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c( r~nn~k i VIial [jhghikaNnQdd,~O ~ SEMITCONDUCTOR DEVI CE 5 TECHNI CAL FhEbD
~~JU~" The presenk’mdagmﬂﬁ'%]mrel ates to a sem conductor device, and JlL 2003
particularly to a chr%%;E tor perfornming differential anplification
therein. 10 BACKGROUND'ART In this specification, the follow ng technical
references are cited, and docunent nunbers given thereto are hereinafter
used for the s mﬁw m' i mcity. [Docunent 1 ] : Japanese Unexam ned Patent
Publ i cati on No. ﬁJM@HWﬁ’m 15 309872 (corresponding to U. S. Patent No.
5,412,60S); [Docunent, 2] : VLSl Menory, %P. | 61-167, K. 1to, Bai huukan, | st
| ssue, Novenber 5, 1994, [Docunen§P&F&Ff.A$§ﬁ§Ha, et al., ISSCC1 D g.
Tech. Papers, pp. 108-109, 1991; [Document 4] : H Hidaka, et al. , |EEE
Journal of Solid State 20 Gircuit, Vol 27, No. 7, (1992), pp. 1020-1027;

[ Docunent 5]: Japanese Unexam $eni@EaertTéRODEYREEON No. 63 (1988) -
211191; [Docunent 6] : S. Eto, et al., 1SSCC98 Di g. Tech. Papers, pp.
82-83, 1998. In [Docunent 1], there is disclosed a technique of 25
stabilizing | if operation under condition of a reduced power
supply éoltagge?ﬁIgKERXkng appl ying a voltage having a potenti al
difference with respecprteeantfinabnaiiphi kecateentwoht sgaisvabuasc@\D (e. g.
, a negative 1 SEMICONDUCTOR DEVI CE 5 TECHNI CAL FIELD 31 JU- The
present inveflevVorer efRE €20 1D P2 Edmd@iduc tor adelf el t s Peyrd qarititul arl y
to acircuit for _performn Lftferential,anplification therein. 10
BACKGROUND Aﬁ*gFﬁ ?ﬂl%agkégpg%ééFﬁgﬁ?ntﬁgeggﬁpomﬁng techni cal references
are cited, and docunent nunbers given thereto are hereinafter used for the
sake of sinplicity. [Docunent 1 ] : Japanese Unexam ned Patent Publication
No. 6 (01994BRCKEBOBNDOSART(corresponding to U. S. Patent No. 5,412, 60S);

[ Docunent 2] : VLS ry . -161-167, | Lo, . Bai huukan, I st .lssue,
Novenber 5. 1094 {BoChrBntPSF: £ LARRuat e, Y150 BT Rt §o roch
Papers, pp. 188e188ced94de dDosmaMg HocuntdntHiddid rLlyidlen thleBlEJour nal
of Solid State 20 Circuit, Vol 27, No. 7, (1992), pp. 1020-1027; [ Docunent

5] : Japaneseatpéyens imedf tRat ened Figh] thatsade N6.sie® (1108]). - [DoTugEnt
[ Docunment 6].:_ S._ Eto

[ [ Docurent L 4] DT D RRE EE A O RPAGE BF 38 Nonel [ 1A sense
anplifigr opesagyon HpdeEssoRdihgono0t. 8.1 eduesd peves, suppkysygl tage in a
DRAM by applying a voltage having a potential difference with respect to a
final anpliflRathwenydl:afésSsutsnasy GNP -(&61gl6], aKndgat,i BPeibhuukan,J U L
2003 1ét Issue, November 5, 1994; [Document 3]: T. Yamada, et
al., ISSCCSl Dig. Tech. Papers, pp. 108-109, 1991;
[Document 4]: H. Hidaka, et al., IEEE Journal of Sclid State
20 Circuit, Vol 27, No. 7, (19%2), pp. 1020-1027; [Document
5]: Japanese Unexamined Patent Publication No. 63 (1988)
- 211191; [Document 6]: S. Eto, et al., ISSCC98 Dig. Tech.
Papers, pp. 82-83, 1998.
In [Document 1), there is disclosed a technique of
25 stabilizing sense amplifier operation under condition of
a reduced power supply voltage in a DRAM by applying a
voltage having a potential difference with respect to a

final amplification voltage such as GND (e.g., a negative



FIG 25 shows an essential circuit part of the DRAM contai ning an
over-driving drive circuit which has been exam ned by the inventors prior

to preparation of this patent application. The over-driving drive circuit

is 5 designed to over-drive a P-side common source |ine CSP using p-léoJULagzﬁﬂa
VDH hi gher than a high-level voltage "H' on a data line (VDL). In ¥h
over-driving drive circuit, an over-driving voltage VDH is suppli;:d froma
term nal of the P-side commobn source |ine CSP through a PMOS transistor

QDP1 10 located thereat. Tn consideration of addition of the over-driving

circuit, it is desirable to prqvide the aqver-driving dri ircuit at a
termnal of ' PHE ISP Mo qkar?ﬁmeeté)nﬁvépgtrgteeﬁogﬁ %r‘f‘g@néﬁlpgf 8FP&duct i on
in circuit e rddr Fl @ni26 (hows PRe’al G Weanef aldrs; appeard g on the
common source line and data line in sense anplifier operation. It is herein
assuned t hairtthenglatscheme since onmore stargeovided aa et prechatgedaw th VDL/ 2
before a sense anplifier starts a cation. Under condition that SPl 20

i fi
is set to &4oWrd &deich 5hﬁuf’eéﬁﬁlggﬂibkt%ﬁ&u§:tqrdﬁ%{h&n’f &S SRmbAISour ce
l'ine P i Pl i 1 I t ar est
posi t%n tgia?&el—%ﬁ agf}f)%\%%/%n%%g %’%t%%éf?%f ﬁl?f%f%%g% S\g\cg)s?{]?ogg?%gr efrom
An over dr i \dmgl i f ives s ocb THodlg ¢ egti esemt i Npi@e dur ati on for which 25 the

QP11 is put into conduction is set so that the "H' |evel side of the data
line will reach tiROcMDeRt hi ghs dpbdlY FANEKERYi Wtk heh®¥DL. FIG 26 (a)
shows a case e [ pt L0l 3w re ct to the
SAn whi ch ?Cse oc(g]toe%ih% I?gie\}rr?]aerg$%g?}%§glat ion Oérﬁ&gé%ge( %I\?/se)r’ 2k

cor r espondigigpkaetshec VI s8ppt e node, sanenfb@iZbu{b)fohamplargase where
the Tod is optimzed with respect to the SAL which is |ocated at the

fart hEst 5 PBSNHFEH1EHIETFoMIPRE I8AGAAPT A EMST Y262 4)1S exRéréneRe Tod is
optimzed w t n o] e S fi Vo] p.@ccurs on

t he commnvﬁsno[}?a{c?ﬁ(ﬁﬁfea%’ueéﬁe% %frgenncg)olzéu%p ‘?Sec %/%rﬁll ?ﬁgtgé%% source
line to eacdriSAriquatgieuddliiid pbrpeindandl senses egachabhdpedd, LAgeat her
hand, at 10 the farthest position, an OFF state takes place before a

suf fi ci ent IGhehisghtieveribievof t"dge CuspeptyD)ystsiket iraadye® Seasél ting in
a sufficie ff ive ¢ V, . ei ' .required.
That is tor}%‘Tl y,lmdlg‘{lca%lrilﬁl(e%g('u t@ggib%%%g@ﬁ%%‘a’ gr%%oo%é%{e g:%oggrl Stion

st at el5 By watiafd, 1% eenteasmpl A8ishai ¢imd-ld@wedb vt agaemer@attheoTod i s
optimzed with respect to the farthest position (SAl) , the effect of
over - dri vi fig IBEGInETPLIS L RAGA St VPhEABR ARt F5dSi tils®) dsuskRBLacdata Iine
vol tage to jexceed Py o [ I in Ln Ny

consunpti onl. As nesn[é?o\réqulgég\?gfagggyﬁéti' n\alggt%rgiﬁg\%glkgu%gmgﬁgtsea vol t age
drop due t ampesifSiteanc e dr icesmorhsowlceond nef cdtisesng MesFease i n sense

operation speed or_an increase i.n power consunption, depending on the
posi ti on ofdIERIF sk S tHIRYFIVELY WRi- Ce rafoUEr BRDSEOARRAELAEFEN2ES a common

tsgg; e yI ;pglﬁ‘?se%s%@%éc?ﬁg@ﬁ%ﬁ@gﬁﬁg#&%ﬁgrﬁ?%@oﬁiﬁﬁgp:'(tji on is
given to apgpddatdran 4]0 afe avigfedrini Mpainait 2 ais thiee sensginapl i fiers
therein. 4technical literature proposing the above-mentioned method.
For the purpose of making it possible to implement
an over-driving circuit for a large-capacity DRAM to be
25 operated on a low power supply voltage, the inventors have
examined some aspects of practicable arrangements of a

sense amplifier and an over-driving drive circuit therefor

in the DRAM prior to preparing this patent application.



31 JU. 2003 It is therefore an object of the present invention to provide

a sem conductor device in which non-uniformty in over-driving anong a
plurality of sense anplifiers is elimnated. Another object of the present
invention is to 5 provide a sem conductor device in which an incragquUm 2003
| ayout area including a plurality of sense anplifiers is reduced ile
elimnating non-uniformty in over-driving. DI SCLOSURE OF THE | NVENTI ON 10
In accordance with a typical aspect of the present invention, a plurality

of drive switches for over-driving are distributively disposed along a row
of sense anplifiers and a plurality of drive switches for restore operation
are concentrati véllf.pEovededs adn ares el aof diheuddwpef tsehsehd PRAMpl i fi ers.

A potential for over-driving is preferably supplied using a nmeshed power
i ne o r cUISCREAHT Mg (0 SHoRHET. s S oo 1 by B FRFo RS, |

luralit f. -Rsgh- Si J ] : I I .Qf ~ iifiers
oo, Sl e spahen o o il o sanse a1

are structured using the sane 20 c
| ow si de dpatentwiapgtidsatdroncontibe oserefiravgatedsigraktirdhis tmkes it
possi bl e to reduce a distributed-arrangenent |ayout area including the

dri ve Ssvi t EIfed GRFE SRATETARBIIVE 2P S 1A SHBION FREFECM SFEFS PRSATY a | ow
threshol d vol Lage, 251 1 yRed A5 1 he, FANSE. AP nki 52 prgfprabl e to
control a conmmon %OUI’CG noae potenti a of ? e sense aI’Tp|IfOI ersafor

decr easi ng 1anleakoeyr.r enh tReabvaetbyevshgndRyvest atecufd, i gpedance-vari abl e
~sense anplifier = 5 31 JUL 200 drive switch is applicable as an exanple
of pref er alpvermelaiy iher vebhagelMhgs s wumord Ssamce tegad ngdt ehtling of t he

Sense P-side common source line CSP through a PMOS transistor QDP1

10 located thereat. 1In consideration of addition of the
over-driving circuit, it is desirable to provide the
over-driving drive circuit at a terminal of the CSP line
as in the above~-stated arrangement for reduction in circuit
area.

15 FIG. 26 shows operating waveforms appearing on the
common source line and data line in sense amplifier
operation. It is herein assumed that the data line and
common source line are precharged with VDL/2 before a sense
amplifier starts amplification. Under condition that SP1

20 is set to a low level to put QDP1 into conduction and the
common source line CSP is supplied with the VDH, there are
located SAn at the nearest position to a VDH supply node
and SAl at the farthest position therefrom. An over-
driving time period Tod representing a duration for which

25 the QDP1 is put into conduction is set so that the "H" level
side of the data line will reach the VDL at high speed, not
exceeding the VDL,

FIG. 26 (a) shows a case where the Tod is optimized



anplifiers being activated. 5 BRI EF DESCRI PTION OF DRAWNGS FIG 1 is a

di agram showi ng a sense anplifier circuit in a first preferred enbodi nent
of the present invention; r'IG. 2 is a diagramof operating wave forns in
the first preferred enbodi nent of the present invention; 10 FI &1 3JULs 2§03
di agram showi ng an essential part of a sense anplifier circuit in a second
preferred enbodi nent of the present invention; FIG 4 is a diagram of
operating wavefornms in the second preferred enbodi mrent of the present
invention; 15 FIG 5 is a diagram showi ng an essential part of a sense
anplifier circuit in a third preferred enbodi nent of the present invention;
FIG 6 is pdiagdareof opefigli o8 WaweERr 18 1 8chbheqt Btrdner akareed

enbodi ment of the present invention; 20 FIG 7 is a diagram showi hg a sense
anplifier mgiciidn ito a $ens¢ ipnefie coed eepoodiimgnt oof he M H seppdty

invention; FIG 8 is_a di agéam of operating waveforns in the fourth
pref err ed RAFROIRRENE L Bf 40hER hrdSuit 2 iGRRETIBRS e o8 15 Rt dMEGREm showi ng

an essenti.al SEN ampliidy ers giouily bR aphl kthpeeterred
enbodi nent&o%kpta%etes%ér%gegn?s [ nvzs‘r%tll gvﬁl;lcﬁgs %SCI s a di agram o oger ating
wavef®r ns pasithieod ichidy gfrefrer r ,d sidhadiimeRLGof24 e )presens thw &odtll on; 6
31 JUL 2003 FIG, 11 is a diagram showi ng a preferred enbodinent in an

appl i cati oS 8Ptimé zgdaskih rEAPERTitohthe ER T RAFY tdeRs e Bpéfatfon met hod;

FIGS. 12 (cﬁ.)o anodciétp}}s ac%rﬁegk.#gg&?ﬁﬁ%%g?%??%l 2R tdéesggﬁggéugg:ebg;e Sense

anplifier circuits in our preferréd e I men FIG 13

is a di agrapshov nerdh exanpbindl So6r 065t 586t LONAhcEt HCEHN ehkaken al ong
line A-A" in the |ayout schenmes of the sense anplifier circuits in FIGS. 12

10 (a) andii®ial mess.ocd L gpnardopbyahiend agr dme sHdWimdaedanpltes of
ayoll - scHited BT IHE SEREE R 11 O foi it R P25 EaF R (b): 15
FIG 15 i ssufr i o B RaWhgs v S6ASE> 18 d fitsP Ciyiciindthraashetlh preferred
enbodi mrent of the present invention; FIGS. 16 (a) to (d) are diagrans
showi ng ex@flldsings in a sufficiently high effective gate voltage not
being attained as required. That is tosay, data lines (Dlt,
Dlb) are put in a low-speed operation state. By way of
15 contrast, as shown in FIG. 26 (b), where the Tod is optimized
with respect to the farthest position (SAl), the effect of
over-driving becomes too high at the nearest position,
causing a data line voltage to exceed the VDL. This results
in an increase in power consumption. As mentioned above,
20 the inventors have found that a voltage drop due to
resistance on a common source line causes a decrease in
sense operation speed or an increase in power consumption,
depending on the position of each sense amplifier.
While a current concentration to a common source line
25 of sense amplifiers and an effect on voltage attained
thereby are discussed in (Document 2] to [Document 4], no

consideration is given to application to an over-driving

clircuit for the sense amplifiers therein.



arrangenments of Zn indicated in FIG 15; FIGS. 17 (a) to (d) are diagrans
showi ng exanpl es of 20 arrangenents of Zp indicated in FIG 15; FIG 18 is
a di agram of operating waveforns in an application where the Zn and Z
arrangenments shown in FIG 16 (c) and FIG 17 (c) are used in tﬁ}1sdHEe2NB
anplifier circuit in FIG 15: 25 FIG 19 is a diagram show ng an exanpl e of
a circuit arrangenent in an application to a lowVt sense anplifier; FIG
20 is a diagram showi ng | eak current paths in an active-standby state; 7
31 JUL 2003 FIG 21 is a diagram of operating waveforns in connection with
FIG 20; FIG 22 is an entire configuration diagramof a synchronous
dynam ¢ random anress tharefio den aan odgeldtc atfi aheSpoésthe pnesentonnventi on:
FIG 23 is a diagramshowi ng an arrangenment in which a nmemory array is

di vi ded i rit® PE@yLSEmdr §eBE FaYUCHPE Aol e 1R YPagPaRPRNeM AgTEikEshed power
line circuit in a sub-.renor ray.; El 5.1 i it _di,agram show ng
an essential %ﬁﬁﬁ i%fiﬁqﬁ%ﬁﬁéy Fa%%ﬁ#%l§%§;$§r§gﬁﬁgi%gﬁggkégggi?%uit

exam ned, Jrifindtedr epaodticdnoplebhi or paleple 8ppti Gatdoio@nd £6CS. 26 (a)
and (b) are diagranms show ng exanpl es of operating wave fornms on conmon
sour c® andxktind inesenicarisense deplcd i br Wpkrlatdaoninareandetti on with
FI G 25. BEST MODE FOR CARRYI NG CU[%&HE,INVE | ON The Bﬁe%ent i nvention
will now bé ¥R AT T IR 3y WEy 1o YeRanpFBSqi fHP&FEFERCESt 0 t he

acconpanyingy,2% AL awiR0s1 1 hink8:1H9 Psh Uderstond, thabve heqgpi ¢sgat i nvention
is not limted to the use of specific circuit el'enents in each block in the

following preferred enbodiments . In nost applications, the circuit
monocr yst AT IS e ol A g o known sen conductor device
fabrigation techy que.s Ridhoe %iEMR &QBEBEQWEQE@EX MeS: heapsb SERE)
integrated circuit fabrication technique. In the drawi ngs, a non-arrowed
circuit syimbontwiforMOBFETufheiialy &8f drive switches for over-driving
are distributively disposed along a row of sense amplifiers
and a plurality of drive switches for restore operation are
concentratively provided at one end of the row of sense
15 amplifiers. A potential for over-driving is preferably
supplied using a meshed power line circuit.
According to another aspect of the present invention,
a plurality of high-side drive switches for a plurality of
sense amplifiers are structured using MISFETs of the same
20 conduction type as that of low-side drive switches for
common use of a gate signal. This makes it possible to
reduce a distributed-arrangement layout area including the
drive switches and sense amplifiers.
Further, where MISFETs having a low threshold voltage
25 are used as the sense amplifiers, it is preferable to
control a common source node potential of the sense

amplifiers for decreasing a leak current in an active-

standby state. An impedance-variable sense amplifier



31 JUL 2003 Oxide Sem conductor Field Effect Transistor) represents an
N-type MOSFET (NMOS), and an arrowed circuit synmbol of MOSFET represents a
P-type MOSFET (PMOS) . For the sake of sinplicity, each I\/DSFETa 'L]s s
hereinafter referred to just as 5 a MOS. Note that the present inJBEtZQHﬁ IS
not limted to a circuit conprising a field effect transistor having an
oxide insulation filmsandw ched between a netal gate and a sem conduct or
layer. It is to be understood that the present invention is applicable to a
circuit conprising an 10 ordinary type of FET such as a M SFET (Mt al

| nsul at or Sem conductor Field Effect Transistor). <Enbodiment 1> Referring
to FIG 1,dtivez ewiischihosvapaldetbilkexs dhagraam lbobfp e Saudeiniempegnar ray SVA
in a dynani c random_access nenory. In the present preferred enbodi nent, an
over - dri viiRy 6p8F&0L44A NGsa FEIThBEEUBRe dIREDPOPLEEda Lantl tesFERSSour ce

nodes of Se: 10 fi |0t [hitial period of amplification. The
pr esent p(r%e e?"r%l enb%%}%n%&ls‘p%%é&;har acterized in that a plurality of
over-driving drive switches QDP1l are distributively disposed in a sense
anplifier area SAA for driving a P-side common source |line CSP. Before

proce®di nGRIFEHAEFTRIPHERE r@PtPRAWBIGEI G 1, the following explains the
present inventi %d'.n%tfégsﬁ%gg%esﬁ?ygyog%%égggh rlﬁg%}gilr%g%gjigi' n a nmenory

device with referenc errin here is

shown an em iar ei1bkeckrdiagram &hbdasydehomnens Me L EDRMM Nt Roagcor dance
with 9 31 JUL 2003 the present invention. Each circuit block is operated

with timng of aiG.nkeémalkdiegramadf ebghak igeereglankny/ in thenfhgssi gnal
generator circuit TG to ich a control_signal.is input. The follow ng
control sik es’”%frde ?%‘iﬁl\{n’ﬁ)“tt hcéfT%‘% R 1iiJnl?‘ﬁegmi:%ﬁ?’r ol of a clock
signgl CLK; a chigg sel g& asugagliaén%howwgagqr esseatiahepaiangk LRAS,
col um address strobe signal /CAS, and wite enable signal /W A
conbi nat i srersfe eine 1gff itedre od rowyittr 6 si gaabsdapde far nedresisodigant i s

referred to%h%t a_comma d si nq__lajb A clock enable 10 signal CKE is used to
det er m ne Whet WePor° Hibt 10" Bhabi’® the clock signal. An input/output nask

signal DQMis used.tq Gentd Qli Ryt &1 P LUttty foimd /B §19¢ maski ng
i nput/out put data oni nput/output termnals ( , ... DQn). The SDRAM
enpl oys amesdice P afidgnigqd enbastiment il 5 lwhite sow amv et Lem: addr esses

are #'Snput from %(rj[g{meis N npu%.t erm nastgAO, A, L. An% i ng(ii nf-gli Vi si on
nul t1%l exi ng. A ddPess HtAPEEM: 528" FBW 3AdPRE§buft eP2XAB°F s?decoded by
a row decedeyseXakbCiFoesel £y A RAY hiorH Al phird dridieehBod ifBARI yrarray MAG,
and accordingly a nmenory cell for one:
the present invention:
FIG. 6 is adiagramof operating waveforms in the third
preferred embodiment of the present invention;
20 FIG. 7 is a diagram showing a sense amplifier circuit
in a fourth preferred embodiment of the present invention;
FIG. 8 is a diagram of operating waveforms in the
fourth preferred embodiment of the present invention;
FIG. 9 is a diagram showing an essential part of a
25 sense amplifier circuit in a £fifth preferred embodiment of
the present invention;

FIG. 10 is a diagram of operating waveforms in the

fifth preferred embodiment of the present invention;



20 word is selected. Then, when a columm address is input to a colum
address buffer YAB, the columm address is decoded by a colum address
decoder Y-DEC to perform further nenmory cell section for readiqg ogg 9
witing. In nost cases, the SDRAMis provided with a plurality "0f l’ro?qp
arrays (or 25 nenory banks) that are specified with respective bank
addresses. In FIG 22, only one nenory array MAO (BANKO) is shown as a
representative array. Internal power voltages generated by a voltage 10

31 JUL 2003 generator circuit VG of the SDRAM shown in FIG 22 are
described below. In the present preferred enbodi nent, a single power supply
met hod is enpl oy@daGi.n1whi g ha GG granb sHpwiisigseppl & €dr £ ¢ dremsoeXieinal

circuit with reference to 5 VSS (0 V). An internal power voltage having the
hi ghest poti@nenapPP5igppPies. of \Hhe wiesents ipvsatded by anvordayRrHoosti ng
circuit containi ng} aa%haégewpc%rg) Circuit, and the VPP thus produced is
supplied t & %4 %o P Stidte A e cf?cuit and other circuits. VDH (2.5 V = VCO
is used as a powerrctQ Vol t@ge sher @penald RY RAEMh&wiGd W sutsuch as the
XAB, YAB, TOB and X-DEC. VDL (1.5 V) and VDBH (0 V = VSS) are supplied to a
sense Sanpl isichemefsopfdeher sems g ldatie d iolg qestsoria pbeehonath awdch will
be describ%dfl ter. VDL is produced by a voltage down-converter circuit

