awitehedose in the First
Applied Case are obtained. In addition thereto, as is clear fromthe

ci rcui t- COIHaG IR ilPh oNviertiigyg FAroulid  capacietdrs en2- edvandaga2- 1, which
correspond to the capacitor Sn2 in Fig. 1, can also be used as sw tched
capaci t ors™idath diwgihasies igpphiced 1€§§e%@2’éﬁﬂﬁﬂi fiees areasbtppnghi.chInthe
N-type- blé{d r_.anal og buffer circuit according to the 10 first enbodinent is
conbi ned JﬁﬂFWbﬁ%ﬁﬁ%ﬁﬁedaéa&éc?#&ﬁraﬁrowoﬁ &r Ciipgudir egnfigppation

- - . | ff i it di to the first enbodi , th
anrgg Eﬁ;;%%@g? gg?ﬁ.% c%%a%&%g%g Cn%E%Qthn n291, Shié%scogregpggght' '?

to the capacitor Sn2 in Fig. 1, can also be used as switched
capacitors.
Although this applied case exemplifies a case in which

the N-type-buffer analog buffer circuit according to the

10 first embodiment 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 Circuif according to the seéond embodimént or
15 its application can be similarly combined for use.

(Application of Third Applied Case)

Fig. 34 is a block diagram showing an example of the
configuration bf a reference-voltage-selecting DA converting'
circuit according to an appliéation of the third Applied

.20 Case. The referencévvoltage—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, fbr
example, R, G, and B 6-bit digital data bRO to bR5, bGO to

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



according to the application of the first enbodi nent, or_the _analog buffer
circuit according to the second enbodinment or 15 its appNPraRhes A0 n be
simlarly conbined for use. (Application of Third Applied Case) Fig. 34 is
a bl ock diagram showi ng an exanple of the configuration of a _

ref erence-vol t age-sel ecting DA converting circuit according to an
application of the third Applied 20 Case. The reference-voltage-selecting
DA converting circuit according to thi,s application is a DA converting
circuit in which reference voltage sel3ect ors and switched capacitors are
used in conbination. It is here assuned that, for exanmple, RR G and B
6-bit digital data bRO to bR5, bGOto 25 bG, and bBO to bB5 are suppli.ed
as display datardfezenay NoVemrergQ0OGatiagy A rafietr eénk eyeodtalges gerer at i ng
circuit 51 generates not reference voltages for 64 gray-scale |levels for
6-bit . drgfeaergat sobREped HRE, 6HAD Y HTBLeahaveBD forbBsbibut, for _
exanpl e, reference voltages VOto V8 for 9 coarser gray 5 scale levels. The
r ef er enc@i9oleageatyPRe 8 BRe. shppl FedeGeo #h@ P%geF@n’@@voptﬁége _ '
~selectors 52R, 52G and 52B. The _reference voltage sel ectors 52R 52G and
52B sel eEPTvEX§P bt phiefenenaR] dekhtIeer &P ehteVof PhgesCPROARANBREYThe
reference vol tages. VO tg V8, for exanpl for upper:3-bit 10 data, .bR3 to
bas,5%c38f%9%c§gva%a'bé§h?or% TR & hoes %ﬁttai&?tafedava? %D to bR,
bGO to bgg’tﬁgdr£¥g%égcg5§%ltage selectors 52R, 52G, and 52B. The

reference voltage selectors 52R, 52G, and 52B selectively
output two adjacent reference voltages from among the

reference voltages V0 to V8, for example, for upper 3-bit

10 data, bR3 to bR5, bG3 to bG5, and bB3 to bB5 from among 6- . .

bit digital data, bR0O to bRS5, bG0 to bG5, and bB0 to bB5;
The selected two reference voltages are input to
switched capacitor DA converting circuits 53R, 53G, and 53B,
-with lower 3-bit data, bRO to bRZ, bGO to bG2, and bBO to
15 DbBZ among the 6~bit digital data, bRO to bR5, bGO to bG3,
‘and bB0 to 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 referénce voltages; levéls
20  corresponding to the lower 3-bit data, bRO to bRZ, bGO to
bG2, and bBO'to‘bBZ.
The generated 3-bit data, Vin0, Vinl, and Vin2, are
supplied to the original switched cabacitqr DA'converting
portions. It is the circuit in Fig. 32 that indicates a

