; NOPQe3e# # 4d0.6dT- 1 DESCRIPTION  ANALOG BUFFER Cl RCU T, DI SPLAY

DEVI CE, AND PORTABLE TERM NAL 5 Technical Field The present invention
relates to analog buffer circuits, 10 15 20 25 di splay devices, and
portable termnals, and in particular, to an anal og buffer circuit formed

by thin filmtransistors (TFTs) on an insulating substrate, i

devi ce using the analog buffer circuit as a peripheral drivmm WWWMQMWMLor
a display unit, and a portable terminal provided with the disp ag as
a screen display unit. Background Art 1n-the field of flat-panel™¥%splay

devices as typified by liquid crystal display devices and EL

(el ectrolum nescence) display devices, in recent years, in orﬂwmmmwmmmHNWVe
panel frane narrowness and reducqﬂﬁﬁﬂgﬁk%&ﬂtckness, a so-cal
driver-integrated display device 1ds € vel oped in which, on ‘CH&2sane
transparent substrate with a display unit conposed of pixels arranged in a
matrix, a peripheral driving circuit for driving the display unit is

provi dechitA G s Sk 2 Ao OF M p RACRY THEP1EE ¢ MISbatrREXE! chi@fpAst ors in
liquid crystal display devices and EL display devices, regarding nounting
of the driving circuit

5 Technical Field
The present 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 portable 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 achieve panel frame narrowness and reduced panel
thickness, a so-called driver-integrated display device has

20 been developed in which, on the same transparent substrate
with a display unit composed of pixels arranged in a matrix,
a peripheral driving circuit for driving the display unit is
provided in an integrated form. Since TFTs are used as
pixel transistors in liquid crystal display devices and EL

25 display devices, regarding mounting of the driving circuit



- 2 on the transparent substrate, the driving circuit is also formed by
TFTs. As the peripheral driving circuit for the display device, an anal og
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 insulating substrate is considered. In TFTs, the absolute val ue of
threshold value Vth is large and its variation is greatly large. Also, it
is known that, when TFTs are fornmed 10 on an insulating substrate such as a
gl ass substrate, the el enent characteri stics of the TFTs are worse than
those in the case of TFTs forned on a silicon substrate. As described
above, since the absolute value of threshold value Vth of the TFT is |arge
and its variation is greatly large, 15 when TFTs are used to form an anal og
buf fer &A% ddig PRIRELSTEuISHY Hgr Eefst iR STIRRE Ghec e ptt 2¥F%ets of the
anal og buffer circuit and their variations increase. It is assuned that a
pluralit Weqﬁ@’# g buffer circuit be arranged for, for exanple, an
out put unit Qqf 20 _dat.a.driver, (.hari zontal .driver) .in driver-integrated
di spl ay devi 3s gcgea?etr&pél&rrraésp% IS Far S neSY sﬁhgena%ﬁlﬁﬁ]r‘?é’s) in the
di spl ay [ | e.variations in.t I t out put
d(‘)%u:t%ee, réﬁ era];ﬁ%uf@élg Cl!taél.lllaé on u%@d :ﬂ? r'{ﬁ]&)pﬂtcgg S :;'EJIS

of fsets anal og fer circuit cause alarge o -potential error
in egch giqyLui ; Lo I Sy T i al [ nt i al
di fference -EOB * et m%en C(k)l? uln‘giég%kga%;ﬁ%%]{sWay%%%C 21}1% ?%%iés%l ayed as

a vertioadi i} rimes o S CERen ARGl ALY c{ hi§: @r et Ly deteriorates
display quality (uniformty). Also, 1n the case of using TFTs to form an

anal og &r@dﬁﬂir{?)%@d‘sﬂﬁ%@ afd Neprsdedr&d &, fn | P pe, abgol beovatae of TFT
threshol d value Vth causes | arge power consunption because a high

power - supllve o tagee sl @ Jarge Ve | 1Y TAFFEMndr Be s egi { £didQrigi rcuit
driving. Accordingly, this is a disadvantage in reduci ng power consunption
of the Ifreltsipt avaxteyi canlsd t hotighs akitsvivetha v egliat etFToOndrguf atmed i S
established. In view of the above problens, the present invention is nade
andlén o) eot irnmrleofing duwbprioviaesarh anal @ggbas$ esulcstcate, | thahi ch, even
if the analog buffer circuit is 15 fornmed by TFTs on an insulating

subst r atelenenthasharad e yputcamlf otheUIFD$ fsee swanse | san pblese in
consunption, a display device in which the analog buffer circuit is used as
a peri phralcans ihglkl s ciermedronm ali splbgomunsebstpata- poksabl e termi nal

provided with the display device as a 20 screen disglag unit.
described above, “since the absolute value of threshold value

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 for, for example, 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 case, 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-potential error is a potential difference



Di scl osure of Invention An analog buffer circuit of the present invention
has a configuration conprising a source-follower neans which 25 drives an
out put | oad, and an of fset-cancel i ng nmeans which - 4 perfornms offset
detection in the source-follower nmeans a plural nunber of separate tines
and which sequentially cancels the detected offsets. This anal og buffer
circuit is used, in a display device forned including a DA converting 5
circuit which supplies analog display signals to data lines in a display
unit after converting digital display signals into the anal og display
signals and which is provided on the sane transparent insulating substrate,
with the display unit, for exanple, for an output unit in the DA converting
circuit. 10 Al so, di spl ay device which jncludes, a DA converting circuit
Using { REGHEFREBHITRT of rHif (0T IbVie, A0S S5 CLPERERI &5 Ui ¢ of a
portabl e terniqgl Qs.tgpifi%? q¥ a PDA (Personal Digital Assistants) or a
cel | ul ar’$etephonet H® 0Por Pabt F ¢ m riaFCP MY thr ant bha¥ P bt fer 15
circuit vin bove configuratio a_di spl device using part of a DA
converti#%%%f?%%???gdgl?%ggﬁi%%?%@t%eC?%%f%gngtg%reen display unit is

provi ded, by or.m of t i i S follo a plural
nunber of segg%ic{’e J{HI %se, Cfcﬁisteeecotdflegﬁscig‘lfgoglﬁ:‘#ngﬁo o] rgrgtanvo%l}a\z;%o;gis per f or med

muchs20 ¢l peele (0 e PRSEALEDG, POLL col @, T el QUT AL o iRde Gormpar ed wi th

detection of a first offset voltage. Accordingly, “since the final offset
voltage 46 VEfYt&rOSKo1Q %QPué'\?‘i%'&’a@@é@ci&??g‘;l{zéﬁérV@&ﬁ@@rﬁpé‘ﬂ@n bot h

substantially cancel each other, the final o voltage I1s sufficiently

25 reducgdeause & hﬁﬁlﬁeﬁ)oxﬁgﬁcéﬁﬁ;}fﬂv@it&@@ AH@vh ngsrfbgiqlihg a circuit
di agram showi ng an exanple of an N type-buffer analog buffer circuit
accor di nguteert farst ré&qgeibedi Fent cDfclihe @resend. | NNesbr@mgEy 9. tRissS a
timng chart serving to illustrate the
is a disadvantage in reducing power consumption of the
10 display device, although a driver-integrated configuration
is established.

In view of the above problems, the present invention is
made and an object thereof is to provide an analog buffer
circuit in which, even if the analog buffer circuit is

15 formed by TFTs on an insulating substrate, it has small
input and output offsets and less power consumption, a
display device in which the analog buffer circuit is used as
a peripheral driving circuit for a display unit, and a

portable terminal provided with the display device as a

20 screen display unit.

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

25 drives an output load, and an offset-canceling means which



operation of the N-type-buffer analog buffer circuit according to the first
enbodi nent. Fig. 3 is a circuit diagramshow ng an exanple of a P 10

type- buffer anal og buffer circuit according to the first enbodi nent of the
present invention. Fig. 4 is atimng chart serving to illustrate the
operation of the P-type-buffer analog buffer circuit. Fig. 5is a circuit
di agram showi ng an anal og buffer 15 circuit show ng an anal og buffer
circuit according to an application of the first enbodinent. Fig. 6 is a

timng chart serving to illustrate the aoperation 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 RS (32)39 19 Ust i thg-the® Bt Dt e ad" 9ty fe sour ce
ol overe e il 0% PULS1 0T G0 25, PSRN, 0,118 anpl cati op of
Operati(ggﬁgels the detected offsets. This analog buffer circuit is
used, in a display device formed including a DA converting
5 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.
10 Also, a display device which includes a DA converting
circuit using the analog buffer circuit is provided as a
screen display unit of a portable terminal as typified by a
PDA (Personal Digital Assistants) or a cellular telephone.
In a portable terminal in which an analog buffer
15 circuit having the above configuration, a display device
using part of a DA converting circuit, or the display device
as a screen display unit is provided, by performing offset
detection in a source follower a plural number of separate
times, detection of a final offset voltage is performed much
20 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
the finally detected offset voltage and both substantially
cancel each other, the final offset voltage is sufficiently

25 reduced.



an N-type source follower in the analog buffer circuit according to the
application of the first enbodinent. 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 enbodinent. Fig. 11 is a diagram
(#1) illustrating the operation of a P-type source follower in the anal og
buffer circuit according to the application of the first enbodinent. 10
Fig. 12 is a diagram (#2) illustrating the operation of a P-type source
follower in the anal og buffer circuit saccording to the application of the
first enbodinment. Fig. 13 is a diagram (#3) illustrating the operation of a
P-type source follower in the analog buffer circuit 15 according to the
application of the first enbodinment. Fig. 14 is a diagram (#4) illustrating
t he operation of a P-type source follower in the analog buffer circuit
accordi to pllcatlo okhethe first enbodinent. Fig. 15 is a circuit
di agr am fehe Jraim%ht source for an N-type source
fol | owner. 6 |s a CII‘CUIt d| ram sh ng an _exanpl curyent
source for a ﬁgt ype *Solr && 5t grl‘?l”b i’f?‘ %sg éirbler’i?lﬂtﬁq'ed'o ‘\ghow ng
an examaf%e—b&¥k£%t§g§aoéﬁ §eé regf) ui €f§%C£}éfﬁgtt§CCOflrs@ to a second
5 embodiment of the present invention.
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 analog buffer
15 circuit showing an analog buffer circuit according to an
application of the first embodiment.
Fig. 6 1s a timing chart serving to illustrate the
operation of an analog buffer circuit according to an
application of the first embodiment.
20 Fig. 7 1s 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 1s 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 embodiment.



25 enbodi nent of the present invention. Fig. 18 is a timng chart
serving to illustrate the operation of the N-type-buffer anal og buffer
circuit according to the second enbodinent. 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 anal og buffer circuit
according to the application of the second enbodinent. 10 Fig. 21 is a
diagram (#3) illustrating the N-type sgource follower in an anal og buffer
circuit according to the application of the second enbodinent. Fig. 22 is a
diagram (#3) illustrating the N-type source follower in an anal og buffer

circuit according tQ the 15 applicatiqgn _of the second enbodinent. Fig. 23
is a dlagranFGQB) HSuét A4ET%G™ H 3N—P§ﬁ€5§6@F6€gf5m@bﬂ@P et 1on Qﬁélog

buffer circuit accord he appli i on of the_ second enbodlnent Fi g.
24 15 a2 P SRR SO e ar bl S oro® ot ehr it

according to the application of the first embodiment.
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 embodiment.
Fig. 11 is a diagram (#1) illustrating the operétion of
a P-type source follower in the analog buffer circuit
according to the application of the first embodiment.

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

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

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 circuit
according to the application of the first embodiment.

Fig. 15 is a circuit diagram 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 source follower.

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

25 embodiment of the present invention.



20 type-buffer analog buffer circuit according to the second enbodi nent of
the present invention. Fig. 25 is a circuit diagramshow ng an exanpl e of
an anal og buffer circuit according to an application of the second

enbodi ment. 25 Fig. 26 is a block diagram showi ng an exanple of a _ g
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 showi ng an exanple of a
reference-vol tage-sel ecting DA convertjing circuit according to a first
applied case of the present invention. Fig. 29 is a circuit diagram show ng
an exanple of a reference voltage selector. 10 Fig. 30 is a bl ock diagram

showi ng an exanpl e of a reference-vol tage-sel ecting DA converting circuit
accor di ng t o Fd%eddnd SappltiiBdrdasbast ke Vingsem liir%)’egrﬁrladir‘?. they. 31 is a

| ock di agr am show n exanple of a switched capacitor DA convertin
(lgi ?gui'([j g %%%},SCHS q%gglae N—tyrg)e—ebuffer analog bu]‘?Per circuf\t g

according to the second embodiment.
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 embodiment.

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

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

20 type-buffer analog buffer circuit according to the second
embodiment of the present invention.