(vol tage 15 EEnPEEMFETeS FOR LY S5r echarge method is adopted in the

present pref err egrenbadi mant, a¥Beran( @noking A0 berguRplded to a circuit
such as a data line in a standby state is produced fromthe VDL. The VDL/2
i s al so usedoas-aepitaeagotsemuicaluryPlt afiken & hegreoryingelA-A'VBB (LI 75 V),
used as 20,a_substrate potential for biasi a back .gate o o the
ovest it daP Ut CRETAR oF E5 SR08R A Hhee b o et Habadt FRESCHeui ¢

cont aipni ng (khegharge .punp circuit. Referring to FIG 23, there is shown a
detailed internal configuration of the nenory array MAO i ndicated 25 in
FIG 22. The MACFEGApriidesasubndelipr yame rdiyasy S Ishoy SMAeramremed in a

matrix. The MAO is arranged.in _a hierarchical rd line structure (divided
word |ine SEr GEPTPESSOERORGH the UGroLam HAKRNEER 4 AR B (B 11 31
JUL 2003 thepet 8-cOnjanensg dgehict RenMAQs Here d SeHhisIPQeRA & it of main
word drivers MAD. Main word | ines connected with the MAD are provided in an
upper netafiwcring Lay&IGSe tlRat(at hepdar(®)ext ended across a plurality of
sub-nenory array (& .9., .fromSMVAI |l to SMANl). For.colum-w se
seledblon o conbbi- VS SErREFRCA T ThRIGTEE PO RhF AT B ity of
col um sel egtaldinas EYR ddhes) ofbomi ke tCekuiRe deosial -G wldh ext ended
across a plurality of sub-nenory arrays (e. g., fromSMAlmto SVALl). At
the left and ri ghtG8ndks 1 )otoSMA |ane dSpiramsnshhwi A sdimpbes ol G 23,
there are provided a Ie%%ngnd.area gEé and rigi t end area REA used for
termi nati on” bF P RECEEB- Pylﬁfjrlﬁﬁ SAThE £ and’'REA are arranged in
somewhat nodi fi edrgor nb7 ofa)SAS add 24 dIRigS ah@r BRbWOAG| SxaBEEed b f
consideration of mat term nation since 15 a shared sense nethod is enpl oyed
in wAPch sehsengapentieprs dpeipdovieted ipn &AGal Lérnate arrangement

structure. As shoyg i pgthe enlarged view L0 ELG, 23, the lnside

application where the Zn and Zp arrangements shown in FIG.
16 (c) and FIG. 17 (c) areused in the sense amplifier circuit
in FIG. 15;
25 FIG. 19 is a diagram showing an example of a circuit
arrangement in an application to a low~Vt sense amplifier;
FIG. 20 is a diagram showing leak current paths in

an active-standby state;



of each sub-menory array is divided into a menory cell area MCA, a sense
anplifier area SAA, a sub word driver area SWDA, 20 and a cross area XA. In
this layout schenme, the MCAis forned in a square shape having first and
second sides meeting each other at a corner common thereto, th3 1sdbli 2003
formed in a rectangul ar shape along the first side of the MCA, and the SWA
is formed in a rectangul ar shape along 25 the second side of the MCA. The
XA is an area which is | ocated outside the comopn corner to the first and
second sides of the MCA and encl osed by the SAA and SWOA. FIG 1 shows a
detai |l ed di agram of the sub-menory 12 3 1 JUL 2pp~ array corresponding to
the enlarged viemg.n H Gs23.diagtée senppyraelhg aveee Mims aipl urality of
data line pairs Dit, Db . . . Dnt, Dnb are arranged to intersect a

plural ity @M@t en ikt WwFier 4B/ array of menory cells, and each 5 dynamic

menory cell MC i o] cied at redeterm ned point.of intersection. The
MC conprises a cﬁalpcg[ci rt¥ ot” s?rgﬁ’fﬁ% %%?%l%%]aa%f)%i)sé%ar%ﬂasl?s %r? whi ch is of
an N type dyhdhesphes efihapiief 8hhadmeymat Mo r'\Wih &nt Agpdatackbpes and
menory cells are forned in a so-called two-cross-points 10 array structure
(fol ded darfa theepstsart uirYyenniohe present preferred enbodinent, it is to

be u_nder stood t t25 ] nveg]]t,i on is pot . limted thereto and rrﬁg EI so be
applicable to a - ¢ros8- PSR §yCULPEcR U (BIFET Tt &1 YREC8t ruct ure) .

15 In the supnord driyer; aree, B i @ B! snslhdo Py sHPayord drivers SWD
are provided respectively for a plurality of the word lines. The sub word
driver is activallsdl BA | pgizaliQRray shewynala oneslhed edwe ol the i ne
described with reference to FIG 23 and a control signal on an FX driver 20

FXD, whi ctfli%c‘blr’bv‘irhea_d WPTIH%(“‘?;JF%fs%r%?%'é XA (not shown in FIG 1) . Were a
wor dyghunt struginy eoks; £OR10M80 ¢ A$EEA8m A dWie b 8T Gal1 ,ﬁ@fg line

structure, the SWOA i1s provided wth a lining word line, which is formed of
a netal | i ofratRAMkostiel nafnghin iovearrduppeng dyeve iol dauwely ekaRbnetie sub word

driver. In the SWDA, a through hole and a contact_are al so provided for
connect i o HEtTeeh RF AT T2 Pt HIRIETHF P a5t Ahd gmgommn wor d
line. In this arFangenant(a)t e SWDA gy beafehRatr 8ol PngSeRaMPidsshunt 13
31 ,JUL 208 area. The description of the sénse anplifier area SAA is given
bel ow. | n athhersixAtislemeres ososhocascamhehtdougtae astthdedashiinel BSHR a
precpﬂrge circuit PC _a sense anflifj er 5 SAlL and a, colé%rm swtch 10G are
provited S A LT IYF WREATIIRS T FENEF YO Wb raFi of the
present invention, 512 to 2048 pairs of data |lines would be provided per
menory cell area MCA. On this assunption, 256 to 1024 sense anplifiers axe
di sposed IBESSadPBAAOR . GARRYING NUiheTHDOfINMENEIXE anplifiers is half the

nunber of data |jne pairs _because of an.alternate arrangenent structure of
the sense anpli fﬂkﬁrgge?ﬁﬁtslﬁhvreéﬁjs% f"&ﬂli%o"b%&‘%%c&lr]a%e l@h%?‘@%bi/er el enent

for comompusepfot ecagse il | fd B revfie 1 NEADIYcESldarfBas on the left
and right sides thereof. In the I5 present preferred enbodi nent, the shared
swi t#h cofawiegsysan AVOSs trdsiisderstand tdattet be preslens greg st BMRL and SHRR

th f h tential VPP, VDH VDL duyr.i . [ f ta i
bt echar go LS B toRARPEES ien:scOu OF SBRRdS 1o CLRECRET ELEPABE Rerdry cel |
area, a cRWH b98ck IHRhE MR owing preferred embodiments. In most

applications, the circuit elements in each block may be
formed on a semiconductor substrate such as a monocrystal
25 silicon substrate using a known semiconductor device
fabrication technique, e.g., a CMOS (Complementary MOS
transistor) integrated circuit fabrication technique. 1In

the drawings, a non-arrowed circuit symbol of MOSFET (Metal



20 or VDH' or a condition "SHRR = VDBH' is taken, i.e . , either one of
SHRL and SHRR is put into conduction without a decrease in NMOS threshold
voltage. The PCis used to supply VDL/2 to each data line pair during a

data |ine precharge period according to a control signal PCS Bhfgﬁﬁegﬂmgnn
switch 10Gis used to set up connection between a data |ine paMr

by a colum select signal YS of the columm decoder and a pair of conmon
input/output lines IO and ICb for form ng a data input/output path
extending to 14 31 JUL 2003 an external circuit. The sense anplifier SA
is alatch-type anplifier circuit having two CMOS inverters cross-coupl ed.

More specigdicrl ¥mitbedsense Eld kb cBA LMHPI41588) a5 tdNa® conmon
connection, a PMOS pair of cross-coupled gate and drain, and an NMOS pair

of cross- MMp@db@@tFélTar(lem‘Sal n an‘&@mwmobfcimmmnamml\m pairs are
connect ed to P-si de and N-side compn sour nes CSP and§gig spectlvely

in conmonMOAESET oﬁ@?é??%ﬁtﬁfaé%tﬁ@ﬁ?Mgﬁf@lngPW@SfypeF?ﬁ ¥ |f|er
i's requiredq 9 iR d@aehrm@ehe lrg%spgaﬁgfeeg_ g{f@e@éa% é'u%% 99t enti a'

The restore potential is a power supply potenti used to determ ned high
and I5ow | evelds . onNeee heitat ecHd pereaterithe nivieme ioh fisnabtaiphifiedatoon. The

term"restore potential" is used since 15 it is equal to a potential for
menory cel CLESWATt EOBBELSEFEN2 fh%l@DEfE%?FeEE%%ﬂésFBr hﬁVbﬁgs?He restore

potent i al o,ad § he,YPBELAOEL o 10 o alde f pskaneqpteghial . In the

pr esent pr erre Iment, a high-side over-driving po ent| onIy IS
suppl i ed, ai semic2@dactondiltaiyen ." VDH (> YBLYE usdptevicded th@t tdke P si de of

each sense anplifier, a first power line for supplyingthe high-side
over-dri viPﬁ@SSBf:eh‘PY%‘PtW 1% 2@PL4rg0d & RO pacaceil W PRPERE 1PIsE e common

sourge |1 1646RB, tgbgr Al 0l ‘M ta%h%sé@'%ﬂmgr g:'aslt r4 0t yely 25

prOV|ded betmeen th i rst pomer I ne an common source |ine
CSP. In tBemaxanpluetskow eila EEG@C&,ﬂMaﬂgistbxpLOV|ded one PMOS per sense
anplifier. On the other hand, the high-side restore potential VDL is not
provided in the 15 31 JUL 2003

<Embodiment 1>
Referring to FIG. 1, there is shown a detailed diagram
15 of a sub-memory array SMA in a dynamic random access memory.
In the present preferred embodiment, an over-driving
, operation is performed on one of P-side and N-side source
nodes of a sense amplifier in the initial period of
amplification. The present preferred embodiment is
20 characterized in that a plurality of over-driving drive
switches QDPl are distributively disposed in a sense
amplifier area SAA for driving a P-side common source line
CSP. Before proceeding to detailed description of FIG. 1,
the following explains the present invention in terms of
25 entire positional relationship in a memory device with
reference to FIGS. 22 and 23.
Referring to FIG. 22, there is shown an entire block

diagram of a synchronous DRAM (SDRAM) in accordance with



SAA. Using switches QP2 concentratively disposed in the cross area XA the
VDL is supplied fromone end of the P-side comobn source |line CSP. A
precharge circuit CSPC on the comon source line is designed to _perform
short-circuiting 5 for precharge and VDL/2 conpensation for |ealabealilbragggh
the use of each end of the CSP and CSN di sposed in the cross area XA On
the N side of each sense anplifier, a second power |line for supplying the

| ow-side restore potential VDBH is 10 arranged in parallel with the Nside
common source line CSN. A plurality of switches QDNL are distributively
provi ded between the second power |line and the N-side comon source |ine
CSN. I'n thecexaiml. e Shown i Fl Goadn dihengid ElBEQVi'sdsge?Q@e&“mrper sense
anplifier in"a fashion that a pair of 15 QDN1 and is formed. In the
SAA, eachtsensg afipin fiingre @PMIScpatroansi gagh gerer-adradybyga dintichy MOS ( QDPI

) are fornmed in a common N-type well on a P-type substrate though the

i nventi onSt&TAdt IPNRIrRES Tt RéFERSE AS BoprRigh gu%%@%%&%;%ﬁQQﬁl-ﬂﬁ% VDH is 20
applied t N- e oy i t ac t PMOS is
bi ased togphg%\'/Dl—#%i fc%ﬂé“’leéggc}od%éafg 5’31 era-l r?&?nghggt@eﬁ ?ga}feeﬁ a

modi f5i ed erbedi SERLngt benback @ate Qfockach AMISCIRY alSoipesrganged so
that biasing to the VPP is nade. In the sanme manner, each sense anplifier

25 NVOS p&ienasd/ edchr WOREAERS Sf of el isi IndoARBA - e len dejsiess
sen con»du%rstggbreegli%gﬁgl ZC% P- h_%giea@il%%t rate 1@ Jinaqt [@Q.I\./%B%gel | forned on a

P-type su ratey, S aSri € substrate biras, t or VBB is

applied t eombenBttiypeottone 3F dhlksUshthoprd is@aI160a60dCA0addag oN.
Referring to FIG 24, there is shown an arrangenent of wiring for feeding

the pot enftaP3 VDM kekP MOBH ifsed asPovatd sdgpry -vobtakrek igpatile 1. The
VDH gnd V. ngn ﬁ.eCEESEBp{JESQ Q@&g&}ﬁﬁf@@ ROYeEl lrionce e Ire%}é;;{ having a

| ow Ti ne edance shown rn al’ power 11nhes 24 are

formed i ntReseTodd smiradl W minngnpay ebudBut medex efi gdamaberi ad useeh as
alumnum). In the nenory cell area MCA, ~VDH and VDBH supply lines are
arranged SApAgnaneli B Y8 tpadapuél owiten tnkivf frer d /OBndsrMmeSkilmgor act i ce of

the present_invention, ,one main d.Jine MAL.woul d provided per four or
ei ght vvor%lnPlu_n g}’ltcfpblfc %%(%anﬁpel.nqu\rll@}t’%u_etps‘gcnEgrgﬁﬁ??fi(gg:%ar ea’ g%&ﬂ ‘VDH and
VDBH supply |inegeaseraMsempibangad nadpasal hahtwpblbxt hetABlniword |ines
MAL. The VDH 15 and VDBH supply lines in the wiring |ayer M2 correspond to
t he 16 r st wAhahsexwp@d dpepbrmn | FSeE pbed uth fremey $7FLG 1. On the

oier Nang phoRLEantal pever | ggs 10 FLG SO MRS SUIRI R AN 1 et
at an upperrow address input to a row address buffer XAB is decoded
by a row decoder X-DEC to select a particular word line in
a memory array MAO, and accordingly a memory cell for one
20 word is selected. Then, when a column address is input to
a column address buffer YAB, the column address is decoded
by a column address decoder Y-DEC to perform further memory
cell section for reading or writing. In most cases, the
SDRAM 1is provided with a plurality of memory arrays (or
25 memory banks) that are specified with respective bank
addresses. In FIG. 22, only one memory array MAO (BANKO)

is shown as a representative array.

Internal power voltages generated by a voltage
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position with respect to the wiring layer M . Colum select lines YS are
arranged across the nenory cell area MCA and the sense anplifier area SAA
One colum select line YS is provided per four data lines, for exanple. In
the nenory 25 cell area MCA and the sense anplifier area SAA V agg me
supply lines are arranged anong and in parallel with the colum “sel eC
lines . The VDH and VDBH supply lines, i . a . , the VDH and VDBH power
lines in the wiring |ayers M2 and 17 31 JIIL 2D03 M3 are connected
respectively at intersection points using through-hole contacts TH2 forned
between the wiring layers NI2 and MB. The intersecting power lines in the
Wi ring | ayesse M 8AdcMBeult eye &BerybHsaraly VEBKL LT DRSrier med Lhpe5 a meshed
power line structure have a | ow i npedance. Referring to FIG 2, there is
shown an opessatilbadtheiog. clar tthef preeestbpmefery ear ealy)odnaxgnam‘red in FIG

1. On input, of a | owactive co nd, t.0o t he SDRAM, nmenugr | |'s.cqnnect ed
with a par?%’e‘i&%rp%?lﬁ SWRREY iR & SharPitoye lfowl?ér‘r% X&g féad through

sense amplyf iy S gguldpresnshy £ofe APl idiLation: riheieallelc when a
precharge command™is input, the nmenory cells are deselected to setup a
prechar ge 63t €0 Whi ch Ains iatwainkilngoseat gofbrgehbaméxty teadhogbkeati on. The
wavefornms shown in FIG__2 indicate operations to be 15 perfornmed in the

sub- menor PHrF Y At alt affed 10 Al Wi 4G frSa PR ERNE S6k btyl AeVPhE3BEw acti ve

d t. W
Coman| <00k 1 DOLEL o0 LT 0 EEber . SO 6 Lotk hen
comopn SOWR® tlhwseprvahbadms e e lair e m@ afwd he datea ddire andctihe conmon

source line is stopped. Then, one of ural word lines W. is selected to
cause a t rLIAERAT [GidiAu DAL VYl 2(ENY WS dridersashbasaP BBNEEti on) to a
VPP | evel eI e t { t P ied to the
NN[BitranS|d§t or g?tog H)]er eo%gg olrﬁgécrﬁclvgg?:g?}ﬂq"ﬁ QS,CMaADSCﬁZIr ggggécurml at ed
in a capaciAmyr Ifo¥ asidoK-mgcdat ¥DLS (I eRdv owWndprHatta v EngssPlare. . Dnt
connected with the nenory cell MC, A charge in the cell causes a m nuscul e
vol t age diF¥drlee tt?etaméeﬁsa partibier Hendetermindnp2aodagat 4infnes . Wen
data int I I a oxLmately | 00
nvV hi gherr}%han J{eh 1|“:Itlﬁlabl YH f‘f‘gﬁe;:&g decgcﬁges&gs%g{%sed '?IB#' ﬁH' data is
st ored m;tdmeiuméd mamamdMagﬁ dmm—rmfmrammﬂc:l\&uim avSitagséi on 5 where
Iowlevel data "L" is stored in the capa0|tor of the nmenory cell MC, the
same ssequéﬁé‘@qesr per POPREF SREPPRITR TS BREPOFot BrRIAMEIS lasklae At the
start of p f t f data, an
N ol de coms aurear e Ped o AR vBR/2) (G VIR B BBl N M o
to a Leveltohiaghxarrddm suvh A 4 alaact i Matee ian @O tddsehytate visg t he CSN
to make a transitjon fromthe VDL/2 to the VDBH At the sane tinme or after

a | apse cOFPESFEHILHE™ SPen¥Phunbere ofPlaed dy §‘tlé§>e§5eéi gPr&tPP2ERde common
sour ce dr;p\é%e?l‘%'l r10|VP?J $23! 2 1§e&n'o@§, SB11ls 986 { rrvcgh@ YPEsLe Lhe VSS, for
exanple, fo activate the , eby dr|V|ngthe e a transition
f r or0t he VDEmBsttmattIeep\t[DIdntAialt lfos Stepinghe MBEki gasappfl ®EOS§ htough t he

| oW i rrpedance meshed power line circuit and the distri butl vel y arranged
swi t ches &PP118¥est 6é§€P|l[5e8°ﬁFPﬁlF’éf et 8neECtdcefcay gh %nYSP}Z agfer ef or e,

th l.i th al t
€ sense %Btlfn'gercsir%]l %o%’lu% He"acth%d: p:Bﬂrﬁsg?va ¢ W th al nos

thesametlmn t hus maklngltpos etos |a|on|n

over-driving fORetfh:QrSAlg te $AG. DI, Staale&e erakiresvhightsneekdri vi ng of
the common source |ines 25 CSP and CSN. Further, in over-driving drive

oper at i oninseneelacopdigardiaon 048 thgenemery @a:@ys%@ cenditate@ of a PMOS

transi stor i he her .t han t VDL/2, it ble to
arrpl%fy a’ maazs;cu e vgjﬁ} g@odlc P@Féﬁ@g 19 mﬁ‘“Qrgnaﬁrﬁéfr&ggf%aY% | i nes at
hi gh speeduabRdak-raeadidt iian ot hat 3Rl | thealhonignathangghligvel - si de data

line DIt is not yet conpleted, a sense anplifier over-driving period is set
to a tinehperpoghIpgdl word line structure (divided word line

structure), though the present invention is not limited
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5 to be taken for a potential on the data line DIt to becone close to the
VDL. In consideration of power consunption and other factors, it is
preferable to stop over-driving before the potential on the data |ine
becomes higher than the VDL. After a |l apse of the tinme peri od Bp" vaggﬁl
is 10 set fromthe VSS to a |evel higher than the VDH a .

Then, a second P-side comon source drive control signal I|ne SP2 is set
fromthe VPP to the VSS, for exanple, thereby activating the QDP2 to set
the CSP to the VDL. Thus, the high-level-side data line is maintained at
the VDL. 15 After input of the precharge corrmand the foll ow ng operation
is perfor e sgle d dy St e WL.
ThereaftegggfﬁgQgN ?é éé? ?g%1t {gﬁiﬁkd Vi % to theRV%%%gg c?ﬁe CSN is
di sconnectogdmbianvblhe ¥PBitrAtMEab noMairheosankihesecothecSR2 wistiset from
the 20 VSS to the VPP, and the CSP is disconnected fromthe VDL. The CSN
and CSP, whiScHRavES HRY Istesh 18i a1 SIReGt BETRE oMt ¥ 1Y JeWar §apdl3t and dat a

line pairsg I Lech ed fo cording to
t he prechar gé} gé:ngt ?E))é nded%'&.t_)%%' %%l%r%lﬁ%ya?gsglﬁ% IB%@? yr edééﬁodi ment ,
t he fsol | ovmeng;.ad\far@hagmua ebf eppalare pdS@%adBﬂnn{vlJ)sé\tsélf@:ﬁidl‘E of

over-driving, a charge current is output fromthe overdr|V|ng power supply
to each dat gompmag, Y Qdrr stedhgpsl 26 emml%mcﬁelm whhgs albutalistsuppl i ed

t hr ough th% ”%%ufﬁd ggx\gr Iingeg|{1 lmaesq %Q% raI ﬁ)é“ﬁccp so(%i%Pl whi ch
e

are di stributi rsSpo Sed TRt viccini'ty eeof , @ CurT ent

concentr atyi-ord 8ra8 fafdndad alc e @Mahﬁr oFngub-meRaEYi L aFs sour ce
line CSP can be circunvented to allow over-driving for any sense anplifiers

SAl to SArewidt-h drosqeiihletsl SyRldver- H’?lwlﬁgl@&t%{gé ¥A@H) endy An
over-driving I C e set to at that_the QDPl is
act|]\9at ed %Fﬁﬁ‘& g?egg‘ﬁgﬁ‘allnoﬁ Fh@};’g °Yo {’Iﬁeﬂl:g%yp%:?‘l o%‘%@ ° HiTorm
operation %@Qﬂ.@efdhﬁ sensedmddd era SA And PN enbhbgeal REA Sudssi bl e to
reduce a dlfference in over-driving anplitude and period with respect to

far and néar pesminensonfof rtéles@nbemamph:vfaersyar r aigpedEAi sndiRREA i vel y. (3)
Since a charge current, from1l ach ine t m.n VI is delivered
to the nmeShES PoR?<ti lﬁ?%?‘?%ﬁ??%%a § BRERS & r%\&tﬁﬁ}%h B tiplicity
of the swirbehes iQAN s sald § 8ot it 6 rad 8epPRihhelbarsispnse driver
and CSN can be prevented. In the present preferred enbodi nent, either one

or 46 both @hiarqn@ SEDREE aﬁah@gms @ﬁrpl@efeﬂoxw@uqb 2BN ARGHR Y idfhisi 53 or
structure gﬁ&l%e%as% %ltl r%(%\ﬁﬁ%rd IHVEI"[ ote] sl qu signal .logic

enpl oyed pEF fransi stor orrra ion (arSietors are used as

the QDP1 and QDRZ, sRogatl#n 30 ealuebbagei HEcoMEIaiegal i vige iihsimd nacti ve
state, 25 thereby provi di ng an advantage that a | eak current fromthe
VDH VDL t 8ftprclesplrgienng  aguaddt s WiViseshen MO BRMEel CBPL aifR one MOS

T SN DAl BhRRARn PR P E0RE AL 0 bRl BN R T G

arr angeneahdt hatrose H%asmtchIﬁJDE’hlgnﬂap@@tl\/EBhémetclah@DMI@AarLe di sposed
per two, four or eight sense anplifiers. Further, in another nodified
arrangerreﬁ@rm?ﬁ‘elm §\ﬁuﬁél¢e§h@p®DP@Vém @Nﬁtn@yidbéeﬁorﬂ%tst}td@@ as one MOS

G vi di ng. HeRrHPasPamnPEy et T S e TR ane af B-CEFdet tPRer A 15
formed in a rectangular shape along the first side of the
MCA, and the SWDA is formed in a rectangular shape along
25 the second side of the MCA. The XA is an area which is
located outside the common corner to the first and second
sides of the MCA and enclosed by the SAA and SWDA.

