; e3eT=4T: IZPm lm“ @Wﬁﬂber 2002 BACKGROUND OF THE PRESENT | NVENTI ON The
p

present i nv Ily relates to the field of segkigl gﬁ@@r@@ﬁpries.

More particu arI resent invention relates to a a menory

ore utlllzable 00érrbedded menori es q4ncl udi ng DRAMS (dynam ¢ random access
menories) and logical circuits. The level of integration of nenories,
particularly the level of DRAMintegration, has been inproved increasingly
year by year. In order to avoid a reduction of the serviceable tinme of

menori es) a |longer refresh cySEMICONDGATOR MEMORKed. The | evel of real

performance values required for data retention tines beconmes higher. It
seens hard for process devices to neet such requirenents. Referring nowto
FI GURE 23, the value of real perfornmance of the nenory data retention tine

Wil be described. Fl|SABRGROUND! IOFMaHEA FRESENT iINVENTIOW Cs is a storage
capacitor in a DRAM nenory cell. W1 and W2 are word lines. bit is a bit

line and xbithd rredunt Imeehﬂléﬁrrglaﬁeeathwrte@.h%@sorﬁﬁlﬁ%éﬂﬂ fleideopit line
bit. Vpre is a bit line precharge voltage. Ppre is a precharge contro

line. Shdiidos@isEoAMRbnbieks . Th@!o%e A Dfa AL, Qﬁ-@"ﬂ%fe Ehefly
expl ai ned. The precharge control line Ppre first énters t i gh Ievel

t at @ﬁbf d | tsat th
Brgcﬁarge ieve Vbr%laggﬁsgaﬁgntFﬂﬁ %?[%%3 6% contro :i}lne %reﬁentefs
the | |5l tial of

elo déf?ﬂ%&ed%%gmopﬂé§ &ﬁc&%dlﬂy%ﬁ&éﬁdﬁ%@%ﬁ‘d&ﬁe 8{9&5 lal o

t he wor 1 and a m cropoten Sl gha ar ge,

stored i ?@ ?EEDA%dCiébiéggr gec%aggpltor , In the bit line bit. This
Ia

rnlcropo uced™i’'s Subjectédto anplification processing in the
sense anpli fd,e L [u t he l.ine der goes
an |ncrggse#qék) %Iéf Pgﬁggéaglﬁh %g ﬁ%ﬁ@?geée|§g§ﬁiwa%?%%% %M$ g,
is Vcs, vation of .char fore .and aft a _cell tr nS|stor
conduct s %%%lb%fwﬁﬁ ﬁntﬁgré§€9@s %a@bﬁ’ %mRﬁﬁV nc%g?§4 Yvplate) +
Vr' *CB wher e V late is the ¢ pl at e potentlegi éhe capaC|tance of
the bit Y$3esPHiYe&Rd xbft OF ﬁE W gvedd @ g qqtri‘é”bd? nt?&l  det er mi ned

after an electric char eis read out fromthe nmenory cell. Fromthis

equat i orrse’é"?'ﬁ%‘?%%ﬁl tige o memoyies p& AARISH FPETRIheCREhe PERBPH! i er SA

is expressed b Delta -V = Vr'_. - Vpre = a*(Vcs - Vpre)_a = CSI&CS f. CB)
is req lred The level of Teal performance values required

for data retention times becomes higher. It seems hard for
procesé defices to meet such requirements.

Referring now to FIGURE 23, the value of real performance
of the memory data retention time will be described.

FIGURE 23 outlines a conventional DRAM. Cs is a storage
capacitor in a DRAM memory cell. WL1 and WL2 are word lines.
bit 1s a bit line and xbit is a bit line in complementary
relatioeship with the bit line bit. Vpre is a bit line
precharge voltage. Ppre is a precharge control line. SA is
a sense amplifier.

The operation of the DRAM is briefly explained. The

precharge control line Ppre first enters the high level state

AR
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Only when the mcrovoltage Delta -V exceeds the sensiti Vi{gpéddmderafouhe
sense anplifier SA (+-Vsa), data are read out correctly. For exanple, if a
"1" is witten and is-then read out, this produces a voltage expressed by:
V 18 Decenber 2002 3 Delta -V = a*(Vdd - Vpre) - 0.2*(3.3 - 1.65) - 330 nv
where Vdd is the supply voltage. On the other hand; if a "0" is witten and
is then read out, this produces a potential that nmay be expressed by: Delta
-V = a*(@nd Yheebit Qi bitl. &% xbiB3ArsVsker et ahe @prachiithe BedeY)
and Vpre = Vdd/ 2. Usually, the sense anplifier's sensitivity limt Vsa is

about 50vp¥e . TheubRAduriatiat ester peétNavgbheghtpoabhame Ppiexdnt&Lgsi der
a case in which there occurs a | eakage current fromthe nenory cell storage

capaci t Orhes 1oReneRAIe SHAKICI Noh fis L& £oENEReBELYCAR AnHdA0S Wi {1EN 1O
Cs and a voltage read out fromCs. For instance, suppose here a case of

writing gotdntivhelsd e %Mnﬂﬁ@nwﬂfcaﬁa at mtllaeoblorf%nm% the level of
vol tage reduces down to VcslL. It follows froma*(VCslL - Vpre) - Vsa that

0. 2*(Vcsk:kod4:c@§) by % %ﬂg t{i ?ﬁ tE%réﬁelﬁﬁkmnﬁ éystc?éfls occurring

when Vcs up to the tlne suc lTmt is reached
S (11 usfiar ATy eYtZdn%SC% %P&ﬁét B3E LT REY- R TR PRESENT | NVENT] ON
et enti offtEred? t%?h 4"3%%"#eig“%u*a?%%%'s?@?e%w@@ﬁ A oa . O °
?RgﬁPeéao agggg?h&: e Gggeggnégvggéiggigr R.prevent poor yields caused by
If a potential just before the word line WL1 undergoes an
increase in potential, stored in the memory cell storage
capacitor Cs, is Vcs, then a conservation of charge before
and after a cell transistor conducts can be written by:
Cs(Vcs - Vplate) + Vprex*CB = Cs{(Vr' - Vplate) + Vr'=CB
where Vplate is the cell plate potential, CB.is the
capacitance of the bit lines bit and xbit,‘énd.Vr' is the Dbit
line potential determined after an electrié charge 1is read
out from the memory cell.
From this equation, a microvcltage Delta -~V to be
amplified in the sense amplifier SA is expressed by:
Delta -V = Vr' - Vpre = ax(Vcs - Vpre)
a =-Cs/(Cs + CB)
Only when the microvoltage Delta -V exceeds the
sensitivity limit of the sense amplifier SA (+-Vsa), data are

read out correctly. For example, if a "1" is written and is

then read out, this produces a voltage expressed by:



18 Decenber 2002 4 retention times to achieve a reduction oé t he entire
process cost. In order to acconplish these objects, the r 1 BpesRRe %’Pént I al
in sense anplifiers is decreased corrgfponding to the decrease of voltage
du€ to | eakage current in nenory cell The present invention provides a
sem conductor nenory conprising: an information nenory cell of a ca~d~Ctor
and a transistor for perform ng operations of reading out information; a

wor d 1 ne f opedgesyi 00 dNQARTDYpEE) |2 8NS. sl 8f o7 @nge Taoygh aj | ot her

than the information nenory cell e'reference nenory c | being coupl ed
to the word Id REYPrs d G V@ﬁ;ﬁg!ﬁg“@oh‘.@%{p@g t B %ﬁ@%@%‘l&ﬁ%sax}a& g YOk gl
line; wherern the reterence ry ce stores i'nfornmati on Tor Use by a
sense amplJ fj er.. the jnof tion_bei.ng reference_informatiaon equivalent to
a refergﬁgt%£§§5ﬁ4¥ﬁﬂéué¥[Eb?%aﬁgﬁa gPtangfﬁaPFS uﬁ%ﬁnﬁtﬁ??éﬁ%ﬁﬁttion
menory c%b#: In the sem conductor menory it is preferred that the nunber of
i nf or mat i<OF MR PEATRIGSS59PeBYér than the number of reference nenory

cells by one_or nore, In one enbodi rent the nunber o& ref erence nenory

cells is twoPethéseVt o &'dibrendeXebndr(- ¢8f Ps-st ofPAg=i PG on of s

18 Decenber 2002 -5
Here, a = 0.2, Vdd = 3.3 V, and Vpre = Vvdd/2.

Usually, the sense amplifier's ;ensitivity limit Vsa is
about 50 mV. The DRAM operates normally without problems.

Next, consider a case in which there occurs a leakage
current from the memory cell storage capacitor Cs therefore
producing a difference between a voltage written to Cs and a
voltage read out from Cs. For instance, suppose here a case
of writing a "1", wherein a malfunction occurs at the time
when the level of voltage reduces down to VecslL. It follows
from a*(VcslL - Vpre) = Vsa that 0.2*(VeslL -1.65) = 0.05.
This shows that the malfunction starts occurring when VcslL =
1.9 V. A length of time up to the time such a limit is
reached is a real performance value of the data retention
time. This relationship is illustrated by reference to
FIGURE 24.

SUMMARY OF THE PRESENT INVENTION

Accordingly., an object of the present invention is to
provide a longer data retention time for the realization of a
longer refresh cycle period. Another object of the present

invention is to prevent poor yields caused by short data



1 and information of O, respectively, and that the sem conductor nenory
further conprises a reference potential generation circui1s Degeaides 2002
generating, based on the information stored in the two reference nenory
cells, a 5 reference potential. In anéther enbodi nent three or nore
information menory cells and three or nore reference nenory cells each
store nmulti-bit information are utilised and the sem conductor nenory
further conprises a reference potential generation 10 circuit capabl e of
gener at i FGLBEIAR e TR aFDbevei af SLRRCTdPs(F &g (PR HEre HEPERES
menory cells, a reference potential. In a further enbodinent a first nenory
cell gro@®sdonposed of information menory cells is divided imo two 15
approxi mately equal subgroups and a second nenory cell group conposed of
reference neddr Préeid $d aesanpligh reiesencbjestsn mdhicorefegsinmsed bet ween
t he subgroups. In one or nore preferred enbodi ments, the reference

pot ent i alpoteindrial i in asemser gmpeiEidrsf dsediecfeamadac @Oréspandim g oho menor y
cell is designed to fall corresponding to a decrease in potential of the

i nf or mat ittie Eareasel df dueltaga Heakage lelakdwe uyradntchiat geemodrer eby a

| ength of time, for the difference between the informaticn potential and
the referge potential to reach a sense |imt, can be 25 decreased. As a
result, a longer data retention tinme is obtained. The present invention
further provipges p@:e’%@ﬁ@%@ﬂ@ioﬂ‘?}fﬁﬁéViQQB‘pEi sefd coddudtcdd Hndxyy menory
cell for storing information; 30 a first bit line to which said information
menory cejdmprSigingpl ed; a reference menory cell for storing reference
information for use in determning a value of said information stored in
sai d i nf or MO TR Coh | meROrf S€S0NEsbhl capae1ke Mangh ssai d ref erence
menory cell is coupled; 18 Decenber 2002 - SA a first probe nmeans for