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

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



15 third applied case of the present invention. Fig. 32 is a circuit
di agram showi ng a specific exanple of the internal structure of the
swi t ched capacitor DA converting circuit according to the third applied
case. Fig. 33 is atimng chart serving to illustrate the 20 operation of
the switched capacitor DA converting circuit according to the third applied
case. Fig. 34 is a block diagram showi ng an exanple of a
ref erence-vol t age-sel ecting D) C converting circuit according to the third
applied case of the present inventian.g 25 Fig. 35 is an exterior view
showi ng an outline of the g _ structure of a PDA of the present
i nvention. Best Mdde for Carrying Qut the Invention Enbodi nents of the

i nvention are described in 5 detai] with reference to the draw ngs.

FL?fg?téh%&ﬁ?ﬁ%ﬂﬁeQ5ifeq_%%9%94&??Xﬁ?a%ﬁ%&ﬁQﬂﬁ¥ﬂﬁﬁM%ﬁFeﬂﬁé?&%ple of an N

type-buffer analog buffer circuit according to a first enbodi nent of the

present BIREHY o VSR X°™N- t ype- buf fer 10 anal og buffer circuit includes an

NMOS transis%q@.agqif% a circuit diagram showing an example of the
structure of a pixel in a display unit.

5 Fig. 28 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 a 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 chart serving to illustrate the

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

Fig. 34 is a block diagram showing an example of a
reference-voltage-selecting D/C converting circuit according

to the third applied case of the present invention.

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



used when out put-signal potential is relatively high, specifically when it
is higher than particular fixed potential PSIG which is described |ater.
In Fig. 1, between a first power supply (e.g., a 15 positive power supply
VDD) and a second power supply (e. g., a negative power supply VSS), a
source-foll ower NMOS transistor nl and a current source Inl are connected
in series. Aswitch Snl is connected between a circuit input termnal | Nnl
and the NMOS transistor Qnl. A switch Sn2 and 20 a switch Sn3 are connected
in series between the circuit input termnal INnl and the NMOS transi stor
Ol, and a switch Sn4 and a switch Sn5 are al so connected in series. A
capacitor Cnl is connected between the gate (the output end of the switch
Snl) of the NMOS transistor Qnl and 25 the output end (the input end of the
switch SHBuGfuihet a B &fyitheh mifsent capaitit™ Cn2 i s connect ed between
the gate of the NMOS transistor Onl and the output end (the input end of
the switch Sn3) of the switch Sn2. The five switches Snl to Sn5 and the two
capacitars Cnl Cn2_ constitute agéeS of f set - cancel i ng means which

nd ]
per f or ne ot § sb@g%eft%rctq%%rw(% LHure 1B OWer®t t he NMOS transi stor Qnl)

two separate_tines and which.sequentiall,y cancels the detected aqffsets. A
switch sné i &8 (et %Iﬁéeﬂ%[ﬁ%[vreé&ﬁoﬁ & eQﬁi(ljesé:r‘F&tbfdcichui t

out put t rm'.nfll C%{Fn} The Cci r,&gji thou ut. 1OSterm' nal OQUTnl (the output end
of tRe sWreh Sib co%%ee%‘?% T orong et D12 %wi t ch sn7. The other end of

the switch Snz.i s%ﬁli i,.t.-h low 1 evel (hereinafter referred to as "L"
| evel ) fi xedqﬁﬁ%ﬁi a O%%Mécs] out put -l oad precharge potential. 15 Next, a

circuit operatjipon ;0f; & he Ntypa RUf S Bradndl Q8 VTSl Sl to acgondi ng to
the first errbol I msntl,S \%ni ch has t gg%ove confnitb;ur atei on,pcli S Odescri bed by

using the,dd Mg Chaldaldy FbPrrdr BBSECRE] YocdPiSngned og butder circuit
perforns outputting by sequentially performng the follow ng
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 than particular fixed
potential PSIG, which is described later.
In Fig. 1, between a first power supply (e.g., a
15 positive power supply VDD) and a second power supply (e.g.,
a negative power supply VSS), a source-follower NMOS
transistor QOnl and a current source Inl are connected in
series. A switch Snl is connected between a circuit input
terminal INnl and the NMOS transistor Onl. A switch Sn2 and
20 a switch Sn3 are connected in series between the circuit
input terminal INnl and the NMOS transistor Qnl, and a
switch Sn4 and a switch Sn5 are also connected in series.
A capacitor Cnl is connected between the gate (the

output end of the switch Snl) of the NMOS transistor Qnl and

25 the output end (the input end of the switch Sn5) of the



20 four operations to conplete 1l-cycle operation. At first, in a period A
the swwtch Sn7 is in conduction, and the fixed potential PSIG starts to
precharge the output |load. Also, the switches Snl, Sn3, and Sn5 are in
conduction, and a signal Vinis input to the gate of the 25 NMOS transi stor
Ml , thus connecting the two capacitors Cnl - 11 and Cn2 across the gate
and source of the NMOS transistor nl. This stores the gate-source voltage
(VosA) of the NMOS transistor Qnl in the capacitors Cnl and Cn2. Next, in a
period B, the switches Snl and Sn5 argyin 5 nonconduction, and the switch
Sn4 is in conduction. Then, the input signal Vin is supplied to the other
el ectrode of the left capacitor Cnl. Thus, the gate voltage of the NMOS
transi stor nl changes dependi ng on the voltage stored in the capacitor

Cnl . Al $¥itdhe Sstlher Ao SFRAAIGOTTERS difai TRPRT Y Retotfedtidl Eerss t he
gate and source_of the NMOS transi stor tgﬂ' At this tine, the gate-source
vol t age qfvdds) NMOStigaed istahEtaiitd tidie GREPUYHERA t H & oHREF Vil age i s
approximately Vin+t (VosA - VosB). Next, in a period C the swtches Sn3 and
sn4 are 9% FEREEHA R ot dite (HE S (0 Sn2PHSs GV S sHEUCE . °rhi s
inputs the signal,Viin to the other electrode. o he right capacitor Cn2,
and t he té’atszl%&néjnt g War?@é’sacd]etpoeﬁfdicﬁbl i hééq%/o(ﬁrésg%htslf%? etf'in the

capagi tor . Let the gatesourge wvolt. t hi ' e . MosC, e source
Vol t Sge LI -siiesn el A PR A%ty [T Bttt O B he
switch s, i qnﬂH_ct' t ' i S g]%?&p ' Thi s
connects%bt fec'se"ouft%plﬁlt oadE%t e so%%%%f%v%}rzl)oﬁtt%&ut t%ﬁéjm&

transi stofy Qﬂicrﬁ%é&?éneﬂm%m%&%céfﬁ tage detedMsBregosl) 25 is output

to the load. The operation in the period D can be - 12 perforned so as

to overlap wnt RytiRah ishet Ng RNNREted RBWdeh Re@d WMo tddhdihaAbove
operations, an inportant point is that, by perform ng offset detection on

the sourggl fald anedi dediiThait Sy ©f t SaPaiat Ot THES, T ceitduibi suespedi ment,
the detection of the offset voltage VosB the second tinme is performed nmuch
cl oger tiemiiIercaiTon pthétowtpwt fémdl o Dutipeit swDeleh t dvad) t bendetest i on of
the offset voltage VosA the first tinme. This causes the offset voltage VosC
to be vety arieosend oot he b tofH st 7 vol Tiageo MosB, eratido £ hehé | stal t off f S
vol tage (VosB VosC) is sufficiently small. In other words, very high
preci si drs ofimyetiehnceth atownlesehchhevethafpenddéf¢oned whenas heLSour ce
follower is in a basic formconposed of an NMOS transistor, input and
out put 1R ¥)sefisxddbrratrnigha-BOHUF ces vol tRige \ead apr ¢ ¢lea RS
potential.
15 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 four operations to complete l-cycle operation.
At first, in a period A, the switch Sn7 is in
conduction, and the fixed potential PSIG starts to precharge
the output load. Also, the switches Snl, Sn3, and Sn5 are

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

25 NMOS transistor Qnl, thus connecting the two capacitors Cnl



transi stor are generated. Also, in the case of offset cancellation in which
of fset detection on the source follower is perforned once, an offset
detecting node and a final output node have different NMOS-transi stor
operation 20 points. The gate voltage to the drain voltage accordingly
differs between the offset detecting node and the final output node. Thus,
the of fset cannot be conpletely canceled, so that the input and out put
offsets are still generated although an effect of offset cancellation is
obtained, to 25 some extent, conparedpith the basic form - 13
Conversely, in the N-type-buffer analog buffer circuit according to the
first enbodi nent, by enploying a configuration in which source-follower

of fset detection is performed two separate tinmes, a final offset voltage
can be BRsLfdNZiease rducadamhrhisgirpredsite Mttt it i on can be
perfornmed. Thus, an analog buffer circuit having very |ow offsets and
reduced Qpdri atirord i%?%ﬁsp&hepcﬁaéiﬂ‘i%uq%e redt i, (VR ¢t dete iNGror e
enhanced when there is a large difference in offset_ voltage caused by a

di f f er erfd@™0 1.2 4 g} 1l é%?é?f“?’r?:q}‘rsaiqmsdatﬂiec%1 tage Vds) in operation
ocording toNEREs b GAPREIPA S sBtus KT aTd: AR S5 %P5, e by usi ng
(ot o3 AR e orhes N S S ks ot TP T e Er e ¢ 1 o

on whi crens i SRl Aol S ARG B TALE SHEDY S 8 0L S D wever
it is clgar, dgomdhe ahgve gdescripid Og«-[rpé ddice 2o PRI LNy Mo e

present invention I's not limted to application to circuits formed by TFTs

or to CifdidSsdF heh %@@_J&J&lﬁhé nsull @dd Ngb SLlsd r ot ©8eq bk enabl es
hi ghpreci sion offset cancelTation even 1n the case of other circuits. 25

Fig. 3 itha ddpdaidodi@ar amshen ngh@nexemd£oadi o cn2 ddmatypecdbuf fer
anal og buffer circuit according to the first enbodi ment of the present

inveoti ae ddtendttapesdndd ertiodaloege dd esogiccubt tielmdes a PMOS
transistor and is used when output-signal potential is relatively |ow,

speci fi catdrys tstdrerpnl. | At ovetrs thiame | hehpagdteusatirfé xedl vaggéage PSIG In
Fig. 3, a current source Ipl and a P-type-buffer anal og buffer circuit Qpl
as a soutssBolinwetormed Tontect@mbaal ser i @s2 bet eem, atipeweousappl y VDD and
a power supply VSS. A switch Spl is connected between a circuit input

t er m nalvdlbtadgplisampbriexipatef Vhet PMOSSArangesBbr ol . Between the

Next, in a period C, the switches Sn3 and Sn4 are in
15 nonconduction, and the switch Sn2 is in conduction. This
inputé the signal Vin to the other electrode of the right
capacitor Cn2, and the gate potential changes depending on
the voltage stored in the capacitor Cn2. Let the gate-
source voltage at this time be VosC, the source voltage is
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 to the source-follower output of the NMOS
transistor Qnl, so that the source voltage n + (VosB - VosC)

25 1is output to the load. The operation in the period D can be



circuit input termnal INpl and the source of the PMOS transistor Ql, a
swtch 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 l and
the output end (the input end of the switch Sp5) of the switch Sp4. A
capacitor Cp2 is connected between the gate of the PMOS transistor Ql and
the output end (the input end 20 of the switch Sp3) of the switch Sp2. The
five switches Spl to Sp5 and the two g@pacitors Cpl and Cp2 constitute an
of fset-cancel i ng nmeans which perforns of fset detection on a source foll ower
(the PMOS transistor Ql) two separate tinmes and sequentially cancels the
detected offsets. 25 A switch Sp6 is connected between the source of the

- 15 PMES fomed storaQie @krlan mediht hatpun ttdyarnpsniadUpl£rome circuit
output term nal OUTpl (the output end of a switch Sp6) connects to one end
of a swiltlth BPARTHRI ot her end of the switch Sp7 is supplied with

hi gh-1evel 5 &Qereinafter referred to as "H' Ievel% fixed po%g&;i | PSIG as
out put - | oad Predtisr GEYEt CREFAEIONS t RE PIRCFEAHNT P Manaifod Bt f & circuit
havi ng the above configuration, the switches Spl t p7 and the .capacitors
Col | and RSP PEURL (T4 HISF G FRSHARTE o 11 SRR (A 3 BB ¢ he
capacitors Cnl_and Cn2 in the above-descrihed,.N-type-huffer anal og buffer
circdit ?éeseeqﬁrga.tel) A0EH HE B2 (Yhet bt 1B Oadnlétfeo%@’bu?qfeer&%%er%%]i rgi s
identical.t he pe-huf f er I bu ircuif, i ! I ation.
Its ti monfg %h%r?f%%sé%h‘g%byﬁ%e ﬁf%‘“’@f’%?%ﬁ% gl{‘lnng(%yl,s i%f%g%%t[ﬁga to the

N-type- buf &L, fa&g!ér)fgt ré)%l{diicfrﬂé [%&irg; E1N oaoefﬁﬁaprbtg%@ Sl 30eSy the

(Application o Ig. S5isacir I agram show ng an

exanpl e @i+ &b A0l O WM TSf r LA QP T AFCAFMAGHO - SAPPLikAL T Ofnpd the 20
first enbodi nent. Accordingly, equivalent portions in Fig. 1 and Fig. 3 are

denot ed dyuddenthead s el erancendeMesat Sto e therypnal §ge bid feie circui t _
according to this application, in order to performoutput |oad precharge in

an abt erdd 4 61gClis T €ddie MBEYER) , ared Cond | BAHAL | ORf $ datvabesgdotVosm N-type 25
buf fer analog buffer circuit and a P-type-buffer anal og
VosC) is sufficiently small. In other words, very high
precision offset cancellation is achieved.
In addition, when the source follower is in a basic
form 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 detection on the source
follower is performed once, an offset detecting 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.