FIG. 1 shows a detailed diagram of the sub-memory
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along the sense anplifiers. Since a feature of the present inventionis to
use the MOS switches distributively 10 arranged in the SAA area for the
purpose of over-driving, it is not inportant whether a channel width is
divided into sections or not. <Embodinent 2> 15 Referring to FiGJUR, 2803er e
is showmn a configuration of a sense anplifier circuit in a second preferred
enbodi nent of the present invention. An essential part of the sense
anplifier circuit is diagranmed in FIG 3, and the other parts thereof are
the sane as those in the first 20 preferred enbodi nent. Inthe second
preferred enbodi nent, N-side over-driving is also provided in addition to
P-side oveyr &y dderdspd e ie hedme haw d iy dd @iel iHhegecoyl praferred
enbodi ment is different fromthe first preferred enbodinment in that a
concent r atihvengper swidlch QB2 MGR, 25 added latt yoré éatiaofl inkephBigisde common

line CSN.in th XA Through, th 2, the | i d
oSt ore pLE P VDRSS IEs HGARES L och1157° bn eRAN=BRLE | ne i s

appl i ed. [k tLhgraesheds ppvefot i ne &ffé’%‘_éf Rerkdry cel1dU0s8Q0.¥0ht age VDBL
| ower than the VDBH i s supplied as an side over-driving power voltage

i nst ead ofdyrieen MDBEmoTlyeca/DBMCiiss appheetletia it Ag Mdcs tderncioraposatir ce | i ne

through the_ distributively arranged switches QDN1., Since the over 5 driving

of the N SienEsHPETtdSH-cel PE & COMREisS R FaRah: T e TPBBEECLARA back gate
of the se i fi j d QPN i 85 bi As o} ol tage.equal to
or | ower ﬁ%ﬂ@%&ﬁgé\'}\%rﬁ%% %’e-rrentliloﬁsedégr%gnﬁrj% %théhg\ﬁ/\ﬁ in FIG
3, the VDipgaxkMDBH af €r tise emsodd g 81 devhanad [tow siztdes rieixias earld
potentials respectively, and the VDH (> VDL) and VDBL (< VDBH) are used as
hi gh- si de BHRPTOVER} B DR rEUFTSA nif pot TRTF A 59 epetet 98P yPORBEErring to

FIG 4, t I ! (o} i f,0 | hene
pres%a(ﬁt edré:a‘{] %t§gg%%1gf?jﬁé§cg‘g%fg§£f% tstt%glc}@?l\r%t) {')%Heérqg %ggg%odi ment ,

it is asswpwsfdimdd "dhibatiiments, siores to bdeuctdtscapacthat ohet he nmenory
cell MC. Unlike the first preferred enbodi ment shown in FIG 2, SN1 and SN2

are cont r RN bkhdSenof Lidditeohhere o Anbnayer L ar bF AGPL20ahieer
conpl etion of_t r | f_.ce t a econes
apgrr)oxi ma'?ceq ya 1 e?ﬁ%%&e&?ﬁa#ﬁ%ﬁt%ﬁ%%@% g%e?:ﬁe%gg? %Eg 1 nakes a

| evel transitiatuféeomthe VDBL to the VDL or VPP, thereby activating the

QDN1. At the sane tine or after a | apse corresponding to the nunber 25 of
del alf st ages, tHe* §PE Fubsrq [Grhviate 2Vep PR he W3§1e0 ot idfafBPt he QDP1.

s ATePS A3 O Ryt LheH 1 A0 PRt e O
transiti onst Zhe wordd MInX003The sub word driver is activated by
logical~ORing a signal on the main word line described with
reference to FIG. 23 and a control signal on an FX driver
20 FXD, which is provided in the cross area XA (not shown in
FIG. 1). Where a word shunt structure is employed instead
of the hierarchical word line structure, the SWDA is
provided with a lining word line, which is formed of a
metallic material such as AL in an upper layer in lieu of
25 the sub word driver. In the SWDA, a through hole and a
contact are also provided for connection between a gate in

a lower polysilicon layer and a common word line. In this

arrangement, the SWDA may be referred to as a word shunt
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of the CSN and CSP to the VDBL and VDH respectively, the SA1 connected with
a pair of the data lines DIt and Dib is activated to anplify a m nuscul e
vol tage difference between the data lines. At this step, the SAl is
activated with 5 an anplitude |larger than a data-line anpli tudeg !ng_vgm
VDBL) through over-driving. Therefore, a source-drain voltage and a

gat e-source voltage of the NMOS and PMOS transistors constituting the SAL
are increased to enabl e hi gh-speed operation. To prevent an increase in 10
char ge- di scharge power due to excessive anplification, the QDNI is
activated under condition that anplification on the |ow |l evel-side data
line to the MDBL is not yet conpleted; nore specifically, the QDNL is
activated during a tine period Tnl to be taken until a state not reaching a
| evel 15 | ower tIthen deseNiPBHopepsi she. s&nael anpyifibe LOP4 $BAatsi vat ed
under condition that anmplification on the hi gh-l evel -side data line to the

VDH i s no@iy& &siAvet edinSPE SPBei FiLERERFS PHEDQPP13i de4&/F&Ed during a
tinme peri  beptaken [ t xceedi VB, 20

per si st s. s a-r%lt@rdo%&?épegct iVat #%tr?clthla |§{€%€ﬁ epg’oﬁtggbsgt%imslp%%nd SN1. As
in the ficsal phef ar cedurnbeodi teEnt] oG ey @rodriideidndopeeaod paithef SAn is
equal to that in the SAl, and the Tnl and Tpl are set on the |ow | evel side

and hi gh défa 1ings (Dddpeelhhel YR B agkl 6 06viere BEPTPRG VBT HGE™ 25 this
t i | ] I 1 , DBL d
\S/Dle-lpalrz :é{i 30%8%1(%}/? %’\gvgilregv%;“f1 dgi@gega%n%s ﬁéﬂ%%& svild%%r éé\ge%%r?%% y i natn he

same mannekelas dxed hMeXSAlonAthes eesphption, okseven- dobvi sgneeer ation, the

SN2'24 ~ 1 JUL ~p~is set fromthe VDBL to the VDL or VPP, and the CSN is
set to theamypBHiemfe age idigrPrerct ini A§CBf Shhe SNR-i sthe wYMReHIPRd that the

QDN1, and ar. . acti.ve,.si;mul.tan QHF}' t vent. connection between
t he VDBL %%g ta%\%qf%rlguﬁlt@lhgh%s& eyurs,ooft I[r%{eaetlaovr\l/- neevg%-els%éde data line
Db is mabetauzedcdtan e t\¥RBELeFarthrgembhe SR dtusebf tneddresd/PP to the
VSS, thereby setting the CSP to the VDL. The activation timng of the SP2

is so conBPBlidd afat The TBTehsyitoRliarRr WedEREs ¥ <A eously to

prevent 1 ckian t t VvOL. 1 hr.qugh _t . Thus,

t he hi gh- gé\%%l@?& %é?d%@#}fﬁgeé‘f txgﬁgﬁgteal eldgajté{]ﬁgﬂvgf.rg%oﬁl y, the
wor d | inecegges alr@asf @n rtest Qedti @hd @ ighy edhvsge hsiraics .i nThhehsame manner
.as in FIG 2. In the second preferred enbodinent, the follow ng 15

advalft agepissenfteprsfgracgraghrtdienty) tderharpd switee FaRREITR®f erred
embodi ment, Nx@o?vﬁféﬁéié/&w, QR4 QStQ'%ﬁéPA’f's‘iﬂn%Q_sdghﬁL' éﬁg’sﬁh equal
over-driving voltage and an equaf over-driving ‘period can be set for all

t he sensethepkiffi @rseSA, pbhenebyl mMaRPpgvDl @ossdbhlduting edyser o0
difference in sense operation speed with r&spec}1 to far and near positions

of the seffed@hpl +iRerRrefhanifed diodt PFBOPH-Fel YREP2FCEUFPE hET M3H7 i ke t he
first preter %‘p@_ci' =dF Vi [ r 1] e_l | evel si de
data i nefzgl E}gg 5 |chéi§€té"\fsng\s%ﬁ/g$tgg%i %lgg?a' :ael%ggfd%rgqg)glerg?ihgn t\?yrr!je for use
wi t 120t he saneDdat@r lai aendtpl ot VB RESEMCRBIOV ars dakenngi os. | kel dtowr | evel si de

is also perforned as noted above, it is possible to circunmvent a possible
troubl e doeet 8faSERH 1FaC §E8RR EEn@uanpRittugenducé iong wighout . jug 2003
decrease ;00RELAl 00K BAFeshh SUchl LUt NELe bR QXCLdhi YlNg on the
| ow | evel “SFde-dat a | ine,” a current concentration 6 a particular sense

driver angupppgr vingylar oCeblchndsease iapepatiroduedhgha eiateumierd ed since
there are 5 provided a multiplicity of the switches QDNL and the neshed

power |inererhasoe parréacdhagrpagingven dAuePhmgrah dveralkiFeS perfid, conmmon

i gnal SNL ing. de f h |ifiers.SAl to SAn. Thus,
't "8 postrdin 5%12ER.CB0RT G 1S e Th B S BHYITR) SROMTTAE and per od

with 10 respgciito JArr 38depean WPS Eb20AnCic1dier SANFR124BI bFigis arranged
distributively. (4) In the second preferred enbodi nEnt, just one M

el enent isoaddntdecatiéy mprdwigeir iaf chemonosspat éautpherkelryes egtiting in no
virtual increase in the size of the sense anplifier area. 15 <Enbodi nent 3>
Then, the2?d1 TN Fr desetinged flﬁEacW?EZ?‘égE%ﬁ RAth es}@:r?s‘éi%lqcfi er

circuit in athird preferred enbodiment wwth reference to FIG 5. The third
preferred enbodinent 20 is a nodification of the second preferred

enbodi nent shown

14



in FIG 3, based on the configuration shown in FIG 1. Wile the swtches
QP2 and QDN2 for restore operation are concentratively arranged in the
cross area XA in the second preferred enbodi nent, there are distributively
arranged 25 switches QDP2 and QDN2 in the sense anplifier arig @ﬁ imhe
third preferred enbodi nent. The distributed arrangenent of t 2
QDN2 and the neshed power line structure of the VDL and VDBL are provided
simlarly to the 26 "~ 1 JUL 2D03 first preferred enbodi nent shown in
FIG 1. FIG 6 shows a diagram of operating waveforns in the schene
presented in FIG 5. The operating waveforns in FTG 6 are the sane as
those in HGedemmdn dhe-dtrd preferred enbodi ment, the foll ow ng
advant ageous effects are provided: (1) As in the second
pref err edenbodi ridre ,servey -atup M figg s & ficr reedl arcltbotype rﬁennﬁigﬂiélevel -si de
and | ow| evel -sj de data lines to realize high- SP eed swgecg eration. (2) An
eri

equal overcjd‘-"r‘rqﬁtn PAT VDI Y EHI W S T d Scan be set
for a11t i foher r i duce a
differ ence I n sen ﬁ%ertg% %ﬁﬁ%t%r@el?g%cfggoe&gl?iéﬁ%ﬁdegkﬁgtggr %l?ons of the

senseb anpladmnesrs conrangeibrdi & IPMOE peélryof(8yoAs-conparddgateéhatdie second
15 preferred enbodi nent, a current concentration to a particular CSN and a
parti cul ardXem c b e ciNMOFPeite@fetEAss nCPégﬁ-ﬁFlegBE%r%‘E“iio(ﬁr%??ﬁce t here

are provi dﬁ%gséﬂ('%fgeé)léf' e Budd'& A"‘ﬁr’r“dbe}r g?}msposeﬁge dkd he, sense

anplifier are AlTl the sense rrvers In the sense

anplifier misidje tdrer abys ek d@uidn poSatdE el droesiTeR i dnd tden | ayout  of
el enents othex than the sense anplifiers. <Enbodi ment 4> 25 Referring to
FIG 7, tHAWIESHowh i@ eerRPrgur PP IPRS ot Iun o BRPPYET AL EY$REIt in a

four{ pregﬁ;er 8? &E‘r’gse ’i&f % rt e PLE 1&4&’2%2&%6‘%15@% Eé’%@&?e preferred

enbo 1 ment e’first erre odi ment . "t JUL
20D potential and an over- dr1v1ng potential. The restore

potential is a power supply potential used to determined
high and low levels on each data line at the time of final
amplification. The term "restore potential" is used since
15 it is equal to a potential for memory cell re-write
operation. The VDL corresponds to a high-side restore
potential, and the VDBH corresponds to a low-side restore
potential. In the present preferred embodiment, a
high~side over-driving potential only is supplied, i.e.,
20 a condition "VDH (> VDL)" is provided.

On the P side of each sense amplifier, a first power
line for supplying the high-side over-driving potential VDH
is arranged in parallel with the P-side common source line
CSP. A plurality of switches QDPl are distributively

25 provided between the first power line and the P-side common
source line CSP. 1In the example shown in FIG. 1, there is
provided one PMOS per sense amplifier. On the other hand,

the high-side restore potential VDL is not provided in the

15



The fourth preferred enbodiment is characterized in that all the P-side and
N-side over-driving swtches MOS are structured using transistors of the
sane conduction type, e.g., NMOS transistors as shown in FIG 7, in that
gate 5 signals thereof are used in comon, and in that the P'Siﬁ'laﬂﬂl.
N-side over-driving swtches are driven by a signal having a | evel 2003
sufficiently higher than the over-driving voltage VDH such as the VPP
corresponding to a word-1ine boosted |level. Since the P-side over-driving
switch of an 10 NMOS transistor type is used, a voltage drop due to the
P-side NMOS transistor can be prevented in the fourth preferred enbodi nent.

The fourt eferr Loent i i.fJ i ; n referred
enbodi mn&%’ovﬁsﬁﬁgﬁggghgﬁ %F%h&? e&(&){/fe%a%‘??& ﬁ%lstsgvl\ﬁes}egﬁggl ﬁ}b% are 15

di stributiselsys areangedsnknvdhe sf oush hi od efreit 6de eRDEERRIY P-9D&e P- Si de
over--driving switch MOS QDP1 and one N-side over-driving switch MOS QDNL
are di sposedivpyy Sancssdigee &R f Repseicharle sénseignBPPLi en Bhea SAA. The
gates of the 1 and 1 hava a.corrgotn conr}ecti og tg_an ZO.gver-dri vi ng
control siGEIT FREZSREIING S AFGRIBFH ARE ORI ST AR bURFFAFIUIRg
pot enf i al spfDi g VRl 2 vaiRl keddehiaudlnt #e rmeshedgBOvREoLGRE Circuit
simlarly to the other preferred enbodi nents described in the foregoing.
The rest ortheposent I &azsharedsoppihicet SPhand gISNs @il sphesdQDPZ handr25s QDN2
concentrativelﬁ(di sposed in the cross area XA in the same manner as in the
scheme shdWfd Frl G 3. Referri ng to FIGS. 12 (a) and (b), there are shown
plan |ayout views, gBeEN SBRERNPL & Istnd heHiLL £k Bt he Jetiridpdfer 31 J!! L
?p~ preferred enbodinment. In FIG 12 (a), four pairs of data lines are

di agramred.irfeofotrheuppkeiofy shaplowt$ide adstrste pettalntiiadi NgBHayer (net al

1, , transistor, gates, gate wring (FQ,, a diffusion layer, and NWEL

onl ﬁre afomg% %\gd’é_s’%adﬂaetli BhTAN S Ha?&éﬁ&&%%ﬁ&rw&ﬁﬁ%‘?wpan of
the SA, and A,088i;gRALI08,9ARHRADBRLCE 8 EVEB-16aRSLELM pPaLiakler eof

The switcheS QDN1 and QDP1l conprise NMOS el enments having gates in a

si ngl e- r oweftoraarbtheesacohd B¢ aid nSARPNATHee Nowride praftenr edueabodi ment i s
characterizzed i n.th the N | ement s ranged in.a single-row form
aro all ocdiat FL el RBRE SHEMOEPE TGP PRt (bt qat CFHEFROREOTHOER o

al ternat e A/ AMARTRRE, sRAR LNl @leehr adeaSAELN $hd8ed HA1E05EDN,
thereby contributing to reduction in the size of the |layout area. Wile one
QDN1ldand QW 1QRRT 1w 115 «ifsposstl bet ween the SAN and SAP per four data

line pairs in the o] scheneg shown in .Fl Z i.t is to be

under St 004 that n&nk SRt SR En TP AL AMBlbed s NS B7SBosi ¢ on.

For exanplose ri-dra v &4 edchaioB (9pe1 e 888meaa i BRbriRY Bec gheposed per
eight or sixteen data line pairs . 20 In consideration of connection with

both the Redilderamd INteinge sodrAtorR s Urheayggh i thewin el omwsts raet onal to
arrange the 1 d 1 betweep the SAN apd_SAP in_the se anplifier
area. Homg\}g\?,?é’lldt %%elrl e agﬁr écPaF’éget E%SF@% r B aft ?ﬂ%eﬁ@?pﬁsis not
l'i mgeed t%p?ﬁ'i%daibaﬂﬁérfﬁf‘iyp@%éﬂlq PRatblsi o &) arnkayauk yaew of a .
sense anplifier circuit wherein the sane layer MLas that in FIG 12 (a) is
omtted awrd @ashcdMPSEisalbidgddhgd ey (DFetwlid) MR)edwxhtted above the M
is added. In ttée,MZ, t he P-side conmmon 29 . . ,

over-driving potential. In a modified embodiment, the

back gate of each PMOS may also be arranged so that biasing

to the VPP ismade. In the same manner, each sense amplifier

25 NMOS pair énd each QDN1 are formed in a common P-type doped
semiconductor region (in a P-type substrate or in a triple
well formed on a P-type substrate), and as an N-side

substrate bias, the VDBH or VBB is applied to the P-type
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~ 1 JUL 2~~~ source line CSP, power line VDBL for supplyi ng VDBL, power
line VDH for supplying VDH, and N-side common source line CSN are forned in
succession. These four wiring lines are extended in the direction in which
the sense anplifiers are 5 arranged in a single-row form (in the extending
direction of the word line). This arrangenment of the four wir3 dgJULnggg3i s
made for the purpose of reducing the size of the sense anplifier circurt

| ayout area in the present preferred enbodi nent. The above arrangenent is
reflected 10 in the circuit schene showmn in FIG 7, i.e., FIG 7 is a
sinmplified diagramof the sense anplifier circuit layout . In FIG 9 and
the subse d drfldnfreIEes 4 e, described later, concrete essential
parts of respective circult configurations are diagrammed in the sane
manner. 15 As t Rdfeerdhannel FMGAt b4 stthetairies sabwhhenQPtaagem&INL shown in
FIG 12 (a), the channel width of the QDP1 is preferably equal to that of
the QDN1 @ "iig ipCeferabredindf bhen POVER el dhie Vi Rad N@%ﬁhé%ﬁnﬁs si ze).

Thus, the ifi %@M 1§ fo t SAP. In 20 the
SAN conpripzal%%gretwlrta S|§s?’L or{er\/\]k?(l51 'ct?ﬁharslﬂ%grra%ﬁeé uwcﬂt%iﬂa%r}gn in Vt due

to priocesswarliiald @hriohah b&hee PMES, peiiré £ erieny icalr cary) nbivaalg anle® started
using a m nuscule voltage difference, thereby nmaking it possible to ensure
hi gh accurdd@e ithprgdeneceahPal ArplT¢i citi oNerBach 1t Rewes bbPesahd QDNL are

of an N pe,, and gach of. themis_f,or in P-type |  (in a P-type
sgbstraﬁltnd/'t é %F%S‘gﬁmep(fé‘fnelar Eﬁcgﬂ%&f n%djht“ﬁl.r l%-ytef\;l)\@E\Agf?d?s suppl i ed
with the lggwashapeteati ahck s hlumiMBh) | N Ihhenpr fepBlypeslieries: 30  ~ ' ~
JI1TL 203 enbodi nent). Therefore, a relatively higher substrate bias is

appl i ed t #CPhe VObPErkaVPRY aubaiyel ipeceadtrfadrrandedhemongesdndl Hnvol t age of

t he 1 becanes ;hi r than that .of th 1__lIn_conseque t he QDN1
avi T & POVETie ] HHaehard St ah IS raPE 1 | 8l $2E0 T n n " Eausi ng e
SAN to bepfiseeit Lhteht ibhGonl3mahawso Ad Ali@esMBEGIdWNAbevh ¥ i @ken al ong
line AAA" in FIGS. 12 (a) and (b), and FIGS. (a) and (b) show

cr oss- secPiedndlowr ows et gkénwakdng ineses fBrBexamgle- C Inothesgrei¢ vel y. Tn
t hese cross- d_qnal.. vi , Si i SG .(shall ow groove isol ation)
i ndi cat esa%L S'L?L%u ra%rr?é %gr%t’ S/(I)Dgﬁiaso 3%[}% Sélfpej“élckqld}efsf uaglf%nallsa%/er (N+, P+

in the figuwreslyed WRigdrdis S10608H bye edieddbng B nad emzal suehvms Si oxi de
into a shallow groove in the substrate. 15 A designation CNT indicates a
contldct hehnd VBRHcowprkyY ildmasetinebhet wir irg dlaviegy M2 ¢orMesPaAndHeo fi gur es)

and the diffusion,l ayer or F A desi.gnati,on T i,ndi cates.a cont act hol e
for comnoEtrob LB BT sfiorct pane s netng: HFfraiRetl £B Fecd Ry O OV ¢
and a desicgnaticon 1TH2 i ndi cates 20 a contact hol e for connection between

the M2 and the netal layer*3 (M3 in figures) . As shown in FIG 14 (a) ,
the CSN and t heO#8r&hfa fhehbeagPgNiharézeshnd®@te s Rricigfh IPhEIRB.2As can be

seen fro IS figur ly. electrnical.. ti.0 nged between
t he CSN ?ﬁg&t Egrhlgg ﬁnogeﬁ:ﬁé%&)kf%%a&sqﬁﬁlt?%gqg\&ggemfg%e%%? raotra{daaenbodi ment ,
the 28B | smasedikor scehnact hanmieiweewHike TSN larnd tide £ adm wipdhe QDN1 for

t he purpose of providing equal resistance between the drain of the QDN1 and
each sour P@Séf ioRo' NNDEeePeREfiastBe wiring layef M2.00CodgistiatRG¢thg the SAN.