det ecti ng oI oL pERFHrhLhS! oBbirakisth AUk Eappand qupbe means for

detecting Information on saird second™bit line; a first global bit line

t hr ough 'fg} iginformation 5 detected by said first probe means is
transnit\t@!gi aﬁ@fgg%ebond gl obal bit line through which said infornmation

e oL 1 B\t AL, ER0R LS AR RAASE e

preanpl i ficat’i on means np sal tiron‘transmtted over

a1 ot O oRedu ol o A0, 1008 G500 PSRN OLADIRA Sy
and 2 58 AL SEcBANG bR SLTnES A S P, Lol o

i nvention further, provide .sem_conduct or. nmenory. rising:, an

i nformati ?nﬁﬁw@gc%|V°F§ri%PS?bﬁngﬁf tﬁ%ﬂﬁ %éﬁ%%%ﬁ %ﬁfk??H%°F% whi ch
sai d infqéﬁatjon menory cell '20 is coupled; a reference nenory cell for
storing ref¥tence information for use in determning a value of said
information stored in said infornation nenory _cell; a second bit lipe to
whi ch sai d rdETHR Theot§EeEPRCEsMPROEY FPed; SHOTSS f%‘?r
detecting information on said first bit |ine and second probe neans for
det ect i ng*SfR¥ it FORSBnaBRLALdecond g dnfaianatelen heing FefeFeRCE| ne

t hrough which said information 30 detected by said first probe neans is
transnit tifererbleRcerdiyraBat ot a Hed ananag) PReRH.a%ki &P i H#%r mat i on
detected by said second probe neans is transmtted; first preanplification
means forreadping yehglBipamasienndriosh theaidih Qameat rfe MeeeY f§¢5t - gl oba
bit line and 35 second preanplification nmeans for anplifying said

i nformati on thrarkhe tsemlogpductpd mewony §tolis pmetfanmé%,/ that the

number of information memory cells is greater than the number
of reference memory cells by one or more.
In one embodiment the number of reference memory cells is

two, these two reference memory cells storing information of



18 becenmber 20u -5B first capacitor neans having terninal ne oﬁ @% gh IS
coupled to an output term nal of said first preanplificat i Q
second capacitor neans having term nals one of which is coupled to an
output term nal of said second 5 anplification neans; and sense anplifiers
havi ng i nput termnals coupled to the other termnals of said first and
second capacitor neans, respectively. 10 18 Decenber ~uu~ 6 BRI EF
DESCRI PTI ON OF THE DRAW NGS Preferred entodi nents of the present invention
are described by reference to the acconpanying draw ngs in which: Fl GURE
1(a) shows a first enbodi ment of the present invention and FI GURE 1(b)

il lustratds aamdnorinfmtmathown of FIGURErEE®EctRVEIRE 2 shdws thabdi thed

form of thefidshagnbodl ENLAOf ANe Rresentolavent Lok e fGRE Soboefe a1

gr aphi cal agranluse I'n understandi ng t ect I pr ove
dat a retemﬁnﬁrath@nlanMQUitrscaEHbéélnsﬁt @Enﬁn%?#mgenfbaﬁeéntDOn the

FI GURE 4. dl & $&5 gk spdiy! 'fmtl—&f R ﬁ%@g@%dd&ve% FLEYRE S &
shows in detail major parts of the second e i ment of resent
i nvent idonrededsrcs petentialram useful in understanding the operation of

the second enbogl MeAb:AErt RN ESRM: | PYeBE Y b ELRE nk oS, o PYmERBEY 0!

contents, the operation states of control transistors of a sem conductor
menory ofQﬁ%;%eéﬁﬁthﬁﬁﬁlﬁﬁﬂmQﬁetﬁ@q&ﬁ%ﬁQﬁ NRPeRY ofelFF cerets(85C%5Rowns

a third ephodinegte ofi die-mesent drwenid o sod RARRE 184 b) s Shovdndbetor
internal structure of _a block shown in Fl GURE 8&@ . FIGURE 9 shows in

detai | mafBMGFaF t U8TtheRe FRMPILEMSodPMEREL BYERAR PREBAE IRy GRERFALION

10 cirxcuit capable of generating, based on the multi-bit
information stored in the reference memory cells, a
reference potential.

In a further embodiment a first memory cell group
composed of information memory cells is divided into two

15 approximately equal subgroups and a second memory cell group
composed of reference memory cells for storing reference
information is placed between the subgroups.

In one or more preferred embodiments, the reference
potential' stored in a wmemory cell different from an

20 information memory cell is designed to fall corresponding to
a decrease in potential of the information memory cell due
to a leakage of the signal charge, whereby a length of time,
for the difference between the information potential and the
reference potential to xreach a sense limit, can be

25 decreased. As a result, a longer data xretention time is
obtained.

The present invention further provides a semiconductor
memory comprising:

an information memory cell for storing information;

30 a first bit line to which said information memory cell
is coupled;

a reference memory cell for storing reference
information for use in determining a value of said
information stored in said information memory cell;

35 a second bit line to which said reference memory cell

is coupled;



s 18 UeCett~uvi ~....... 7 FIGURE 10(a) is a diagramshow ng variations in
signal voltage at a sense anplifier input termnal in thel&Deesmnleer@002
calibration technique of the third enbodi nent of the present invention and
FIGURE 10(b) is a diagram show ng variations in signal voltage at a sense
anplifier input termnal in the presence of the calibration technique;
FIGQURE 11(a) shows a fourth enbodi nent of the present invention and FI GURE
11(b) is a diagramuseful in understandidy-the effect of floating wring of
the fourth enbodi nent of'the present invention; FIGJRE 12 is a graphical

di agram useful in understanding the effects of inproving the data retention

time in a se C;%Ef'i{g%ﬁ” %@Hymﬁénéh%éxf’“&é{?eéﬂﬁ%' ”B@foﬁfn Lhenprgsenlg

i nventi on; hows the organi zafi on conven |onaI redunéant
addr ess détler@m ol igi rduunte asehdr| @JREem(rt@ ghrniee t eerganfout i datett dng

Conve”t'Ogﬁgf&%%HﬂQﬁﬁQx?qﬁgﬁ§Sséééﬁﬁ' étFFgHEE 14(a) shows a fifth

enbodi nmen resent 1 nvention an 14(b) shows the detailed

structures of @orﬁ%@f‘s ghabadr &idy nbbn e z &&rioma G&JREC]M(S@)ld R dmenasieiows

a redurgdaagxe@tregu E Ofsé{@ fffidy emiodidrenie0fs t hg pE%%?x'%tmlt@é%Pt BARS a
FI GURES 16(a) and b). show a first and a second structure

seni condu8esPTEnt . &d dPikui Lins add¥ikaite WiiGla §@MQ1eﬁﬁﬁRﬁWﬁﬁﬁo%f
the presepktiedtedt N sai® dedbl - P¥obe means is transmitted;

a first preamplification means for amplifying said

information transmitted over said first global bit line and

10 a second preamplification means for amplifying said
information transmitted over said second global bit line;
and

a sense amplifier having input terminals at which
outputs from said first and second preamplification means

15 are entered.

The present invention further provides a semiconductor
memoxy comprising:

an information memory cell for storing information;

a first bit line to which said information memory cell

20 is coupled;

a reference memory cell for storing reference
information for use in determining a wvalue of said
information stored in said information memory cell;

a second bit line to which said reference memory cell

25 is coupled;

first probe means for detecting information on said
first bit 1line and second probe means for detecting
information on said second bit line;

a first global bit line through which said information

30 detected by said first probe means is transmitted and a
second global bit 1line through which said information
detected by said second probe means is transmitted;

first preamplification means for amplifying said
information transmitted over said first global bit line and

35 second preamplification means for amplifying said
information transmitted over said second global bit line;



respectively; FIGURE 17{a) illustrates a dynam c confi gur e-| ogi or use
in a sem conductor integrated circuit of the sixth enbodiﬁgh?cﬂ?l?ﬁgbé
present invention, FIGJURE 17(b) is a diagram showing a structure in which a
programmabl e switch el ement for use in the dynam c configurable |ogic of
FIGURE 17(a) is inplenmented by a swtch elenment of the dynamc type, and
FIGURE 17(c) is a diagram show ng anot her,structure in which a progranmbl e
switch elenent for use in the dynam c configurable logic of FIGURE 17(a) is
i npl enented by a switch elenent of the static type; FIGURE 18 is a diagram
useful in understanding the operation of the sixth enbodi ment of the
present inventibirsfl GEREci®ozshamsandehsvingt ureernuinagl sreguey afel whothais

seventh e ' t.of _th rese L. i qp; EL : S t ture
o o convenitrar RanBRy CHBRLE MRESL B8 Saau T (o SeBp e he CRBASTY
cell of thezwwenghdenbedonéntcagadcheopr ewents | havatigonteFhiURES22fred of
outlines . St ruct ur ry. I enbod| t

pr esent i?‘lﬁt\;’gln':‘?'lS o%%nf%%b)aﬁ%ﬁ%% egp%%h%g%?org?or%sgggf ?%gbﬂ%
menor y Snodwips of 1 RGURE 2e¢n¥; ERGURE 23 shows the structure of a
conventional DRAM QL e, en WA s i i agr.am
useful in under sta%f%éﬁgﬁglgﬁasr a%ﬁ%? t?gg&gf %%%&Jg%agjfgf’é%tlie?na%?ngggf
the conveWieshatebRANRASTR) @i FLGIRE 254 sik@grndhe CRpEGifglr means,

or gani zat Ly f-& faf{3 processing section of a ninth enbodi ment of the
present

10



i nvéntion; FlIGURE 26 shows the internal organization of a j n
section of a tenth enbodi nent of the presegt i nventi on; F?%fﬁ@?@%agu % ngs
a conputer system of an el eventh enbodiment of the present invention