© 25 basic circuit in a case in which N-type-buffer énalog buffer



The selected two reference voltages are input to switched capacitor DA
converting circuits 53R, 53G, and 53B, with | ower 3-bi#7 davambsrPto bR,
bGO to b&, and bBOto 15 bB2 anpong the 6-bit digital data, bRO to bR5,
bGO to bGh, and bBO to bBS. The swi tched capacitor DA converting <circuits
53R, 53G and 53B include circuit portions in their input stages which
generate 3-bit data, VinQ .Vinl,. and Vint having, between the two
reference voltages, |evels 20 correspo gi_ng to the lower 3-bit data, bROto
bR2, bGOto bQ&, and bBO to bB2. Thetg nerated 3-bit data, VinO Vinl, and
Vin2, are supplied to the original sw tched capacitor DA converting
portions. It is the circuit in Fig. 32 that indicates a 25 basic circuit in
a case i rrvivwcht N-aope=diufd ero aned dg dsdf feadb R4 rNose rber 2006 nedd widihr cuits
according to the first enbodinent are conbined with the switched capacitor
DA convertlisngwioratiashsaphiwd toin & tconvierfiigy 3R ritd cadapt dthef o r2ubitt dat a,
VinOand Vinl. In a case for 3 bits, one circuit portion of capacitors and
5 swit cheld! ilsihdded. 1 ALHesEd Bod 2bdid, daltso ViinthenBAVéedver iong circuit
in which the reference voltage selectors and the capacitors are used in
conbi nat iG¥e A ofy WdiFerrnd diicid ta®esitdiong afo capreiftiorst agg second
enbodpnent,, or its app]ication, can be 10 conbined for the sw tched

capac?Pt or* "BA S ert i3S r cui t s

As described above, also in the DA converting circuit
in which the reference voltége selectors and the capacitors
are used in combination, analog buffer circuits according to.
the first or second embodiment, or its application, can be

10 combined for the switched capacitor DA converting circuits
53R, 53G, and 53B.

In each above—deséribed applied case, an‘example of
application to a liguid crystal displayrdevice composed of
liquid crystal ceils as display elements is described. The

15 application is not limited to the applied case, but the
application is possible to varioqs types of display devices
in each of which an anaiog buffer circuit is provided on the
‘same substrate as a display unit is provided, such as EL
display devices using EL (electroluminescence) elements as

20 display elements. |

Display devices as typified by the above—deScribed

_liquid crystal display devices according to the applied
cases are'suitablé for use as screen display units for small,
lightweight portable terminals.

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

i



53R, 53G and 53B. In each above-described applied case an examl e
application to a liquid crystal display device conposed NbVWFHEZQOerstaI
cells as display elenments is described. The 15 application is not limted
to the applied case, but the application is possible to various types of
di spl ay devices in each of which an analog buffer circuit is provided on
the sanme substrate as a display unit is provided, such as EL display

devi ces using EL (el ectrolum nescence) elenments as 2.0 display el enents.
Di splay devices as typified by the abot2-descri bed liquid crystal display
devi ces according to the applied cases are suitable for use as screen

di splay units for small, [lightweight portable termnals. 25 Fig. 35 is an
ext eri or stireetshewiofy aampoautabilree tefrntima 125 Nareneie s20@6 i ndzntsionyct ur e of
a portable termnal of the present invention, for exanple, a PDA. The PDA
in this deodizammlehas, PDdr. exanple, a folding structure in which a cover
62 is provided to a main device 5-unit 61 so as to be opened and cl osed.
On the top su?hacBDBflﬂhéhhalﬁMEedﬁmennnhas61foane@p$paeioa foldis3 havi ng
an arrangement of various keys, such as a keyboard, is disposed. Al so, on
the covePtEHCtirecideihdiclipRaFourit 664 iiss rdicypdesdto Asmehs sevées dlsplay

unit ?4, a |I%Uld crystal display
1 so as to be opened and closed. On the top surface

of the main device unit 61, an operation unit 63 having an
arrdngement of-varioﬁs keys, such aé a keyboard, is disposed.
Aléo, on the cover 62, a screen display unit 64 is disposed.
As the screen display unit 64, a liquid crystal display

10 device is used in which the above-described DA converting.
circuit according to the first; sedond, or third applied
case 1s 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,

15 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, provisiod of the
liquid crystal display device as the screen dispiay unit 64

20 can contribute to simplification in the entire structure,
enlargement in screen size, and increased resolution and
~image gquality, and reduced power consumptioﬁ of the screen
‘display unit 64 achieﬁes éxtension of a battery-powered
consecutive usable life.