The di f fusi, | gyer P+ is also connected so_that t sour otentials of
The tvo Nials THoRre waafidd AN TRt tY sh S AR E AR ot ner
Thus, thetpirguihkel ayput ri8rdgsbanNSAat 0 PHeVRNMLADN s bl pneedrgondi tion
between the two NMOS el ements constituting the SAN. The CSN and CSP are
formed i nisherd@ided phe [AN dadaShRes edpectiammbye . Silni kaelmentaxyeach source
of tae t wo EII\/DS el enents, as shown in FIG 14 (b)._ the CSP and t he source
2Re QDPELANMERR YGdr 2Rd e ReneprrP Ll e ac At e HFhAB gfPRhe MB. Each

source of sLWB1EMBres are arranged among and in parallel with the
column select lines. The VDH and VDBH supply lines, i.e.,
the VDH and VDBH power lines in the wiring layers M2 and
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el ements constituting the SAP and the source of the QDP1 are al so connected
in a fashion simlar to that nentioned above. The follow ng descri bes
operations in the fourth 15 preferred enbodiment with reference to FIG 8
whi ch shows an operating waveform di agram After conpletion of p3e1cdé!|Lg'Q

of the data |line, a mnuscule voltage difference is produced on the data
line in the sanme manner as that in the foregoing preferred enbodi nents.
Data 20 stored in each cell is read out onto the data Iine, and then the
SAEl is set fromthe VDBL to the VPP, thus activating the QDN1 and QDP1.
Then, the CSN starts nmaking a transition fromthe VDL/2 to the VDBL, and

Fhtime, o0 ERR e R e ne A {f A P Yot Bop T MRS (B BY' The
QNI due tehadughfeele ortithsis ate £ aseddctwernwbre & ihien DBy eazd QDP1 are

structured using NMOS transistors having the same physical constant. .
Ther ef or e,M2vamd¥3 { hdg intErspqting VOB B N ed| dadd s svbapbr¥ed as a

gate sign t he 1 | riven befor e TQ .prevent an i.ncrease in
current cg%%%% ii\%N "Wﬁﬁ M’rm]y' er'e‘sgﬁhte S%a%@&gi@ Sa Irimteﬁldé_nof
anpl i §i cati afe S hsowlat arl hoest ther EB1ha0d QDPdwarep-8q8BRde . active by the
SAEl1l just for a period of tine Tnp that a voltage on the | ow | evel -side

data |ine beconeRefessinhato t REG VOBH dreke vbst algewonan hepdicghibavel - si de

data line d d the VDL. Si -driving, period.in the SA
s det er mi el ) TR AcetST G TSAEEY CRé “ddr dr FOTRG 1A 1S dd in the

SAn is equsd ihpulthak 4 NokbacPAle tommand to thel SDRAMAIM dyee1nR.
Thereafter, the SAELl is set fromthe VPP to the VDBL to conplete

over - dri vieanopeted iwirth Atpaheisaber matn wieald LheeSAER psrsétuflert he VDBL,
t he f 2 i"kse}g fromtge I\]/DBL to the VDL or. VPP tq %gtivate t.he 2. Thus,
t he Fi5k &g £EFNERTRRED SHRF] PR IovE e B0 E A& SENMECB b i s

restored tgodher MOBH o5 Mardas s aft efyidie SARedisa /el ddndbdigq VEBL, the SP2
is set fromthe VPP to the VSS to activate the QDP2.” Thus, the CSP is set

to the VDUnpuer by meme oy iced lsher didgis<lerdlest desadatp d pnecbetrgeo t he VDL.
20 Finally,_ the rd line goes low for restoration to recharge state in
Che sane TEHET MRSt e ROF ARl Her b & FBE HEod TSP Be SR nLPHe four th
preferred T{doh Fefd xmd hendwh | oW s adyaph agesus &héest soaserpr i ded: (1)
In the circuit 25 layout, the QP1 conprising an transi stor is used,

and the QDNI forind@DRL the sabr-awgedy araayidigecaored ennf ba. théroanse
anplifier area. Thus, t te coptrol signal,can be used.in common with
The. Nt S Za Bambne ThE-fepare osmiiRl « BN URES L LRRAMEG Thi ro
pref er r ed gnodideiis wa e N aandi PMp ¢ ansi stors are provided,
i.e., the NMOS and P transistors are arranged in a two-row form the

si ngl er ow f or m dfhean ge magichair geheoQbNP lasd 9QBR1 PEEqubr eeds sptiilver 5 space

for the sense.,amplifier. area.  ( Furt her, as_conpared w the circuit
schems shdih T1E HT S iRere bvdie ity TETRETT DrNed REb3th the CSN and
CSP, 200ne @il ghMtY oF0RhEMatsd ANdle bndet Eanc g ighuied i the fourth
preferred enbodi nment, contributing to reduction in 10 the size of the
control sisgreaipest r c@hen, (Ghe fhed yslhword lines WL is selected to

cause a transition from a VWL level (VWL = VSS under normal
condition) toa VPP level. Amemorycell MC is thus selected,
and the VPP is applied to the NMOS transistor gate thereof
25 for activation. Then, a charge accumulated in a capacitor
for storing data is read out onto data lines D1t ... Dnt
connected with the memory cell MC. A charge in the cell

causes a minuscule voltage difference between a pair of the
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the QDP1 and QDN1 conprising NMOS transistors are biased with the back gate
using the sane voltage, the QDN1 is driven before the QDP1 when the SAEl
signal is input at the start of sense operation. Therefore, differential 15
anplification can be started using a m nuscul e voltage(ﬁffewiqca Lhé@ﬁph
the NMOS transistor which has smaller fluctuation in Vt due t®p Q e
variation than the PMOS, thereby making it possible to ensure high accuracy
in differential anplification. ( 4 ) Since the QOP1 of an NMOS 20

transi stor type is used, a gate-source voltage of the QDP1l becones negative
when the SAEl signal is in the VDBL state. Therefore, while the QP1 is
inactive, Lt.1S: sib 0 nrent Jea I to the
Vo2 ()3 TARERE £ R S T S ar B S5 e YRTs, “25 an

equal overgHDilVi Bec¥Ré s agp rdd ik caquad 0 aWek 1 gheYitharPerded ToDbbe set for
all the sense anplifiers SA thereby allowing reduction in difference in

sense operin itdrl wieenelspedtt te fasumad weat Posidatend sobtphedsénse

Lifi 3 ~ 1 ~ 200 d distributively. Wil -drivi i
perfor med DIFHE. ERRF RIS ddo PR TRACT SUTTRL Jlet orPed SHBOAERERL. the
low | gvel estone,potamlil alat¥DBH By 8 esedni fhé iRihLf: Hdie o¥DBheON the

power 5 line in the schenme showmn in FIG 8 in a case where over-driving on
a singl e snetwsatdedfli M€, r elgeligaareseguenceel spof famicat eaasptpthth power
supply voltage. This arrangepent elimnates the need for providing a

| ar gecapacd t}PegaS Ve pbiver h2ndF et or ci r cui t f or suppl yi ng the 10 VDBL,

thereby contri buld ngAdaniageosisn e Bl AL dd Ghich B0RBLFUGRNGE, since
the kinds of power lines for the sense anplifier circuit can be decreased

consequentihg ndmting sopHrowl Hedhamn, amvadmt apee t bamemhes smsteddpover |ine
circyuit is sinpljfied. 15 In_[Docunent 5], .t is disclaosed a circuit.
conf %urat‘?%}#?# A ECR INVEEE tNatS PEfo Eorﬁ;@%hg[éﬁﬂ F&r?ljrieéfﬁ- By@grehngd

low-| evel mipst o vBL! agesct ovpach OMNS e8858p MM RS the askRAM  However,
the circuit configuration disclosed in [Docunent 5] is based on the 20

prem se thestkea aponensidglibagErdi@thies VIpd tedthe ERWr d Alti hbedsane vol t age .

On this premse, a_threshold voltage Vt of each P-side switch NMOS is
i ntent i ondiiRP PEIBEERTLD CEOETERRORCGRI EQetR & 96l 1992Yon a data .

Lo bor 2 05 2 0854 o JReEakpon s ek ) LR CH pURASES
presEnt i e iSRL iRurddterfrdrDaben®RP 5p ghee¥SAp flescexahpba, t bo
di stribut ed aryangerent S, M, St ohes; and; over-dr ing, gper gt on- 35
transitiop from the VDL/2 to the VDH. At this step, the
VDH is supplied through the low-impedance meshed power line
circuit and the distributively arranged switches QDPl as
20 described with reference to FIGS. 1 and 2. Therefore, the
sense amplifiers SAl to SAn are activated simultaneously
with almost the same timing, thus making it possible to
suppress variation in over-driving for the SA1 to SAn. This
also enables high-speed driving of the common source lines
25 CSP and CSN. Further, in over-driving drive operation,
since a source-drain voltage and a gate-source voltage of

a PMOS transistor in the SA become higher than the VDL/2,

it is possible to amplify a minuscule voltage difference
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~ ~ au~ 2aa3 <Enbodi ment 5> Referring to FIG 9, there is shown a
configuration of a sense anplifier circuit in a fifth preferred enbodi nent
5 of the present invention. The fifth preferred enbodi nent is characterized
in that the restore switches MOS of an NMOS type in FIG 7 are -{4,#&
distributively arranged in the sense anplifier area SAA, and in tha 2083
control signals are used in common in the sane manner as in FIG 7. The
P-side and 10 N-side over-driving switches NMOS QDPI and QDN1 are
structured as in FIG 7. Unlike the circuit schene shown in FIG 7, the
restore switches QDP2 and QDN2 are al so di stributively arranged in the
sense anplifier area in thﬁ({lftkﬁhlrreferr d. nbOdII”E The gates of the

I t Sht r ol

QP2 and QDRY £ & £Hidnt? ’Eﬁ?grﬁ% line SAE2.

Further, the h'thﬁ@Qr|8&h&f§19ﬁet99ﬁegﬁﬁﬁi§1cbtloﬁ on, thBenYkh-and VDBH
are suppl ied through the neshed power line circuit described wth reference
to FIG 24.1&6nel€PR2e atadtonkifPN2lar espnovi getd pempiletedsensecanplifiers.
The QDN1, QDPI, 20 QDN2 and QDP2, which gre NMOS transi stors having two
rows of gategpia%ea.%\b%%e%rweg AT RSwSFbr F re e Pais FhaPSAN and
SAP rogs. i, i tale %‘}eéfé&?@héfﬁ dr '@ nr 8§‘3Qtlir@§%‘ltﬂ W becpek |imted
to correspondence relationshi p anong the nunber sense anplifiers, the
nunber of ovkssdrtwitige sV chds MOBsiadedathennovifbprwel ressametswnt ches MOS
used in the fifth preferred enpbodi nent. For exanple, in a nodified

arrangeme_nt"’,“"‘ea‘?:“rf1 efftﬁ e, "Q?)Iﬁzpr%ﬂ ¢ @Nﬁtﬁﬁyoﬁﬁr3§“ung , ~U~.
2a0~ provi dede cFPé SHIY ‘?.lf{-‘i%la I fLeg ta rr’ié“‘dec JkRgnon the
common source line is msun perforned e over - r|V|n SWtc t he
restore switleh nay. hafeex aelapsaejﬁ/ tsk*mltllmdrpurmgdcapaplﬂwe STHi g5
arrangenment is 5 nore rational than _a configuration in which the nunber of

over - 8 i vi iR s ithéseQdbs apd @VP% §19§€g‘th@ﬁaﬁh? hePHhu b ér- ot h&wi t ches
QP2 and @{% is t e Y. r such an
ar r angenent at ceaetrl?duc a(r%cczo o rl]':’f%eéog%/meornt ﬁ‘%ér? %J% téghée)aslﬁ%gél s hi gher
than that 18igianllineherpeist see sSwbh ehesvdBIo the W@Sl W mMexdmptei bes
operations in the fifth preferred enbodinent with reference to FIG 10

whi ch shows™RfF TperELiTG WPttt RPEF G ARt 'Are PP Conphetin of hpPechar gi ng,
the SAEL is setniohINe,YPEiQ- 58284 PVRL 19 AEiNt9nL8 ggetﬁ@neDﬂanner as

in FIG 8. To prevent an increase I n current consunption due to excessive
sensi ngy, the CQDNAfHk QoRlitapE thde aethamydcdrtiarShElHeusbliowiagperi od of
time Tnp that a voltage on the |low | evel-side data |ine beconmes |ess than
the VDBH oroRexafttayd vret@dechi ghbpevelechee Wt d 1ink Hods A8E exceed
the BDL. Si rio t he gate
si gnal SAElﬂC&?]ZJhoé\a\e\,raﬁ%S::’dv:@rﬁ;ngﬁ ongIﬁQtGEIE@gin F?Eegﬁa Flgg?hg%fol}nn t he

SAl, i, e. the VDLsoeQUEHR tbothie& DBHP. addertealsEri s s cBldddted €kofir om t he
VDBL to the VPP, the CSNis set 25 to the VDBH, and the | ow | evel-side data
line Db i ShedDBfed £ IHROVDEIIS ARMENEIBANENS FBZ LRSS TSP LR §8F to the
VDL, ahd t i Vel SI d Sy For the
52, e (L, 8. “GBpI 0Pz 57+ oA Lo B8, Pk

Si ITU| taneouﬁie/csanainﬁttsmowanchdﬁm itdhs VOBh,d MBHhnaMitarfdovDEhar e
controlled not to incur shaortcircuiting through the CSN and CSP. In the
fifth pref IQWar sibpdivheand dafe fléF‘IGOWHESHD%dv%ﬁOageod%meif Bk 8r8r e

provided: (1) Ik fN& $8"8Ke vDL/2 according to the precharge control

signal PCS.
25 In the present preferred embodiment, the following
advantageous effects are provided: (1) At the time of

over~-driving, a charge current is output from the over-

driving power supply to each data line, and the charge
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anplifier circuit layout, the sense drivers of an NMOS type are arranged in
a two-row form Although this results in an increase in the size of the
sense anplifier layout area in conmparison with the fourth preferred
embodi ment, there 10 is no need for providing the sense drivers } er
than the sense anplifier area. Therefore, the circuit layouts of other t
the sense anplifier area can be sinplified. (2) As conpared with the second
preferred enbodi nent in which over-driving is performed on both the
hi gh-1 evel 15 side and | ow1|evel -side data |lines, the nunber of sense
anplifier control signals can be decreased by two signals. This leads to
reduction in the size of the control skggal Ci rcui inthe first to
Igyet

. (3) ,As
fourth pref®fFeRt o FEREE Y &éevﬁﬁ%ggg BRY€an equal 20

over-drivingnpeci pd,can.he st Hohrailshecagnsgpanplihibar areA thereby
allowing reduction 1n difference 1n sense operation with respect to far and

near posi tdbssrbbut hreesensismoged firetbeavriangetydilsé redfit | Vildws, @4) Since
the QDP1 and QDP2 of an NMOS transistor type are used, a 25 gate-source
vol t age VCBIB¥eRBAPIHEN A AL tohd RIPPDL BeltdRee 2R $MHdr IFTVALIGS < 0 V)

in a standby g Therefore, .cur t Rd VDL to the
et 0 A 00 B8 e e’
nodal 71 ed abvrange n r 4% 1idxs aug e degree
of inprovenent_ in sense operation speed is decreased. This arrangenent

el i m nat esS¥Wel nk®eE ¥ of L P R T dPRYVERG YatBaoeaphkiity negat AWe power supply
circuit, t b i i vant o) i,00i i Furt her,

si nce justgf fé%réﬁﬁﬁé;éﬁgﬁégigg ?Eegggr%é?égg#ﬁgdggéf%?h% ?éﬁggd
anplifiersgthdbheclpowmrll iiBeaethetbdonithea mentos s iarmaaly ccamhleeseippl i fi ed
advant ageously. 10 The present invention |is al so apglicable to a sense
anpl ¢ i er ToRFFRIrat I ONLRF tHOLECKR| PR HAT HYRr 2WPRYI RYCsEABAR. FIG 11 shows

a pref err edyonppd nenty 4 10 <aRR! 1 £AbLON OF; L hee QU 8seNt d yetog to an

ordi nary sernse opeérat1on netho Since’ over- ving 1S not used In this 15

sense anpld{f@sr&od | Qurakd ondr v IMPShe: SAR s ubsdr pkeipat epthal is set at
the VDL for each sense anplifier. Further, there is no need for providing
t he sense TRIRRYE ton ferhapdt haar tves ehers fplting 6engecamrThéietsre, the

circuit | r: the s e Q?@ i fi ggq 0 sinplified
advantagegﬁgﬁifg%éFﬁ%ggifhgﬁgeégﬁse?gﬁpl| |%$§1?%a€¢%gy f%lfgggonprise
NMOSLa r ansdsdlodatat hene tmy: daenipray Vs $ B cde bivwork & i watthenme bBaedPMOS
transistors are_used as the sense anplifiers, 25 In the_preferred

enbodi mentRYRIN L BR&H TBtveY DB P2 FBE 03 thF GROVEN Faf i be 1 BipF o Ed for the
o L A S e U S g se e, sense
sense driver and CSN can be prevented.
In the present preferred embodiment, either one or
20 both of the QDP1 and QDP2 may be formed in an NMOS transistor
structure. In this case, it is required to invert control
signal logic employed for PMOS transistor formation.
Where NMOS transistors are used as the QDP1l and QDP2, a
gate-source voltage becomes negative in an inactive state,
25 thereby providing an advantage that a leak current from the
VDH/VDL to the CSP can be reduced.
While one MOS switch QDP1 and one MOS switch QDN1 are

disposed per sense amplifier in the present preferred
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39 ~ ~ .~u~ ao~ that in the use of high-Vt transistors. Were the high-W
transistors are used, current |eakage in an SA data hol ding state can be
reduced to decrease power consunption. In contrast, where the | ow Vt
transistors are used, it is 5 possible to reduce current |eakage by the

met hod to be described later. Further, by using the high-Wt transgspgjm_ p
the sense drivers, current |eakage between the sense anplifier power supz @
and the VDL/2 can be _ reduced in a standby state. 10 In the first to fifth
preferred enbodi nents, it is preferable to provide the follow ng voltage
relationship. As to VA and VPP in anplitude on word |ine W, VDBH and VDL

in anplitude on data line, VDBL an DH used as. p vol t s for initial
sense opereér{ %0 ,meélhtd stJ‘t?sqer ate Sgoo:éeentgraciv X %q‘he Vol %‘gg%r%%ati onship

i ndi cat ed J6l-0M J¥RMh OEN § BlortPMbOrs et e 8PN id enBude swaf dnndexnal  power
sources: VBB = VDBL (-0.75 V) < WA = VDBH = VSS (0 V) < VDL (1.5 V) < VDH
(2.5 V) <arRPdi®p@ser0 psmddéwasorfdivd @t tdiahtvBRrsevypBip{ihiers. v) |

iati ' | | bst r at i b d_adyvant I
though thd hittsar OF POURIS SBAFCes s f Ath e3BeRt” Rl HEF, *tmdercond ti on

that sVDH 3PP 2631 ¥bni 8aYhpeeBeeuamkLhi 85 688 W6s ashivahedaw f§ hi gher
power 25 supply. For powei voltage setting, a negative word nmethod in which

a wor d- | i re lstrgndiat ev ddrage. rige\eel ravws- fivegatdors areyi die lengpiegddofis reported
in [Docunment 6].. For_, lying.the 40 ~~ ~ JUL ? negative word nethodto
e pr of SR ORI} BHEA dbBUEChiGh T e R AR et Ve pREYE de '+ he
fol |l ow ng I Lion, = s a7 YVWs {5 5 =\ < VDL
(1.5 V) <a\%%l-l%%|:ﬂ\]ﬂ%%e(n\2é%§%m PEE%ES'usei%ge%hg%ggggﬁt%r%&n%%ﬂ%% provi des
an advant dgeens ieff dot tchatset hdenMiiSe rswaift dhretse rdhiad t midweriwippl y | evel s can

be reduced. Further, under condition that VBB < VDBL < VWA, VBB < WAL <
VDBLYY or ¢EEaRIGeREN=t VS afafrin§EReRITPASE B TRE T oVY R separat el y

from 10 other spauer ge%g%ww@{ﬁ@f iaoehiaﬂngﬁl?w%%?ﬁj 12533y TRRRr ynesl | array
E‘ er of

substrate bias can suppressed t hough the nu power supply levels
IS increasedtibmss,oxt metdata hol di ng

<Embodiment 2> ‘

15 Referring to FIG. 3, there is shown a configuration
of a sense amplifier circuit in a second preferred
embodiment of the present invention. An essential part of
the sense amplifier circuit is diagrammed in FIG. 3, and
the other parts thereof are the same as those in the first

20 preferred embodiment. In the second preferredembodiment,
N-side over-driving is also provided in addition to P-side
over-driving in the scheme shown in FIG. 1. The second
preferred embodiment is different from the first preferred
embodiment in that a concentrative-type switch QDN2 1is

25 added at one end of the N-side common source line CSN in
the cross area XA. Through the QDN2, the low-side restore
potential VDBH (VSS under normal condition) on each data

line is applied. In the meshed power line circuit, a
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characteristic of each cellcan be inprovedadvant ageously. In the schenes
descri bed above, it is preferable to 15 use an external power voltage VCC
as the VDH. In a nodified arrangenent, a voltage |evel steppedpu zb
vol t age boosting circuit or a voltage |evel stepped down by a cﬂée 003
down-converter circuit may be used as the VDH 20 <Enbodi nent 6> Wiile the
over-driving nethods have been di scussed in the' foregoing preferred

enbodi ments, it is considered that reduction in threshold voltage \t for
each sense anplifier is required in a situation where the power supply 25
vol tage is decreased. By over-driving each sense anplifier conprising a

| ow threshol kel tagsr BT agsietar vbbe Aralidydecon Ag opecable data

i ne coul ease for ower “consu ron ~

au~ z-a- F&V@-&Irlﬁirﬁ%%ﬁm Wsﬂt(éfgealh@\&‘eta@r_@ﬁhtgiéjj\/\&ﬂﬂ ag@thBLanSI stor
i ncreases a sub-thr old current to result in an increase in current

consunptlcwﬁ|&pkﬂwﬁﬁt¢®gt@¢aNeSi@ﬁe¢@mm9UIﬁO@EQ@rlhn%rbhr@ughnth©nsistency
with an active State f.ore, nethod for

Feduci ng. S MAETHISETOHY EHF TSt RACF SEOAPRY b CHACHAnE &4t ched by
the sgnse &ﬁ)&u{g %rf €ABPNLSiAY oM ts@ru%laomnyql gggfb&%e@r@mﬁhstor i's
di scl osed herein as a fifth preferred enbodi nent. Referring to FIG 20,

there is sﬂhﬁMVﬂﬁlsu@amWréghﬁldaCar¢én¢hQﬁ86dﬁ§ sopsé fampl NMOErpahen a si gnal

from each da i ifi ed ! | at ched t he .sense | fier. In the
SDRAM a1 RONTIAR B ASBF Werfbry CSE G404 B0 SHRePEataAd Fafched by
the SenseV&ﬁHJlfE%rtHé'éEb@éiﬁéﬂﬁWbﬁéﬂ'éﬁ%dﬁ%%%%&@ sHBka 0pematigg condition
is referred to as an active-standby state. In the active-standby state,

data i s helhe M@Lthedw&éaanphwqi@rs hmgad\sade@rfd)ﬁowealma ngshoyh- speed
acce As shown in FIG 20 er c iti a_ is hel each
sens§§awm99§%ﬂtl%%%nﬁ?%?ﬁ?ﬁﬁﬁﬁ q#&h%%ﬂ" Vﬁ@é ﬁ@é ¥§ﬁg l?%rrplifier
As to the e ampliddery Q%}?—Oﬁ‘&&tﬂd'mﬁ%icﬁé &%f\e@f‘ﬂrﬂ? VDZ and
VDBH, either PMOS or NNCS transistor has a gate-source voltage of 0 Vin an

OFF st at e pdtimmhder] s i feshecttivekhol d voltage is low, a conplete OFF state
is not set to produce a flow 25 of sub-threshold current to be considered.