FI GURE 28 shows the internal organization of a shared nmenory having the
furiction of processing data in the-el eventh enbodi ment of the present

i nvention. DETAILED DESCRI PTI ON OF THE PRESENT | NVENTI ON Preferred

enbodi ments of the presgripkN¥R8EReBTYHON OFC 1985 G lipthdy nuking reference
to the acconpanying drawng figures . Referring first to FIGURE 1, a first

erbodi ent. ofp JJHctddl SN 0080 02568 DED. pLBSERQUIR Al 1gdD are rrerory

cells (informtion nmenory c storing 1 nformation. ese nenory

lls 11-15 ' ' I . ' |l that
bel ongs 195 55 Ut et E PR SRt p e ro T i Fy PdE P B obie
menory celliéﬁéiég%g{ tge first nor 8 Deceqper l.yu~ 10 cell group
50 and the (& ?ﬁ°Yﬁea2E%5ﬁg ﬁ@ﬁﬁ?&mggll° r PEEF Coupl ed.
Each of th I -=5 2 h [ nbolic f i n FI GURE
L(a)) 1 s TP L5 T FORPAAPa: 57188 LhRE OF LERSBCTTh} EPEYHShBuN | n
detail in FIGURE 1(b). In FIGURE 1(b), only one word line W is shown;

however, BEH&HRE eki@iia plurality of word lines W and menory cells 11-15

and 2 are coupled to a word line W.. The nenory cells 11-15 of the first
menory col | GIGHRE R Rovo | BadifheauERTri 0F ithes Hingt @PaadAgeRt of

differential input termnals of correspondi ng sense anplifiers SAlL-SAS. On
t he ot herthewrRtesert nbpvenptéen: 2 of the second nmenory cell group 51 is
coupl ed, through bit line bit7, to a read circuit 53. The nenory cell 2 of
the second ndESGURE e} | igraupraphicaiedingrammansiedvledn wndsus tanging
reference potential, e.g., information representing an electric charge
equi val enthe ceEfeappobximnreivgmentter haditdtee datiaicrefermieh etimecinhahge
equivalent to the information of 1 and an electric charge equivalent to the
i nf or mat i Hirosf &mbd@itmensidof the present invention;
FIGURE 4 shows a second embodiment of the present
invention;
FIGURE 5 shows in detail major parts of the second
embodiment of the present invention;
FIGURE 6 is a diagram useful in understanding the
operation of the second embodiment of the present invention:
FIGURE 7 shows, by control contents, the operation states
of control transistors of a semiconductor memory of the
second embodiment of the present invention;
FIGURE 8(a) shows a third embodiment of the present
invention and FIGURE 8(b) shows the internal structure of a
block shown in FIGURE 8(a);
FIGURE 9 shows in detail major parts of the third

embodiment of the present invention;



circuit 53 reads the information stored in the menory cel{g get@fEoryar di ng
to the other differential input termnals of the sense anplifiers SAl-SA5
Each sense anplifier makes a conpariscpn between infornation received from
its corresponding nenory cell of the first nmenory cell group 50 and
information received fromthe cell 2 of the second nmenory cell group 51 and
reads the 18 Decenber ~uuc 11 information stored in the correspondi ng

remory cel | . #MAUH OATLON O IHE1ELRSE ENBWRHYENEA3Mn SHOMBgAAIDAI f i ed

formof the first enbodi nent of the present invention. In this

nmodi fi caty ey €50 lo ¥ QT | 1Sn 2P I
cells 2 %%ééé\}%%‘?egsgtgﬁggm%n%}%%ggr? ig*bglt%:teésﬁnan el Ce)%'???géc%ggsg%@oo)f

equi val eng .éé}riﬁfa%%ﬂr%%ﬁggﬁe Qe ttfﬁfe‘e FHEES dathed £r 68 ?Heel ectric

charge equivale o theIn nLtlon 0 ese two pieces of Information
Bi 16, to BACTHBr RRNPAERoDartl SAGURE 15T, b b nbe HoP Rt Ra Bdner at i on)
ot ent i a1 LeELoBR PR bF Abarae 1ot it S IR CFCe pObBHEI ol - 15
ot er i ne LIRS 4t Shes PSR (ol oG ESBTH Yy TRARRYTERF s, arc 1

or 0. In each of _the f%rst enbodi ment and the present nodification, each
menory cel | cAPURE k(2] ( #BPWERE SPREENoEMPOgineR: QfartdidiPHeseRhever

so-called multi-bit nennré cells may be enployed. Referring now to Fl GURE
3, the relRWRBIORNGNENEIGHBE 1ddr it thamdam exseful hkfirst enbodi nent
and its nodification make it possible to achieve an increase in the data
retent i orndep§tandingl fhaegffRctURE Flindotdringnet tRepEevAbBr ~uu-~
12 variations in the potential of nmenory cell storage nodes in a
convent i cerbodimentupé Gher presemt goarvantidniof storage nodes which store
information of 1 is WM and the potential of storage nodes which store
i nformati on AIGRE WACOLsaadgrapbhivaldi dbiagran msefalpdiremnégr ot angingy
cell (reference nmenory
the effects of improving the data retention time in a
semiconductor memory of the fourth embodiment of the present
invention;
FIGURE'lB(a) shows the organization of a conventional
redundant address detection circuit and FIGURE 13(b) shows
the organization of a conventional redundant address circuit;
FIGURE 14(a) shows a fifth embodiment of the present
invention and FIGURE 14(b) shows the detailed structures of
portions that are symbolized in FIGURE 1l4(a);
FIGURE 15 shows a redundancy circuit of the fifth
embodiment of the present invention;
FIGURES 16(a) and 16(b) show a first and a second

structure of a semiconductor integrated circuit in accordance

with a sixth embodiment of the present invention,



cell of the first and second nmenory cell groups) storage medes...n.the
present invention. As can be seen fromFIGURE 3, Vref, stored in the
reference nmenory cell 2 serving as a Beference level, also falls to
varjpation in the potential of the information storage node WM ) thereby
achieving an increase in the data retention tine. The reference nenory cel
2 is disposed f or every word line W.. As a result of such arrangenent,
even whemesspeotdrvely¥mnes vary in the length of tine fromthe tinme data is
witten to the tine the data is read out, times~fromwiting data and to

readi ng out FOGURAt 47d@iplictlisgtrates ai dpnantdcanohifdguretbiserlddtc for
information nmenory cells 11-15 and the reference nenory cells) 2 (2, 3),

whi ch guasantiees aesuilEiivpesat integr SECANRIEYBIR MENkief £1xtRg now to
FI GURES 4 and 5, a second enbodi nent of the present invention is described

bel ow. Fledida itmesitovss tiiee sSge8enea¢eARAb  FIFBdBRE 11 {wiptigtgs in detail

el ements of the second enbodinent. In the second enbodi nent, the first

Menmory celila = mRfvind 48sPeGeeliee LHUwh3ch iaS poRfddremdh Ye | Swibenfigure)

divided into two sections and the second nenory cell” group 51 is di sposed

bet veen- (iasd SEGI40NEn THESaPhEARICHRAL GRS CAIdYC W £ EEGRRNCE

potential 1 nformation transm ssi oI om the sécond nenory ce group 5l
I Eh SRR TSR ABLERN o) LIERSERY, St 0N SBAlGoelhed 0P
eSS R 150 B hOoRRBELNCshAR AR SrgeLafel g5 noLoe
el ol o ST RS b, LUSRAE 2 Bl g S BRIEE)
the i nterned AL ARl 4o 9o0er 8L 00GBRECY Y o34 s o LIS S o758 258 R0
element of the static type:;
FIGURE 18 is a diagram useful in understanding the
operation of the sixth embodiment of the present invention:
FIGURE 19 shows the structure of a memory cell of a
seventh embodiment of the present invention;
FIGURE 20 shows the structure of a conQentional memory
cell;
FIGURE 21 is a modified form of the memory cell of the
seventh embodiment of the present invention;
FIGURE 22(a) outlines the structure of a memory module of
an eighéh embodiment of the present invention and FIGURE
22(b) illustrates connector forms of the memory module of
FIGURE 22(a);

FIGURE 23 shows the structure of a conventional DRAM

memory core;



arrdy has word lines W.,, bit lines bit, nmenory cells MCt n the
first menory cell group 50, and a nenory cell 2 that beloﬂggepghpﬁg‘%%c nd
menmpry cell group 51. A plurality oflgxxu probes (local probe neans PRBl
and PRH2) are disposed correspondingly to the nmenory arrays. The nunber of
| ocal probes is equal to the number of bit |ines of a correspondi ng nenory
array and each local probe is coupled to its corresponding bit line bit and

acts as a si guaURIetRCtim digsgtdmopss abl eihoudabest agd@iqprride bit line
bit. The outputs of the |ocal probes PRB1 and PRB2 are applied, by way 18

Decenber chat@adlteofs €0is esPO0PHENEadhoRal ehitl ol RAMeCYH .tHO ones of
differential input termnals of sense anplifiers (sense anplification

means) ShorRRatt WPalpPAN hinsrfPEbrks shared between PRB1 and PRB2
located in the same colum (not Shown in the figure). This nakes it

possi bl e 10 kagues: ¢ ﬁﬁﬂ?sc'{)g%cfm%rﬁ LEGERYDLEYoho? SeRe ATl | i er

SA by an anobunt saved by such arin ore menory cel

RS, o FROATE i 89 8 s HEhr 3*3%”%%%%2% i, gt o Prove

transnltt %,(%iéb ot her dlfferentlal i nput ternlnals of the sense
anpllflers SA e output of each of the sense anplifiers SAis stored in a

correspondi n te re ter ans 56, .and a on of the

out putg of t%&%@% ezebgr%icf‘ﬁ eﬁ% g’&f%ﬁn?ﬂ%ﬁg hﬁﬁtft%. Sfefs B¥3 s chosen
and taken out for a ficatign in an_out anplifier 58. Such an
anplified cﬁﬂ’tep‘iﬁ ri%n%?f'lf ne‘%’ h@lr FBthg{“ Qrdi&gg‘&lulolf Elhc?clPTt'ﬁl'Js‘?%tout si de

the chip., The SRAMregister 56 is not an essential for read operations;
however, 31V A as a tenporal save region at the tine of rewiting data,
which was read out of a menory cell, into that nmenory cell after an el apse
of a certai nfT&Y§Eh of qq§k9n¢@f@r?@ﬂ@utérFFEEREmSOftﬁé elevent@fircuit is

now described in detail. FIGQURE 5 shows the first nmenory cell group 50 at
the 18 9MRQHiRGNHPD ¥ime present invention;

FIGURE 28 shows the internal organization of a shared
memory having the function of processing data in the eleventh
embodiment of the present invention.

" DETAILED DESCRIPTION OF THE PRESENT INVENTION

Preferred embodiments of the present invention will be
described by making reference to the accompanying drawing
figures.

Referring first to FIGURE 1, a first embodiment of this
invention is described.