- 25 _ Although the-application to the PDA has been here




10 device is used in which the above-described DA converting.. circuit
according to the first, second, or third applied case i2%7Peosmeredd%h t he
sanme substrate with the display unit. According to the liquid crystal
di spl ay devices according to the above applied cases, as described above,
15 integration with driver circuits is easily realized, and noreover,
enl arged screen size, increased resolution, and increased imge quality
can be achi eved, and al so power consupption can be reduced. Therefore,
provision of the |liquid crystal diSbI£§'Hevice as the screen display unit
64 20 can contribute to sinplification in the entire structure,
enl argenent in screen size, and increased resolution and inmage quality,
and reduckesquikerd censuneikaoplef, tihe Jdoedd cdiysphkay diBipl 264 daghiceves
extension of a battery-powered consecutive usable Iife. 25 Although the
appl i cat iien nog: tlHeniRBA Has dbeen aperld <27 cNewsnber: 2806ui4Gbldesori hed as an
exanple, the liquid crystal display device is not limted to this applied
case, butlin Fagiiovsbltetiesr ofsemaild ,vadiobty etigpés pofrteimdlel telringhntwei, ght
portable-term-nals,.particularly in cellular tel ephones. 5 As described
above, a®@drdiondardwt HE geddarder medsbhones.by performng source-follower
offset detection a plural nunber of separate tines, a final offset voltage -
can be suffitPefEFyrikadcebovandanrerdprectei bhe apFeeentapeeenhieon

by performing source-follower offset detection a plural

number of separate times, a final offset voltage can be
sufficiently reduced, and high precision offset cancellation

can be performed, thus realizing an analog buffer circuit

10 having very low offsets and reduced variation in output -

potential..



can be perfornmed, thus realizing an analog buffer circuit 10 having very

| ow of fsets and reduced variation in output potential. Z/NHNantebed02006 -
47 CLAIMS 1. An analog buffer circuit conprising: source-foll ower neans
for driving an output |oad; and offset-canceling neans for performng

of fset detection on said source-follgwer nmeans a plural nunber of separate
times and sequentially canceling the detected offsets, wherein said
source-foll ower neans includes a current source conprising: a first MOS
transi sCAAIMSI ch conmes into conduction/ nonconduction in accordance with
the polarity of a control signal; a second MOS transistor connected in
series to a MXS transistor as a source follower; and a third MOS

transi stor which is connected in series to said first MOS transistor and
whi ch canbi nes whhhogabdfseeondr¥ubt 2¢ohoyeabeg: 2006 48 transistor to
forma current-mrror circuit. 2. A display device conprising: a display
unit conposedodfrcpxehscackangedsi foad GRLViXg 80 autpapnspasentandsul ating
substrate; and a DA converting circuit which is provided on the

transparent bEsgbatcagcsubslr ateand t Rogaih disliayy UBEEsand detection

on sald source-follcower means a plural number of separate
times and sequentially canceling the detected offsets,
wherein said source-follower means includes a current source
comprising: a firsf MOS transistor which comes into

conduction/nonconduction in accordance with the polarity of

a_control signal; a second MOS transistor connected in ¢

series to a MOS transistor as a source follower; and a third
MOS transistor which is connected in series to said first

MOS8 transistor and which combines with said second MOS



whi ch supplies analog signals to data lines in said display wunit after
converting digital signals into the analog signals, 7 Wpyengher 4046
converting circuit includes an analog buffer circuit conprising:
source-foll ower nmeans for driving the data |lines; and offset-canceling
means for performng offset detection on said source-follower neans a
plural nunber of separate tinmes and sgquentially canceling the detected
of fsets, wherein: a liquid crystal display device conposed of the pixels,
which include liquid crystal cells, conprises nmeans for precharging the