- 16 buffer circuit is enployed. Specifically, in Fig. 5 between a
circuit input termnal INL and a circuit output termnal OUT1, an

N-t ypebuffer anal og buffer circuit (hereinafter referred to as an 5 N-type
source follower NSF) as shown in Fig. 1 and a P-type buffer anal og buffer
circuit (hereinafter referred to as a P-type source foll ower PSF) as shown
in Fig. 3 are connected in parallel. Also, the circuit output termnal OUT1
(the out put ends of switches Sn6 and Sp6) connects to one end of 10 a
switch S7 (corresponding to switches $g7_and Sp7). The other end of the
switch S7 is supplied wth alternatingcurrent potential CS as output-| oad
precharge potential. Next, circuit operations of the above-configuration
anal og buffer circuit accor di ng to the application are 15 described with
reference toCtOF?éfetrStﬁlﬁg dRarthe Ay -BHU afs idRg Lioe Dygdeat i cult
illustrations in Fig to 14. In the timng chart in Fig. 6, froma period
OAto aaﬁ%-?rcf%ﬂj“@ tci h‘éhef\l-ﬁlyrp%t SRR F oy N GELRELF ve, while the
P-type source fol

| ower, PSE js not acti eriod EA 20 to a
er 6 EBM IR e SoUPESH GTE P PSRt AP WA TR N ype
sour ce fpol I V\%@A\I%F i S not ag%;/vieme Act | vgnesis/ ngpag,%:ﬁ/ e(_:(ls;qs]ef /C)‘%;@(:%nee tsgur ce

fol | ower i 9’ eWH e usﬁg H Conttol s
t I t 1 trol
SPondh AESEEPLGARy U i Tl L R TP M R
h It t tenti al
o e e b ﬁ%%ses**?%@ et h e A R R R S0t Ve,
is at " L\}e]_lfvﬂwM@fg@wcmg@e@@é@@w@h&&éﬁ 8 obfpheVsbredPthrauses the

5 P-type source follower PSF to be active. SpeC|f|c CI rcurt operations are
as foll ows:rdd1£3481, 714 her PeEt ofs Kord NenraRd &9 Phdd enéiscuitahas a

connecting state as shown in Fig. 7. Specifically, the switches Snl, Sn3,
Sn5, andiSfge aditherdhdy Pen SOEF €€t voltage caused by a difference
10 (e.g., a difference in drain-source voltage Vds) in
operation point of the NMOS transistor Qnl.
Therefore, the analog buffer circuilt according to this
embodiment is useful when the circuit is formed by using
TFTs in each 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 characteristic of each TFT easily deteriorates.
However, it is clear, from the above description of the
20 operation, that the present invention is not limited to
application to circuits formed by TFTs or to circuits formed
by using TFTs on insulating substrates, but enables high-
precision offset cancellation even in the case of other

circuits.

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



10 follower are in conduction (closed), and its switches Sn2, Sn4, and Sn6
are in nonconduction (open). Then, all the switches of the P-type source
foll ower PSF are in nonconduction, and this state continues up to the
period OD. In this state, the output |oad starts to be precharged 15 at the
CS potential, which is at "H' level, and the precharging continues to the
period OD. Also, a signal Vinis input to the gate of an NMOS transi stor
I, whereby two capacitors Cnl and Cn2 are connected across the gate and
source of the NMOS transistor Qnl. Thig stores the gate 20 source voltage
(VosnA) in this state of the NMOS transistor nl in the capacitors Cnl and
Cn2. Next, in the period OB, the analog buffer circuit has a connecting
state as, shown in Fig. 8. ecifically,,switches, Snl _and Snb5. in the Ntype
Sour ce (OGN RRF 31210 BE HOhCOMAILLE G CorRAs st  OHE SAETs | 1
conduction. JThen. an. .- 18 input.signal Vin is supplied to the other

el ect rod%mq?)?gjtrﬁ%mf o1t pRITTT on I?V%?lﬁls?nt herhb%t% &??%@%P%?rt he NMOS
transi st ]9?ﬁp S [ e vg| in e c citor

Cnl. A s%,{a%% 0 e&c%%g@?{%r%gy?ésgs i]ﬂféﬂ?g‘?%%%%{c%%r a%é%s}sst %e%ate and
sour ce Ofndiey N Lo agiel 81,05+ Qi sa BN LhEy fal 3 BOUL S8 V. - ) at
this time is stored iﬂgﬁhe %aﬁ%ﬁ%%%r C%Z. e s%ﬁfce Vb|§%%€9?hé%§?E state

i's aBprQWEQ@F§EYi§ﬁIbdéf\@ﬁfh‘tﬂ@sﬁartfgﬁiariﬁii@@_@@I{Q&ecgéIéhe anal og

buffer circuit has a 10 connecting state as shown in Fig: 9. Specifically,

the sw tches gnFiqnd 35n4 idudhe dNdoasapcadld ey NS af & n _
nonconduction, and the switch Sn2 is in conduction. Thi's inputs the signal

Vin to thwanidasustectéDeeudt QPE 44 ghtssapasi tO11602r and tHengatea
potential changes in accordance 15 with the voltage stored in the capacitor

Cn2. Letin heegbdeSoeitween 0l tp@ee t Nstihh By SYBID eah@ ¥os&wet heuspuy cessol t age
is approximately n + (VosB - VosC). Finally, in the period OD, the anal og
buf fer cArswitcha$ph tonrerheagedtlad ewasn showhrcwi €i gnpdd. tSpetnéical ly, 20
the switch Sné in the N-type source follower NSF is in conduction, and the
swi 18€h SNpL and none opritet ¢ HnthahPMOg obhners Ssthe @pt put Bébaden othde source
fol |l ower output (source) of the NMOS transistor Qnl, and outputs the source
vol t age SAFCWH  VoriBit teecinab INel | @ad. the source of the PMOS

transistor Qpl, a switch Sp2 and a switch Sp3 are connected
in series, and a switch Sp4 and a switch Sp5 are connected
in series.

15 A capacitor Cpl is connected between the gate (the
output end of a switch Spl) of the PMOS transistor Qpl and
the output end (the input end of the switch Sp5) of the
switch Sp4. A capacitor Cp2 1s connected between the gate
of the PMOS transistor Qpl and the output end (the input end

20 of the switch Sp3) of the switch Sp2. The five switches Spl
to Sp5 and the two capacitors Cpl and Cp2 constitute an
offset-canceling means which performs offset detection on a
source follower (the PMOS transistor Qpl) two separate times
and sequentially cancels the detected offsets.

25 A switch Sp6 is connected between the source of the



25 Here, the operation point of the NMOS transistor Ql in - 19 the

out put node and the operation point of the NMOS transistor Qnl when a final
offset is detected are very close to each other. Thus, VosB - VosC is very
smal |, thus realizing low offsets. 5 In periods EA, EB, EC, and ED, the
output load is precharged at the CS potential corresponding to "H' |evel,
and the P-type source follower PSF operates identically to the N-type
source follower NSF to output a signal. Since circuit operations are
simlar, their descriptionis omtted510 Fig. 11 to Fig. 14 are
illustrations of operations in the periods EA to ED. As descri bed above, by
using, in conbination, the precharge circuit (the swtch S7) and the N-type
source follower NSF and the P-type source follower PSF, whose 15 voltages
and conrfd®ds e ndris ot 18 e GccBtdarfteE Rt Ramei ot QUERL of the

out put vol tage, the output |oad can be precharged to preferable potential
("H' | evidld 92T quee | OU ISy d§iFHdI g QT R hel it S4B bferheP ot put vol t age.
As the current souyrce Inl of the N-type source follower 20 NSF and the

cur rent RUEE SR GPNIRET. (SRR ToI3 Tt BERP A { rHHSI RERRE uni t s

conposed. 0 i.hgl e . ransi stor -and.a si.ngle P transi stor are used
'eno{ yoéf }Ihseg,svbw\é%' ér?gﬁis[ ratd lsJ’teoO} Wlﬁ}f gﬂla%h i

respective y usi un s %Xﬁ%l n Fig. 15 and
Fig. =16, . at.i ' i.s. redu t.hus. [ e igns 25 in
of fs3i VOl adr AT da 1y "B ftbe M BRI RO OB e en T
Fig. 15 € pe; source follower NSF. In Fig. 15,
a PMOS t%%ncg}%%{r quﬁf%%q‘a%%%ga%g@st or Il are connected in series
between a power +aPRLY WDIANG 3 ROWAI S WRRIAL VeSr Al ¢ lri'avidgvﬁqie contr ol
signal Ncont is suppliéd to the gate of" the PMOS transi stor I'1. The NMOS

transi staioudl dod Wity Haldh ancha &l 2l dhadi Ghn ar e SHPTingificali ted, and forms
a currentmrror circuit by conbining with an NMOS transistor 1l 2 having a

gate conasdceitdrs tdifl gatce @2 thes NS de RSt St Esgédndntd . tHbhe NMOS
transistor nl2 is connected in series to the NMOS transistor nl as a
soutoe fodiltowesrs Sarld Hd SSIsOWEE tise capreei sk ¢ cCciheapdve2 sipptiye VSS. The
circuit shown in Fig. 16 is a current source for a P-type source foll ower
PSF. | n dhaye-iBscar iRMEE N+anse shwof£d5 §pdRoandulifieNVESrtnansi(steer FQgf.3 are
connected in series between a power supply VDD and a power supply VSS. An
"H' | evel) cand dihsiRmapePdonifes anumpidg debftet helgatet of s t hdeNMIs 1
transistor Onl 3. The PMOS transistor @l 2 has a gate and a drain which are
short - citec e N tHme foriten anakentbwor ef reorcwl ¥ cin tchycebbi ning with

t he NMOS transi stor | 3
operation. Its timing chart is shown 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 embodiment. Accordingly, equivalent portions in Fig.
1 and Fig. 3 are denoted by identical reference numerals.
In the analog buffer circuit according to this application,
in order to perform output load precharge in an alternating-
current manner, a configuration that uses both an N-type-

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



havi ng a gate connected to the gate of the PMOS transistor Ql 2. The PMOS
transistor Nl 3 is connected in series to the PMOS transistor ol as a
source follower, and its source is connected to the power supply VDD. 25

Al t hough, in the above-described anal og buffer circuits - 21 according
to the first enbodinent and its application, a case in which
source-foll ower offset detection is perforned two separate tines is

descri bed as an exanple, the nunber of tines the offset detection is
performed is not limted to 5 twice, pgt_nmay be three or nore tinmes. As the
nunber of tinmes increases, higher precision offset cancellation can be

achi eved. An anal og buffer circuit in the case of perform ng offset
detectiqon three tines is described below as a second enbodi nent. 10 [ Second
Enbodi meiEs Fiacnit & SuRIAReH agr am showi ng an exanpl e of an
N-type-buffer analo%ﬁgﬁffen circuit according to,a second enbodi nent of the
present i nvefPegtis Not yBe FBGHf er RFIVE§ThEf e CUc H¥PYthel udes an NMOS
transi stor_and js_ 15 used when out put, signal potentj isr tively high,
Spect 1 TS N AheH T S i Grar kb o | YUl horht] YRS & e ch
IS descq&ggg | at er.. IrbéﬁﬁngYH ann@T§§ t ransi st or Zl.ég a source

r analo circyi ereindfter .reterr S . an
f ol | ower andea CUI’I’G%'[ source J] nCQJ_L a connec edr| n series % abetween a

OWeE S VDD and. R Y A j . SN2l is;C eg%s | bet ween
g Ci ?’cu:{fp‘{’ p?Jt[p% erm ﬁfai V}ﬁslnezii an t%sg%g%?%veé\gfﬁ tcﬁlegSNl\)&Arfo} aér)lg?_s (QQ12I .