In FIGURE 1(a), 11-15 are memory cells (information
memory cells) for storing information. These memory cells
11-15 belong in a first memory cell group 50. 2 is a memory
cell that belongs in a second memory cell group 51. WL is a

word line to which the memory cells 11-15 of the first memory



uppetr side of the figure and the second nenory cell group & hower
side of the figure. Di sposed on the side of the first nengféegi *Qg%kgre a

plurality of menory cells (called infpgnation cells) MC for storing
information. 64 information cells MC "arranged in the row direction, are
coupled to a single word line W.. A plurality of information cells MC (two
information cells are shown in the figure), located in the sane colum, are

coup! e 613 Brbu 30 Bid Gidndgest D11 i206E Tb 3bchd Wdi dy

coupl ed, by way of a local probe PR irst probe nean a global

bit 11 neq@hi it heel Wotip W ealshi b£nehe T0hg-o) 8031 b Hinecbiy ! i

coupl ed, by Wway of a pre Ification s I on to a rentl i ‘nput
term nal n I fi I type i_kew s di spgsed on
the si desgpw?hggsggg%@‘%egmrog/ﬁ%e%ﬁl‘ 0%?%%5?@5' & égp}“&rhgli y“% e cell's
(called reference cells for orin ef erence informtian. ch of the
r ef er enc&EX B8PS LoT ?rc&{ﬁﬁ & Cf%fg %%Pg%%ﬁ%ﬁd nas\lxﬁp‘awﬁ e &ftaiﬂplqﬁ‘r ality
of refergﬁé% el ls (t reference cells are shown in the figure), |ocated
'n the SANGURE i) -ar ECEHAGE (h(2) bi en+¥ nRSI PO HanEeHind BHihioHHe)
This bit _line bit2 is coupled, by way of a |ocal probe PRBb (the second
probe neRRY¥FVefo IPGTSLEXIHE 3 ipkxBliDY (PHeWIELoRdNgFONM AFG MEMAXY Thi s
global bit line Guit2 is coupled, pf ma%%of a preanplification section 61,
to diffefédtPal li-dgudnderdiafs scouplad tecan¥erd-4dne1¥lof the sense
anplifiers SA. Each sense anplifier SA receives at the gate of an input
transi st or NIZepmpmervheedils di dft i thenfinst ghebarybrelli gsocpi 62
t hrough the preanplification section 61. Even when the global bit I|ine
Ghi t 2 hasre gouptled.r &£hamuai thikitelines sbhrl| thabdthe itol ddffffegentdial he
operation of the sense anplifier SA. The structure is discussed in detai
t oget her inpult itesmipalst ioh. cHt@Rpomvdthowsenbhe eppildfiierswdrdf-&GA%s. Fl GURE
7 shows the states of main control transistors by control contents (nodes).
Each nodéni s$hex pltihiereddral ot hPRECHREECPERI ODof the second memory

cell group 51 is coupled, through bit line bit7, to a read

circuit 53. The memory cell 2 of the second memory cell

group 51 stores information equivalent to a reference

potential, e.g., information representing an electric charge

equivalent to an approximately intermediate value of an

electric charge equivalent to the information of 1 and an

electric charge egquivalent to the information of 0. The read

clrcuit 53 reads the information stored in the memory cell 2

for forwarding to the other differential input terminals of

the sense amplifiers SaAl-Sas.

Each sense amplifier makes a comparison between
information received from its corresponding memory cell of

the first memory cell group 50 and information received from

the cell 2 of the second memory cell group 51 and reads the



H'S LINE bitl and BIT LINE bit2 are precharged by NMOS tyfe

N21 from Vdd down to Vdd - Vitn where Vdd is the supply voﬂtage andz\/t
the threshold voltage. On the other h@ d GLOBAL BIT LINES Ghitl and Ghit2
ar€ precharged up to Vss + Vtp where Vss is the ground voltage and Vtp is
the threshold voltage. Such a precharge |level may be a different val ue,
e.g., Vss, which will produce no essential difference. Likew se, both nodes
N1 and NanHornlet igreagmpbréd cahi @Heseﬁk&‘@@?oﬁﬁi@@dn@ho&r}e sellat Vss. Both
differential input termnals Nsig and Nref of the sense anplifiers SA are

set at Vdd. A pair of vopdesdiseroh and MNeenBresrt besepnmenenplifiers SA are
set at Vss. CELL READOUT PERIOD A word line WL is activated. Information,

stored in anprcbReJer yRlws ﬂgdifiga”EBkﬂnoﬁeEhewngEtt@%ﬁddfﬁeﬁ@nyfy

cell group 50, is read out onto BIT LINE bitl. Reference potenti al

i nformati US| Py ﬁﬁi ence cell 2 of the second nmenory cell group
51, is rea éﬁ{ onto BI |hE£blt2 The potentlal of BIT LINE bitl varies

the samo-ti b TRas, o FLOAELob " PRI Gk BBply"ng e%YaC%%Eﬁﬁ"?&éRFsvﬁ?iesnftto
:P:ngsgfgf%ﬁf§9q#q¥%egv ﬁ%ﬁ%§§wgg§;§;9t tc?LTan wéh ﬂﬁﬁgﬁﬁ g$r8LCBAL
o1 LINE G donies SR e U G IS D A

CTNE bi {2 Oé,%n%a;@cg%?ée b oFB8 PRPBFACE d?f’e Haratn & Tadrnel | hece o

and zef erence otentlal information stored_.in a reference cell 2 Ere r ead
equivalent to the information of 1. These two pleces o

;1 and
is

information stored in the memory cells 2 and 3 are fed,
through bit lines bit7 and bit8, to an intermediate value
generation (reference potential generation) circuit 54 which
generates, based on the information received, a reference
potential, i.e., an intermediate potential. This reference
potentiél 1is fed to each of the sense amplifiers SAl-SAS.
The sénse'amplifiers SAl1-SA5 determine whether data, stored
in their corresponding memory cells, are 1 or O.

In each of the first embodliment and the present
modification, each memory cell can assume either the state of
1 or the state of 0; however, so-called multi-bit memory
cells méy be employed.

Referring now to FIGURE 3, the reason of why the
above-described structures of the first embodiment and its
modification make it possible to achieve an increase in the

data retention time, is explained. FIGURE 3 shows both time



out ‘onto GLOBAL BIT LINE Goitl and onto GLOBAL BI T LINE Gﬁgbé mber zuue
respectively. PREAVPLI FI ER READOUT PMOS transistors P13 and 5% o? t%e
preanplification sections 60 and 61 cgpduct and the reference potential
information and the stored information are input to the sense anplifier SA
t hrough the nodes Nsig and Nref for preparing data deternination. The
reason for providing the 18 Decenber 2002 18 preanplif ication sections

60 and 6lvdsidtbdnshenetneeppievitded aHindmdiy Vel S€62agaPhblie’r SPMmt he
side of receiving reference potential information resulting in producing a

great | oatbifed FEohARUELELES uraENBLNE1GPERATI LN Jhe: sENSE QHBEEEE?h s

senses stored information and the stored i nformati on thus sensed is held in

an i nt er nals Rt ¢l DATACBENBETBNGOENS. SUORARL 144G | BBrbcEA Lan by

rewite circuit RST1 into the information ce Irst menory cel
roup 50. t] t f tential,i ti igwitten
gy apref esrtggnl(-:ée%??gggi JF’%EFP %%ﬁ&?nﬁ %ﬁ%&ﬁﬁe‘%@e‘) cg% Io{lgaéﬁ 8? ﬁesté‘\él{(;eond
menory c 1, THL.RD l. ef er ri o EIGURES 8 and 9, a
t hir dyerrt%%)écitl-%%g#g%? %‘ﬂe%? ef g%t%%%&gg%f?ﬁml“g%g%#%le{fegﬁﬁeflﬁler gemory
enbodinent_js a -h rovement af the second enbodijrent. Th o?'ect of the
present e i men S v Ol n) in the
i R Pt LEoRVARE SREOBRe M) Coat FEPURBS PPREESE

second enbodi nent, that there qQccurs . a redyction in input yoltage applied
Lo the SIRISSnTR| FRE, DERSANE HgVERE1OPynalhHrofiagat | SHORHAT B! ELCOR

bet ween the | ocal probes PRBa_and PRBb and variations_in the signal
propagali%n'%ﬂ%fac$EPF§§i&nbépﬁeéﬁﬂﬂﬁgﬁﬁﬁxﬂﬁW?FYcﬁﬁ}%nzséﬁFVbﬁ 66 &nd 61

The i nput voltage of the sense ampliifier SA varies by a sumof the
di fferendeeIeHENERLRBERL  28UFO f@lls to variation in the potential of

the information storage node Vwl, thereby achieving an
increase in the data retention time.

The reference memory cell 2 is disposed for every word
line WL. As a result of such arrangement, even when the word
lines vary in the length of time from the time data is
written to the time the data is read out, ;imes-from writing
data and to reading out the data completely agree with one
another between the information memory cells 11-15 and the
reference memory cell(s) 2 (2, 3), which guarantees accurate
operations.

SECOND EMBODIMENT

Reférring now to FIGURES 4 and 5, a second embodiment of
the present invention is described below.

FIGURE 4 shows the second embodiment. FIGURE 5
illustrates in detail elements of the second embodiment.

In the second embodiment, the first memory cell group 50



bet-ween the threshold voltages (Vtn) of the control transj d N22
of the two |ocal probes and~the difference between the tﬁ?ﬂ%ﬁ%ﬁﬂk%%P?gges
(Vtp) of the control transistors P14 d P24) resulting in a decrease in
operation margi n. The present enbodi t avoids the variation by neans of
calibration capacitors. A calibration procedure is described bel ow
Referring to FIGURE 9, both a transistor switch CL1 and a transistor switch

(Shor t - CUISC Yo 1RNEN L CONIUEL g PDTT 82Y1081N 1 G PRy Bl dd Mon iy for

stored information an it r reference potenti al
i nformat i rr%‘?ﬁjc e Lhed_val %C@ 1 L op.
vol t age lg?%t %:ae%sogltr?ge arrprltffc?%gi 5&9%5@’2%% ggd(atitgﬁggﬁre e%é’?e%%neg?%% tg‘ég
VCALB. At _thi.s tjne, i %éﬁf wite switch CWis in.the state of
conduct | SRR e VR R Rt i kS SO N HRATTR el | as to
BI T LI NE_bi.t2. xt,, the jte switch CWenters the nonconducti ng state and
2 transi PRGEAGATLHETEIATLYS THRNEBAGaLORNG "ot ee WRAE) HTPr Sl CBAL
HT LINES Ghitl and Git?2 %ge charged to alowlevel, that is Vss or Vss +
Vt. tran§i GEEP ofl t'HEL R cSFOpRBLECERESPELARSIESN S A ARFFo TRt 1 QR aF ©
probe PRHb result, the potential of GLOBAL BIT LI' to a potential which is
| oner t h&Re HdT&dr Mt ¢l bi §TPHReSQ| 1B, the Tament imee Medit eFoedhe
control and the control are made active. As a CIE Gbitl increases up
pot ent i alSYgmeLHy 1304 o \akiee the finstyvand second memanss sl v&reups) .
Li kewi se, the potential of GLOHAL BIT LINE Gbit2 increases up to a
pot ent i aPowdngh 3k towecetee the pamenamabngf of cedsesgarlinmiddt |ine
{i.e., BITLINEDbit2) by Vt. At this tinme there exists a difference in
pot ent i alcapeeddati@QIOBAL BI T LINES Ghiti and Gbit2 equivalent to a
di fference between Vtn(data) and Vitn(ref) where Vtn(data) is the threshold
vol t age of tBAa NMeSfdgntren! in atrize ssecomdZmemdryt ne¢ldf grioupt I9d tthreeshol d
vol tage of the NMOS control transistor N22. Subsequently, both the control
transi st auni®k} off tteference memory cells coupled to the same word
line is one. However, the FIG. 2 structure may be used.
This, however, requires the provision of the intermediate
value generation circuit 54.
In'the'figure, 55a-55d are memory arrays. Each memory
array has word lines WL, bit lines bit, memory cells MC that
belong in the first memory cell group 50, and a memory cell 2
that belongs in the second memory cell group 51. A plurality
of local probes (local probe means PRB1l and PRB2) are
disposed correspondingly to the memory arrays. The number of
local probes is egual to the number of bit lines of a
corresponding memory array and each local probe is coupled to
its corresponding bit line bit and acts as a signal detection