dat a "EE&nQisPBPCBérEgrﬁoéeBuk?ént£@££§éP°@9k8@1E0 a gray-scale level in a

node of applying no voltage to liquid crystal; and said source-follower

means |chu§$akb€i§%eégg%gg ngb£9§§5 peans conprising an NMOS transi stor

and second SOur Ce- follomer means conprising a PMOS

t t f

323P§;Sf8[|o§2§l%§%gﬁs r%%%ﬁ%QQ%%§$%OF%O ceor ancéﬂﬂﬂ¥%?lﬁ%sggﬁ§?lty of the
prechar ge poLenhLal iy dhpRl Ao deybee comprishng: @ display unit

conposed of prxeé afrangéd 17nh a rix ~on a transparent insulating

SUbStratE; agd DA converting circuit which 1s 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 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,
wherein:

a ligquid crystal display device composed of the pixels,
which include 1liguid crystal cells, comprises means for
precharging the data lines at precharge potential
corresponding to a gray-scale level in a mode of applying no
voltage to liquid crystal; and

said source-follower means includes - first source-

follower_medns comprising an NMOS transistor and second



a DA converting circuit which is provided on the trans nt jn ting
substrate mﬁthgsaid di splay unit and which supplies ang?égv§?@ﬁ§pbgto dat a
lines in said display wunit after converting digital signals into the
anal og signals, wherein said DA converting circuit includes an anal og
buffer circuit conprising: source-foll ower means for driving the data _
lines; and offset-canceling means fof°performning offset detection on said
source-fol | ower_ neans a plural nunber of separate tines and sequentially
cancel i §§YRE dEdOMEd STt sCOMMRET Brh @aiPHO§At@@mﬁeﬂu§rg carrcbufalqis a
reference-voltage- selecting DA converting circuit including a reference
vol tage% % R ale e ‘?chtﬁ"fegl? ol*gBReradtd ngaédplﬁ?r%?lth ySQRr et &P bhewer

| t ' the number of gray-scale levels,,  and a reference
Vol tage SaT gt T Sat Buk1 val T CUrpTRPhg AL i cHebSbbFrage the
correspapdi-pg @ Pg@eggggﬁql di splay signal fromanong the reference
I's

vol t ages, and ornme y disposing said analog buffer circuit on the

out put si denofyisandy agygggnggmgghg?ggzselector. 27 Novenber 2006 49a 4.
a displa

A di spl ay device conpri sing: unit conposed of pixels arranged in

a matrix onaadilsp1sRanr@it i BsMbakeAd oFUlSIIALL: 5 ARG g PA; fonverti ng.
circuit which is provided on the

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

.8ignals,. . .

wherein said DA converting ciréuit 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,
wherein said DA converting circuit is a reference-voltage-
selecting DA converting circuit including a reference voltage
generating circuit for generating a plurality of reference
voltages corresponding to the number of gray-scale levels,
and a reference voltage selector for selectively outputting a
reference voltage corresponding to one digital display signal
from among the reference voltages, and is formed by disposing
said analog buffer circuit. on the output side bf said

reference voltage selector.




transparent insulating substrate with said display unit and which supplies
anal og signals to data lines in said display unit afté$7E@ﬁW3Pf%H§ digita
signals into the anal og signals, wherein said DA converting circuit

i ncludes an anal og buffer circuit conprising: source-foll ower neans for
driving the data lines; and offset-canceling neans for perform ng offset
detection on said source-foll ower-meaas-a plural nunber of separate tines
and sequentially canceling the detected of fsets, wherein said DA
converting circuit is a reference-voltage- selecting DA converting circuit
including a reference voltage generating circuit for generating a

pluralijy of 31 i 8L enes,; M0l LaQes: £og esponding to the nunber of gray-scale
| evel s, and a refeerence voltage selector for selectively outputting a

reference VOAtagnggg;%%Hc&ndéd}%s%cpnggbg&g% %@ﬁ@@ééiﬂ{'a{; k@A anng

the reference vo and 1s forned I Sposi ng d anal og bufter

“circuit ' ' s | 't ti ircuit.
SR R LSRN, Lol el rel erence ol age generting c eu
corposed of pxgls Sransehin & PRLLLX L0%CA, LignoBRren nsial g

transpag gl LsHl At L9, TYPSHE At 8T 6l SBLAY WA unit and

which supplies analog signals to data lines in said display
unit after converting digital signais 1into 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,
wherein said DA converting circuit is a reference-voltage-
selecting DA converting circuit including a reference voltage
generating circuit for generating a plurality of reference
voltages corresponding to the number of .gray-scale levels,
énd a reference wvoltage selector for selectively outputting a
reference voltage corresponding to one digital display signal
from among the reference vbltages, and is formed by disposing
said analog buffer 'circﬁit on. thé output side of said

reference voltage generating circuit.