Bet ween lier &f rai fod Nt ed £108 Nal 5 { Nz UL 08 SOUECE Qf e, NMDS
transistor Qn2l, a switch Sn22 and a swtch Sn23 are connected 1n 25

series, B-gyhd CdbiFd A SuSWVBSH) AL 180 CONNELy eds idire corddec &I €S,

and a switch Sn26 and a switch Sn27 are connected Tn series. A capacitor

Cn2l is gonneed Ele bet ERsL | hengat erdi e Output esemDial Neus telhle Sn21) of
the NMOS transistor n21 5 and the output end (the input end of the switch

Sn27) ofolthsusWidd SN26rierapasid ndnNHR6) ScEOMNEES eeb hedyesend the gate of
the NMOS transistor Qn21 and the output end (the input end of the switch
Sn23) ofa tdweisoih tEh Gin2ereFHoaapiaog t1s SNPSchess chmheat@dSher weeTh4 he gat e of
the NMOS transi stor
other end of the switch S7 is supplied with alternating-
current potential CS as output-load precharge potential.
Next, circuit operations of the above-configuration
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 chart in Fig. 6, from a period OA to a period OD, the
N-type source follower NSF is active, while the P-type
source follower PSF is not active. Also, from a period EA
20 to a period ED, the P-type source follower PSF is active,
while the N-type source follower NSF is not active.
Activeness/nonactiveness of the source follower NSF/PSF
is realized by using a control signal Ncont/Pcont to control

the current source Inl/Ipl of each source follower. The

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



10 21 and the output end (the input end of the switch Sn23) of the switch
Sn22. The seven switches Sn2l1 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 n21) three separate tinmes and
sequentially cancels the detected offsets. A switch Sn28 is connected

bet ween the source of the NMOS transistor Q21 and a circuit output

termnal OQUTn2l. The circuit output term nal OUTn2l1 (the output end of the
20 switch Sn28) connects to one end_of;a_sw tch Sn29. The other end of the
switch Sn29 is supplied with "L" level fixed potential PSIG Subsequently,
circuit operations of the analog buffer circuit according to the second
enbodi nent, whi ch has the 25 above configuration, is described with

ref er en®OUaF e of Prerhaigs Rptanrkal €5 g. T g Dy tudithy kevelopdret i on
illustrations in Fig. 19 to Fig. 23. The ananbeuffer CIrCUIt erforns

out put t i f d’rﬁf’&}‘ﬁf (ﬁﬂ%ﬁr}talla}]y Ghet s cﬁtl glef G 3RS 1 onpl et e

1-cycl t Fi 't Sn29 i

' LonalETNi TS GUIANCA G SIS TS pr dandrpdd | e ed
tential, PSIG_Al th hes. Sn2l 25, Sn27

Conduct [ e A S AT RIS (Rhe 1 e G R0t The TNOST 13 st or

Ch2|5 S(bjgygetggé¥%e follower PSF to be active.

Specific circuit operations are as follows:
At first, in the period OA, the analog buffer circuilt 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 SnZ2,
Sn4, and Sn6 are in nonconduction (open). Then, all the
switches of the P-type source follower PSF are in
nonconduction, and this state 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 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
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, switches
Snl and Sn5 in the N-type source follower NSF are in

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



10 capacitors Cn2l, Cn22, and Cn23 are connected across the gate and source
of the NMOS transistor Qn2l. This stores the gate-source voltage (VosA) at
this time of the NMOS transistor Qn2l1 in the capacitors Cn2l, Cn22, and
Cn23. Next, in a period B, as Fig. 20 shows, the switches 15 Sn21 and Sn27
are in nonconduction, and the switch Sn26 is in conduction. Then, the
signal Vinis supplied to the other electrode of the |eftist capacitor
Cn2l . Thus, the gate voltage of the NMOS transi stor Qn21 changes in
accordance with the voltage stored inghe capacitor Cn2l. 20 Also, the two
ot her capacitors Cn22 and Cn23 are still connected across the gate and
source of the NMOS transistor Qn2l, and the gate-source voltage (VosB) at
this time is stored in the capacitors Cn22 and Cn23. The source vol tage of
t he NVOSTHHNS IS i i ot fraidthe wsee b dp) the - 24
Next, in a period C as Fig. 21 shows, the switches Spn25 and Sn26 are in
noncondt}c?(ﬁ'grﬁapﬁﬁj‘-?% Qi 1 c8Ha the iR SRRt aTh.oThie iR s the signal

Vin to the other el ectrqde of the capacitor 22 in the centec{,n.land t he

gate 5 VAAHYE WHarfges TS WY PR H'S oI T RIS DT E LT % he
Copect 3 OV L e gt o oo oy g L1 I 2 sLaip e Moo the
The Sui (i Aol afiinnd QI SANL KL, A€ o P KRNI her
Sccor dants wide O\ L SARRES (S cle (Paeh ) e U b vl b, pacnaes 1
gat e- soW s P! 1a0eh @tcdfi Sitd b, 15rMoshyyuthe SOUF LS Voh tagesi s

approximately Vin + (VosC VosD) . Finally, in a period E, as Fig. 23
shows, theysnisLhpproximately Vin + (VosA - VosB).
Next, in the period OC, the analog buffer circuit has a
10 connecting state as shown in Fig. 9. Specifically, the
switches Sn3 and Sn4 in the N-type source follower NSF are
in nonconduction, and the switch Sn2 is in conduction. This
inputs the signal Vin to the other electrode of the right
capacitor Cn2, and the 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 0D, the analog buffer circuit
has a connecting state as shown in Fig. 10. Specifically,
20 the switch Sn6 in the N-type source follower NSF 1is in
conduction, and the switch S7 is in nonconduction. This
connects the output load to the source follower output
(source) of the NMOS transistor QOnl, and outputs the source

voltage Vin + (VosB — VosC) to the load.

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



Sn28 is in conduction, and the switch Sn29 is in nonconduction. This
connects the output load to the source 20 foll ower output (source) of the
NMOS transi stor Qn2l, 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 fromits beginning. In the
above-descri bed operations, an inportant point 25 is that the detection of
the offset voltage VosC detected - 25 the third time is perfornmed nuch
closer to an operation point in the-figal output node, conpared with the

of fset voltage VosA detected the first tine. This causes the offset voltage
VosD to be very close to the offset voltage 5 VosC, so that the fina

of fset vqltage (VosC - VosD) .is sufficiently small. In r words, higher
ot ot i GRS | ST S SR it Rt e ANGE chse. of
performng source follower offset detection t separate tinmes. 10 As
descri be‘ifgad'bsojvse?oraccgrb]r cffviﬁegn tD f NGB huks \éﬁ)eta%‘g‘f%%l PHRFETCircuit
according to the second .enbodient, erformng source f ower. of f set
det ecti ocgl(%%er e seeap%r a?teh?]f 'rresf,ﬁﬁ’e \%)(%/Snéeil o\??sgaet on?%esr?%iré\é%%%sci smal | er

than th [N 2he, case ormng the detection tw ce, and hi gher 15
preci si %}eéojfryféslgfg canceﬁ% ?e%gn can be perfornmed. Thus, an anal og buffer

circyit havi&%_§@£&Jd§N§§j§ﬁ£s§?2déﬁgj d Ry ggghg%égnﬁptial i's

realized. Fig. 24 is a circuit gram showi ng an e of a Ptype-buffer

anal og Mé&ra% CUt Bseardli nord R ide S6EP8shAM Bpods et pEydhe present

i nvention. The type-buffer analog buffer circuit 1Tncludes a PMOS

transi stid agie i B-thgesl hercOUt PULowe GNBSF POderitad iGereladivel yol ow,
specifically, when it is |ower than particular fixed potential PSIG In

Fig. 24,tle Qivtwid source fpllowet NMSIPMY dhamst Sd 0fi@malp21sasc@ source
foll ower are connected in series between a
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 87) 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 preferable potential ("H" level/"L" level)
corresponding to the polarity of the output voltage.

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

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 shown in Fig. 15 and Fig. 16,

a variation in current is reduced, thus enabling reductions

25 in offset voltage and output potential error.



- 26 positive power supply VDD and a negative power supply VSS. A swtch
Sp21 is connected between a circuit input termnal |INp2l and the gate of
the PMOS transistor 2l. Between the circuit input termnal I Np2l and the
source of the PMOS 5 transistor 2l, a switch Sp22 and a switch Sp23 are
connected in series, a swtch Sp24 and a switch Sp25 are connected in
series, and a switch Sp26 and a switch Sp26 are connected in series. A
capacitor Cp2l1 is connected between the gate (the 10 output end of the
switch Sp21) of the PMOS transistor. @2l and the output. end (the input end
of the switch Sp27) of the switch Sp26. A capacitor Cp22 is connected
between the gate of the PMOS transistor Q21 and the output end (the input
end of the switch Sp25) of the switch Sp24. A capacitor 15 Cp23 is

connect ed befR€eRifRBL1GaBBOBE tReFPH¥OSIPr AfsPsEBFTERS1SaHECEhECSURBUt end

(the input end of the switch Sp23) of the switch Sp22. The seven sw tches
Sp21 t 0 SEFPLARPYIRE e EIpASHE or SCH2P -t d "epP3 FNTs (AN SHP T

of f set - cancel i ng e whi ch perfor of fset detecti.on on .the source

ol overP(th e NaS RS Ea T93PT) o Fee par e i SRt Sdquent| al |y
cancel s.the detected offsets. wi_tch Sp28 is con ect‘%qji between ,t he source
of the ﬁ@%ﬁ’ FansiFstor épuffﬁ n?Dz) c?inrdcual G rpustuptperyn‘i nal’ OﬁPpZ'Iq‘. 25 The

circuit ut i.nal. p 0 ty s f .the - 27 i tch Sp28)

conngct sl q’t)eqor?é’%g{f?lo%ﬁgr%é&sﬁctogh@g& %ﬁ%éeeo htg)r te]r%d goaftet ﬁoef s@mlvgt ch Sp29 is
supplie ' CH j%ed e i | G P - r anal og

buf fer %Mr@csfjlhctrahﬁasvllsﬁc\g&!t ﬁ%’l 'coﬁ?llteglr}frbdgﬁ S:EI,%I}%hlesesorv]ﬁ tc els—htéa{)sg% %ngsegzg and

the capagid &f $1:@RH wHIRA 2 @G HIAR J18IREG Y 8lah £ HI /RPN Ed i diite- swi tches
Sn21 to Sn29 and the capacitors Cn2l, Cn22, and Cn23 in the above-descri bed

N-t ype- kiffreyr anal et O o irGd Wisee dr Mols HrLidigtidr aerations are
identical to those in the N 10 type-buffer analog buffer circuit. In the
timng aharing i Hare bnddtr et daltnNd ydtse aif "dhe Ivwod @tk tdwopr echar ge
potential PSIGis at "H' level. Also in the case of the Ptype-buffer anal og
buffer «mlduit Trepenis airad sadsagradges d dentricaied ait hosel e tde
N-type-buffer anal og buffer 15 circuit can be obtained. (Application of
Second BElsodMENtYrafFigst2E ighla ad rec dunicaagram sron rpdn exapleceof an
anal og buffer circuit according to an application of the second enbodi nent,
and in tid sdninpated dquithd amwegorstimmlsy 288n Fig. 17 and Fig. 24 are
denoted by identical reference nunerals. In the analog buffer circuit
accordi ng t o Thii €iggyiitcghicwR, innFédgder 6t d Spér FCovedit Fetcsad opr écharge in
an alternating-current_ manner, a configuration that uses both an

N-t ype- BUTHERE a6 FFHav e B+ af B P- the-d YT transistor

15 Opl2 and an NMOS transistor Qnl3 are connected in series
between a power supply VDD and a power supply VSS. An "H"
level control signal Pcont is supplied to the gate of the
NMOS transistor Qnl3. The PMOS transistor QplZ2 has a gate
and a drain which are short-circuited, 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 Onl3 is connected in series to
the PMOS transistor Qpl as a source follower, and its source
is connected to the power supply VDD.