circuit operable to detect data on the bit line bit. The

outputs of the local probes PRB1 and PRB2 are applied., by way



preanplification section 60 for stored i nformation and18ReceBHRET oYV~

sransi stor P23 of the preanplification section 61 for reference information
are activated. As a result, the potential of GLOBAL BIT LINE Ghitl is
transmitted to the left-hand side of a first calibration capacitor (a first
tapaci tor neans/calibration neans) Ccall while on the other hand the
potential of GLOBAL BIT LINE Ghit2 is transmtted to thgréeft-hand si de of
a second calibratiop capaci seagRE@ capaci ttor afesh al i brati on means)
Ccal 2. ofih@OSEe SRAN %eggéggﬁegggtg%tial transnitted to Ebg%LFis VCALA
Vtn{data) - Vtp(data), the_val f fNtangp 1 if e t $ o Ccal2 is
VCALA-djﬂﬁﬂxQ#Qial\g?@PEffeﬁﬁgggg§t%?§§?§§ is the threshold_volt%g% of the
PMOS control transistor Pl 3 %%g VR hefd1dwat heit hr est0Bdivolfag§Badtd he
PMOS coatip Dificah§pBt BRAPS3. te that each of Vtp(data) and V;ggug) is

18 Decenber 200Z 21 _ less _than zero Ysahbecdhurgoi ngtt ues
shoul d p@tﬁeéhl9REQré@dMHﬂ$%ﬁﬁﬁFQJ?&H%gﬁgﬁgvz?ﬁ due to a variation in
threshol d voltage at the stored .infor I opk eggneedpekeerthieal i nformation
si des, ghetﬁeifigmm@doed?#%ﬁfmﬁﬁ%%c%ggﬁbgg ?%%data) - Vin(ref)} -
{Vtp(data) - Vtp(ref)}, leading to_a_decreasgni 19¥eredd IS2oEr &t on
nargin.aggégﬂﬂdﬂby%nﬁxai%i§¢o¢%ﬂp%ﬁdtﬁg %a??gkgtﬁgﬁ capacitors Ccall and
Ccal 2, which allows the foregoing variation to be absorbed and conpensated
tﬁ secuEﬁéﬁékﬁgg¢§adﬁpr?mtbnshﬁfépﬁ{fgr t he sense anplb}ifr SA. FIGURE 10
shows the effect of the foregoing calibration. AFl a Sfuferemce
exanpl e W t hyt, Calddared i tn. tHe GOREOIY( S)‘E&Q-hgm?é’sﬂe%gg#m% Wi th
calibration. As can be seen fromthe fiqgre the fegifeppbvyaprBti oo in

si gnal vol tage 258 ENS & sampuiainfsmert tigthutt HMYFhaT T reduced, whereby stable
oper ati onscan be achi eved. The above-descri bed oggg&tgggcggeps3fasn1a

cal i bfat%g@ SEOHEREcuAddiss onamey ot rahsFiPor “3Wi tch CL1 and the bit
line wi swtch CWtogether forma calibrationﬁﬁgkggggahngggtb&gtmaans.

FI GURE 8 sh% i@ﬁ@&%ﬁalﬂﬁh(ﬁﬁﬁéisﬁh@fﬁﬁﬁﬁFFQ % ) and logical circuits
on a sinﬁF? ¢ I'p. FIGURE 8(b) illustrates a stru turetkgrggﬁgy arranging a
plurality of S%B%ﬁh_ Kgrgcsgeighhesubtpuﬁc@§ 66 Ofh& I gure) each of 18
Uecem-c~ SeRS$ ich 1's nade up of a preanpli~ie,r/se§§§§4 idti&F e#ction
A and a secti.o%’eBré)f £ GYREL8redr uanged:om’,r@ﬁ@(ﬁnidv‘é'!%/- ove and bel ow t hese
sub- bl oc KRS &% sJ%-mord drivers 61 and 62 for selectiqgkatﬁgrgeﬁgge. The
preanplifier/sense %QHEBfBQE @waiamylhﬂe;qﬂzﬁﬁﬂjQﬂFQ?ﬁ?rlght- and si de of
t he rightﬁ%%%sgﬁﬁ-% ock’60. Referring to FI GURE 8(a%;_n1b£8§§§ £3a each of
which is fornpg_accorQng§(lgighéﬂsRAMKiggtS?@%$u$ L2renVer ically
arranged aRply FSﬁFcSI Circult 64 is placed on the righ%-handsgideSugﬁis

ar r angenent allow% reg:géﬁ}féiéaiiénﬁﬁnoanthétpﬂéaﬂﬁ 1+F&PFsdnse anplifier
sections A2keDt RETsAHTHI0EKS 60 to simul taneously transmit Tyl s i oK @

cit
He an amplified output is output either to another

i is not an
| or to outside the chip. The SRAM register 56 1S

however, it serves as a

essential for read operations:

e time of rewriting data. which was

temporal save region at th
into that memory cell after an

read out of a memory cell,

elapse of a certain length of time.
it is now
Referring to FIGURE 5, the FIG. 4 circuit 1

described in detail.

at the
FIGURE 5 shows the first memoIry cell group 50



the logical circuit 64. FOURTH EMBODI MENT A fourth enbodi ment of the
present invention is described. The object of the present!8dddnemhesdP02s to
reduce noi se occurring at operation time, to provide an extended operation
mar gi n. The present enbodi nent ai ns ttﬁlﬁ nimze a noise factor (i.e., array
npi se). The array noise is the phenonenon that, when there occurs

capaci tance coupling of a node extendi ng throughout an entire nennry array
and read I Jese varjation_i tential .of the_ rea i gnal es is
fed back"BgS trhgirdeac? e S8 el B8RV B Bpa neb S R PG

dat a, caIIe mnority bi is read out with error. Suppose here that,
for exanfite, h&a Wﬁr]?#%é %édtgﬁtflgﬁ§eDecenber ~uu~ 23 ontd an
information global bit line i while on the other hand data of 0 is read out
onto the rengﬂﬁpﬁéealGﬁmtqﬁts44¢mﬁﬁlﬁh? £3rstmenory] edid 380 35 (Bsee
FIGURE J.1(a)). In this case, an_entire nenory array is drawn in the

di rect | oRI8F AN RE dRRBOBY @eb¥5|h?éllﬁﬂtPpﬁér&ﬁélpﬁt&ﬁﬂkﬁkaMguﬁﬁﬁtlve
coupling. As a result, the data 1 that is read out fromthe global bit |ine
i is sub§¢@ﬁﬁmﬂI%Pﬁﬂﬁﬁ%ﬁﬁﬁn-thé#eibf@r@aﬁépﬁgcﬁéééoﬂﬁ-e@ﬁﬁﬁﬂgﬂdlin
accordance wth the present enbodi nent, such an error occurring in read
oper at i offhe gou idiirettiohy aranscvpladstpuet gingile Worch MinsatWing vhres ML
(a group of intersection wires), which serve as capacitor neans, are

arr anged pdstmalde:yooih inmoxmat bdni aédlgaMCol taed indbemartdepatekits are
information global bit lines (I...i..., R. The floating wwre ML, as the
name i nplshesvn iin ache rgigime ) of Lecateél ynanteelaner icodlimn f laasd scoupbead a
wire, which is coupled to a fixed potential via a resistor with a high

resi stanae, aaitbelimgadritell 68he Hirstwbichliaedf.f eThilwelbd tf [loate ngitThe
present enbodi nent is characterized in that the floating wwres ML are

arr anged iastdduifLddf by heagt ofed Lotalnprobe 2RBar €fteleeFua gigrybeal
|nfornat|on global bit lines (I...i..., R. These global bit lines

(. - meadRs W 149 e tGEoWRIDpYtan kA% @8betaoyrhed rieget Rarony tywet fl oati ng
mnres ML and a variation in potential of the global bit line is a quantity

'nter”EdUQH%f()(EHEE'él@ﬁaﬂfblhelﬁhée@thﬁ KR cob$irlercemewagtiUst 24 whi ch
data are read out fromthe global bit Iine. This average value is coupled

agai n tOﬁH&%ﬂﬁf&%&cé%ioﬁ'Q@cE&6hh€ofeE%r%ﬂ@&f&%&%ﬂwfalIﬂHﬁﬁfﬁﬂéfﬁhﬁ&pba
bit line) through capacitive coupling. If the nunber of cells from which

data of Jofhsa rse@fpsé)u&nbjglg&ﬁfg shhgg ttgg AQLSR! kaheof the floating wire M

noves in e direction in Ich data is read ou Correspondingly to such

movement, IR éa'qfér%%ééa%ﬁb%ebg%aé' Be R gt BecbaberRApEPYant | A

|nfornat|on g varies I'n the sane |rect|on that the

Dot enr o 06 |ABLATELLS MY Sochenfls IHULSS (Co el gher ) o
capaC|t|vei¥§§)ir¥b¥n£po£ggg reference information. Each of the
reference cells 2 1s coupled to a corresponding word line WL.
A plurality of reference cells (two reference cells are shown
in the figure), located in the same column, are coupled to a
bit liné bit2 (the second bit line). This bit line bit2 is
coupled, by way of a local probe PRBb (the second probe
means), to a global bit line Gbit2 (the second global bit
line). This global bit line Gbit2 is coupled, by way of a

preamplification section 61, to differential input terminals



global bit line R then only O data read |lines operate in t he
global bit line R This results in producing a 0 data reaﬂgugaﬂﬁgéd)bé)
strength of such in-nmenory array nut ug coupling can be changed by changlng
t he” nunber of floating wires ML, to control the level of signals to enter
an‘optimal state. Referring to FIGURE 11(b)) the effect of reducing noise
in the present enbodinent is shown. In FIGURE 11(b), the abscissa indicates

the cal i ymtirn slehge alE9BrkakinQ (RRenlefdnd Asp Pl PREAMBACHeckii VAR =

1, this shows that all data on the sane word line are O data. On the ot her

hand, if RO, dgé.f‘é soBhaMs i hhak %Han@?fsacoq:n mhﬁmmwréweaﬂre 1 data.