Therefore, as s FWQ%eWor% Prams riee 2413 FdKCurrent “ni
is fed frpdhe RRyeHE @RS YRheRO géprém\éDBHegsﬁggaaf}ﬁlm-c. 3. As

15 in the case of the first preferred embodiment, it is assumed
that "H" data is stored in the cell capacitor of the memory
cell MC. Unlike the first preferred embodiment shown in
FIG. 2, SN1 and SN2 are controlled because of addition of
N-side over-driving.

20 After completion of the reading of cell data, a
voltage on the D1t becomes approximately 100 mV higher than
that on the Dlb. Then, the SN1 makes a level transition
from the VDBL to the VDL or VPP, thereby activating the QDNI.
At the same time or after a lapse corresponding to the number

25 of delay stages, the SP1l is set from the VPP to the VSS to
activate the QDP1l. Then, the CSN makes a transition from
the VDL/2 to the VDBL, and the CSP makes a transition from
the VDL/2 to the VDH. At the start of these transitions
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In an instance where 64k sense anplifiers conprising 42 ~ 1 JiJL 203
transistors having a threshold voltage Vt of 0. Z V are set to t QUL m@g
active-standby state, a sub-threshold current of approxinmately 3 f'e
to prevent reduction in power consunption. Further, in an instance where
the threshold 5 voltage Vt of each transistor is decreased by 0.1 V, the
sub-threshol d current isincreased approximatelytentinmes. Therefore, in a
case where there is variation in threshold voltage Vt anong fabricated
transistors or in an application where the transistors are used at a high
10 tenperature level that the threshold voltage Vt tends to decrease, the
sub-threshal d current in | owVt MOS gives rise to a considerable problem
Ref er ri ng %o 'BEGCSY5 2nhEFE £8 SRBWHPBL cRPE uY PH SERRRRC T hVahY cht38 met hod of
sub- hresholyd cCURLRAE A GUGLL QL 4.0 dhenlOaBeli e Sl ANADYAS BYR L& appl i ed
to the over-driving SA configuration according to the present invention.
The si xt h aarafvertesdt e rirgdiifend misivsasdd ool t hge Harfegaieng e et eeeed

enbodi nents, and a_simlar_circuit structure_is used therein. The circuit
scheme shéwe 93 @ &ines -wi fF bB130SESR; eF € oS Bhdk? st A’ 2 hFQughtRxani nati on
| n cofrpar 'a%oﬂmﬁ'l&@uhgaga?cgeg' $has 4 PG abg RSk vbﬂedfﬁh' ow ng
explains a principle o ak current reduction rn a sense anplifier. After
cel | datavippianplhddweth kyrdhelsiense anphiefre€or8A, at BeuCo-idsyaget at 25 the
VDBH and the CSP is set at the VDL. At this step, a value of MOS substrate
bi as cont &dé@dien a¥ek aSA e EIHICT 7 A T it vidlaudiMQS @and i BMQH NMOS
transi stor, str i,as .has.a _vahue_of V : en_the CSN nakes
43 - Juéfa%g%F%ggfbgg%%gggﬁgfgﬁoﬁ%FrghgtﬁgeVIéE??%pégBﬁsh £ H), the
substr at e hhigas- sipeedneRasad dy. (VYEBHrevedMbBHh. ihbBusaskheneffect of the
substrate bias increases the threshold voltage Vt of the NMOS transistor.
Mor el0s pecichisedlen i sehardier PevAdidiohotaie Ihieyatelafdcasiree Bt he NMOS
transisto e, rt.-ci.rcuj canst | t age {.suhst tage) is
applied t D@Hel%g’c tlé’%ttee &é!ﬁésgrscgoﬁréégﬁﬁg{]éﬂg?aa\’%%:lélactge)élp%?éﬁt %/1%) i s made
hi gher. Thus.-1givege sa deolkagel bes weehhkhepBRCGk gateyaddGair s€=decones

hi gher 10 to result in a relatively higher bias to the back gate, the

t hr eshol dmegleueprelcitficalies thhen9D3tlorl S adticedgese gurging |aart jme when t he
CSP nekes l.eve ransiti from.t.he V VDL' (< VDL),_ the threshold
vol t age VngﬁgphénENE%%?%a§§$% 8?“?2‘an%gggeag%Tﬁé%?h%ﬂé ?hr%%%%ld

vol tisges Yowk¥ @hahhenhNMODraNePMIStisr.ansimt 0ag1g; ethacpeased st hr ough | evel
transitions on the CSN and CSP. Therefore, the subthreshold | eak current

whi ch det éFfiiveses yegede cONISA IO LRt 128EKkdde G Be Wediased for
reducti onyi:n.l. urr ent r t ai ni e above 20
advant agegughegglgg?, Stl%% g%gtghni%?%ftg)‘r:géo\gy[nggg r&ggty% C rlgeg%%&g‘l zed in

t hat thermore ppevidedaigans ther QoPandisngcitheralteveldrding ke tciomon sour ces

CSN and CSP annn% the standby state, active state, and, active-standby
state. | nPPFEQIEPL Hed RSsitakegninid §idS tads aPé stiFeeréRIsENe iikat ed in
FI Gop3, Z ar s i ccLreylt, i, F . The Zp
and Sn ar ezggﬁggfor@%ﬁbg %fﬂbgE?éﬁéégghdzﬁﬁ£?§§c$€§¥%?én%b%gﬁ?%gls and for
changi ng skésendesNar.e pot ent tAksraesor dragetocaoahbotiimegnal an As an 44
'~ JU 2~~ exanple, the function of the Zn in operation is nentioned bel ow
In the i nPVRErJ&AFRNDi RR¥10A WethedSdr isersEadnp?ittiady iopehatTioh,
over-dri vi t iS..perfo d th i he L., After the
over-driv%ﬁg ?éeéﬂg%ggg% ,ltﬁéez% d%ﬁ%ﬁ5%%§$f@%¥§?egg% enh %eilqﬁUBH to the
CSN accor derg1t9i @ ralpeittinell 8i ghahce B eaf-teh vanlgapser 8eant _
predeterm ned period of tinme, the active-standby state is set up. In this
stai2é, thehins st¢vds shppCsNdtioy tthe UYDBH arfc NIBBH] casteddimgritthan SN3
control Sgggélthe'VDBL and VDH are set on the low level side and high

level side respectively in the same manner as in the SAl.

After completion of over-driving operation, the SN2
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10 Referring then to FIGS. 16 (a) to (d) , there are shown exanpl es of
arrangenents of the Zn indicated in FIG 15. In the Zn arrangenent shown in
FIG 16 (a) , a high-Vt NMOS QDN3 switch is added between the CSN and VDBH
in parallel with the QDN. The QDN3 conprises a | owdrive-power §4 JUL zqq?
transi stor having a gate length-to-width ratio WL of [/500 or |ess of at
of the QDN. When the QDN3 is activated, the QDN3 supplies the VDBH (>
VDBH) to the CSN. More specifically, the SN3 provides a high i npedance even
when it is put into conduction, and a voltage drop takes place 20 when a

| eak current of the sense anplifier is fed. Therefore, the CSNis set to
the VDBH for_r.e ing,Le e, by, at.i.v ee f : substrate
pot enti al lof Steﬁce(}&kbglhse gé?ﬂt%gatrfee&?fq' tgéugFEf oggﬁg{%%faﬁgsq%%s Under
condi ti on tdhathd heomensermnpiddivert ich adinivey dheeHIDNNI S5 @cti vat ed when
at least the QDN is inactive . The QDN3 may be activated sinmultaneously

with the ENGFPIIRA i HaF abhpeRPBH H1d e dperadfdnicEbYeactivating the

o angemer apba s o & P SEANERE EOphaE T piag T VERL o leq”

bet wepn t heh SMBEA MERBIGH nepargaN el Twukh the QBN-1¥When-actievaked by a gate
signal SN3, the QODN3 supplies the CSN with a power voltage which is 5

hi gher t haninehNDEH W2 ke arslirat dheviVRRH + hEuobRer, TReesEBst L&t e
potential of_ the %)%13 i et evel ual .t he V el equal
to a p_otens_tpitalfr_tm 8 Ooftk_ghgs A_.t?ﬁnreccabrfggtr'lcgil%ﬁo%h hafg tt%elsgénse

anpl i fier vy, actrhees ct 1@z OOBR Hisnidet b¥ atedspheans ab deastoltihel BRI S
inactive. 10 For activating the QDN3, the SN3 is set fromthe VDL to the
VDBH. | n tthe 2RParard@iighersheage BatErve susilegneows hy fle- REERROS QDN3

it i t he VDBH | t i ted to_th N.
Ther & or o CHRETATE (e Pla e nels il R e S PheTiF ERrh s 0Ree SR vomH (>
VDBH) powern spiine Hilgil tede] fordedatbhe 1¥eBih1 tpeveha $HRRL Yeai AEUI t

conprises such element circuits as a resistance divider circuit and a

vol t age | itfia &DIci r EhnellVhetbabseratla ipptaass dlowoforheegbNRatso8et to a
| evel equal to the,substrate 20. paot.ential of_the . the QDN3 is
acti vat edacboy & Wer%rQ%es %’88&%? e T he VDB QT‘D%I Jtr?ll/\gl'e N. EUnder

condi tion that tie t3RNSR @SR idieéfed e Ddmied ifidier QN | So RLdw vaged when
t he is inactive. For activating the QDN3, the SN3 is set fromthe VDL
to the VDBHVars jgequre <4f eftrsapgenerevsfaedn i hlFl imzdardy, ta §Ate vol t age
oftheQDI}__L.iscontrIIedb t he. i . e 1 he. ct_o he Zn is
realized uslirnsgt t%ree%ﬁ\fedrh%%%{m?%nﬁ’r o™ O?V?%eggﬁ‘?{egii%rhaéhésm, an ON
resi st anceigh-iherIN i $e idid£ased,46n egquglimpi8rtAeiachyveostagdby state
for setting a CSN level to the VDBH . In the circuit scheme shown in FIG

16 (c), siaRceaRE®ddi evenarrivangiraored saphsyraedorsit Edme 8endPer ati on

rovover , CRE LGRS, Genare At e (1S BRESPle b B ANOg T P

perigher aldidifietdricd ayosknoé ople azensesaspd Wit reapebe b fpld dhed.
Referring to FIGS. 17 (a) to (d), there are shown exanples of arrangenents
of the ZpheBas&PsortiMres.cfigha)seree aridifiehesargdndtdt schenes are

nodi ficatigQns f.or .P-si-de high | evel, operatiaon, . The.circui h s shown in
FIGS. 17 a)S%tr&%(uc}-’)lvvﬁll}f' bé%&ndglﬁ‘gg%%g’ a‘grh;ln ?r%‘ea. 6\1;3%&%%3?%35??% of those
shown in Bhgddikenta) dved-BriHidg i3 SOMSmaRerad 11 Wenet DEvs1+n an
application 15 where the Zn and Zp arrangenents shown in FIG 16 (c) and
FIG 17 (e)ider dagsed iine thissensdeldn@lfawy dioxtgning FT®nds. After input
of | ow- active comrand, the PCS ,rr%lgch}a transitiog,fromt e VDL to the
VDBH® and °PRe 3reinargé Sp&r AEF ot § OFPEE. 9PhE bpRFATRHAFUSRquence to

be taken ft oppk eti-an,Qf r | i L sebghdqin the
sense arrp%?{l?gr 8i(rggt elgtéln %Ig %}té;?ogegg{r}l@%%gl#wn 1§n%ggf>?%%€f Z&Ther ef ore,
thi s oper aki apaleds atptence its iwtpadesidliden heisurdhaer cgusdilohet hat data

has been established after conpletion of anplification through over-driving
and trouble due to a smaller data line amplitude, i1.e., a
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25'restore operations in the SA, a leak current is fed between the VDL and
VDBH as nentioned in the foregoing. In a situation where a | eak current "i
is fed per sense anplifier and "n" sanple anplifiers are connected to the
47 common source line in the sub-nmenory array, the sumtotal rih Sugi@a

| eakage fromthe VDL to the VDBH is "ni". For reduction in cur t akae,
after a certain |apse of the |lowactive signal, the sense anplifier 5
anplifies a cell read-out signal to a sufficient |evel. Then, the SN and SP
are deactivated, and the SN3 and SP3 are activated instead thereof . As a
result, the CSNis set fromthe VDBH to the VDBH , and the CSP is set from
the VDL tao VDL’ . i t substr o] i.al.. of; the 10 NMOS
transi st ordéc%es %uﬁln ?%%E%Asb‘z(g%%ée g'r el (gjﬁi vglkglﬁi gﬁgtrth%f’(\}BBH' - VDBH),
and the supsdr-ad€ipohgndh athof 1édel PMES-s1aasistor 1ahep beeopesntel atively
hi gher by (VDL-VDL'). Through an effect of substrate biasing, the NMOS and
PMOS t r anséeterst hetbae tooa preoide Wirgpevee digeshinds pakcaguilerpossi bl e
to decreas .sub-threshold | eak cutrent. A m nj:gam desi %{fme\é%l ue of

anpl i tudecza L0 SeOBBHYP AR B PAI T b e dat BT hEL PR THE A& 1SVE € 8ndby state
i's dese_rmﬁ@ﬁrf&é@@dﬂnagtigﬁemﬁytdf}/tw Slitheesense andlddd aesnédd On the
assunption that the data line anplitude is 1.9V, it is preferable to set

t he data Igaovepaling ocappudii ot e yh 6O0a¥. Uy duhdingetn igigeonditi on,
even if aC{e.ad command i s agBI i ed, d%g i S, nopt dest%;oyed tof aI&i w reduction
in currentd ek RGeS it ARG AR L RbyS SERERI 8 PRIFIF KR HifCdescri bes

oper at i ons;d/0s D@nperifraiiRds 1 kersANpUrQfs ai PHechas gepcammndahee
term nating the active-standby state. On input of the precharge comand,
the SN3 armd ERFfarendeatt i et etdr tnthg SN ande Shdreed8od with~m z~o0~

acti Y@t ed’J:etshpeercetbytor %\grrl Ealnggnetegz? ggstl Jl.olr?&%a J)faltliuet gep)%\éeartngfifiers

arranged distributively. (4) In the second preferred
embodiment, just one MOS element is additionally provided
in the cross area, thereby resulting in no virtual increase

in the size of the sense amplifier area.

15
<Embodiment 3>
Then, the following describes the configuration of
a sense amplifier circuit in a third preferred embodiment
with reference to FIG. 5. The third preferred embodiment
20 is a modification of the second preferred embodiment shown

in FIG. 3, based on the configuration shown in FIG. 1. While
the switches QDP2 and QDN2 for restore operation are
concentratively arranged in the cross area XA in the second
preferred embodiment, there are distributively arranged
25 switches QDP2 and QDN2 in the sense amplifier area SAA in
the third preferred embodiment. The distributed
arrangement of the QDP2 and QDN2 and the meshed power line

structure of the VDL and VDBL are provided similarly to the
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VDBH or VDL. Then, the word line is deactivated to be set fromthe VPP to
the VWAL, and the SN and SP are deactivated. Finally, using the PCS, the
data line pairs CSN and CSP are 5 precharged to a precharge |evel VDL/2.
According to the present invention, it is also possible to attairn§ah JUL 2003
advant ageous effect of reduction in current |eakage on a precharge circuit
and a columm switch conprising a lowVt MOS transistor. In the
active-standby 10 state, the precharge control signal PCS and Y sel ect
signals YSO and YS1 axe at any one of |evels VDBH, VSS and VDBL. \Were the
NMOS substrate potential in the sense anplifier is used in common, an
effect of _substrate biasing is. i a tr IS nected in
series begﬁégﬁ Ege?ﬁérgétﬁg?éﬁéﬁéﬁﬁaﬂﬁ égqfhﬁgﬁgcgfecﬁgégég%?F%ﬁ?t PC,
thereby iacueagirag bheoysrantngpphyeéfdrms nagaitie &gt SUgEn el t age.
Thus, current | eakage on the precharge circuit can be reduced. This nakes
it possibia F&Gredluc&heuppenetiagkagecberpeeh FHE -VOL2GAdCNVDBIAMES| i l arl y,
by suppl yi_ng ép t he VDL/2 gontained in the precharge circuit PC, it is
possi bl e £6 F8§G€e *EufFént “I'eakage fromthe VDL/2 to the VDBH on the NMOS
trangi stor connegt edeW-hhrihgrb@uh-evel =hbdaifaha, ! khe. founbhenhg in a
situation where the I/0 line pair precharge |level is equal to or higher

t han 25 t helvdattagkeone péfecpetaneimtqviciad ent(ll)eakagen obhe e VoS

transi stor connected with the 1/0 line and | ow| evel -si de, d | i ne can
bl o0 be 1 BAGEEA FePLenRO R LRYEFSEBOH R4 FRELBFREEN PROBEHON | o 49

3 ~ JUL ?rQQr-nelchiglitedahAa i bs-2pRLicationid @, a padd icdilar 1nethod of
activating the CSN and CSP and a particular arrangenent of MOS transistors
to be act highedpked aehbseabtbematfionhe $2hsérampiudl eyve Mhdr v esent
invgﬁtion iﬁ also a plicabli to an,5 SA structure havi n% a_cross-coupl ed
cirddit cEREFGEEaATORY BAPAT TSN 109 PEIGCH SAMiRF S5Wef Ot npti on,
the presephel B@BLI QRO S raRRLI 8ADI @nkeeBYINMAKEhydhiVidag s@nse tapl i fication
as well as over-driving anplification exenplifiéd in Enbodinents 1 to 5. 10
FIG |9 shevdscen: ekdifidreriae whi sansaeoqrmeesdmn wiatdnreepeics toflagnented in a
sense anpligier circul%,of a @onhover-drivin?.%gge. In_the circuit

arr angemeRP9sRERA PRSEFECNE90L] EDEs SEPEPePRBI&TE 5 Sef EREIBROS pai r

subst rat edeet@%@le&ve&yt.hepﬁn%es Al ddeRr Wi H hee/Decdite QDP and 15 QDP3
substrate potentials are also preferably set to the VDL . | NDUSTRI AL

APPLLE CABI bk&YeBriedf epbddinenbedabeloweatecrheecntdvatitiagedys aef f ects 20 to be
attained in_re rﬁser&ﬁ?\;i vs enbodi maﬂtsr%,%i sclosed in the esent invention.
Accor di ngP8 EREBTBEART FROGHERBRL R B Bver AFI 91 G LERSESAmYIaT | or
circuit, anpkdsabikkyopbravebndsiniedtEenscadei yebsided di stributively
arranged in the sense anplifier circuit, thereby naking it possible to 25

decrease mudtipéiehty PA EbAnBHischirecCpBEennfalDRADAY &hEl SealSEty of the

sense anmplifiers in_sense oper ati,0 Further. . for all the.sense anplifiers,
an over - dF i ?'igls&?ﬁﬁamnp‘g)e ?‘CHI ?%ﬁ escefnﬁgi rbllé:lg’ed%t &5l gj&asl?),os C?ch
progpdes $F) the sense amplifier area, thereby making it possible to

simplify the layout of elements other than the sense

amplifiers.

<Embodiment 4>

25 Referring to FIG. 7, there is shown a configuration
of a sense amplifier circuit in a fourth preferred
embodiment of the present invention. The fourth preferred

embodiment is also based on the first preferred embodiment.
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~ ~ ~U~ 2003 an advantage that a difference in sense operation w th respect
to far and near positions of the sense anplifiers can be reduced.
Consequently, while ensuring high-speed sense operation, the pres q&
invention is capable of 5 suppressing power consunption for inpleﬁe L 2803
of a | ow power-consunption circuit. 51 ~ ~JU-_ 203 CLAIMS 1. A

sem conduct or device conprising: a plurality of sense anplifiers for
anplifying signals, which are read out of a plurality of menory cells onto
a plurality of data lines, to a first voltage on said plurality 5 of data
lines ; a first wiring line commonly connected to power supply nodes of

sai d_pl ur ahidl ¥ o0f 9eB3e AIDLL LADSaiAChi' s SubteheLolzounphvige the first

voltage fromone end of said first wring line; 10 a second wring |line
di sposed allanghsaird gildy alnd W-ofi e rswe midt ifirey swiorcrsspMaos nrr& second
vol tage which is higher than the first voltage; and a plurality of second
swi t ches @itspedadad vEiagst¥apei fhgral ohdaic@ngl cPafreyionr SePRe

anplifier 5b id first wrd iy i d _sego iring line.
2. A sem %d ddcﬁa&r&%’gencvﬁsa%éﬂés&coorfsdia\#g S’[}{(;CQNC ajiqgri Efaif,w'vvhs’?:l‘r %nn%ga%% %!e%%nd Wi ring
line s s feigedlishtBeresiesrpavesd liinneomhbuct &ifi€.in3 thAtSERE CPygllgs or devi ce
according to claim1, wherein, for activation of said plurality of sense
anpl i fi er 8nds i@ ider StveFWALdY ing tSitedhaoN affe ¢ i Jy & 33982 bf second

SwW tches %E%i%%rgegegglfgﬁf?iciently higher than the over-driving
voltage VDH such as the VPP corresponding to a word-line
boosted level. Since the P-side over-driving switch of an

10 NMOS transistor type i1s used, a voltage drop due to the
P-side NMOS transistor can be prevented in the fourth
preferred embodiment. The fourth preferred embodiment is
a modification of the second preferred embodiment shown in
FIG. 3 in which the over-driving switches MOS are

15 distributively arranged. In the fourth preferred
embodiment, one P-side over~driving switch MOS QDP1 and one
N-side over-driving switch MOS QDN1 are disposed per four
sense amplifiers in the sense amplifier area SAA. The gates
of the QDN1 and QDP1l have a common connection to an

20 over-driving control signal line SAEl. The high-side and
low-side over-driving potentials VDH and VDBL are supplied
through the meshed power line circuit similarly to the other
preferred embodiments described in the foregoing. The
restore potentials are supplied through switches QDPZ and

25 QDN2 concentratively disposed in the cross area XA in the
same manner as in the scheme shown in FIG. 3.

Referring to FIGS. 12 (a) and (b), there are shown

plan layout views of a sense amplifier circuit in the fourth
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5 predeterm ned period of tinme. 4. Asem conductor devi cehavi nganenoryarr~y
including a plurality of sub-nmenory arrays conprising: 52 (29) 31 JUl.
2003 each of said plurality of sub-menory arrays including; 5 a plurality
of menory cells disposed at respective intersection points of3 fijir 2083 v
of word lines extending in a first direction and a plurality of data [1nes
extending in a second direction; a plurality of sense anplifiers disposed
10 respectively in correspondence with said plurality of data |lines, each
of said plurality of sense amplifiers having a first M SFET pair of a first
conduction type arranged in a cross-coupled formand a second M SFET pair

of a second caonductio r ~coupled 15 fo a first
common sonreseriRg tRPahiREn Rl L RE T T aR GPTecEPRREtrd ot AP o mon
source |inenhe Qgemtg&leaimﬂ@ct h seur €gs NHikd ke Ehﬁﬁll%@EETapﬁﬂst' ncl uded in
each of said plurality of sense anplifiers; 20 a second conmon source line

ext endi ngmevagawdringsliageretméonl baiMlseconhcionnon ggalese datte bei ng
coupl ed with, sourc of the_second M SFET pai ncl uded in each of said