25 Although, in the above-described analog buffer circuits



25 anal og buffer circuit is enployed. - 28 In other words, in Fig. 25,
between a circuit input termnal IN21 and a circuit output term nal QOUT21,
the Ntype-buffer analog buffer circuit (N-type source follower NSF) shown
in Fig. 17 and the P-type-buffer analog buffer 5 circuit (P-type source
follower PSF) in Fig. 24 are connected in parallel. Also, the circuit

out put term nal OUT21 (the output ends of the output ends of the sw tches
Sn28, Sp28) connects to one end of the switch S29 (corresponding to the

swi tches Sn29, Sn29). The other end 1§ of the switch S29 is supplied with
alternating-current potential CS as output |oad precharge potential. In the
anal og buffer circuit according to the application, the circuit operations
of the N-type-buffer anal og buffer circuit, which have been described with
15 ref eR&GFEFRET HE iR dd arambodimegt ensy s fprRilgatien.o ai g. 23, and
the circuit operations of a sim.lar }%ﬁpebuffer analo%1buffer circuit are

al t er nat¥95F pet f SIS IAER 19T 6t BT T RGPSt the
precharge potenti al . As described above, by using, i,n conmbination, 20
Phe’ preciisl GERATANR (C R ich SR HAE o 30 1§ ch SRR NF and
the P-type source follower PSF,. whase currents. and cqnnect.i.ons .are

control Itgl e|Snucahcecoor]%asnegce d\rﬁﬁ%c?hoen ploﬁ éjr(alrif;orérfedoultsplﬁoqi/&JtméLgtee,ftthoe out put

| oad-ca r r 0 er abl e pot ial H.le "L vel). 25

Al t h?)ughnc‘{}gceeg’ g%q?ﬁrgﬁgb%eveﬁcfg%ecﬁ ea rgenaﬁei(%é%uf fA esl'r_rt}le- be(L:rl réclﬁi ts

accordi ng & thee fddls and greond Srbodi s & & P4 Ul A imted,
t he cirg%its é?g sj{téklggfor ugg:ln part of éﬁief?g%%rgﬁhéﬁyJ%%gng%rpuit
for drivjdih sveH spl@dy 4 tog HAVENES \citN& i esentnd NvaN ign is not limted 5
to application to a driving circuit for a display device, but will be

usef ul pREdiGHd Yo IRt tde: dWEsaNted e ntin®d) 1S sk i) didwe anal og
buffer circuit formed by TFTs on an insul ating substrate. Fig. 26 is a

bl ock disaagramnmedsvd ngnsodiexanpl e of a 10 driver-integrated di splay device,
for exanple, a liquid crystal display device. In Fig. 26, on a transparent
i nsubati ng suUbssicoaide Erfbod iemearg)l e, a gl ass substrate 11, a display unit
(pixel unit) 12 conposed of pixels in a matrix is formed. The gl ass
substrat e 11Fig.prdviided cpposiing diBgaaot dowjings sins eixsimpdtee ofiMairh a
predeterm ned gap therebetween, and liquid crystal nmaterial is encapsul ated
bet ween Not¥rssubsifan exalgerabifer disphait prerd rqeD parele¢end or ned. One
exanpl e of pixel structure in the display unit 12 20 is shown in Fig. 27.
Each pi @@ abingtl esthe TR gem: itiVeHs teansi Bioy- 2P e w frxel
transistor, a liquid crystal cell 22 having a pixel electrode connected to
t he draidh®ietthbdebictfaririnaludey an h‘g‘ﬂ%ﬁ cepRi 1o @ Mavihg one

el e%r ode c nrgact ed to the drajn el ectrode of the TFT 21}.1_
used when output signal potential is relatively high,

specifically, when it is higher than particular fixed
potential PSIG, which 1s described later.
In Fig. 17, an NMOS transistor Qn2l as a source
follower and a current source In2l are connected in series
20 Dbetween a power supply VDD and a power supply VSS. A switch
Sn2l1 is connected between a circuit input terminal INn2l1 and
the gate of the NMOS transistor On2l. Between the circuit
input terminal INn2l and the source of the NMOS transistor
On2l1, a switch Sn22 and a switch Sn23 are connected in

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



25 Here, the liquid crystal cell 22 neans a liquid crystal - 30

capaci tor produced between the pixel electrode and a counter el ectrode
formed so as to be opposed thereto. In this structure, the TFT 21 has a
gate el ectrode connected to a gate line (scanning line) 24 and a source 5
el ectrode connected to a data line (signal line) 25. In the liquid crystal
cell 22, the counter electrode is connected to a VCOM|ine 26 in comon for
each pixel. A conmon voltage VCOM (VCOM potential) is supplied in commobn
for each pixel to the counter electroge in the liquid crystal cell 22 10 by
using the VCOM |l ine 26. The other electrode (termnal on the counter

el ectrode) of the hold capacitor 23 is connected to a CS line 27 in comon
for each pixel. Here, in the case of performng 1H (His a horizonta

peri od) SEfiESsi GRA WG ST o BNCs 3 SMidich To@re1 S IaREES%Rdr i vi ng,
a display signal which is witten in each pixel is inverted in polarity,

Wi th théSV ‘potential as a reference. Also, in the case of using VCOM

Lyeres of SroF Bt Rell Ehan Sl PR el heCRErBn O aRrel TRt he1F
e 27 St e o Fh, SRR (R WRhar A BB ot i on -
Lot PO I Alend S Al RS GAT A A g Ts )
R A D A e e A R LA = e
vol tage S o LGMIS b ddes tl ghb1dug d G RarAsi i &ﬁpagg@& utet C.

Accordingly, an 5 alternating-current voltage which is shifted for the

vol t age PR i S Hes efviascH s MGOM patentdwal tcRefier4 | Noy teu it A6 again, on
the sanme gl ass substrate 11 with the display unit 12, for exanple, a data

processionR Liir Wdnnkrtad tdecdrid Sidleyafe tde s piMys Whdnslizst ko
hori zontal drivers (horizontal driving circuits) 14A and 14B on th upper
andidowemasl darl afhd hethhwsplend utite lihpwanderad weff tiloalswWiMcrdrdnzs) (verti cal
driving circuit) 15 on the right side of the display unit 12 are provided
as peri pifertdae cdnwitialg Si2xuits. These are only shown as part of
The seven switches Sn2l to Sn27 and the three
capacitors Cn2l1 to Cn23 constitute an offset-canceling means
which performs offset detection on the source follower (the
15 NMOS transistor QOn2l) three separate times and sequentially
cancels the detected offsets.
A switch Sn28 is connected between the source of the
NMOS transistor QOn2l1 and a circuit output terminal OUTn21.
The circuit output terminal OUTn2l1 (the output end of the
20 switch Sn28) connects to one end of a switch Sn29. The
other end of the switch Sn29 is supplied with "L" level
fixed potential PSIG.
Subsequently, circuit operations of the analog buffer

circuit according to the second embodiment, which has the

25 above configuration, is described with reference to the



15 peripheral driving circuits, and they are not limted to these. Al so,
the horizontal drivers 14A and 14B nay be di sposed on either upper or |ower
side of the display unit 12. The peripheral driving circuits are formed by
using |l ow tenperature polysilicon or CG (Continuous Gain 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 | ow

vol tage anplitude (e.g., an anplitudeyof_0 Vto 3.3 V) fromthe 25
substrate exterior through an input pad unit 16, and is - 32

| evel -shifted (level-converted) to one having an high voltage anplitude (e.
g., 0 Vto 6.5V) by the data processing circuit 13. The |evel -shifted

di spl ay G R DA s Thgpt9 edlqoénf HES 1R5F | FohteR e TRt iR st UUS BRRIEAUES 5 The
hori zont,al driver 14A has digital driver structure including, for

exanpl e,*™a qq’tﬁi Zoht Fs’tﬁffzar'egi @ratUC9 PYHESE Ghptihy ?%ﬁgﬁr‘ﬁ%it 142, a

second | atch unit 143 | evel shifter 4 a DA (digital to anal og)

convertionugtpcl‘lltrutclurllq er}f:fab ssoeqtheen%%ar]ﬁz%#ﬂ}é‘? %#5&/%‘?111%8&‘26 10 identical to

t he hori . drd v, ' tru re. T orl zontal shift register 141
Jpg%%logr{)éergcg.&%i&es 1 cf%%i opd¥a L1054

starts a Ionin respo 0 ‘a hofizontal start pul se HST

suppFi ed froma a&k{gﬂ%dg%n,era%t is@l%wg{ ri%uiﬁig(.n% Sr{glvgi?ss’wi% ales

sanpling pul ses ch are 'sequential I'y transferre I'n" one horizont al

period i} SYSIEOM Zat | iy WA *’b%ﬁé&’%if&éﬁ al  £108 cg'{%%ep%§ﬂggéi ggd from

the timng generating circuit. ata sanpling unit 1

sequent i@ld yesadplsscanch d atedhes, iAnane hok i gpntdepeshod, shesdispl ay

data Data supplied fromthe data processing 20 circuit 13 In

synchr omzzd ] adndvi $dn 1 her s aipl ddgd it 5688, gener at eogbyl then hpsi zgptel shift
register 141. The latched digital data for one line is transferred to the
second |t&d ctheinddtd 43f i tha MNO$ zorded i dt e k@l pesd othadi ghteb data for one
line is all output fromthe second 25 latch unit 143. The output digital
dat 40f orcaprcitomws iGn2l, QR2 | nrdaGezB i ard evelndytédeatevets shefter 144,
and is supplied and converted into anal og display signals by the DA
convertigateianlisouds: JhetlamaliNQS disgphaissoygn2m3l f orThbe $toeesout put
fromthe DA converting circuit 145, are output 5 to data lines 25-1 to 25-n
formed cHre epormdiogree Yhetagmbe¥oshbfahothzont Bhe ppketlei ¥iMO@Be di spl ay
unit 12. The vertical driver 15 includes a vertical shift register and a
gat e buf$EANSIFERhLREt tivatPRIreRFCABOrE HenSkr t§4? st CREJi ster starts
a shift operation i.n response, 10 to a vertjical start pulse VST supplied
froma tinm nd'Fnerd @GR @t iGhovd) Shatte geifis atwist@ehni ng pul ses

101 88 o0 PR oS Sl e o VoL L PELL O 8ot et ng
generatiﬁw égﬁéﬂ%{ioghe @ﬁ@ﬁfa£ﬁ9 signal Vin is supplied to the
other electrode of the leftist capacitor Cn2l. Thus, the
gate voltage of the NMOS transistor Qn2l changes in
accordance with 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
On2l1, and the gate-source voltage (VosB) at this time is
stored in the capacitors Cn22 and Cn23. The source voltage
of the NMOS transistor Qn2l is approximately Vin + (VosA -

25 VosB) .



15 scanni ng pul ses are sequentially output to gate lines 24-1 to 24-m
formed corresponding to the nunber mof vertical pixels. By using vertica
scanning of the vertical driver 15 to sequentially output the scanning

pul ses to the gate lines 20 24-1 to 24-m the pixels in the display unit 12
are sequentially selected in units of rows (lines). The anal og displ ay
signals for one line are sinultaneously witten in the selected pixels for
one line through the data lines 25-1 to 25-n. By repeating the line-unit
witing operation, 25 inmage display_fgop one screen is perforned. - 34 In
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 verti cal
driver 5 15, Ng¥trhédnsamPegand (it RE §li&ss Hulsdavs.e the sxiltiehase di spl ay
unit 12, a displa :?anel integrated with all driving circuits can be

consti t uiecP Hih %lrt § LTt SRRTRAIFatCTanc e rtRRIbeTHEeR 5ot 168 and a
transi stor cirgcuit, be provided in the exterioy. _ Thus, this enables size

reduct i off! 1% Feficed TUS 11 A Ehe it T 1Sy st e ntlfeh_eOther
exampl o, IR E A Ar S M RA TR Gt Hh KA ST 00 £ 67 i Het 9% e cor di ng
(0,18, PP Lot 113, O aBe00, SIPOB oL 0 oo pupl g, 15
o Fony SEIEE0 g RN BRI oL o HRLE, LRt el e
bGs, anQMp%%éé{t%§£ ééhf%gu%$f¥5§§ 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
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 is approximately Vin + (VosC -
VosD) .
Finally, in a period E, as Fig. 23 shows, the switch
Sn28 is in conduction, and the switch Sn29 is in
nonconduction. This connects the output lcad to the source
20 follower output (source) of the NMOS transistor Qn2l, so
that the source voltage Vin + (VosC - VosD) 1is 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



20 the display data Data. In Fig. 28, a reference voltage gener

ating

circuit 31 generates reference voltages VOto V63 for 64 gray-scale |levels
corresponding to 6-bit display data Data. These reference voltages VO to
V63 are supplied to reference 25 voltage selectors 32R, 32G and 32B. The

reference voltage - 35 selectors 32R, 32G and 32B are provi
data lines 25-1 to 25-n in the display unit 12, and sel ect and
anong the reference voltages VOto V63 for 64 grayscal e |evels,
vol tages corresponding to bRO to bR5,95 bQ to bGs, and bBO to

ded for the
out put, from

ref erence
bB5 as

anal og di splay signals. Each exanple of reference voltage sel ectors 32R,
32G, and 32B is shown in Fig. 29. Buffer circuits 33R, 33G and 33B are
provi ded on the output sides of the reference voltage selectors 32R, 332G
10 and 328 HHAD NG dtndsT HOFESUIPRD SlPsSTat® Ble WHTEYLes 25-1 to
25-n. The ,reason that_.t heisbuffer circuits 33R, 33G. .and 33B are provided

are as FOIGuns? ERCiged

SudBtsmpde i rompedsd madd ot ise

he |i ke, of

the liquid.crystal display device i,ncreases a acitive 15 | oad such as
par asi tivpoqctéa%ci £ r%\céisegteeﬁgt_regf &dS &&ch M She 'data S4WES 22891 to 25-n. To
char ge/ g Sehar 46 11Ne L3RAG tt'o"%e'r%ae v S e{ecdo“"tt‘?{efm ned %?o{lstca%rﬁgesgggd' ng

driving capability 1I°'s requi red.” Thereéf ore,” the bu & G5 ed]

and 33B r equi ) I thi | J

acco?di rYSDrSI?:d %%%e 1”Irh:-adftstt%%rrbfrolélla@e?ﬁ ot eeQ%elggaz% enbodi ment,

appl i catd ; j r scri{he v shuf fer
33R, 33éﬁgjnldﬂ?:é?f§1 ygisﬁlc? g_qt’he Iglngjltgllg%qrbﬁﬁrgsqc ?ﬁ?&leﬁz I%aé\e/cetgt/ié'];ny 9

(tvl?;es rlal\;&Dg;in:‘steg circuits

foJe its

ow of fsets

and T eduGethaAdON § A P WorRRla Al s leselddest above, there is

not any

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 embodimen
performing source follower offset detection three separ
times, the final offset voltage is reduced smaller than
in the case of performing the detection twice, and high

15 precision offset cancellation can be performed. Thus,
analog buffer circuit having very low offsets and reduc
variation in potential is realized.