The ordlnate I ndi cates the sense anpli I nput term nal 18 Decenber

2002 25 1Qﬂ$5 t e fa T is effective
that a signa |ge%ﬁ?p5$ée ceeé?ngakngé%Seqﬁﬁﬁémkﬁréﬁgzor%%nce with the

pr esent e o p r c operations all
over the regldﬁﬁﬂ§i?% %§|?§é§§?§n gata%%%b ﬁ%ﬁfﬁ@ﬁ.%ﬁf@?l Bféh%w%

FI GURE 1 t he _dat retentl char teristic o

As can béét%ze A%%REF%J%E Wiret ﬁgp&c g'g‘i a%a‘{ﬁengbllﬁllty to

i nprove t a retention ch r.act erd C or abo ne frgure . FIFTH
ENBOD wﬁ?e%%ﬁt%ne FRSPRERREIRR: A5 Shes SR T ATRIHALES $u descr i bed.
The present e odlnent S dlrected to redung&ncy systen1conf urations for
use i n DRAVS ¥ tHe Y ededit 15 ndedtrsaedalne %é%%r%?ﬁy used
in DRAM is a circuit_for_replacing a nenory cell mhlch is not functioning
correcthPRﬁ?#F%ﬁPele%%?VBEIﬁysﬁéﬁﬁaﬁhﬁh@PQEiﬁ%QﬂI%ﬁv%ﬁ?ﬁﬂﬁndaﬁ§9ugﬁrGU|t
is conposed of two different circuits, nanmely a redundant address detection
Circuit fOIOWSoHrRgSEALPEYOReRdip CONtradd tEaRsl SFRES % r#RBFBAL(r edundant
information) for determ ning which one of spare nmenory cells should provide

a backup SHEFERE T ef PARAS renoBpcBeModes ise p Al nafiSRHI @Y - and a redundant

address circuit for carrying out, based on the information, address
sw t chi ng. PRECHARGE PERIOD

BIT LINE bitl and BIT LINE bit2 are precharged by NMOS
transistors N11 and N21 from Vdd down to Vdd -~ Vtn where Vdd
is the supply voltage and Vtn is the threshold voltage. On
the other hand, GLOBAL BIT LINES Gbitl andlébitZ are
precharged up to Vss + Vtp where Vss is thé ground voltage
and Vtp is the threshold voltage. Such a precharge level may
be a different value,Ae.g.,<Vss, which will produce no
essential difference. Likewise, both nodes N1 and N2 of the
preamplification sections 60 and 61 are set at Vss. Both
differegtial input terminals Nsig and Nref of the sense
amplifiers SA are set at vdd. A pair of nodes NsenA and
NsenB of the sense amplifiers SA are set at Vss.

CELL READOUT PERIOD

A word line WL is activated. Information, stored in an



1 ti* uece~ ~ w~ ~",.~ 26 FIGURE 13(a) depicts a prior ar anlo..
address detection circuit. FIGJRE 13(b) depicts a prior aj?tgg%ﬁgdant
address circuit. As a medium for storﬁgg redundant information, a fuse F,
forfmed of, for exanple, a polysilicon wiring layer, is enployed. The fuse F
is‘cut by laser trimrer equi pnent to store redundant information. The
cutting of the fuse F is detected by the presence or absence of an electric
current paifoemgcibe cesyl Mci s£f edet Fitha rn%ﬁ\&l‘iafﬁeﬁﬁdéﬁéégcsbcu'i% whi ch
then performs actual address switching. Referring still to FI GURE 13(a), a
prechar 9erdd@nsielontdOsie HIRE bi@1Rr R RAE p S errpse nodes Kir to
Vcc (the supply voltage). Wen ag%ress S|gr$£ai]%5 |n3% ﬁ%, XAF, A, and XA
vary) onl es ekatLv e j the f S by | aser
£t 104 ?ﬁ%egl baty ?‘etf%ﬁ_:%l sla‘)’% Jk fise sgcélﬂhz

are not discharged. W eference 10 onl y~ when 1 and A

- 0, suc S r..a net. di scharged. At tJ 0 hi s_addr ess)
a redundg?]%@ t‘?é/)fai i%‘ﬁg"snr)g gl’ NrE(??o zf&ﬁ%eé.f]%ertgﬁeb%}:&r hi rs’ﬂg§i gnal
REN, a redundapcy, wopd.Lin iis.made .active while at the same tine a
nornaI\Mﬁ%#§$ﬂ% %NQEi%khaggﬁpﬁg&%ﬂv¥§§&%%a %y%?éﬂq%gg?ﬁetﬂﬁesent
enbodi nent_is descri bed maki ng reference 10 FI GJRE 14 _The present
enbodi merft F USE Ja“‘%%ﬁ‘ﬂ?lﬁiﬁﬁy%ygt em OrHises j&ﬂ‘ﬁ%ﬁ]ﬁsyﬁﬁnﬁ:x‘g €aP&bl e of
storing redundant infornmation "Its_ue~c~~~~.. 27 HX

dest r uct i oHMfonte t PRAEER A6 OBRERVTN &R RidI4 makERid R ¥Rs. Here,
general capacitor filns are forned of-a high dielectric filmsuch as
silicon o3Q¢kvakent cbh BherFeéerencec ®et®tddsi | i con nitride sandwi ch
structure, and tantal um oxi de. Redundancy information is stored by film

dest ructi on/ nondest ruct i orREAROY P ONTReCLORALaBETo0BENEest is carried out, a

wite operation of witing redundant information into a nenory cel
A readout control transistor N13 of the lcocal probe PRBa

conducts and the potential of GLOBAL BIT LINE Gbitl varies
depending on the potential of BIT LINE bitl. A readout
control transistor N23 of the local probe PRBb conducts and
the potential of GLOBAL BIT LINE Gbit2 varies depending on
the potential of BIT LINE bit2. As a result, stored
information stored in an information cell MC and reference
potential information stored in a reference cell 2 are read
out onto GLOBAL BIT LINE Gbitl and onto GLOBAL BIT LINE
Gbit2, respectively.
PREAMPLIFIER READOUT

PMOé transistors P13 and P23 of the preamplification
sections 60 and 61 conduct and the reference potential
information and the stored information are input to the sense
amplifier SA through the nodes Nsig and Nref for preparing

data determination. The reason for providing the



capacitor filmis perfornmed according to the follow ng procedure. In the
first place, all nenory cells including redundant i nfornet8 Becemebas2f02el | s
are subjected to exam nation and nmeasurenent. When there is found a faulty
redundant information nmenory cell, a B8ries of redundancy nenory cells
including that faulty nmenory cell is not used and anot her series of
redundancy nenory cells is used. Additionally, invalid flag data indicative
of such a state.is witten, together with other redundant information, to a
fl.ag regPSR30P Iifd G RFRGt HeRSr §O0cePR 63 BE thad ithama aich
information witing is carried out by establishing a potential equivalent
to 0 in RISVeEdEth@ Rt 9heseraanampdyfdessr prcdihe ssidme st royed
and by setting the plate voltage higher than the external power supply

vol t age. TR VMG FEFSr e ryotent sal hanfarmandiondassndytddig tire pl ate
voltage is set either at the power supply voltage or at the 18 Decenber

| uu~ 28 Produicigd evedredth FOBUREE 14fie) inPRti sidedata detection systemwith
a simlar structure to the FIG 9 structure but does not contain therein
the register 65. In Fl GURE 14( a§ENSINGEQPERRMION cells with a destroyed
capacitor filmare synbolized by a black dot, nmenory cells wth a capacitor
filmthat isThet sdasier eymyl iFies)shoséredsbytvhetieidgbrmAtuan @hd ea@d ng
out information witten into a redundancy nmenory cell by capacitor film
destruct istered titfcrmeisten betus | Sehbedf KESheldags, atatimtRdramwidi®, i nto
all the nenory cells containing redundant information. At this tine) the

pl ate voltage is. set at the powsarsEwr¥PIN@ge. After an | apse of from
about 0.0l ns to about 10 nms, in a redundancy nenory cell whose capacitor

filmhas beephdegitibo®edr it Sidf f6h 084 ayt st HEAWBy! 8 FBATRhA! @ ¢@hdidge to
make an inversion fromdata O to data |I. On the other hand) in a redundancy

Menory celgrwigse, Gﬁ{@q.xfﬁérﬁ\#fbﬂaéeﬁ@t Meeg,g 4@t FA¥ed hignsitpres dat a

(i.e., the 0 data) 1s he The data are re out as redundant” i nformation

to be st i r ey - nd; t her t er, sar ri ransmtted at
S @rﬁxg BR T egl SteL J3mand;haer egk! gosd %tr%r%) 'ngQJeg;ﬁas

hi gh speé a redundancy circuit (descri serl al

trans”isﬁd¥5fﬂéfﬁgﬂ fér@¥§91§§i89 HE§Q§LrLﬁce write circuit STR into
the reference cell 2 of the second memory cell group 51.
THIRD EMBODIMENT

Referring now to FIGURES 8 and 9, a thifd embodiment of
the present invention is described. The third embodiment is
an improvement of the second embodiment.

The object of the present embodiment is to avoid the
phenomenon, which takes place in the second embodiment, that
there occurs a reduction in input voltage applied to the
sense aﬁplifier SA due to the signal propagation
characteristic between the local probes PRBa and PRBb and
variations in the signal propagation characteristic between
the preamplification sections 60 and 61. The input voltage

of the sense amplifier SA varies by a sum of the difference



The*foregoing | apsed tinme (i.e., 0.01 ns to 10 ns) is ch | (1 that
A EELELHBE

it is longer than a period of tinme necessary for dischar proximately
all of electric 18 Decenber 2002 29.gharges in destroyed capacitor fil s,
is sufficiently |onger than a nornal agta readout tinme, and is sufficiently
shorter than a normal data retention tine. Wen a flag is detected

indicating that a certain group of redundancy nenory cells is invalid, the

transm sy ln | 10T ERELEROTROUBY thBCLNTAHAUR Srikidied:o ased on the

above, redundant address detection and control 1s carried out. Redundant
dat a traq&r’g@' e [ [ u i.C f.or onl power is
turned on an t%%ﬁflﬁg? %ﬁ?yﬁ? 2e5rgggbﬁdgnuc°§ l%ﬁa&ui%%%e%%]o%nm%
operatio:'lr;jpe g ) S achi eved |.sO i ases realis
witten CHTRTETOCEFrLvaRG FRE pRaRstritar dea & Rr &Y Ffnow to
FI GURE 15 rogrammabl e redyndanc i.rcuit 71 .i.s shown. This redundancy
circuit (@&wg*eﬁﬁgfgﬁoﬁﬁsgllaoag)éd%ﬁd 'ZEI?EéJ?J‘tﬁ'é‘r%I & A FERee cRi ng
zone 75 and a fixed cod%ng zone 76. Wen %ower_ is turned, on, serial
transm sSqRFFBFLORIBHAEGAHE - i nFBENBRELSSHEr SAPORE TSR T AVaidhsthesi on circuit
74 of FIGURE 14 to the variabl e coding zone 75 is carried out. The variable
codi ng zdffFIatiQn phpvireaasweEnhceldRradion SAPERIECFH [t ch el enents PS1,
PS2, PS3, PS4, PS5, PS6, PS7, and PS8. Redundant information is serially
transmitted & FRkIRCakionl PreaeduresisndesFsdred7pedew-ne progr ammabl e
switch elenments PS1-PS8 in the PS1, PS2, PS3, PS4, PSS, PS6, PS7, PS8
order, and itReéferningtio HIGURE Phabosh ehérensdsspr swdtRdcdiiverandila 30
a faulty address to the redundant information the redundancy activation
si gnal RENamsiwherasetitCholfshbetyedralids cedinsg Lirde ckhiducgt i hehéfegur e,
in response to redundant information the two progranmable switch el enents
PS4 and PR8tkto@EOBAL BRT LAWEr Sbeitdi fegprpsdgpradreln forma tticin edrdre@l@BAL
nonconduct, and when A (address signal) - 1 and xA] (address signal) - 1,
t he redurBEhcyINEtEbatRofosi grilerlbNe pogemdrialed.nfiimmation are

charged to a predetermined voltage VCALA and the input

voltage of the sense amplifier SA 1s charged to a

predetermined voltage VCALB. At this time, a bit line write

switch.CW is in the state of conduction and the voltage VCALA

is written to BIT LINE bitl as well as to BIT LINE bit2.