S upal £y of (8B hapi 1 EFSSEEN T1HLRT poay 1o WLEH MG e 111 ot 25
di r eliona sad fof 4t Sbn RONEE nliieg cBel B9 uIPld a0 Wikl Aok Eshe RgIeNt i al; 2
second power |i1ne extendlng to the first direction, sald second power I|ne

bei ng supphi ednaMa healgeaomdnpmmnmdaﬂc;aﬁﬁ)s a PMDSdtlpm\exsitonq:aartr anged to

be supplied with 53 129/1) C%IA ird potential; a plurality
of first SWPEERés dT%%éé"é&cfh@rs %Dbﬂﬂ‘ é&é’t% ?ﬁt’?é)&‘pr‘f&r?ﬁel?m%? %“&frﬁ?%r ality of

sense anphhlhRlsqands dlPR0SEH AL ORGSR fh il Aldd Y@l sARNSRq Al I 1 ef s

between 35 sal Irst conmon Source line and said first power line; a
pluralityTbt Seaonn snefehesd drgpoditedoria qreadetwym 2wt urttbert of sai d

plurality of sense anplifiers and di sposed along said plurality of sense
anpﬂpflerg BeNM@éne%8W8n§§c6ﬁ6a86ﬁﬁnhnséuP&égﬂﬁnéoﬁnéo§§|@r§écond power

line; 40 and;a,thhrdh $Wel G E AR HBS1SAL & LA BL FQNEDR SOHELE 1n
this alternate arrangement, one control electrode SAELl is
used iln common, thereby contributing to reduction in the
size of the layout area. While one QDN1 and one QDPl are
15 disposed between the SAN and SAP per four data line pairs
in the layout scheme shown in FIG. 12 (a), 1t is to be
understood that the present invention is not limited to this
disposition. For example, in a modified form, one QDN1 and
one QDP1 may be disposed per eight or sixteen data line pairs.
20 In consideration of connection with both the P-side and
N-side common sources, it would be most rational to arrange
the QDN1 and QDPl between the SAN and SAP in the sense
amplifier area. However, it will be appreciated that the
present invention is not limited to this arrangement.
25 FIG. 12 (b) is a plan layout view of a sense amplifier
circuit wherein the same layer M1 as that in FIG. 12 (a)
is omitted and a second metal wiring layer (metal 2, M2)

located above the M1 is added. 1In the M2, the P-side common
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lirne with said third power line;, wherein the third potential is between
the first potential and the second potential, and 45 wherein a signal read
out of said nenory cell is ' anmplified to one of the second potqﬂgigh az@g
the third potential on a corresponding one of said plurality of t Fi

5. A sem conductor device according to claim4, wherein, after one of said
plurality of word lines is selected for reading out information fromsaid
menory cell onto a corresponding one of said plurality of data lines , , 5
said plurality of first switches and said plurality of second switches are
turned ON, and then after a | apse of a predeterm ned period of tinme, said

plural ity s@fdder $tnevtdEhe e ltiHén?ﬂBmo@%@_p%@igﬂnEhVDﬁLS\/ﬁév&l} is turned
ON. 6. A sem ccnductor device according to claimb, 54 1305 ~ 1 JUL 2003
wher ei n eddmeoVDHafdr pdwppl y1yg OfDH i rastd ¥wisticleesommoa sdurce MiISFEET of a

first conduction type, each of said plurality of second switches is a
fourth M SPBTeBf EOHRDAT EYRGGESIOR -t yPReSE HP YT Mt 1oGniREF FFR ype is a P

type, the ; | : : hE st t ial is
Y Gher T TR 4 ngdher oo SRy Bens b L EL S PRAN % han ¢ he
secorid potentaingled In A singronduetfarrmdéincehacent dndfng alideadtialy wher ei n

each of said pIuraIit{,of sub-nenory arrays has: a first area fornmed in a
squar e sh&pe thavivRgds 1iinedt- ahBlse@BhaNgFABE tnRét thg 88K BiKéRJat a corner

common thengla, ;§ahdal FSF AELIIEI FALdRINTR Lhy 91 008d dydes
[ sense amplifier circuit layout area in the present
preferred embodiment. The above arrangement is reflected

10 in the circuit scheme shown in FIG. 7, i.e., FIG. 7 is a
simplified diagram of the sense amplifier circuit layout.
In FIG. 9 and the subsequent circuit schemes to be described
later, concrete essential parts of respective circuit
configurations are diagrammed in the same manner.

15 As to the channel width structures of the QDP1l and
QDN1 shown in FIG. 12 (a), the channel width of the QDP1
is preferably equal to that of the QDN1 (it is preferable
to form NMOS elements having the same size). Thus, the
sense amplifier SAN turns on before the SAP turns on. In

20 the SAN comprising the NMOS transistor which has smaller
fluctuation in Vt due to process variation than the PMOS,
differential amplification is started using a minuscule
voltage difference, thereby making it possible to ensure
high accuracy in differential amplification. Both the

25 QDP1 and QDN1 are of an NMOS type, and each of them is formed
in a P-type well (in a P-type substrate in the present
preferred embodiment). The P-type well is supplied with
the lowest potential (e.g., VDBL in the present preferred

30



said plurality of data lines, and said plurality of nenory cells; a second
area forned along said first side of 10 said first area, said second area

having said plurality of sense anplifiers, said first and seco@F1cgugDﬂm3
source lines, said first and second power lines, and said plurality of
first and s~"cond switches; a third area fornmed al ong said second side of
15 said first area, said third area having a plurality of connection

part sfor nmaki ngconnecti onsbetween a plurality of word drivers di sposed
respectively in correspondence with said plurality of word |lines or each of
said plurality of word lines and said plurality of word |ines arranged in

20 an uppesmpySienand 59e3Fc3l,) a r23ladilve2q0na gheu tdubaamwencl osed by a
corner of said first area, a side of said second area, and a side of said

third aredyias fisurphlaedat beihe CBPSposetng s datrkierdrstenthalg and

Asem conduct or devi ceaccordi ngto claim4_, wherein _each of said urality of
sub- menor y- R - §Siﬁépuﬁgg?agedFﬁF%FerP}ﬁ??Qﬁﬁ?§1 Fpﬁést%$£ending in
6 the second did egfion anpd %%%%I%%et,ot%@l @olh S vAGMeT, lidieat respective
i ntersection points of saléblura ity of fourth power I'ines and said first
power5 | i neshfeshslupptojitragyamitsh molre fliksflypobentral onandaasphgrahety of

fifth power Iineﬁaeﬁ%épdin in 10 the second direction and connected to
sai d secormfhdviRrPs iFret @’ r ctive intersection points of said plurality

of fifth pover Iimes;and sal d SREONERARIN 1 DeswH Uk SYRRIYING i MEt h the
second potential. 9. Asem conductordevi ceaccordi ngto cl ai n8,” wherei n each

of said planml iitry FIfGSf.odet Hapowed |(bhesanddFeagh ¢&) sand pburshovy of fifth
power lines are provided for a predeterm ned nunber of said plurality of
sense cross~sectional views taken along lines B-B' and C-C'

10 respectively. In these cross-sectional views, a
designation SGI (shallow groove isoclation) indicates an
insulating part for isolation of each diffusion layer (N+,

P+ in the figures), which is formed by embedding a material
such as Si oxide into a shallow groove in the substrate.

15 A designation CNT indicates a contact hole for connection
between the metal layer 1 (Ml in the figures) and the
diffusion layer or FG. A designation TH1 indicates a
contact hole for connection between the M1l and the metal
layer 2 (M2 in the figures), and a designation TH2 indicates

20 a contact hole for connection between the M2 and the metal
layer 3 (M3 in figures). As shown in FIG. 14 (a), the CSN
and the drain of the QDNI1 are connected through the M3. As
can be seen from this figure, merely electrical connection
may be arranged between the CSN and the drain of the QDN1.

25 In the present preferred embodiment, the M3 is used for
connection between the CSN and the drain of the QDN1 for

the purpose of providing equal resistance between the drain

of the QDN1 and each source of two NMOS elements
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5 anplifiers. 10. A sem conductor device according to claim4, wherein each
of said plurality of nenory cells is a dynam c nenory cell having one

M SFET and one capacitor. 56 (31) 81 JU L 2003 11. Aseni condu$rJUL 2003
devi cehavi nganenory array including a plurality of sub-nenory arrays
conprising: each of said plurality of sub-menory arrays including; 5 a
plurality of nmenory cells disposed at respective intersection points of a
plurality of word Lines extending in a first direction and a plurality of
data lines extending in a second direction; a plurality of sense anplifiers
di sposed 10 respectively in correspondence with said plurality of data

lines, each of said plurality of sense anplifiers having a first M SFET
pai r of acﬁnﬁ§ﬂtéﬁﬁdﬁbﬁﬂﬁhf¥§be APPafgdd UShor dryes- EdupPedlfdrm and a

second M SThepda Yo BRGCANE < SANUION LYDE, S AREEG o by -
cross-couplé orm 5 255 rst” comron source 11 he extending to the first
directionelsaiethtfd E8hseaRBANgOtRESAN e 1hebse@aiphkedenth otSoar ces of the
first.MSFET pair included in each of said plurality of sense anplifiers; a
second cofms s ddrec € JHave texiteitdithgl & FlaHgrEd 49 gireliqndctdron, said second

co n source.line being,.caupled wth i d souqﬁﬁﬁ;of t he .second M SFET
pair incl H&e&liar?ceeacﬁo 0 l%slzfl%d%ﬁtuwreaﬁq tstaleoftwsoense ar?pllelrﬁné:rss; a first power

line ext erdindg it tliRy fineStsathi.r echbonsnsahd E&pSirHOonerméd nen beiag suppl i ed
with a first 25 potential; a second power |ine extending to the first
M2 on the SAN and SAP, respectively. Similarly to each
source of the two NMOS elements, as shown in FIG. 14 (b),
the CSP and the source of the QDP1 (NMOS source of the QDP1)
10 are connected through the M3. Each source of two PMOS
elements constituting the SAP and the source of the QDPl
are also connected in a fashion similar to that mentioned
above.
The following describes operations in the fourth
15 preferred embodiment with reference to FIG. 8 which shows
an operating waveform diagram. After completion of
precharging of the data line, a minuscule voltage
difference is produced on the data line in the same manner
as that in the foregoing preferred embodiments. Data
20 stored in each cell is read out onto the data line, and then
the SAEl is set from the VDBL to the VPP, thus activating
the ODN1 and QDP1. Then, the CSN starts making a transition
from the VDL/2 to the VDBL, and the CSP start making a
transition fromthe VDL/2 to the VDH. At this point in time,
25 the threshold voltage Vt of the QDP1l is higher than that
of the QDN1 due to an effect of substrate biasing even where

the QDPl and QDP1l are structured using NMOS transistors

having the same physical constant. Therefore, even if the
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di-rection, said second power |ine being supplied with a second potenti al;
57 (31-31/1) ~ ~ ~~~ ~z0~3 a third power |line arranged to be qywpuugdzma
with 30 a third potential; a fourth power line arranged to be supplied w

a fourth potential; a plurality of first switches disposed for a
predet erm ned nunber of said plurality of sense anplifiers 35 and coupl ed
said first common source line with said first power line; a plurality of
second swi tches di sposed for a predeterm ned nunber of said plurality of
sense anplifiers and coupled said second conmon source line with said
second 40 power line; a third switch coupled said first conmon source line

L S S LRSI e aea d BULL S cSuphed el sggond comon

'e; érefn said and fourth

pot ent i alise £6 £= beh¥egppi he ¥d rsteRoitenid alnand dhe rseaonepotential, and
wherein a signal read out of said nmenory cell is anplified to one of the

third poteensehpanen twiel fouwath nestudrt ifalomoanacscesespendinngiondeof said
plurality of data. .50 lines . 12. sem.conduyct or Vi_c rding to claim
" aher S B ErCR R gl (PT  mG POy A58 PRETLABE. a fir ot
ar easf or pgyd rh@ciswwyetﬁeg@?%g?w\g f:ézf] bl st 864 cﬁﬁctq% ghgesngeeting each

other at a corner connon 5 ~|~. 2~ thereto, said first area
provi ded saiod tplger ahitthe dbbwwhedeli-néde Gatiad Lpheriad cope pfl edat Ahkhnes( and

of 10 saitd VPEH aFehrolsPaesth dd BLEA hAVFGSCHPE B BIAN JoBF sense
anplifieng, satded did SIprandssaeendnCcoRERO 89V RE bEReSy 1aakdefirst and
second power lines, and said plurality of first and second sw tches;

SAn is determined by the gate signal SAEl, the over-driving

10 period in the SAn is equal to that in the SAl, i.e., it is
equal to the Tnp. Thereafter, the SAEl is set from the VPP
to the VDBL to complete over—driving operation. At the same
time that the SAEl is set to the VDBL, the SN2 is set from
the VDBL to the VDL or VPP to activate the QDN2. Thus, the

15 CSN is set to the VDBH, and the low-level-side data line
Dlb is restored to the VDBH. Similarly, after the SAEl is
set to the VDBL, the SP2 is set from the VPP to the VSS to
activate the QDP2. Thus, the CSP is set to the VDL, thereby
restoring the high-~level-side data line D1t to the VDL.

20 Finally, the word line goes low for restoration to a
precharge state in the same manner as in the foregoing
preferred embodiments.

In the fourth preferred embodiment, the following
advantageous effects are provided: (1) In the circuit

25 layout, the QDP1 comprising an NMOS transistor is used, and
the QDN1 and QDPl are arranged in a single-row form on the

sense amplifier area. Thus, the gate control signal can

be used in common with the QDN1. As comparedwiththe first,
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a'third area formed al ong the second side of 15 said first area, said third
area having a plurality of connection partsfor making connections

bet weenaplurality of word drivers disposed respectively in corresp qﬂﬂgznms
with said plurality of word lines or each of said plurality of wor ines
and said plurality of word Iines arranged in 20 an upper |ayer; and a

fourth area enclosed by a corner of said first area, a side of said second
area, and a side of said third area, said fourth area having said third and
fourth switches. 25 13. A sem conductor device according to claim12,
wherein, after one of said plurality of word lines is selected for reading

out | nf or waLan LRAMSAL JRIBLY. &Pl onta b EOTERSROBILIGORG A sl d

plurality o at a ines,” sal ura I rst swtches sai d

pluralitypebsseeandiswoireheseapedvideed QNe .gndHdhemad teid @Mapse of a
predeterm ned period of time, said plurality of first switches and said
pl ural i t ytoRnse66nd Sswirec Reg aamdect dinnéd s (3 Frm, the RINPE3 OFF, and

idthird fourth swtch d 14, . A i_canduct or devi
e cor di g SR P A SR GRS 7 St DN LS G R E B 15T ST tches 1o
a thisrd MspEEE ebrachkr skneenduehiign ey Ree£ach 20f satehet Urabity of second

swtches is a fourth M SFET of a second 5 conduction type, said third
switch i scamppied MLSREThef ctilfeufiitr sicheoved gdrdvan iny &G .sa et h swit ch

S 3 Pty PR TG Reana e BRALECTN PpEe DN IDErd KSR AU pot enti -
i's higherotBanqtheihBi £nPebenti@hal e d G drhiede Pohenktak is dHgher ~than
the fourth potential, and the fourth potential is higher than the second
pot enti al fourth preferred embodiment, contributing to reduction in
10 the size of the control signal circuit. (3) Since both
the QDP1 and QDN1 comprising NMOS transistors are biased
with the back gate using the same voltage, the QDN1 is driven
before the QDP1l when the SAEl signal is input at the start
" of sense operation. Therefore, differential
15 amplification can be started using a minuscule voltage
difference through the NMOS transistor which has smaller
fluctuation in Vt due to process variation than the PMOS,
thereby making it possible to ensure high accuracy in
differential amplification. (4) Since the QDP1 of an NMOS
20 transistor type is used, a gate-source voltage of the QDP1l
becomes negative when the SAEl signal is in the VDBL state.
Therefore, while the QDP1l is inactive, it is possible to
suppress current leakage from the VDH to the VDL/2. (5)
As in the first, second and third preferred embodiments,
25 an equal over-driving voltage and an equal over-driving
period can be set for all the sense amplifiers SA, thereby
allowing reduction in difference in sense operation with

respect to far and near positions of the sense amplifiers
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15. A sem conductor device according to claim11l, wherein said third and
fourth power lines are extending tc5 the first direction along said first
and second power lines, 5 wherein said third switch is divided a plurality
of third unit switches ( said plurality of third unit switcheg ;j&l_nﬂﬂl]&
provided for a predeterm ned nunber of sai~~. plurality of sense
amplifiers, and wherein said fourth switch is divided a plurality of 10
fourth unit switches, said plurality of fourth switches being provided for
a predeterm ned nunber of said plurality of sense anplifiers. 16. A

sem conduct or device according to claim 15, 60 (33) ~ 1 ,~UL 2003 wherein
each of said pIurallty of sub-nenory arrays includes: a first area forned
in a square SRges qﬁ}???%%%ﬁYaﬂuisecond si des neetlng each other at a

corner comon t?@ 3;0 gL erbﬁﬁﬁd&f §§5@%¥h\28 &f"b%t Hrald f\]ysu]tl?gvord |1 nes,

said plurality |nes , ural nmenory ce a second

area formd ghengosatHd 5¢é§ér§é@%n@fodlmn&au dhfalIchI’ BE€eal sadthbsecond area
having said plurality of sense anplifiers, said first and second conmon

source |i mefenddiad VDBﬁtmaEéQﬁ)ndedthﬁlrld%ch@ff‘bmt\WB&o@érth?Wer sai d
of flrst and cond smntche nd fourth sw tches;

I dthird
gngr?sl tytlt"hr}d élr efc?r d<al cpr? nsah”d eco%dsigfl c?et ésrsa ¢ 19 r st area, said

third areavavidig A wrald ts\irﬂj‘lecw&ctsa&&srﬂretssfr@qdml@rﬁ@ats in
connectionsbetween a plurality of word drivers disposed respectively in

cor r espond@rss Wit tredaitd gullvia iwiyrhofoamsemd Suppdy oo léase -of Thdisd plurality
fgyg]; _ wor %rlriarlll%semaer}x Sealllgnl%la raSI Itthye %fee\g)rf%rl lpr}%s\rl%rirn%ngdeqair%ea_n upper
capacity negative power generator circuit for supplying the

10 VDBL, thereby contributing advantageous reduction in chip
area. Further, since the kinds of power lines for the sense
amplifier circuit can be decreased consequently, there is
provided an advantage that the meshed power line circuit
is simplified.

15 In [Document 5], there is disclosed a circuit.
configuration in which NMOS transistors are used for
high-level and low-level restore voltages to each CMOS
sense amplifier in a DRAM. However, the circuit
configuration disclosed in [Document 5] is based on the

20 premise that a power voltage VCC is supplied as a word line
drive voltage. On this premise, a threshold voltage Vt of
each P-side switch NMOS is intentionally reduced to
decrease the high-level restore voltage on a data line to
a level of VCC-Vt. Therefore, the object of the circuit

25 configuration disclosed in [Document 5] is different from
that of the present invention. Further, [Document 5] gives

no description to distributed arrangement of MOS switches

and over-driving operation.
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17. A sem conductor device according to claim 16, wherein, after one of
said plurality of word lines is selected for reading out information from
said memory cell onto a corresponding one of said plurality of §af gJUli 19683
said plurality of first switches and said plurality of second switches are
turned ON, and then after a | apse cf a predeterm ned period of tinme, said
plurality of first 61 (397 31 ~t~11. ~OD~ switches and said plurality of
second switches are turned OFF, and said third and fourth switch are turned
ON. 10 18. A sem conductor device according to claim 15, wherein each of
said plurality of first switches is a third M SFET of a first conduction
type, each of said plurality of second switches is a fourth M SFET of a
second 5 conduction type, each of said plurality of third unit switches is
a fifth MSFET of the first conduction type, each of said plurality of
fourth unkEmswdimbas. '55 a sixth M SFET of the second conduction type, the
first conduction type 'is a P type, the second conduction type is an N

type, 10 the fl?*%feﬁétéﬁt?%lm% tﬁrgﬁérertehéﬁ SRR i CONISREETEICR the third
potential, %glgggr afh@?c&??ﬁﬁggﬁoiﬂtftﬂ r@f‘QrEQ&gﬁn%%rdHQtePtc&t ential is

hi gher than t he seco potentia sem conduct or device conprising: a
pl uralityodftisense s iihiveins ifoor. atpki £ty it sed @ad)o@liltne@tft a
plurality of menory cells onto aﬂ:glurallt of data |ines; ' plurality

of first M SHEEREERiFehied iafaths 135 patdichars Y8 6 s SOF th a h gh
| evel of f;?%é‘”let Et&at At é' SletrlePt%'eg E%%g%& eh %ﬁgs‘éeﬂg@ ifiers is

supplied ma fir i'ne each of said plurality

of first M;SEEHﬁeb%lm dmp@ﬁﬂlhowh@t l@epdf@(ﬂteﬁ@l Hiked 1Ruabeseld said
pl ural i ty of sense anplifiers; and a plurality of second M SFETs so
arranged #RaEOrENG? K@M&%Famem&nn@@@?m Fdécord pbreidldeagssci ated with

a l?$/|evﬁlsgéeagver ~driving switches NMOS QDP1 and QDN1 are
structured as in FIG. 7. Unlike the circuit scheme shown
in FIG. 7, the restore switches QDP2 and QDNZ2 are also
distributively arranged in the sense amplifier area in the
fifth preferred embodiment. The gates of the QDP2 and QDN2

15 are controlled through a common control 1line SAE2. Further,
the high and low restore potentials, i.e., the VDL and VDBH
are supplied through the meshed power line circuit
described with reference to FIG. 24. One QDP2 and one QDN2
are provided per four sense amplifiers. The QDN1l, QDP1,

20 QDN2 and QDP2, which are NMOS transistors having two rows
of gates, are disposed in a single~row form parallel to the
SAN and SAP rows.