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

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

analog buffer circuit includes a PMOS transistor and is

t, by
ate
that
er
an

ed

a p-

nd

used

when output signal potential is relatively low, specifically,

when it is lower than particular fixed potential PSIG.

In Fig. 24, a current source Ip2l and a PMOS trans

istor

25 QOp2l as a source follower are connected in series between a



- 36 problemwhen they are formed on an insulating substrate such as the
gl ass substrate 11 by using TFTs. Accordingly, even if anal og buffer
circuits according to the first enbodi nent, the second enbodi nent, or its 5
application, are arranged as the analog buffer circuits 33R 33G and 33B,
variations in offsets between the anal og buffer circuits can be suppressed.
Thus, vertical stripes caused by the offset variations do not occur, so
that display quality (uniformty) can be increased. In addition, 10
enabling the provision of the buffer gircuits 33R 33G and 33B can
increase driving capability for the capacitive | oads of the data |ines 25-1
to 25-n. Thus, a large, highresolution driver-integrated liquid crystal

di splay device is realized. 15 Also, in the case of using anal og buffer

Ci r cui t PUATEOFH MPUVC t$HRPPIY TP randcditeEatbiod maner cruppky &ppd i cati on,
in the horizontal drivers 14A and 14B for perform ng VCOM i nversion

dri vi ng,®2 vBIytootPThnverfomecied dm i erit. @ ThisCy st bierrifs etegmimal
preferable, in a power 20 consunption viewpoint, that the data |lines 25-1
to 25-n H‘ép%# Harged I3t Cb%rtc}irgu‘?b@s Or ARSI IRt - (Bereehntie | evel

nor mal 1 BTG Tl RS o GeA By e Ty o Site (e e (29vel or the
Mnversi on2nSTEGRE Sou R P MBS AR W 1 o D0 Ts “Chotential
the. oo parent s 1T S A MRl AT s L S B et i v 27
2 o or oS SR LRI TR fPeh e T R R T

di spl ay devi&ere@nth bdacksdevel in a normally black |iquid crystal display

device) in a node of applying no voltage to the liquid crystal.

Accor dingly, adrdagiad tfr (02 1datd ddmRs tH Fasthded 2ord g% barsd arted at

the gray-scale level, so that less driving current is sufficient, thus
enalibi ngwtpetlusid OFf | thé Osvel t CONSHEPL | ON. th BNMOS aph s Bh-€asEp21 he switch
S7 in Fig. 5 and the swtch S29 in Fig. 25 are used as precharge sw tches.
In 15 t hendindhogpibtbderend r Cthé simmecorehdgo f othdeswappdh cap2 DNso bf thde first
and second enbodi nents, a switch signal for perform ng OV OFF driving of
each swiswitcltdSp2o®l s grapacNecontCelrl Promtniectedrbotwmeay N CrEteri vi ng
of the power supply, and a precharge signal for perform ng OV OFF driving
20 of t hef prlee RMQR twinchszoe Yehkranddtlby eutipwi nendetiehatimgutircuit 34
(see Fig. 28) . [Second Applied Case]
end of the switch Sp25) of the switch Sp24. A capacitor
15 Cp23 is connected between the gate of the PMOS transistor
Op21 and the output end (the input end of the switch Sp23)
of the switch $p22.
The seven switches Sp2l to Sp27 and the three
capacitors Cp2l to Cp23 constitute an offset-canceling means
20 which performs offset detection on the source follower (the
PMOS transistor Qp2l) three separate times and sequentially
cancels the detected offsets.
A switch Sp28 is connected between the source of the

PMOS transistor Qp2l1 and a circuit output terminal OUTp21l.

25 The circuit output terminal OUTp2l (the output end of the



In the reference-vol tage-sel ecting DA converting circuit, particularly when
t he nunber of horizontal pixels 25 in the display unit 12 increases, the
nunbers of reference - 38 voltage selectors 32R, 32G and 32B
accordingly increase and the lengths of wires for transmtting reference
voltages VOto 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 capability. Al though the
buffer circuit 35 is here indicated-by7one block, actually buffer circuits
35 are provided so as to correspond to reference voltages VO to V63. Al so,
in this applied case, the analog buffer circuit 10 according to the first

05 ¢ he I "%é%[}. e ipdd e D BT A U GHT PR 1 AR T cut th
33R, 33%4C nd 311308 q}e ref ere volta es \é%‘%o%\%ﬁf?é%mlﬁ‘ﬁ? after

selectron e se or'y’ applied
case, l¥% éqf‘%t(ﬂﬁ ultP handles reference vol tages VO to V63 obt ai ned
sel ec D

bef ore ifon y ectors 32R, 32G and 32B. Since the sane
reference volitaggs YO ;g) V@%f%re_» landlo ARl @hkeud TRANGLOLUST NG L he
anal og buffer circuit accor |ng to t irst or secon i ment, or

its spplddidtiAlbation) Mldrsdocdihdd dgnt he Fgsd Appligd c%ap%aec T ef ore,

for the sane Teason as descri bed above, very ‘good conveni ence |s obt ai ned,

in partiggdar ,cpznzt%@mpfrmmrmﬁ@é%mr{&rt&lrwlgwiﬁbﬁ&e first

or second enbodrnent 25 or its application. - As descri bed above, by

usi ng t EmaAnalogEdng faia CiHe€ Wdpd &t tdves fan st , Odnzsza,ctmch egvogli yenthe OF i ts
application, as the buffer circuit 35 for the reference vol t age generating
ci rcui t sdgva-aleddnibadrN-atypacsbuff oot ensied BaPAgrrefiecance (sewolFtigges VO
to V63 can be reduced because the anal og buffer circuit has very | ow

of f set s lahd, reduneid wgreé=dtioms moatjpidntpotenttal thdde sipetiornms di spl ay
driving at anal og display signal |evels accurately corresponding to digital
dat &0 bRO-yreBREL T dyGRnal daehu el bBOr¢wi HhB5, Tn hivse enbi nqigeidispliay of 10 a
hi gher quality image. [Third Applied Case] Fig. 31 is a block diagram

showi ng ki exdhpl o fs kgl dhin gis aat ohb'bflewt chantl cdpagiterhadiconverting
circuits. It is here assuned that, for exanple, R (red), G greedg 15 and
B (bl ue)PCetEmftl%j]: gPSt%Ci imtat HRD 19veRs, BEP th bde o8 t e

suppl i ed. Fi sw tched capacitor DA converting circuits 41R 41G
and 41B tarr%e &%ﬁgfﬁ%&ff%}@q RS Firesi ©s-aPe i bRt 30 (IR GIS uni t

12. Thef%g§é¥g% C%P%&uhggin the N-type-buffer analog buffer
15 circuit can be obtained.

(Application of Second Embodiment)

Fig. 25 is a circuit diagram showing an_example of an
analog buffer circuit according to an application of the
second embodiment, and in this figure, equivalent 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 perform output load precharge in an
alternating-current manner, a configuration that uses both
an N-type-buffer analog buffer circuit and a P-type-buffer

25 analog buffer circuit is employed.



20 converting circuits 41R 41G and 41B have built-in buffer circuits for
the sane reason as in the reference voltage sel ecting 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 circuit. 25
Fig. 32 is a circuit diagramshow ng a specific exanple - 40 of the
internal configuration of the switched capacitor DA converting circuit
according to the Third Applied Case. For ease of understanding, this
specific exanple shows a case in whichgthe switched capacitor DA converting
circuit is 5 constituted by using two bits and the N-type-buffer anal og
buffer circuit according to the first enbodinent in Fig. 1 is conbined with
the 2-bit sw.tch capaci t or ,DA Qonv%%%in circuit. In Fi in a view

in conpari som WYHFh& &G ouit ift 9o %A g PeLwest t%&lsch’e”gfiri%%r’aht data Vi nO
ovi { chee Gttt S D= 2 o SR PO PR AR, BB TR Rg Cnz-0 1 s
Decond s ol edh et ty Dhet B0 FRMR £ DY p ST SRPEL nBoI B . 1

Snd-1, 3k Sy Jyn a1 ﬁg@acﬁ L% Wls 1p € %%gé%ﬁ’ﬁ?i’é%ﬁ%u{f&%o a third

SW t ches-and- capaci tor group conposed of n3-i,

Sn4- i, %mkéﬂg%i(P£%§%§a§§§£é9r§ofﬁgwérag@@ﬁhgﬁiFM$jc@4aéfeconnected to

fixed potential Vinl"(initial) 20 for nunmerical maiching is provided. An

NMOS t 1 adtsi19d @F e @niln sl 2 CAIT I €K1 SHPPENe | AL réiit Neubyhf efepRILAON, and
switches Sn6é and Sn7 in the output portion are identical to those in the

case of dUTR1 1(thd dlrepbui dhds nobUEherosvbi€hesasapacthorsPicepayerting 25
circuit having the above configuration, the capacitance of - 41 the

capaci t 82 &nlsp2 @ndecdin@e ¢ t$ Ntd hend hetid MV tieheswangicapagi tor group i s set
to be equal to the capacitance of the capacitors Cnl-0 and Cn2-0 in the
first sweatesspomthapacis othgrswptclasme $hz9 capazdt ancehef other capaci t ors
Cnl-1 5 and Cn2-1 in the second sw tches-and-capacitor group is set to be
1/ 216f exdfchtld swetelbovO chpasupphited. wittls 0zl té et imgucudaeat Vi nO and Vi nl
are binary data having 1 ("H' level)/0 ("L" level), the input perforns

swi t chi Ptestial dslds antrwhl bepdabregkarge opepemtial accordance with a 10
difference in each potential of the input data VinO and Vinl. Here, since

t he oper at i odToftheheénadiact Rt fadp &6 1B DR CRAEMg g cilreuit is known, its
description js here omtted. Also, the buffer circuit portion has an
offsetcéﬁ&g*?ﬁf¥?ﬁmt?%%,Chﬁﬁ“??s°%?¥%i&?n%p%ﬁaF?%hNTEYE?ﬁPPQFeFo 15 the

f the N - buf f er I ffer circui
case o éngiogtgg¥%£%lcf}cgfg,qghpgh ﬁévg bggntdescribed with

15 reference to the timing chart in Fig. 6 by using Fig. 19 to
Fig. 23, and the circuit operations of a similar P-type-
buffer analog buffer circuit are alternately performed in
synchronization with polarity inversion of the precharge
potential CS. As described above, by using, in combination,

20 the precharge circuit (switch S29) and the N-type source
follower NSF and the P-type source follower PSF, whose
currents and connections are controlled 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



according to the first enbodinent. Its timng chart is shown in Fig. 33. A
swtch signal for perform ng OV OFF driving of each switch, control signals
Ncont and Pcont for performng OV OFF driving of a current source, and a 20
precharge signal for perform ng OV OFF driving of a precharge switch are
output by the timng generating circuit 42. The above offset=canceling
operation can reduce offsets, thus reducing a variation in output

potential. Therefore, 25 by conbining the N-type-buffer anal og buffer
circuit - 42 according to the fifsp9enbodinent with the sw tched
capacitor DA converting circuit, operation and advantages simlar to those
in the First Applied Case are obtained. In addition thereto, as is clear

f th i I CUi I gur at.i S in Fig. 32,  th ' Cn2-0 d

-1, e et RS o et B 8k 45 PR B (88 used as
2-1, of res| he-‘Capac’ to i used as

The Ny o BT e Srel By DT C, Vo 1L Seera W Lotk 58 frfdpe’ " M

embodi e i, cQubI NGt il Lhe Sy Bhect £ARREL LR5, DA conyery i ng cireui t,

the P-type-buffer analog buffer circuit according tot rst enbodi ment,
the anal @by ain ©f I CUidwaeSOor ding B0 d&ver appicatdon of s hey fi1sd

enbodi nent, or the anal og buffer circuit according to the second enbodi nent
or 15 itiso auphl xadt ooh cad abQ:lﬁ:i\FTirl.gfiréNr@@i@i e § i dseay (APl é€ation of
Third Applied Case) Fig. 34 is a block diagram show ng an exanple of the
confi guratt oni 0f kse refefengea ol duiger Bel witdn NghAo EOSWEE t i Mge St T6nI t
according to an application of the third Applied 20 Case. The

r ef er encies W edges sel eioid g D conveuf fay circuit ssandimg TETS hbs
application is a DA converting circuit in which reference voltage selectors
and sw tohedhodpacinorsulegteratsed in conbination. It is here assuned that,
for exanple, RR, G and B 6-bit digital data bRO to bRS, bQ& to 25 bG, and
bBO to bB5 afFddsuppl iied aad ldickplddypatetm shatwdng an example of a

10 driver-integrated display device, for example, a liquid
crystal display device. 1In Fig. 26, on a transparent
insulating substrate, for example, a glass substrate 11, a
display unit (pixel unit) 12 composed of pixels in a matrix
is formed. The glass substrate 11 is provided opposing

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 formed.