Next, the write switch CW enters the nonconducting state
and a transistor switch GPR enters the conducting state,
whereby both GLOBAL BIT LINES Gbitl and Gbit2 are charged to
a low level, that is Vss or Vss + Vt. Thereafter the control
transistor N12 of the local probe PRBa and the control
transistor N22 of the local probe PRBb are made active. As a
result, the potential of GLOBAL BIT LINE Gbitl increases up
to a potential which is lower than the potential of a

corresponding bit line (i.e., BIT LINE bitl) by Vt(the



signal REN is output to the normal decode control circuit 184LJdWr..~.
controlling the transm ssion of normal decode signal awl to ~w4 fromthe

fi xed coding zone 76. In accordance wikbh t he present enbodi nent, the
programmabl e_redundancy circuit 71 is divided into the variable coding zone
75 and the ffixed coding zone 76. However, the circuit 71 may be formed of
only a vqgiable codi ng _zone. In such a case there is no need for the

provi si on-IyFe TRt dYﬁgFaﬂﬁgodeLéBﬁﬂﬁéﬁ'dqhﬁnHOWQQt%%%r@foﬁéQﬁ&&uﬁF@ up
the operation but resulting in an increase in coding area. In the case of
enpl oyi nd}i¥fe Glbbbe- LRSERRBEE BPr &0 & aeifardukak iwkichedgndaney ddasttion
is made only in a normal static circuit, which therefore nmakes it possible
to real i e pakentbadpofier rcodursPoodingstit line rbhsei ssB3A GINEedundant
information to the variable coding zone 75 is carried out suitably to a
part of aniteX}l epynaVtaddresshishitimec tiheres exionsialed abferendectinon in
circuit size of the ~Z3 LC,.C~iu... ._ 31 redundancy circuit 74. As a
result, thetentlahcbetvednaGLoBatt BAT GINES GHitl aded. GbitRt elgnigananged
such that redundant information is conpressed when stored in a redundancy
cell groupo of &ElfEERFeddeabdtiveeaxvandedh tdhemi®adoutef jounkhe redundancy
cell group, this nakes it possible to reduce the nunber of redundancy

menory cefis( dota) ngsathedundasey 1@ RN 2 lofreny tesekenerpreventing an
increase in chip area. This redundant information conpression technology is

an ef f ectiygnd L6089 qNE2URRE TRRl(e ) GV iRl sA4IEE (8UYALANGY the
t echnol ogi es because of the ability of reducing the nunber of fuses. In the

present egwesi 88Nt roiherBhesekbd RweNtion-is used for storing redundant
information 1n a DRAM redundancy system However) the present invention may

e used for ity i giagerol bOLAr FALI BRALRY Lhansdundant Lafoggnti on.

For instance, esent 1 nvention may be utl n storing

qanufact Wioamp M eLERLAEN LRSI G AU AL LALAHRELL BN, oREOGHE! T On

date informti rmation, a ip coor e rnformation

Addi t | Ona&’:ﬁ(tr{:i Eé?ﬂgiﬁi:%&e ph% B%aq:h%u;%aé’fffPégﬂ&'[fs%ééé%EBEeg1' $6g
anal 0§ circurt (e. g., an

calibration rnformation as to an Intérn

nternal powgr. SUBPLY GLEOW( A0 A RS, PPl vl eYeloOgi gct Lgg cirui t)

in actual pperaﬁlon. _ g “inffortmation Tor optiTal oOpérations of an
I nternal éé@%ggigfnggabiggﬁf %T?Iifﬁﬁ cgéfiis transmitted to the

left-hand side of a first calibration capagitor (a first
capacitor means/calibration means) Ccall whilevon the other
hand the potential of GLOBAL BIT LINE Gbit2 is transmitted to
the left-hand side of a second calibration capacitor (a
second capacitor means/calibration means) Ccal2. Whereas the
value of the potential transmitted to Ccall is VCALA -
th(daté) - Vtp(data), the value of the potential transmitted
to Ccal2 is VCALA - Vtn(ref) - Vtp(ref) where Vtp(data) is
the threshold voltage of the PMOS control transistor P13. and
Vtp(ref) is the threshold voltage of the PMOS control

transistor P23. Note that each of Vtp(data) and Vtp(ref) is



18 Pecenber 200z 32 - and | oaded to a tim ng generation Ck%ﬁUit ﬁt 2
operation start tinme, this nmakes it possible to provide s ol %ﬁ%ﬂp
integrated circuits with a nuch great E timng margin. SI XTH EMBODI MENT A
si Xt h enbodi nent of the present invention is now described. In the fifth
enbodi ment, information storage is made by capacitor film

destruction/ nondestruction, which nakes it possible to forma nenory core

having a gansi b reat bit width, e.g., a nenory core with a bit width
rangi ng fron1£§g£@i%§r§b Z048 bits. This achieves conmuni cati on of data

bet h d a.logjical ci it,b f t-

nunber of datQiBiees THe SXTROMBoRNReNELFE S RERIN MERATHE D THREY 1 th
mbodi t., . Ref [ to Fl GURE 16 , d at_the side of

care 80 P Phe BT BeBrRePrvBRFFBRT TS CHeghoLrs J T ATt T RERgLGat o

buses 83 are provided establishing conmuni cati on of data between the

regi st er ‘b?JO‘EJ%g%SaEnEIh% Fhgres| 18%P€H‘iatti@?./rlﬁeﬁ‘eé%er’}cr?g ROCEERE 16(b), 82

is alogical circuit (a_logical circuit block) formed by a dynamc

confi gur 2HMECTBRF EORhFéReBr oEBEHS WSt RISCaFate it graneasehg whil e
suitably making a change in its logical configuration during the operation.
FI GURE 16(I¥tn ad st¥te{ges)in-wivep (GasadenoMtioret) ¥ a k¢ading to
configuration informati on storage neans and an internal information storage
means/ cor régcregsge Dbtehher 02602133 opeanad )i B0 amagirB0b, Thiw dEfferenceroups
8la and Bl b, and two dynami c configurable |ogics 85a and 85b are provideel.
A nufti - pus ppberedgist the( shalbdartdgnsicapprdfdrs dgaligethd nCcal2,
which allows the foregoing variation to be absorbed and
compensated t0 secure a desired operation margin for the
sense amplifier SA.
FIGURE 10 shows the effect of the foregoing calibration.
FIGURE 10(a) shows an example without calibration. FIGURE
10(b) shows an example with calibration. As can be seen from
the fiéuré, the degree of variation in signal voltage at
sense amplifier input terminal is reduced, whereby stable
operations can be achieved.
The above-described operation steps form a calibration
sequence. Additionally, the transistor switch CL1 and the
bit line write switch CW together form a calibration
potential setting means.
FIGURE 8 shows a structure comprising memories (DRAMs)
and logical circuits on a single chip. FIGURE 8(b)

illustrates a structure formed by arranging a plurality of

sub-blocks 60 (eight sub-blocks 60 in the figure) each of



order that data communi cation between the two | ogics 85a fde&RudB. Le
establi shed. Changing in logical configuration is nmade in an alternating
(interleaved) fashion. In the presentgbnvention, the nunber of nenory cores
used is two. However, the present invention is not limted to such a
nunber. Since the dynam c configurable | ogics 85a and 85b are identical in
structure, only one of them (the logic 85a) is illustrated with reference

t o FlI GURECh Re$ emadegup oofl BUREeap 1tilfd edyfsarise gl pfitebl eekagoa 85a
has a plurality of unit logics 90, a channel wiring section (channel wre)
91) and eaamgd eatsactben Bf opr PgGaREADl.e Wity aredisct s i ¢habbieuah®)

92. The unit logic 90 is a sinple AND gate or a functionally equival ent

functi onade dwckhedBesehannebky bonaree@utiwdta asivess gl anaber ebr
channel wires that intersect with a great nunber of |eads 93 extending from

the unit dOOLeeiR9. a THErQr PghaMMBkhe D Bl BNt SoPde aa:ﬁppieieg at

intersections of The |eads 93 and the channel wres of the channel wring

section 9l Eagh ﬂrﬁgr%Qhegﬁ%h%h xﬁ\_'gme-glar?@ sgw'é% g{;ﬁip‘?étiﬂfgﬂtmost

nonconducti on state sy Ized by a white dot an Ion state

connect | o oro 2o PSa80 o5 RefRRRANNES TR IHIR 3 BLIH W2t SaskoPfi ng
| nt or conrttoh B F rneg spLlRRt el sl & TSy D) RAEEheTE AR oo

i nterconnéct a ani Taal CBircuit.
Cype o [ERGTERMLY NERPAECHSBPGr o TOHINA Gt thtih 1h BIegke % Bieor

2 e Sotgh PRl b iee PR TGS AP et
coupl od 185 10 BhF cBTRSHRA LY Lo S8R AP Tt S Sa T ST gk o LoRREC | on
between the wires x and y. Additionally, arranged between theggate of the

NMOSFET 9PaPaRicgk8uRf £2 Filvd taseamsial )transpkhgmtthrbit €85a £9 a

switch data line (load wire) extending fromthe nenory core. Load-en is a

| oad enabtRe|1A8ifRbaBIZTERAL Sidgnal |ine) for designation of the |oading of
data to the MOSFET 92a. 92b is a | oad MOSFET. The gate of the MOSFET 92a
and the switch data |ine Load aF®URHhIMRAPI¥EN e source and drain of the
MOSFET 92b, respectively. The gate of the MOSFET 92b is coupled to the
source of a Sklfoppbh eMBFEIMeRE. ofhéher anesent daxrverndilamelOSFET 92c are

coupled to the | oad enable .
described. The object of the present embodiment is to reduce

noise occurring at operation time, to provide an extended
operation margin. The present embodimént aims to minimize a
noise factor (i.e., array noise).