It is to be understood that the present invention is
not limited to correspondence relationship among the number

25 of sense amplifiers, the number of over-driving switches
MOS, and the number of restore switches MOS used in the fifth
preferred embodiment. For example, in a modified

arrangement, each one of QDPl, QDP2, QDN1 and QDN2 may be



anplification signal for said plurality of sense anplifiers 15 is supplied
froma second neshed power |ine structure, each of said plurality of second
M SFETs bei ng di sposed for a predeterm ned nunber of said plurality of

sense anplifiers; wherein said plurality of first and second M SF a
t he sane conduction type, and each gate of said first 20 and secoﬁéskﬂgﬁE%boa

is connected to a comon drive control signal line; said drive control |ine
transmits a signal for controlling the conduction state of said plurality
of said first and~second M SFETs,:and ,, 25 an absolute val ue of the

di fference between an effective |evel and an ineffective level is |arger

t han an absol ute, val ue of the difference,between said.f irstpotential, and
sai d second %‘?‘éﬁ%{‘? II?eﬁo‘?l%\hgeﬁ?’aﬁﬁdﬁ@?%f]?H%WCe @é&&%r F 5%l ai m 19,

wher ei n sai doipl us 2l oh O EbfinoRNdoneeandiit SERR 13N riandadabiernatel y

on a virtual line extending in one direction along said plurality of sense
anplifiers, amd vahedeivisgi swiltche tbatrebtsrgnavitchmeméy haveaed al ong
said virtual |jne and used ioﬁgrovide a gate electrode for said plurality

of first andtSERGhEEN SHRTS 1VRNG eRFRBNUBEL orf THeVidde AT & henory
arr ayingl udingapl il ddn Qb aMBBREY (ALERYSAOMP IR It RACHRI 5B
pIuraIi%y of su -né%%%y a?faggainc udgs; 63 (35 ~ ~ Ju Cﬁbg 5 a
plurality ofoverredyicehd ssdisposedbPlraspeQbiVeisni@rgecttbanpohats of a
plurality of word Iines,extending in afirst direction and a plurality of

data |ines eX¥ERRA RG T ECRITBRE-ATCEPYOn; TNGH 4P &G TFY of "SERRB“ ANl i fiers
I e T e
pair of a fis¢staXlonductawartderiatg angadHas A0S Asshdghplredhbar phand a
second M SFET pair of a second conduction type arranged in a cross-coupled
16 foth of all the restore switches MOS.
The following describes operations in the fifth
preferred embodiment with reference to FIG. 10 which shows
an operating waveform diagram. After completion of
precharging, the SAEl is set to the VPP to start over-
15 driving in the same manner as in FIG. 8. To prevent an
increase in current consumption due to excessive sensing,
the QDN1 and QDPl are made active by the SAElyjust for a
period of time Tnp that a voltage on the low-level-side data
line becomes less than the VDBH or a voltage on the
20 high~level-side data line does not exceed the BDL. Since
an over~driving period in the SAn is determine by the gate
signal SAEl, the over-driving period in the SAn is equal
tothat inthe SAl, i.e., it isequal tothe Tnp. Thereafter,
the SAE2 is set from the VDBL to the VPP, the CSN is set
25 to the VDBH, and the low-level-side data line Dlb is
restored to the VDBH. At the same time, the CSP is set to
the VDL, and the high~level-side data line D1t is restored

to the VDL. For the SAE2, the QDN1, QDNZ2, QDPl and QDP2
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a first common source line extending to the first direction, saig first
common source |line being coupled with sources of the' first M SF Qﬂﬂx zm
included in each of said plurality of sense anplifiers; 20 a second common
source line extending to the first direction, said second conmopn sources

| i ne being coupled with sources of the second M SFET pair included in
each' of said plurality of sense anplifiers; a first power |ine extending to
the first 25 direction, said first power |ine being supplied with a f; rst
potential; a second power line extending to the first direction, said
second power line being supplied with a second potential; 30 a plurality of
third M SEETLs ; {,0 | SRS - rasgt er m ned
nunber of asl%i %Q%Jf%%]g???gﬂg‘gtgggggggkﬁﬁ#%g?g% a sogggéﬂé%gﬁﬁ path of said
64 (35-35~DBH, ¥DH hud 2013 gueurcahitiry 1dfed motd tM SkkEls: cdronect ed bet ween
said first common source line and said first power line; 35 a plurality of
fourth M SEETS1Sfnchdhsorsid thendeeh Pdf ©PFe di sposed fox a predet erni ned

f id Li it ' a p eter ed
nugber of sai d BLUCA o 2%, 20088308 LSS nch SOUGe Al Al h of s

g coupled sai d séc source Tihe with said
secorsd powelvahitRgeoaryd AF e tld a3t @hirova deent r o)l i ne €xé eadhsg to the first
direction, said first drive control |ine being connected to gates of said

pl uralityasplidiied ahdcebbrkayMtsFETrs sansoawsiverandt ieNMPR ¥ee f i r st
M SFET pair__i ncluded .in_each 45 of said p Lit f.sense lifiers is
St enathiobeh i

di sposed aF&ng=a°FPFSt0iF (UK 19Nt en BLFiTRTUUFTetti on;
wherein the $gepadsM SFEhdiikel dEltHtedendcanpplifobrspadont iadaty of
sense anplifiers is disposed al ong
in comparison with the fourth preferred embodiment, there
10 is no need for providing the sense drivers in other than
the sense amplifier area. Therefore, the circuit layouts
of other than the sense amplifier area can be simplified.
(2) As compared with the second preferred embodiment in
which over-driving is performed on both the high-level-
15 side and low-~level-side data lines, the nuﬁber of sense
amplifier control signals can be decreased by two signals.
This leads to reduction in the size of the control signal
circuit. (3) As in the first to fourth preferred
embodiments, an equal over-driving voltage and an equal
20 over-driving period can be set for all the sense amplifiers
SA, thereby allowing reduction in difference in sense
operation with respect to far and near positions of the
sense amplifiers arranged distributively. (4) Since the
QDP1 and QDP2 of an NMOS transistor type are used, a
25 gate-source voltage VGS of each of the QDP1 and QDP2 becomes
less than 0 V (VGS < 0 V) in a standby state. Therefore,
current leakage from the VDH and VDL to the VDL/2 can be

suppressed.
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a second virtual line extending to the first direction; and 50 wherein said
plurality of third and fourth M SFETs are di sposed along a third virtual
line extending to the first direction between said first and second virtual

lines. 22. (Cancelled) 23. - ' Asem conductordevi ceaccor di ngt ocliilngm1 zuup
wherein said plurality of third and fourth M SFETs are arranged “al't a
on said third virtual line. 65 (35/1-36) ~ ~Jl~~ 2003 i 24. A

sem conduct or device according to claim2l, wherein each of said plurality
of sub-menory arrays has: a first area formed in a square shape having 5

first and second sides neeting each other at a corner conmon thereto, said
first area having said plurality of word lines said plurality of data |ines
, and said pIuragﬁﬁﬁ o ymeAsey beeprovidesecsrd ar sadfidired along said first

side of 10 _said first econd ar.ea hay i ral ity of sense
anpl i fi er §FTERSE™F Fgﬁﬁdtggg}oﬁ%fwas‘o%%g Pﬁ%@ﬁ tcsilﬁlﬁgt{? 71 and _
second powRhrlieN®s i mardveakdthliisahss bfrdthigrds paeld fieddrMSEETs; a third
area fornmed along sald second side of 15 said first area, said third area

havi ng a ﬁhuﬁaBwﬂ?n@Em@®ﬁn@dﬂméﬁaﬁéﬁt§h@’mﬁﬂd FQr prOV1dlng a
conng’ctl onshet weenapl. of word dri vers di spose %pec? vely in

corr spon&@ﬁ@g_\ﬁapﬁlcsl |yd nﬁ@é,t&pfﬁt ?ogfrvﬁrugg & TGt ac idplurality

of word Ibeﬁ%r@%@t&@@%&WaH@agéah@Eew@e@lbhqﬁscaiﬁéng%u i purtB@ran upper
layer; and a fourth area enclosed by a corner of said first area, a side of

sai d secoadnaleeausanm:aesnd@d@f ofapawe¢ hilkihes are required for the
sense amplifiers, the power line circuit on the memory array
can be simplified advantageously.

10 The present invention is also applicable to a sense
amplifier configuration without using an over-driving
scheme. FIG. 11 shows a preferred embodiment in an
application of the present invention to an ordinary sense
operation method. Since over-driving is not used in this

15 ‘sense amplifier configuration, a PMOS-to-SAP substrate
potential is set at the VDL for each sense amplifier.
Further, there is no need for providing the sense drivers
in other than the sense amplifier area. Therefore, the
circuit layouts of other than the sense amplifier area can

20 be simplified advantageously.

While all the sense amplifiers in FIGS. 7 to 11
comprise NMOS transistors, there may be provided such a
modification that PMOS transistors are used as the sense
amplifiers.

25 In the preferred embodiments mentioned above, either
low or high vVt may be employed for the sense drivers and
SA transistors. Where low-Vt transistors are used, sense

amplifier operation can be performed at higher speed than
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area, said fourth area having a precharge circuit connected to each end of
said first and second common source |ines. 25. A sem conductor device
according to claim 21, wherein a signal read out froma nenory % Lﬂhnamﬂ
said plurality of data lines is anplified to one of said first 66 (367

i JUG 200 potential and said second potential, and 5 wherein, for
activation of a plurality of said sense anplifiers, there is provided a
period of tinme that a voltage |larger than a voltage between the first
potential and the second potential is applied to said first drive control
line. 66/1 (36/1, 37) ~ 1 JU 20D 26. A seniconductor device according to
claim 21, wherein each of sajd pIura ity of sub-nmenory arrays includes: a

third pomEPaI|h%1§HbHF@e8wa{$P ?IﬂrP&SBSSGFéntlﬂperﬁ1ﬂ5bpﬁﬁhpéﬁbr line
suppl i ed %’EEHS%SEBEEthQSfS@H' Blry E'lfetafkapg{eifﬁ-ra@%w AnPAWicg drain path

connect ed between one end of 'sard rst co n source Ine 10 and said
third powetakeneanabd aesiudela NESEEErbaEen@oae$Omeeu¢paubnpathnconnected
bet ween one end of said fourth common source line and said fourth power
line; wheFePRIBEE:t HNEFakdef doMNtpSTeREiiarerar é thelii€en 15 iFe first

Pot et 2l o80d;Lhe 3econdual el 30d)acKoklagn betingn Lhe st

potentlal € secon potentla han "a tage betmeen t he
third pOt@@Eb@hbéﬂdlbhérfOUFﬁBtﬁéiﬁnﬁya¢51@@dtMth€gH @t signal read out of

said menory cell is 20 anplified to one of the third potential and the
fourth transistors as the sense drivers, current leakage between

the sense amplifier power supply and the VDL/2 can be

reduced in a standby state.

10 In the first to fifth preferred embodiments, it is
preferable to provide the following voltage relationship.
As to VWL and VPP in amplitude on word line WL, VDBH and
VDL in amplitude on data line, VDBL and VDH used as power
voltages for initial sense operation, and substrate

15 potential VBB, the voltage relationship indicated belowmay
be set up for decreasing the number of internal power
sources;:

VBB = VDBL (-0.75 V) < VWL = VDBH = VSS (0 V) < VDL
(1.5 V) < VDH (2.5 V) < VPP (3 V)

20 Under condition that VBB < VDBL (-0.5 V), variation
in memory cell substrate bias can be suppressed
advantageously though the number of power sources is
increased. Further, under condition that VDH = VPP (3 V),
each sense amplifier can be activated with higher power

25 supply.

For power voltage setting, a negative word method in
which a word-line standby voltage level is negative may be

employed as reported in [Document 6]. For applying the
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potential on one of said plurality of data lines. 27. A sem conduct or
devi ce according to claim 26, wherein, after one of said plurality of word

lines is selected for anplifying a signal read fromsaid nenory c
one of said plurality of data lines, said 5 plurality of third anﬁhd@ﬁtﬁzm

M SFETs are turned ON, and then after a | apse of a predeterm ned period of
time, said 67 ~ 1 Jlil 2003 plurality of third and fourth M SFETs are
turned OFF, and said fifth and sixth M SFETs are turned ON. 28. A

sem conduct or device according to claim 26, wherein, for turning said
plurality of third and fourth M SFETs ON, a voltage |arger than a voltage
between the first potential and the second potential is applied to 5 said
first drive cegatdlve voed meghaotl sermilcopdete vredeviboe iacedrsdnagt toneflai m 26,

further conprising: ,a voltage, bogsting circuit for_generating a pboosted
vol tage to h@PQYS i é8 t8 Lot ERE P ‘HF“%&%& gP&EQWFPQ %Ogglﬁb?ﬂ’lines,

wherein, for turnigggsai ¢ ghu;abk%y oh . 58iyd @nﬂmﬁPUf%@SNH§F5gS<G55L said
boosted voltage is applieg to sal #irst drive control line. 30. A

sem conduct or{ ldévivge <acnt i PR o( 126 )21, wherein each of said plurality
of sub-nmenory arrays has: a third power line extending to the first 5

direction, said thil'§ péferd it BEIRS SiHpia¥d REEIPA RIFHASotPhti al ; a
bei ng suppli &8 BCR e T Surt oot ent 0 S  E S VT Skers. of
the second 68§uppll lieWle 12002 c ducidied ypeudicbpesednier adpwadstser m ned
nunber of said
that VBB < VDBL < VWL, VBB < VWL < VDBL, or VBB < VDBL =
VWL in an arrangement that VBB is provided separately from
10 other power sources, variation in VBB used as a memory cell
array substrate bias can be suppressed though the number
of power supply levels is increased. Thus, the dataholding
characteristic of eachcell canbe improved advantageously.
In the schemes described above, it is preferable to
15 use an external power voltage VCC as the VDH. In amodified
arrangement, a voltage level stepped up by a voltage

boosting circuit or a voltage level stepped down by a

voltage down-converter circuit may be used as the VDH.

20 <Embodiment 6>
While the over-driving methods have been discussed
in the foregoing preferred embodiments, it is considered
that reduction in threshold voltage Vt for each sense
amplifier is required in a situation where the power supply
25 voltage is decreased. By over-driving each sense
amplifier comprising a low-threshold-voltage MOS
transistor, the amplitude on an operable data line could

be further decreased for reduction in power consumption.
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plurality of sense anplifiers, a source-drain path of said plurality of

fifth M SFETs being coupled said first conmon source line with said third
power line; and 15 a plurality of sixth M SFETs of the second condLst‘i JuL 2003
type di sposed for a predeterm ned nunber of said plurality of sense
anplifiers, a source-drain path of said plurality of sixth M SFETs being

coupl ed said second common source line with said fourth power |ine; 20
wherein the third and fourth potentials are between the first potential and
the second potential, and a voltage between the first potential and the
second potential is larger than a voltage between the third potential and

the fourth potential, and 25 wherein a signal read froma correspondi ng

menory cel FOWHIRE saf HRGE bl 1458 AL dat P T eSO i ¥ 523 t'P%Bne of the
third pot | -ggg t, rth_potenti Jgeerq d K .deyi ce
accordi ng oé%lal m (}, %\/\I,{‘?%;é&sn? %\Sk?ghg‘%seh%%dsd% p %?&%I th%gé]; %rd | i nes
i s sel ect esh iaeraapkiifrytigransicqprdun@aicd i am sal ¢i ng et Getheoat o one of
sai d pl uralci(;\f/ of data lines, said 5 plurality of third and fourth M SFETs
are turned@N.d gargurheprablen i capsé ssengypr Bdeesrashbae pekadbvf tine,

said plurality of thir foyrth SEETs are,tur F, . and plurality
of fi?t h a%toa%? Xt'h %%ﬁ{s}ﬂaa're%:h Fied ToN. %3%.6%/&03%%%%%O%Zl?&c&rngdgavi ce
accordi ng $ib-clrtdBROLd 89rredt ke 2QQ0dharel thaf latdlfisi Dgtswéd plurality
of third and fourth M SFETs ON, a voltage | arger than a voltage between the
first potentitdle andsehnskechbimr gonertisdng 8 bpptileskebdsepltagest drive
control i 33. A stem c.ondcyicstc r decyi ce accordi ngf.ltﬁﬁ:l aié‘}g’&eéu” her

conpri si nd’ transistor 1s osed herelin as a pr
embodiment.
10 Referring to FIG. 20, there is shown a sub-threshold

current of the sense amplifier when a signal from each data
line is amplified and latched by the sense amplifier. 1In
the SDRAM, a particular word of memory cell data is
amplified and latched by the sense amplifier using a

15 low-active command. This operating condition is referred
toas an active-standby state. Inthe active-standby state,
data is held by the sense amplifier in advance for realizing
high-speed access. As shown in FIG. 20, under condition
that data is held by each sense amplifier, a sub-threshold

20 current "i" flows per sense amplifier. As to the sense
amplifier CMOS connected in series between the VDL and VDBH,
either PMOS or NMOS transistor has a gate-source voltage
of O Vin an OFF state. However, if the threshold voltage
is low, a complete OFF state is not set to produce a flow

25 of sub-threshold current to be considered. Therefore, as
shown in the waveform diagram in FIG. 21, a leak current
"ni" is fed fromthe power supply VDL to the VDBH resultantly.

In an instance where 64k sense amplifiers comprising
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a' voltage boosting circuit for generating a. boosted voltage to be applied
to a selected one of said plurality 5 of word |lines, wherein, for_turnin
said plurality of third and fourth M SFETs ON, said boosted volteaa JE'IL 3003
applied to said first drive control line. 34. A sem conductor device
according to claim 21, wherein the first conduction type is a P type, and
the second conduction type is an N type. 35. A sem conductor device
according to claim 21, wherein each of said plurality of nmenory cells is a
dynam c nenory cell having one M SFET and one capacitor. 36. A

sem conduct or device conprising: a plurality of nenory cells disposed at

respective intersection points of rality of, wo l.inpes_and plurality
of data Ii 'S 5 P I3 &aé(llinfgya o?ﬁ%%%&ﬁ%ﬁ%ﬂ]itﬁyg& &td?égoo‘s]e%e%gp%i?i vely in
cor respondence, i 4y ssal 4 ) idos @, datanOnrnord u 2003 ldpes, each
of said plurality of sense anplifiers including a first M SFET pair of an N
conduct i orgpHrex iafatariged inh a < riess -tooypteak i torm dunek: ors eiconsbWwd SFET pai r

of a P 10 conduction tyge arranged in a cross-coupled form a first conmon

source | i FONCHMRIGRY | FUEEHREN 10 FHUNEESTGe FRETR FRe WMSFETC KA rs
| ncl yded 'v%lscaé(%fieng)nt“%g' 'eEXhOErE‘BQ%F%@pkgf 585§5a%|e§§§g”6’.90\9“m@h ource |ine

connected in ¢ t0 sources of the secon pairs’included in
sai d pl ur ahidtmfe steyisecanpén t iier sncféd séd dpprexirane lgotgt edmeai.d fir st
cormon Therefore, in a case where there is variation in threshold
voltage Vt among fabricated transistors or in an
application where the transistors are used at a high
10 temperature level that the threshold voltage Vt tends to
decrease, the sub-threshold current in low-Vt MOS gives
rise to a considerable problem.

Referring to FIG. 15, there is shown a circuit scheme
in which a method of sub~threshold current reduction in the

15 active-standby state is applied to the over-driving SA
configuration according to the present invention. The
sixth preferred embodiment i1s based on the foregoing
preferred embodiments, and a similar circuit structure is
used therein. The circuit scheme shown in FIG. 15 will be

20 easier tounderstand through examination in comparison with
that in FIG. 3 in particular.

First, the following explains a principle of leak
current reduction in a sense amplifier. After cell data
is amplified by the sense amplifier SA, the CSN is set at

25 the VDBH and the CSP is set at the VDL. At this step, a
value of MOS substrate bias contained in the SA is equal

to a design value, e.g., in an NMOS transistor, the

substrate bias has a value of VBB. Then, when the CSN makes
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source line wwth a first potential; and second drive neans coupled said
second comon 20 source line with a second potential; wherein sai&g&?éﬁql 20
and second drive neans provide first and second operation nodes, L
said first drive neans sets up a connection between the first potential and
said first common source ' , line at a first inpedance in the first

operation node and a connection between the first potential and said first
common source |ine at a second i npedance higher than the first inpedance in

t he second operation node, wherein said second drive neans sets up a
connection 30 between the second potential and said second common source

[ ne 3t acthbLd)! amedanee obn &he, thLsupgRetat @Ramods aad.g capnect | on

bet ween the~secon I sard second conmon source’l'ine at a fourth

i npedance sibgheatkhBiathes titd b4 SgedynqepbR 't hevsegpnd ones atdren node, and
71 3 ~ .~UL Q003 35 wherein, in a state that each of said plurality of
sense anpkiffeetsoffatbhesuassirghial blrsniaccersespshdi fyrendodd sai d

luralit Il s, t fed t h of said plurality of
Pl 11 o 880 0ERs P oBandnEpQMEr GRoRaUS P sarter R Rant aiehient red So°
thergto ignhBe 4B8nHiksbnopRLAt AR BREE. 234 sOuserl eenduet Afodevi ce

according to claim 38, further conprising: neans for supplying a first
subst r at etbhaslswhirchriessbquat-ctigcoi tbdr ger cohahaniie voilikggepotential, to a

back gate 5 of . the first MSFET pajr in the first and second oqperation
nodes, an Sﬁgﬁﬁ?%rv%]utpapﬁey)i ng %‘?Fglle]ceo%gosﬂbesgf‘ﬁ?eg%?%&n%isalﬁﬂi%se equal to
or |ower beeanwgls%%@%&ﬁﬂ@autQsambaeg%g@ﬁ@rpf tHies fisistceM SFET pair

inthe first and second 10 operation nodes. A seni conduct or devi ce
accor di ngat vottagen38; wadrertdien balekegabe davad | scajese dfe adwe f ibvigtheand second

M SEET PaLLs 10,108 SSCoNL OPSL A hRRnT0Ue; 206 4 302 ot A te, the
threshold value of the NMOS transistor is increased.
Similarly, when the CSP makes a level transition from the
VDL to VDL' (< VDL), the threshold voltage Vt of the PMOS
transistor is increased. Thus, the threshold voltages Vt

15 of the NMOS and PMOS transistors are increased through level
transitions on the CSN and CSP. Therefore, the sub-
threshold leak current which determines a degree of SA
current leakage can be decreased for reduction in leak
current from the VDL to VDBH. For attaining the above

20 advantageous effect, the sixth preferred embodiment is
characterized in that there is provided means for changing
the levels of the common sources CSN and CSP among the
standby state, active state, and active-standby state.