One example of pixel structure in the display unit 12

20 is shown in Fig. 27. Each pixel 20 includes a TFT (thin
film transistor) 21 as a pixel transistor, a liquid crystal
cell 22 having a pixel electrode connected to the drain
electfode of the TFT 21, and a hold capacitor 23 having one
electrode connected to the drain electrode of the TFT 21.

25 Here, the liquid crystal cell 22 means a liquid crystal



- 43 A reference voltage generating circuit 51 generates not reference

vol tages for 64 gray-scale levels for 6-bit digital data bRO to bRS, b& to
bG5, and bBO to bB5, but, for exanple, reference voltages VOto V8 for 9
coarser gray 5 scale levels. The reference voltages VOto V8 are supplied
to the reference voltage selectors 52R, 52G and 52B. The reference voltage
sel ectors 52R, 52G and 52B sel ectively output two adjacent reference

vol tages from anong the reference voltages VO to V8, for exanple, for upper
3-bit 10 data, bR3 ~to bR5, bG3 to bGy and bB3 to bB5 fromanong 6 bit
digital data, bRO to bR5, bQ& to bGs, and bBO 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 bR2, bG to b&, and bBO
to 15 bERRHOHPE RFEHT GiMean ddte Phidt 10 e odaRRD HERUHRE bBO t o
bB5. The switched capacitor DA converting circuits 53R 53G and 53B

i ncl ude %%?%Eﬁ?‘?ep;?ﬁp%?é % dHeit R ARPII L SHA Tt generate 3-bit data,

cor respond nd 3 & e TONSEUE Sy (TRaTAT B0 TS BRI o6 6 HEI and bBO to.
o o SRR S e e et P o R o,
Zingi ggzb%lfkkﬁfaéetr}&f'é CAfPe &P PRSI G U fe | (L A EaSe { hwhich Ntypes buffer

liquid 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 (terminal on
the counter electrode) of the hold capacitor 23 is connected
to a CS line 27 in common for each pixel.

Here, in the case of performing 1H (H is a horizontal
period) inversion driving or 1F (F is a field period)

15 inversion driving, a display signal which is written in each
pixel is inverted in polarity, with the VCOM potential as a
reference. Also, in the case of using VCOM inversion
driving in which the polarity of VCOM potential is inverted
in cycles of 1H or 1F, together with the 1H inversion

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 manner in synchronization with the
VCOM potential.

Here, an alternating-current voltage which is almost

25 identical in amplitude to the CS potential is used as the



- 44 circuits according to the first enbodi nent are conbined with the

swi tched capacitor DA converting portions. The circuit in Fig. 32 is
adapted for 2-bit data, VinOand Vinl. In a case for 3 bits, one circuit
portion of capacitors and 5 switches is added. As described above, also in
the DA converting circuit in which the reference voltage selectors and the
capacitors are used in conbination, analog buffer circuits according to the
first or second enbodinment, or its application, can be 10 conbi ned for the
swi t ched capacitor DA converting citcgits 53R, 53G and 53B. In each :
above-descri bed applied case, an exanple of application to a liquid crystal
di spl ay device conposed of liquid crystal cells as display elenents is

d ib he 15 applicati i t limted to the applied case, but the
oot 1 carta 1o TR é@%ﬂ%ﬁé“’w%%g‘a gael%naslpwaa, varﬁwcegg i dikh of
whi ch I f i it d r ovi de t S subst.rate as a
di Is(p:)l af/l r‘bulnl |O€gl %érj%%/?e%%g{,r{ g%%: ialzq C(Pcﬁ‘ Sl Eﬁ?ﬁ ace%;]i%c e@mu%ﬁ% ge iata

| ectrol.um I 20. di e n | S) i,ces as
Lypiti od HR thepetlot S e AP Ok ChORAe R N on W R ERETS 2% 6

the appl/ j as,screefy. di ni for small,
1 Gt i Gt hor e o el T e A% T S AU AN A

5 alternating-current voltage which is DC-shifted for the
voltage drop is used as the VCOM potential.
Referring to Fig. 26 again, on the same 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 peripheral
driving circuits. These are only shown as part of

15 peripheral driving circuits, and they are not limited to
these. Also, the horizontal drivers 14A and 14B may be
disposed on either upper or lower side of the display unit
12. The peripheral driving circuits are formed by using low
temperature polysilicon or CG (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



25 Fig. 35 is an exterior view showing an outline of the - 45 structure
of a portable termnal of the present invention, for exanple, a PDA. The
PDA in this enbodi nent has, for exanple, a folding structure in which a
cover 62 is provided to a nmain device 5 unit 61 so as to be opened and
closed. On the top surface of the main device unit 61, an operation unit 63
havi ng an arrangenent of various keys, such as a keyboard, is disposed.

Al so, on the cover 62, a screen display unit 64 is disposed. As the screen
display unit 64, a liquid crystal disppay 10 device is used in which the
above-descri bed DA converting circuit according to the first, second, or
third applied case is provided on the sane substrate with the display unit.

A di ta the liqui tal displ devi cor di to th b

ool 1 cd s, st el o P el e Y S Ay SR FRTSE G roui ts i s
il lized, d. d [ [ d | ution,

and 1 oI AR TS LU ¢/ hn Db okt et Uk aH3® Boder consumpt i on can

b d Thel r.0Vj Si f 1th i qui tal, di spl i '

the. scr dom oS TETPER LD caHNEHTFT bLTE { Bob P Bt O Thct o -

entire sit{ %ﬁ%heafnéér%g%ri%%gfe&ﬁﬁs of&g Arp&ria@g_ed resol ution and

i mage qualit reduced power consunption he screen display unit 64

achi gves ext@@g<y5fy o tRat LEHYROWereq, GONS eg ;i g life. 25
Al t hough the applicafﬁon tokﬁﬁé PDthasabeen%ﬁg&gﬁﬁ‘¥ﬁ%§kadescribed as an

exanpl e, st N4 th ETVSL, diSP! ayarfiovd ces isoNtiohtdi todh 0 this applied
case, but is suitable for use in various types of small, |ightweight

portabl erdergiaal 541 pad tdLtd addpi ngeld tdrud e ephpnes. sScHsq desesn bed
above, according to the present invention, by perform ng source-follower

of fset detecti4m, a pleveal shibesr of4sepai@te dAnesigacdi ned £idsey) vol tage
can be sufficiently reduced, and high precision offset cancellation can be
per f or mexhnitduisi ngeat i zdung: ad Binal Rgs dbufierher 1 o ta 10d hbvé AgL ¥@r ys | ow
of fsets and reduced variation in output potential.
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 period in synchronization with a
horizontal clock pulse HCK supplied from the timing
generating circuit. The data sampling latch unit 142
sequentially samples and latches, in one horizontal period,
the display data Data supplied from the data processing
20 circuit 13 in synchronization with the sampling pulses
generated by the horizontal shift register 141.
The latched digital data for one line is transferred to
the second latch unit 143 in a horizontal blanking pericd.

Digital data for one line is all output from the second

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



- 47 CLAIM5S 1. An anal og buffer circuit conprising: source-follower neans
for driving an output load; and 5 offset-canceling neans for performng

of fset detection on said source-foll ower nmeans a plural nunber of separate
times and sequentially canceling the detected offsets. 2. An anal og buffer
circuit according to claim1l, wherein said analog buffer circuit is forned
on an insulating 10 substrate by thin filmtransistors. 3. An anal og buffer
circuit according to claiml1, wherein said source-foll ower nmeans includes
first source-follower neans conprisingzan NMOS transistor and second
sourcefol | oner neans conprising a PMOS transistor, and said first 15
source-foll ower nmeans and said second source-foll ower neans becone active
in accordance with the polarity of precharge potential for precharging the

out put | 'OHF e A Tant eyt R figte e 1Skl i e t AR &b $n WPRKERRi n sai d
source-fol | ower nmeans Jincludes a current source 2Q conprising: a first MOS
transi stBtY HITEIFCOHE s 1 RO T T b riv it |Q%5ﬁ J?rgrie d¥ordance with the
polarity orq_‘veargiont rcoilr Si g‘ga]IuS a second l\{:)s t%ians]i[ stor, connecfed in series
to a MOSFHEHS ADCHE R Solitte FOIT i CRMRE P r3t T riasi ¥or which
is connected i ies to sai irst._25 MOS transist and whi ch conbi nes
with saﬁdlrlseg’coc;r}]ftﬁ{% Pror 4@?‘3 SDrZIancsolr_ls\f%rrtjt%gfcg)lrrrﬁ%l%uf{séht%]fﬁ .r?%ﬁ-’p%? rcuit.

5. Asdi spl 3y, devi GRCOML] S 0G5 8, Hsphay WAL GoMpesed of pixels arranged
inamtrix on a transparent i'nsulating substrate; and®5 a converting

i Spl ay T e e P S A B M T D e
di splay unit Tafe @feraamear dmg i qist alnSh@Ral S vala tdhe anal@qg signals,
register and a gate buffer. In the vertical driver 15, the
vertical shift register starts a shift operation in response
100 to a vertical start pulse VST supplied from a timing
generating circuit (not shown), and generates scanning
pulses which are sequentially transferred in one vertical
period in synchronization with a vertical clock pulse VCK
supplied from the timing generating circuit. The generated
15 scanning pulses are sequentially output to gate lines 24-1
to 24-m formed cbrresponding to the number m of vertical
pixels.
By using vertical scanning of the vertical driver 15 to
sequentially output the scanning pulses to the gate lines
20 24-1 to 24-m, the pixels in the display unit 12 are
sequentially selected in units of rows (lines). The analog
display signals for one line are simultaneously written in
the selected pixels for one line through the data lines 25-1
to 25-n. By repeating the line-unit writing operation,

25 image display for one screen is performed.



10 wherein said DA converting circuit includes an analog buffer circuit
conprising: source-follower neans for driving the data |lines; and
of fset-cancel i ng nmeans for perform ng of fset detection on said
source-foll ower nmeans a plural nunber of separate 15 tines and sequentially
canceling the detected offsets. 6. A display device according to claimb5,
wherein said analog buffer circuit is formed by thin filmtransistors. 7. A
di spl ay device according to claim5, wherein: a liquid crystal display
devi ce conposed of the pixels, 20 whigh include liquid crystal cells,
conprises neans for precharging the data |ines at precharge potenti al
corresponding to a gray-scale level in a node of applying no voltage to
liquid crystal; and _said source-follower neans includes first source 25
fol l ower neadd &bfpridiudg SEYRVES CLgRipdt 6evise $eydng the apove
source-fol |l ower neans conprising a PMOS transi stor, and said first
sour ce- f‘?ﬂr}%’xﬂﬁrarﬁééﬂb Wl AV nd- s Gt cer¥eITBvRE fRdhs Hetome active
in accordance with the pal arity of t”ﬁ&fr charge potential,. 5 8. éécﬁsplay
devi co RCORINGT Y &G S, Wt @5 i B8 dRARIS Y GHEat i S a
reference-vql t age- sel.ecti.ng DA C nveQiin circuit, including a reference
vol t age tSneené}foartaﬁigznogn G cctrijtv%frosr Géhe |1n% a EB}GErJ%n‘? t§FOFL EF Feh® vol t ages
corr §Spolr§jl QQ} t@q% r.Eean{.t!au a elOfﬁtQ{eay_lSaC l .esdbesvtel_laste alnfj) awi:l’l:on rtei'];eer ence
vol t age sel ector for selectively out pus[ ing a
display unit 12, a display panel integrated with all driving
circuits can be constituted, and it is not required that
another substrate, an IC, and a transistor 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 abo&e—described
first or second embodiment, or its application, is used.
15 [First Applied Case]
Fig. 28 is a block diagram showing an example of a
reference-voltage-selecting DA converting circuit. Here,
for example, R (red), G (green), and B (blue) 6-bit digital
data, bRO to bR5, bGO to bG5, and bBO to bB5, is supplied as
20 the display data Data.
In Fig. 28, a reference voltage generating circuit 31
generates reference voltages V0O to V63 for 64 gray-scale
levels corresponding to 6-bit display data Data. These