whi ch supplies analog signals to data lines in said dis ni ter
converting digital signals into the analog signals, wh %E%ﬁmﬂg?éoﬁé

converting circuit includes an analog buffer circuit conprising:
source-foll ower nmeans for driving the data |ines; and _

of f set - cancel i ngneans for perform ng offset detection on said _
source-fol |l ower means a plural number>®f-separate times and sequential |y
cancel ing the detected offsets, wherein said DA converting circuit is a
swi t ched-capicPi8PLPA deshver ePmprebieait conprising a conbination of
switches and capacitors, and in an output stage of the sw tched capacitor
DA converting ErpRURY, Udditd eRrReebuf epieiedsuiariageal sposed matharei n
each cagacit r in_a DA conveiting portion: of said swtched capacitor DA
convertlﬂgacgfﬁﬂFPaﬁﬁﬂteéﬁﬁu 2hpagi FOPSthakai d®Bfal og buffer circuit are

d h 6. A displ devi] rising: a display unit
composed of i xats GPRYRGEAREh %Xa;sﬁﬁi:;ﬁﬁ@ﬁ Lrlénggggaﬁpepntsﬁnat g

b ; A . | I jt j i s, _provided on e,
SUDS 1 ot Eanapian DAICORVELLLND SLLAULL AN S TP R0 o Lher oo
2006 -whan whipeh isupRlinsanal ad &l opal st dﬂrgﬁgobmssg@dsmp%aip' ay

unit after converting digital signa Into the an

unit after converting digital signals into the analog
signals,

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

source-follower means for driving the data lines; and

on said source-follower means a plural number of separate
times and sequentially canceling the detected offsets,
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 «c¢ircuit, said analog buffer circuit is
disposed, wherein each capacitor in a DA converting portion
of said switched capacitor DA c¢onverting circuit and .each
‘capacitor in said analog buffer circuit are used as each
other.
6. 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 1is provided on the

transparent insulating substrate with said display unit and



signals, wherein said DA converting circuit includes an anal og buffer
circuit conprising: source-follower neans for driving thy detanter DE® and
of fset-cancel i ng neans for perform ng of fset detection on said
source-foll ower means a plural nunber of separate tinmes and sequentially
canceling the detected offsets, whergi;n_said DA converting circuit is a
ref erence-vol tage- sel ecting/ sw tched-capacitor DA converting circuit

i ncludin a---reference voltage---generating circuit for generating a

pl ural i Wrigh reefarldese amltagesigor fespondiaig tbindre hunberd ofisgrlay- scal e
| evel s, a reference voltage selector for selectively outputting, from
anong t H81lfef &fdfde VAT EGELNY t vibl Gilf Bk entigee EF enéBt Vol thGes analog

n

correspondiggﬁto upper bits of the digital display signals, and a sw tched

capaci t 89 cuit for outputting the anal og display signals which

dto,l bi t. the digital displ i gnal d__whi
gener ated by TIEPRGP 1 ho o) SRECHTE T aTer BACECL bol Cgee Col BRI G Al ki d

ref eren t e . .said DA converting circuit is formed by
disposi%éfégkdggﬁgﬁgg 8%ﬁé¥%$ﬂg fcuit in an output stage.of said swtched

capacitor CifGHEL-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,
wherein said DA converting circuit is a reference-voltage-

selecting/ switched-capacitor DA converting circuit including

—.a...reference .. voltage. ..generating. circuit for . generating -a- o

'plurality of reference voltages corresponding to the number
of gray-scale levels, a reference voltage selector for
selectively outputting, from among the reference voltages,
two adjacent reference voltages corresponding to upper bits
of the digital display signals, and a switched capacitor
circuit for outputting the analog display signals which
correspond to lower bits of the digital display signals and
which are generated by using the two adjacent reference
voltages selected by said reference voltage selector, and
sald DA converting circuit is formed by disposing said analog
buffer circuit in an output stage of said switched capacitor

clrcuit.