In lieu of the P-side and N-side restore switches

25 indicated in FIG. 3, Zp and Zn are used in the circuit scheme
shown in FIG. 15. The Zp and Zn are means for supplying
P-side and N-side restore potentials and for changing these

restore potentials according to control signals. As an
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threshol d voltages thereof in the first operation node. 5 39. A
sem conduct or device according to claim 36, wherein said first drive neans

includes a first switch and a second switch di sposed in parallel b %UBS
said first conmon source line and the first potential) 5 wherein sa|d Irs
switch is selectively put into 72 3 1 ~u~ zoo3 conduction in the first

operation node, and said second switch is selectively turned on in the

second operation node, and wherein a conductance of said first switch is

| arger 10 than a conductance of said second switch. 73 . A& . A& . A

3. Ar. A A5. AL.A.A.A,r.A3 Ar. A A3. AA AFL. As . A . AL. A39. A% ALO. Ar. A@o Ar. Al _. A
A A L. As.
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the SN3 is set from the VDL to the VDBH.
25 In the Zn arrangement shown in FIG. 16 (d), a gate
voltage of the QDN is controlled by the SN, i.e., the effect
of the Zn is realized using the QDN. Through control of

the gate signal SN3, an ON resistance of the QDN is increased
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5 arrangements. However, the circuit scheme in FIG. 16 (c)
is advantageous in that the peripheral circuit layout of
the sense amplifier can be simplified.
Referring to FIGS. 17 (a) to (d), there are shown
examples of arrangements of the Zp. Based on FIGS. 16 (a)
10 to {(d), these circuit schemes are modifications for P-side
high level operation. The circuit schemes shown in FIGS.
17 (a) to (d) will be understood as in the above description
of those shown in FIGS. 16 (a) to (d).
FIG. 18 shows operating waveforms in an application
15 where the Zn and Zp arrangements shown in FIG. 16 (¢} and
FIG. 17 (¢) are used in the sense amplifier circuit in FIG.
15. After input of a low-active command, the PCS makes a
transition from the VDL to the VDBH, and the precharge
operation is stopped. The operational sequence to be taken
20 after completion of the precharge until data is held in the
sense amplifier is the same as that described in Embodiment
2. Therefore, this operational sequence is not described
here. Under condition that data has beenestablished after
completion of amplification through over-driving and
25 restore operations in the SA, a leak current is fed between
the VDL and VDBH as menticned in the foregoing. 1In a

situation where a leak current "i" is fed per sense

amplifier and "n" sample amplifiers are connected to the
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For reduction in current leakage, after a certain
lapse of the low-active signal, the sense amplifier
5 amplifies a cell read-out signal to a sufficient level.
Then, the SN and SP are deactivated, and the SN3 and SP3
are activated instead thereof. 2&As a result, the CSN is set
from the VDBH to the VDBH', and the CSP is set from the VDL
to the VDL'. At this step, the substrate potential of the
10 NMOS transistor constituting the SA becomes relatively
higher by (VDBH' - VDBH), and the substrate potential of
the PMOS transistor also becomes relatively higher by
(VDL-VDL'). Through an effect of substrate biasing, the
NMOS and PMOS transistors become to provide high Vt, thereby
15 making it possible to decrease a sub-threshold leak
current.
A minimum design value of amplitude (VDL' - VDBH) on
a pair of data lines in the active-standby state is
determined according to sensitivity of the sense amplifier.
20 On the assumption that the data line amplitude is 1.4 V,
it is preferable to set the data line pair to approximately
600 mV. Under this setting condition, even if a read
command is applied, data is not destroyed to allow reduction
in current leakage in the active-standby state.
25 The following describes operations to be performed
after input of a precharge command for terminating the

active~standby state. On input of the precharge command,

the SN3 and SP3 are deactivated, and the SN and SP are
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VDBH or VDL. Then, the word line is deactivated to be set
from the VPP to the VWL, and the SN and SP are deactivated.
Finally, using the PCS, the data line pairs CSN and CSP are

) precharged to a precharge level VDL/2.

According to the present invention, it is also
possible to attain an advantageous effect of reduction in
current leakage on a precharge circuit and a column switch
comprising a low-Vt MOS transistor. 1In the active-standby

10 state, the precharge control signal PCS and ¥ select signals
YS0 and YS1 are at any one of levels VDBH, V3S and VDBL.
Where the NMOS substrate potential in the sense amplifier
is used in common, an effect of substrate biasing is
provided on an NMOS transistor connected in series between

15 the data lines included in the precharge circuit PC, thereby
increasing the Vt and applying a negative gate-source
voltage. Thus, current leakage on the precharge circuit
can be reduced. This makes it possible to reduce current
leakage between the VDL and VDBH. Similarly, by supplying

20 the VDL/2 contained in the precharge circuit PC, it 1is
possible to reduce current leakage from the VDL/2 to the
VDBH on the NMOS transistor connected with the low-
level—-side data line. Further, in a situation where the
I/0 line pair precharge level is equal to or higher than

25 the data line pair potential, current leakage on the NMOS
transistor connected with the I/0 line and low-level-side
data line can also be reduced.

It is to be understood that the present invention is
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activating the CSN and CSP and a particular arrangement of
MOS transistors to be activated for activation of the sense
amplifier. The present invention is also applicable to an
SA structure having a cross-coupled circuit configuration.
For instance, for reduction in power consumption, the
present invention is applicable to non-over-driving sense
amplification as well as over-driving amplification
exemplified in Embodiments 1 to 5.

FIG. 19 shows an example in which the present
invention is implemented in a sense amplifier circuit of
a non-over-driving type. In the circuit arrangement shown
in FIG. 19, it is preferable to set the PMOS pair substrate
potential of the sense amplifier to the VDL. The QDP and
QDP3 substrate poténtials are also preferably set to the
VDL.

INDUSTRIAL APPLICABILITY

Briefly described below are the advantageous effects
to be attained in representative embodiments disclosed in
the present invention. According to the present invention,
in an over-driving sense amplifier circuit, a plurality of
over-driving sense drivers are distributively arranged in
the sense amplifier circuit, thereby making it possible to
decrease a difference in common-source potential among a
plurality of the sense amplifiers in sense operation.
Further, for all the sense amplifiers, an over-driving

period canbe controlled using a gate signal, which provides
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respect to far and near positions of the sense amplifiers
can be reduced. Consequently, while ensuring high-speed
sense operation, the present invention is capable of

5 suppressing power consumption for implementation of a

low-power-consumption circuit.
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plurality of data lines, toa firstvoltage onsaidplurality
of data lines;

afirstwiring line commonly connected to power supply
nodes of said plurality of sense amplifiers;

a first switch for supplying the first voltage from
one end of said first wiring line;

a second wiring line disposed along said plurality
of sense amplifiers for supplying a second voltage which
is higher than the first voltage; and

a plurality of second switches disposed witﬁ
distributing along said plurality of sense amplifiers

between said first wiring line and said second wiring line.

2. A semiconductor device according to claim 1,
wherein said second wiring line is formed in a meshed

power line structure.

3. A semiconductor device according to claim 1,

wherein, for activation of said plurality of sense
amplifiers, said first switch is turned ON after said
plurality of second switches are turned ON for a

predetermined period of time.

4. Asemiconductordevicehavingamemoryarray

including a plurality of sub-memory arrays comprising:
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each of said plurality of sub-memory arrays
including;

5 a plurality of memory cells disposed at
respective intersection points of a plurality of word lines
extending in a first direction and a plurality of data lines
extending in a second direction;

a plurality of sense amplifiers disposed

10 respectively in correspondence with said plurality of
data lines, each of said plurality of sense amplifiers
having a first MISFET pair of a first conduction type
arranged in a cross-coupled form and a second MISFET pair
of a second conduction type arranged in a cross-coupled

15 form;

a first common source line extending to the
first direction, said first common source line being
coupled with sources of the first MISFET pair included in
each of said plurality of sense amplifiers;

20 a second common source line extending to said
first direction, said second common source line being
coupled with sources of the second MISFET pair included in
each of said plurality of sense amplifiers;

a first power line extending to the first

25 direction, said first power line being supplied witha first
potential;

a second power line extending to the first
direction, said second power line being supplied with a
second potential;

30 a third power line arranged to be supplied with
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a plurality of first switches disposed for a
predetermined number of said plurality of sense amplifiers
anddisposedalongsaidpluralityof senseamplifiersbetween

35 said first common source line and said first power line;

a plurality of second switches disposed for a
p;edetermined number of said plurality of sense amplifiers
anddisposedalongsaidpluralityof senseamplifiersbetween
said second common source line and said second power line;

40 and
athirdswitchcouplingsaidfirst common source
line with said third power line;
wherein the third potential is between the first
potential and the second potential, and
45 wherein a signal read out of said memory cell is
amplified to one of the second potential and the third
potential on a corresponding one of said plurality of data

lines.

5. A semiconductor device according to claim 4,
wherein, after one of said plurality of word lines
is selected for reading out information from said memory
cellontoacorrespondingoneéfsaidpluralityofdatalines,
5 saidpluralityof first switchesandsaidplurality of second
switches are turned ON, and then after a lapse of a
predetermined period of time, said plurality of first

switches are turned ON, and said third switch is turned ON.

6. A semiconductor device according to claim 5,
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a third MISFET of a first conduction type, each of said
plurality of second switches is a fourth MISFET of a second
conduction type, the first conduction type is a P type, the
5 second conduction type is an N type, the first potential
is higher than the third potential, and the third potential

is higher than the second potential.

7. A semiconductor device according to claim 4,
wherein each of said plurality of sub-memory arrays
has:
a first area formed in a square shape having
5 first and second sides meeting each other at a corner common
thereto, saidfirst areahavingsaidplurality of wordlines,
said plurality of data lines, and saild plurality of memory
cells;
a second area formed along said first side of
10 said first area, said second area having said plurality of
sense amplifiers, said first and second common source lines,
said first and second power lines, and said plurality of
first and sccond switches;
a third area formed along said second side of
15 said first area, said third area having a plurality of
connection parts for making connections between a plurality
of word drivers disposed respectively in correspondence
with said plurality of word lines or each of said plurality
of word lines and said plurality of word lines arranged in

20 an upper layer; and
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area, a fourth area being disposed said third switch.

8. Asemiconductordeviceaccordingtoclaim4,
wherein each of said plurality of sub-memory arrays
includes:

a plurality of fourth power lines extending in
; b the second direction and connected to said first power line
atrespectiveintersectionpointsof saidpluralityof fourth
power lines and said first power lines for supplying with

the first potential; and
a plurality of fifth power lines extending in
10 the second direction and connected to said second power line
at respective intersectionpoints of said pluralityof fifth
power lines and said second power lines for supplying with

the second potential.

9. Asemiconductordeviceaccordingtoclaim8,

wherein each of said plurality of fourth power lines
and each of said plurality of fifth power lines are provided
for a predetermined number of said plurality of sense

5 amplifiers.
10. A semiconductor device according to claim 4,

wherein each of said plurality of memory cells is a

dynamic memory cell having one MISFET and one capacitor.
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11. Asemiconductordevicehavingamemoryarray
including a plurality of sub-memory arrays comprising:
each of said plurality of sub-memory arrays

including;

5 a plurality of memory cells disposed at
respective intersection points of a plurality of word lines
extending in a first direction and a plurality of data lines
extending in a second direction;

a plurality of sense amplifiers disposed

10 respectively in correspondence with said plurality of data
lines, each of said plurality of sense amplifiers having
a first MISFET pair of a first conduction type arranged in
a cross-coupled form and a second MISFET pair of a second
conduction type arranged in a cross-coupled form;

15 afirstcommon source lineextendingtothefirst
direction, said first common source line being coupled with
sources of the first MISFET pair included in each of said
plurality of sense amplifiers;

a second common source line extending to the

20 firstdirection, saidsecond common source linebeingcoupled
with said sourcez of the second MISFET paixr included in each
of said plurality of sense amplifiers;

a first power line extending to the first
direction, said first power line being suppliedwitha first

25 potential;

a second power line extending to the first

direction, said second power line being supplied with a

second potential;
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a third power line arranged to be supplied with

a third potential;

a fourth power line arranged to be supplied
with a fourth potential;

a plurality of first switches disposed for a
predetermined number of said plurality of sense amplifiers
and coupled said first common source line with said first
power line;

a plurality of second switches disposed for a
predetermined number of said plurality of sense amplifiers
and coupled said second common source line with said second
power line;

a third switch coupled said first common source
line with said third power line; and

a fourth switch coupled said second common
source line with said fourth power line;

'wherein said third and fourth potentials are between
the first potential and the second potential, and

wherein a signal read out of said memory cell is
amplified to one of the third potential and the fourth
potential on a corresponding one of said plurality of data

lines.

12. A semiconductor device according to claim 11,
wherein each of said plurality of sub-memory arrays

includes:
a first area formed in a square shape having

first and second sides meeting each other at a corner common
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lines, said plurality of data lines, and said plurality of
memory cells;
a second area formed along the first side of
10 said first area, said second area having said plurality of
sense amplifiers, said first and second common souxrce lines,
said first and second power lines, and said plurality of
first and second switches;
a third area formed along the second side of
15 said first area, said third area having a plurality of
connection parts for making connections between a plurality
of word drivers disposed respectively in correspondence
with said plurality of word lines or each of said plurality
‘of word lines and said plurality of word lines arranged in
20 an upper layer; and
a fourth area enclosed by a corner of said first
area, a side of said second area, and a side of said third
area, said fourth area having said third and fourth
switches.
25
13. A semiconductor device according to claim 12, -
wherein, after one of said plurality of word lines
is selected for reading out information from said memory
cell onto a corresponding one of said plurality of data
5 lines, said plurality of first switches and said plurality
of second switches are turned ON, and then after a lapse
of a predetermined period of time, said plurality of first

switches and said plurality of second switches are turned
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14. A semiconductor device according to claim 11,
wherein each of said plurality of first switches is
a third MISFET of a first conduction type, each of said
plurality of second switches is a fourth MISFET of a second
5 conduction type, said third switch is a £ifth MISFET of the
first conduction type, said fourth switch is a sixth MISFET
of the second conduction type, the first conduction type
is a P type, the second conduction type is an N type, the
first potential is higher than the third potential, the
10 third potential is higher than the fourth potential, and-

the fourth potential is higher than the second potential.

15. A semiconductor device according to claim 11,

wherein said third and fourth power lines are
extending to the firstdirection along said first and second
power lines,

b wherein said third switch is divided a plurality of
third unit switches, said plurality of third unit switches
being provided for a predetermined number of said plurality
of sense amplifiers, and

wherein said fourth switch is divided a plurality of

10 fourth unit switches, said plurality of fourth switches

being provided for a predetermined number of said plurality

of sense amplifiers.

16. A semiconductor device according to claim 15,
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includes:
a first area formed in a square shape having
5 first and second sides meeting each other at a corner common
thereto, saidfirstareahavingsaidplurality of wordlines,
said plurality of data lines, and said plurality of memory
cells;
a second area formed along said first side of
10 said first area, said second area having said plurality of
sense amplifiers, said first and second common source lines,
said first, second, third and fourth power lines,.said
plurality of first and second switches, and said third and
fourth switches; and
15 a third area formed along said second side of
said first area, said third area having a plurality of
connection parts for making connections between a plurality
of word drivers disposed respectively in correspondence
with said plurality of word lines or each of said plurality
20 of word lines and said plurality of word lines arranged in

an upper layer.

17. A semiconductor device according to claim 16,

wherein, after one of said plurality of word lines

is selected for reading out information from said memory

cell onto a corresponding one of said plurality of data

5 lines, said plurality of first switches and said plurality
of second switches are turned ON, and then after a lapse

cf a predetermined period of time, said plurality of first
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switches and said plurality of second switches are turned
OFF, and said third and fourth switch are turned ON.
10
18. A semiconductor device according to claim 15,
wherein each of said plurality of first switches is
a third MISFET of a first conduction type, each of said
plurality of second switches is a fourth MISFET of a second
5 conduction type, each of said plurality of third unit
switches is a fifth MISFET of the first conduction type,
each of said plurality of fourth unit switches .is a sixth
MISFET of the second conduction type, the first conduction
type is a P type, the second conduction type is an N type,
10 | the first potential is higher than the third potential, the
third potential is higher than the fourth potential, and

the fourth potential is higher than the second potential.

19, A semiconductor device comprising:

a plurality of sense amplifiers for amplifying
signals read out of a plurality of memory cells onto a
plurality of data lines;

b ' a plurality of first MISFETs so arranged that a first
poterntial associated with a high level of an amplification
signal for said plurality of sense amplifiers is supplied
from a first meshed power line structure, each of said
plurality of first MISFETs being disposed for a

10 predetermined number of said plurality of sense amplifiers;
and

a plurality of second MISFETs so arranged that a
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#bCF 3% 35 supplied from a second meshed power line structure, each
of said plurality of second.MISFETs being disposed for a
predetermined number of said plurality of sense amplifiers;

wherein said plurality of first and second MISFETs
are of the same conduction type, and each gate of said first
20 and second MISFETs is connected to a common drive control
signal line;
said drive control line transmits a signal for
controlling the conduction state of said plurality of said
first and'second MISFETsy :and
25 an absolute value of the difference between an
effective level and an ineffective level is larger than an
absolutevalue of thedifferencebetweensaidfirstpotential

and said second potential.

20. A semiconductor device according to claim 19,

wherein said plurality of first and second MISFETs

,: are airanged alternately <I3n a virtual line extending in one
direction along said plurality of sense amplifiers, and

5 wherein said drive control signal line is formed
along said virtual line and used to provide a gate electrode

for said plurality of first and second MISFETs.

21. A semiconductor device having a memory
arrayincludingapluralityof sub-memoryarrays comprising:
each of said plurality of sub-memory arrays

includes;
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4:>:?7: @A Qibclul€Chy alﬂ%&t(mmFﬂ'ﬂf’/fz&()GBa first conduction type
arranged in a cross~coupled form and a second MISFET pair
of a second conduction type arranged in a cross-coupled

15 form;

a first common scource line extending to the
first direction, said first common source line being
coupled with sources of the first MISFET pair included in
each of said plurality of sense amplifiers;

20 a second common source line extending to the
first direction, said second common sources line being
coupled with sources of the second MISFET pair included in
each of said plurality of sense amplifiers;

a first power line extending to the first

25 direction, said first power line being suppliedwitha first
potential;

a second power line extending to the first
direction, said second power line being supplied with a
second potential;

30 a plurality of third MISFETs of the second
conduction type disposed for a predetermined number of said

plurality of sense amplifiers, a source-drein path of said
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source line with said second power line; and
40 a first drive control line extending to the
first direction, said first drive control line being
connected to gates of said plurality of third and fourth
MISFETs in common; and
wherein the first MISFET pair included in each -
45 of said plurality of sense amplifiers is disposed along a
first virtual line extending to the first direction;
'~ wherein the second MISFET pair included in each .
of said plurality of sense amplifiers is disposed along
a second virtual line extending to the first direction; and
50 wherein said plurality of third and fourth
MISFETs are disposed along a third virtual line extending

to the first directionbetween said first and second virtual

lines.
2. (Cancelled)
23. " ' Asemiconductordeviceaccordingtoclaim2il,

wherein said plurality of third and fourth MISFETs

are arranged alternately on said third virtual line.
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said plurality of data lines, and said plurality of memory
cells;

a second area formed along said first side of
said first area, said second area having said plurality of
sense amplifiers, said first and second common source lines,
said first and second power lines, and said plurality of
third and fourth MISFETs;

a third area formed along said second side of
said first area, said third area having a plurality of
connection parts for making connections between a plurality
of word drivers disposed respectively in correspondence
with said plurality of word lines or each of said plurality
of word lines and said plurality of word lines arranged in
an upper layer; and

a fourth area enclosed by a corner of said first
area, a side of said second area, and a side of said third

area, said fourth area having a precharge circuit connected

to each end of said first and second common source lines.

25. A semiconductor device according to claim 21,
wherein a signal read out from a memory cell onto said

plurality of data lines is amplified to one of said first
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a fifth MISFET having a source-drain path
connected between one end of said first common source line
10 and said third power line; and
a sixth MISFET having a source-drain path
connected between one end of said fourth common source line
and said fourth power line;
wherein the third and fourth potentials are between
15 the first potential and the second potential, and a voltage
between the first potential and the second potential is
larger than a voltage between the third potential and the
fourth potential, and
! wherein a signal read out of said memory cell is
20 amplified to one of the third potential and the fourth

potential on one of said plurality of data lines.

27. A semiconductor device according to claim 26,
wherein, after one of said plurality of word lines
is selected for amplifying a signal read from said memory
cell onto one of said plurality of data lines, said
5 plurality of third and fourth MISFETs are turned ON, and

then after a lapse of a predetermined period of time, said
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28. A semiconductor device according to claim 26,

wherein, for turning said plurality of third and
fourth MISFETs ON, a voltage larger than a voltage between
the first potential and the second potential is applied to

5 said first drive control line.

29. A semiconductor device according to claim 26,
further comprising:
a voltage boosting circuit for generating a boosted
voltage to be applied to a selected one of said plurality
5 cf word lines,
wherein, for turning said plurality of third and
fourth MISFETs OFF, said boosted voltage is applied to said

first drive control line.

) 30. A semiconductor device according to claim 21,

wherein each of said plurality of sub-memory arrays

has:
a third power line extending to the first
5 direction, said third power line being supplied with a third
potential;

a fourth power line extending to the first
direction, said fourth power line being supplied with a
fourth potential;
10 a plurality of fifth MISFETs of the second
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conduction type disposed for a predetermined number of said

plurality of sense amplifiers, a source-drain path of said
plurality of fifth MISFETs being coupled said first common
source line with said third power line; and

15 a plurality of sixth MISFETs of the second
conduction type disposed for a predetermined number of said
plurality of sense amplifiers, a source-drain path of said
plurality of sixth MISFETs being coupled said second common
source line with said fourth power line;

20 wherein the third and fourth potentials are between
the first potential and the second potential, and a voltage
between the first potential and the second potential is
larger than a voltage between the third potential and the
fourth potential, and

25 wherein a signal read from a corresponding memory
cell onto said plurality of data lines is amplified to one

of the third potential and the fourth potential.

31. A semiconductor device according to claim 30,
wherein, after one of said plurality of word lines
is selected for amplifying a signal read from said memory
cell onto one of said plurality of data lines, said
5 plurality of third and fourth MISFETs are turned ON, and
then after a lapse of a predetermined period of time, said
plurality of third and fourth MISFETs are turned OFF, and
a plurality of fifth and sixth MISFETs are turned ON.

32. A semiconductor device according to cleim 30,
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wherein, for turning said plurality of third and
fourth MISFETs ON, a voltage larger than a voltage between
the first potential and the second potential is applied to

5 said first drive control line.

33. A semiconductor device according to claim 30,
further comprising:
a voltage boosting circuit for generating a boosted
voltage to be applied to a selected one of said plurality
5 of word lines,
wherein, for turning said plurality of third and
fourth MISFETs ON, said boosted voltage is applied to said

first drive control line.

34. A semiconductor device according to claim 21,
wherein the first conduction type is a P type, and

the second conduction type is an N type.

. 35. A semiconductor device according to claim 21,
wherein each of said plurality of memory cells is a

dynamic memory cell having one MISFET and one capacitor.

36. A semiconductor device comprising:

a plurality of memory cells disposed at
respective intersection points of a plurality of word lines
and a plurality of data lines;

5 a plurality of sense amplifiers disposed

respectively in correspondence with said plurality of data
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lines, each of said plurality of sense amplifiers including
a first MISFET pair of an N conduction type arranged in a
cross~coupled form and a second MISFET pair of a P
conduction type arranged in a cross-coupled form;

a first common source line connected in common
to sources of the first MISFET pairs included in said
plurality of sense amplifiers;

a second common source line connected in common
to sources of the second MISFET pairs included in said
plurality of sense amplifiers;

first drive means coupled said first common
source line with a first potential; and

second drive means coupled said second common
source line with a second potential;

wherein said first and second drive means provide
first and second operation modes,

wherein said first drive means sets up a connection
between the first potential and said first common source
line at a first impedance in the first operation mode and
a connection between the first potential and said first
common source line at a secgnd impedance higher than the
first impedance in the second operation mode,

wherein said second drive means sets up a connection
between the second potential and said second common source
line at a third impedance in the first operation mode and
a connection between the second potential and said second
common source line at a fourth impedance higher than the

third impedance in the second operation mode, and
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35 wherein, in a state that each of said plurality of
sense amplifiers latches a signal from a corresponding one
of said plurality of memory cells, a current fed to each
of said plurality of sense amplifiers in the second
operation mode is smaller than a current fed thereto in the

40 first operation mode.

37. A semiconductor device according to claim 38,
further comprising:

means for supplying a first substrate bias, which is
equal to or larger than the first potential, to a back gate

5 of the first MISFET pair in the first and second operation

modes, and

means for supplying a second substrate bias, which
is equal to or lower than the second potential, to a back
gate of the first MISFET pair in the first and second

10 operation modes.

38. A semiconductor device according to claim 36,
wherein threshold voltages of the first and second
MISFET pairs in the second operation mode are larger than

threshold voltages thereof in the first operation mode.

5
39. A semiconductor device according to claim 36,
wherein said first drive means includes a first
switch and a second switch disposed inparallel between said
first common source line and the first potential,
5 wherein said first switch is selectively put into
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tHan a conductance of said second switch.
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