reference voltages V0O to V63 are supplied to reference

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



reference vol tage corresponding to one digital display signal from anong
the reference voltages, and is fornmed by disposing said anal og buffer
circuit on the output side of said reference voltage selector. 15 9. A

di spl ay device according to claim5, wherein said DA converting circuit is
a reference-vol tage-sel ecting DA converting circuit including a reference
vol tage generating circuit for generating a plurality of reference voltages
correspondi ng to the nunber of gray-scale levels, and a 20 reference

vol tage sel ector for selectively outpgiting a reference voltage
corresponding to one digital display signal fromanong the reference

vol tages, and is forned by disposing said analog buffer circuit on the

out put side of said reference voltage generating circuit. 25 10. A display
devi ce RLEFHHF tPRA al4fi 5,21het?d PriRFdded By tdvhdats g @S cuit is
a smﬁtcgﬁg caggci or DA converting circuit conprising a conbination of

swi t ches® 4nd p?a%:"lrt or'’s, PR A3SP LAY diidut! %t fg¢ se s Sid GiEdPYapaci t or
DA converting circuit, said analog buffer circuit js_disposed. 5 11. A

di spl ay tffe‘?}‘? WME T nrgea#t%recrfcaef r??oljot,a%‘iser\éd Fead® ddfadt &F4% a pa
converting porition of said sw tched capacitor DA convertin ircuit .and
each caﬁ%%% %Hf?Y#%§51dr%%% %%C%UY?gFa%'?cﬁ?fr%?%oﬁgéﬁgaéoeggﬁ BPhé%s’lz. A
di spkay i or di ida 5 er-el al 0.converting circuit
IS agr efBeEr?de/ ntgog- vol t aégjded] gc’ef%de)citcclL ﬁsgégsvﬁ i g}“e%l-écd;pd;%ﬁloar%ﬁk q:no‘—"(r?l\r/‘!S ert iﬂnag&ci rcuit

i ncl udi SENEY td i i or n i . plurality
of refe;%n%%ﬂ%ﬁggff%%éﬁgggndl ng@téo t (gd#]ﬁéjnb%r}{’oﬁ%f’agrg%a{% Ialeé\iel s, a
referencahwpl tagersgl eggor for 15 selectively outputting, fromanong the
reference voltages,” two adjacent reference voltages correspondi ng to upper
bits of the @hgifledl dieplid F3INalzc,arRch 33 LeRedreRRaEd on &necuit for
outputting the anal og display signals which correspond to | ower bits of the
digital digplyssdgnads angl 20f avdede are) ganeradas-hyr 415329, t3ps [ wo

adj acent reference voltages selected by said reference voltage sel ector,
andl8ai chrloA IAMyetHangi €] risativedrs fios madthyt B SPpasidany stie ded og buf fer
circuit in an output stage of said switched capacitor circuit. 25 13. A
port abl el irexsm 2t 1 comp2bsnng: The- r&dson thapl ajteubuf feonpisediak Pi3Rel s
arranged in a matrix on a transparent insulating substrate; and

33G, and 33B are provided are as follows:
Enlarged screen size, increased resolution, or the like, of
the liquid crystal display device increases a capacitive

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 are described above, are used as the
buffer circuits 33R, 33G, and 33B. Since the analog buffer
circuits have very low offsets and reduced variation in

25 output potential as described above, there is not any



a DA converting circuit which is provided on the transparent insulating
substrate with said display unit and 5 which supplies analog signhals to
data lines in said display unit after converting digital signals into the
anal og signals, wherein said portable termnal is provided with, as a
screen display unit, a display device in which said DA 10 converting
circuit includes an analog buffer circuit conprising source-follower neans
for driving the data |ines and offset-canceling neans for perform ng of fset
detection on said source-foll ower neagg a plural nunber of separate tines
and sequentially canceling the detected offsets.
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obtained. This is because it is preferable, 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
level in a normally white liquid crystal display device, and
black level in a normally black liquid crystal display
device), and the white level or the black level changes in

25 an alternating-current manner in response to VCOM inversion.
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synchronization with the VCOM potential, as described above)
to be supplied to the CS line 27, as the precharge potential
5 CS in Fig. 5 or Fig. 25, the CS potential is at a gray-scale
level (white level 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 liquid crystal. Accordingly, driving of the data lines
10 25-1 to 25-n may be started at the gray-scale level, so that
less driving current is sufficient, thus enabling a
reduction in power consumption.
In this applied case, the switch 87 in Fig. 5 and the
switch S29 in Fig. 25 are used as precharge switches. 1In
15 the analog buffer circuits according to the applications of
the first and second embodiments, a switch signal for
performing ON/OFF driving of each switch, control signals
Ncont and Pcont for performing ON/OFF driving of the power
supply, and a precharge signal for performing ON/OFF driving
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
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the lengths of wires for transmitting reference voltages V0
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
capability. Although the buffer circuit 35 is here
indicated by one block, actually buffer circuits 35 are
provided so 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 circuits
33R, 33G, and 33B handle reference voltages V0O to V63
obtained after selection by the selectors 32R, 32G, and 32B,

15 while, in this applied case, the buffer circuit 35 handles
reference voltages V0O to V63 obtained before selection by
the selectors 32R, 32G, and 32B.

Since the same reference voltages V0O 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.
Therefore, for the same reason as described above, very good
convenience is obtained, in particular, in the case of using
the analog buffer circuit in the first or second embodiment,

25 or its application.
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As described above, by using the analog buffer circuit
in the first or second embodiment, or its application, as
the buffer circuit 35 for the reference voltage generating
circuit 31, relative variations in potential among reference

5 voltages VO to V63 can be reduced because the analog buffer
circuit has very low offsets and reduced variation in output
potential. This performs display driving at analog display
signal levels accurately corresponding to digital data bRO
to bR5, bGO to bG5, and bBO to bB5, thus enabling display of

10 a higher quality image.

[Third Applied Case]

Fig. 31 is a block diagram showing an example of the
configuration of switched capacitor DA converting circuits.
It is here assumed that, for example, R (red), G (green),

15 and B (blue) 6-bit digital data, bR0O to bR5, bG0 to bG5, bBO
to bB5 are supplied.

In Fig. 31, switched capacitor DA converting circuits
41R, 41G, and 41B are provided for the data lines 25-1 to
25-n in the display unit 12. The switched capacitor DA

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. 1In this applied case, the
analog buffer circuit in the first or second embodiment, or
its application, is used as this buffer circuit.

25 Fig. 32 is a circuit diagram showing a specific example
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converting circuit according to the Third Applied Case. For
ease of understanding, this specific example shows a case in
which the switched capacitor DA converting circuit is
5 constituted by using two bits 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
10 Fig. 1, on the side of input data Vin0O of a lower bit (LSB)
a first switches-and-capacitor group composed of switches
Sn2-0, Sn3-0, Sn4-0, and Sn5-0, and capacitors Cnl-0, and
Cn2-0 is provided, and on the side of input data Vinl of an
upper bit (MSB), a second switches-and-capacitor group
15 composed of switches Sn2-1, Sn3-1, Sn4-1, and Sn5-1, and
capacitors Cnl-1 and Cn2-1 is provided. Also, a third
switches—and-capacitor group composed 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 numerical matching is provided. An NMOS transistor QOnl
and a current supply Inl in the buffer portion, and switches
Sne 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

25 circuit having the above configuration, the capacitance of
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capacitors Cnl-0 and Cn2-0 in the first switches-and-
capacitor group, and the capacitance of the capacitors Cnl-1

5 and Cn2-1 in the second switches-and-capacitor group is set
to be 1/2 of each of the above capacitances. Also, since
input 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 function, and its circuit 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 Ncont and Pcont 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 operation can reduce offsets,

thus reducing a variation in output potential. Therefore,

25 by combining the N-type-buffer analog buffer circuit
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addition thereto, as is clear from the circuit configuration

5 in Fig. 32, the capacitors Cn2-0 and Cn2-1, which correspond
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 circuit according to the second embodiment 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 of a reference-voltage-selecting DA converting
circuit according to an application of the third Applied

20 Case. The reference-voltage-selecting DA converting circuit
according to this application is a DA converting circuit in
which reference voltage selectors and switched capacitors
are used in combination. It is here assumed that, for
example, R, G, and B 6-bit digital data bRO to bR5, bGO to

25 bGS5, and bBO to bB5 are supplied as display data Data.
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A reference voltage generating circuit 51 generates not
reference voltages for 64 gray-scale levels for 6-bit
digital data bRO to bR5, bG0 to bG5, and bB0 to bB5, but,
for example, reference voltages V0O to V8 for 9 coarser gray-

5 scale levels. The reference voltages V0O to V8 are supplied
to the reference voltage selectors 52R, 52G, and 52B. The
reference voltage selectors 52R, 52G, and 52B selectively
output two adjacent reference voltages from among the
reference voltages V0O to V8, for example, for upper 3-bit

10 data, bR3lto bR5, bG3 to bG5, and bB3 to bB5 from among 6-
bit digital data, bRO to bR5, 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 bR2, bG0 to bG2, and bB0 to

15 DbB2 among the 6-bit digital data, bRO to bR5, bG0 to bG5,
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, Vin0O, Vinl, and Vin2
having, between the two reference voltages, levels

20 corresponding to the lower 3-bit data, bRO to bR2, bG0 to
bG2, and bBO to.bBZ.

The generated 3-bit data, Vin0O, Vinl, and Vin2, are
supplied to the original switched capacitor DA converting
portions. It is the circuit in Fig. 32 that indicates a

25 basic circuit in a case in which N-type-buffer analog buffer
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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-described applied case, an example of
application to a liquid crystal display device composed of
liguid crystal cells as display elements is described. The

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

20 display elements.

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

lightweight portable terminals.

25 Fig. 35 is an exterior view showing an outline of the
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5 unit 61 so as to be opened'and closed. On the top surface
of the main device unit 61, an operation unit 63 having an
arrangement of various keys, such as a keyboard, is disposed.
Also, 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, second, or third applied
case is provided on the same substrate with the display unit.

According to the liquid crystal display devices
according to the above applied cases, as described above,

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, provision of the
liquid crystal display device as the screen display unit 64

20 can contribute to simplification in the entire structure,
enlargement in screen size, and increased resolution and
image quality, and reduced power consumption of the screen
‘display unit 64 achieves extension of a battery-powered
consecutive usable life.

25 Although the application to the PDA has been here
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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.
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1. An analog buffer circuit comprising:
source-follower means for driving an output load; and
5 offset-canceling means for performing offset detection
on said source-follower means a plural number of separate
times and sequentially canceling the detected offsets,
2. An analog buffer circuit according to claim 1, wherein
said analog buffer circuit is formed on an insulating
10 substrate by thin film transistors. |
3. An analog buffer circuit according to claim 1, wherein
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
15 source-follower means and said second source-follower means
become active in accordance with the polarity of precharge
potential for precharging the output load.
4. An analog buffer circuit according to claim 1, wherein
said source-follower means includes.a current source
20 comprising: 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 transistor as a source follower; and a third
MOS transistor which is connected in series to said first

25 MOS transistor and which combines with said second MOS
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5. A display device comprising:
.a display unit composed of pixels arranged in a matrix
on a transparent insulating substrate; and
5 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,
10 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 sald source-follower means a plural number of separate
15 times.and sequentially canceling the detected offsets.
6. A display device according to claim 5, wherein said
analog buffer circuit is formed by thin film transistors.
7. A display device according to claim 5, wherein:
a liquid crystal display device composed of the pixels,
20 which include liquid 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-

25 follower means comprising an NMOS transistor and second
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precharge potential,

5 8. A display device according to claim 5, 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

10 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
saild reference voltage selector.

15 9. A display device according to claim 5, 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

20 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 generating circuit.

25 10. A display device according to claim 5, wherein said DA
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circuit comprising a combination of switches and capacitors,
and in an output stage of the switched capacitor DA
converting circuit, said analog buffer circuit is disposed.

5 11. A display device according to claim 10, wherein each
capacitor in a DA converting portion of said switched
capacitor DA converting circuit and each capacitor in said
analog buffer circuit are used as each other.
12. A display device according to claim 5, wherein said DA

10 converting circuit is a reference-voltage-
selecting/switched-capacitor DA converting circuit including
a reference voltage generating circuit for generating a
plurality of reference voltages corresponding to the number
of gray-scale levels, a reference voltage selector for

15 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

20 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 buffer circuit in an output stage of said switched
capacitor circuit.

25 13. A portable terminal comprising:



10

- 51 -

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

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

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

times and sequentially canceling the detected offsets.