The array noise is the phenomenon that, when there occurs
capacitance coupling of a node extending throughout an entire
memory array and read signal lines, a variation in potential
of the read signal lines is fed back to the read signal lines
themselves. Due to such array noise, data, called the
minority bit, is read out with error.

Suppose here that, for example, data of 1 is read out



| i ne Load-en and to a predeterm ned supply voltage (anoth i
potential), respectively. Having passed through the NCSFE$5§%%§ﬁ$ﬁ5‘gY6naI

| evel of 1 decreases by Vt (the thres d voltage). In order to 18

Decenber 2002 35 control a through el éCtric current in the unit logic 90
caused by such a decrease, each of the unit logics 90 uses a voltage that
is lower than Vcc (the external supply voltage) by WVt as internal supply

voltage. bbhEncYRRboiadl ol QUIGHIRAL £ SYAEh: ShRrelt 5o OPnlaKR.S fenog

above-descri bed structure are “enpl oye connection 1 nformation

in the sw e S i t r ] egi.ster,_qgro 8la
to the S&?%gﬁ gkeggg%sr§§d(gggaﬁﬁgfﬁﬁﬂﬁg?%é&sg%ééﬁn%%gﬁgét?%% ﬁ%?%ﬁh;fion
vari es depend~.ng on word L in.a nor ) r,the sake, of
conveniengé,gcan%éc?ignlrn 8@? qié?f{g%%%g;ﬁg%ﬁdlffﬁésrs iBIEB&SaC§H¥%t.
As an image, sheets, each of which is a coJlectiop of a certain nunber of

| ogi cs, agg ?ﬁEﬁE& BERPTY, AEERY A ﬁF%iJr% g L BoeFAPNoRT EERFEAS on
infornati&n that is _fixed for each sheet is held by data wite by nenory
cel | dest F3ERi 8A/ RoRdedBteLbdt i and i IRte P 3t o uStRachtite redundancy
system The function of the unit logics 90 is set by information fromthe
regi ster §PBBPIBYa. FFed SGSHAHL vALR HAthoHeEN2 R bAcFeafdeent| Srgyndtical |y
stored in the nenory care 80a and is read out to the unit logic 90. The

nmenory cof#°BB& Béitvddng doigs sabataniyeal bradeoraded.  Ehpoedprey retai ni ng

data necessary for the operation of each unit |ogic 90. An application of
t he dynanf@ugdnRfi §&REPMNE |eFFoss -85a and 85b is briefly described here. 18
Decenber 2002 36 Consideration is given in order to inplenent a processing
syst em oper able aecprEfneem Whshf dhieomnes gntoamixidignent, aswekpanfermpatti ng
data A and B;
occurring in read operations 1s eliminated by means of a
structure in which floating wires M1l (a group of intersection
wires), which serve as capacitor means, are arranged astride
both the stored information and reference potential
information global bit lines (l...i..., R). The floating
wire Mi, as the name implies, is & wire that effectively and
electrically floats. Also, a wire, which is coupled to a
fixed potential via a resistor with a high resistance, can be
regarded as a wire which is effectively floating.
The present embodiment is characterized in that the
floating wires M1l are arranged astride both the stored
information and reference potential information global bit
lines (l1...i..., R). These global bit lines (l...i..., R)
within the memory array are coupled together by the floating

wires M1l and a variation in potential of the global bit line

is a quantity intermediate to quantities of the direction in



2)if A>B, thenC=A- Band D= Af B, 3) if A= B, n C=0and D =
1, 4) if A<B then C=B*Aand D=B - A and 5) C and*%ﬁﬁﬁ{‘éb%”@gs
found) are sunmed together and the rgéélt is a final output E. FIGURE 18
schematically shows the above-descri processing in a data flow form |If
the processing is carried out using the FIG 16 organization-, the
followng results. FIGURE 18 shows how the operation flows. In the first

pl ace, c &5 i e 4 NELLNBLLRN r itl&% (%t j i on cj it (sheet
1) storeg In the nenory corg 8 eiggfggggg in%g’%hghg%n H&g?ab?éggogic 85a.
Next, th | K rison_i nitud t.ween e Ln dat a
A and B gar#c#gérée g‘?&s‘age?% gfﬁgiggnag%linsr%looa &d g(Liooeq%g % ?nf]r%ﬁ?a%l g%f.%gi c
85a accordi to t lt, At .this. tine, .the.i t dat and axe saved
at a nuf trle-{)%rrep%%eérﬁ%ﬁ?‘it‘t?l%ngf’rﬁfa&ﬁﬁ 2 gﬂg W&ﬁ%ﬁ‘é% uent |y
the processing of either.the sheet 2, the sheet_ 3 r the sheet 4 is
carried cﬁﬁpaaf%dt{‘ﬁ% ¢RURI{RIc aﬁ% B%Qr nglb@rrec?fa(ﬁﬁl?}si r?’f% ¥t ER- gaFBose
regi ster 86. hbx%%e 18 Decenber 2002 37 circuit information for_the sheet
5 is | oaddd } -3 HeeRInPPREut-abPEeREgi £hE8Ba thah @]EANIER e Ghdtire af d0ating
processed, and the final output E is provided. Al though an actually
exi sting “wire it BeEee B EBEI daresticd dsr Mhich datd el shee¥read oHE-
present enbodinent, it is possible to realize a circuit equivalent to five
sheets. |Gpaygspendinglyl Loashghl movemeat .ofthehantenikalspbntitet glohal
nunber of word lines of the nenory core 80. This nakes it possible to form
a great rhibeking Roftlbe rafsrenskl peteatimdsuinfonpatioraylobay bit
| arge-scal e i ntegrated and

line) varies in the same direction that the potential of the

floating wire M1 does. This makes it possible to earn a

signal margin with a minority data read line.

For example, if there is no capacitive coupling with the
global bit line R, then only 0 data read lines operate
independently of the global bit line R. This results in
producing a 0 data readout error. The strength of such
in-memory array mutual coupling can be changed by changing
the number of floating wires M1, to control the level of
signals to enter an optimal state.

Referring to FIGURE 11(b), the effect of reducing noise
in the present embodiment is shown. In FIGURE 11(b), the
abscissa indicates the calibration data isolation ratio (RO)
defined as a parameter. If RO = 1, this shows that all data
on the same word line are 0 data. On the other hand, if RO =

0, this shows that all data on the same word line are 1 data.

The ordinate indicates the sense amplifier input terminal



hi gh- per f ormance sem conductor devices at | ow costs. SEVE%& ENBP%E A
seventh enbodi nent of the present invention is now descri Bed®C§A°E
present enbodi nent, a way of inplenentjng a capacitor for use in nmenory

cores and switches is described. FI 19 shows in cross section a nmenory
cel'l of the present enbodi nent. FI GURE 20 shows in cross section a
conventional nenory cell. The present enbodinent is characterized by the

foll owi n r.an e kK 1 S .n El 19, t ransi stor
source e é‘gglrag'dg)%rgél}}st%\m %p, rg%rﬁﬁAéfbl‘t}gypﬁhg fo?ggnlzad a{Lthajbsoal bi t
line 101 erl.yin he el ecfrod to,the uppernpst wiring |ayer, where a
st or age ﬁ%%&cféé’elgsttr?% r%os.iw?ifef%c?weusi F%gfﬁg‘iin? faofr?é%eo'\a/!ér“l‘jﬁ ng the
18 Decenher 2002 38 storage node 102. This i% foll owed by formation of a

ol ato ol 60t AGRREARPCErEL ) o14° PECFSBHCCTBRILIER toordudi WOSERAR &9 1 | m
is formed in the uppernost |ayer by deposition by spin coating. The plate
el ect r od@EFELTRO ALY AR 798G CRRE2ERPRT BLlaPyRE pRe T@L adfattifh which
is a problemin DRAM The storage node 102 may take either a rod-like form
shown i nCRiGRRtHPHdata hsplatkentBrELehBAn RS FRGWRE im FIGURE | a way of
form ng the storage node 102 in the formof a rod is illustrated. An

el ectrodéf{it)m i s deposited which will become the storage node 102.
Subsequently, the electrode filmis etched to a rod-like form The
dielectric fFIGURES liZs stheapissitthed da/ez | yebent henr odarakserhietticodd film The
pl ate el ectrode 104 of a conductive organic filmis formed. A way of

form ng DRAMst.or dge catlebd (2eem fhemf BIGURE (Al i phies prielsesitt smisbdifkent
conductive organic filmis deposited all over the surface which will becone
t he pl at kas adter atel Ly o hithprosgef theedaikr tle¢ehitiiondepaesiaceristic
Subsequently, a storage node electrode is deposited thin all over the
surface. fbre atoartagmencoftegetectrode 102 is fornmed by etching in a
tulip-like form Subsequently, the dielectric film103 is deposited al

over the surface of the storage prriH EMBODINENTS fol |l owed by form ng the
pl ate el ectrode 104 of a conductive organic film As can be seen from

FI GURES 19 apd £f3%tH Renddddinent ker Stié agee5e8€ RZeh€guhr €8 oW
conpl i cat ed
described. The present embodiment is directed to redundancy
system configurations for use in DRAMs of the present
inventién..

A redundancy system, generally used in DRAM, is a circuit
for replacing a memory cell which is not functioning
correctly with an electrically normal one. Generally, a
redundancy circuit is composed of two different circuits,
namely a redundant address detection circuit for storing
faulty ﬁemory cell addresses and information (redundant
information) for determining which one of spare memory cells
should provide a backup when a certain memory cell is

rendered unusable, and a redundant address circuit for

carrying out, based on the information, address switching.



18 Decenber 2002 39 fabrication steps but provides a grealggbesanasi.tor
capaci tance. Both the foregoing nenory cells differ fromthe FIG 20
conventional one in which wiring | ayerg are | ocated above the storage node
102. Since nenory cell formation is carried out after all process steps
including wiring are conpleted, this gives an advantage over prior art
technologies in cases where the plate electrode 104 is required to be
formed of el BEGUREe Li¥dtadr iddpioves ya dpfforuattt pegundans address pl ati num
The reason of why'such a nmenory cell can be realized is as follows. A

t echni quéeitecampimoy=Eid-ovet i NFISUREY18¢ebl Sdape cilsacegraforaldrt
bitline-wordline intersections, as a result of which bit lines are sparsely

pl aced | RredRM@ANS HAAds acPFE@LtArt AbeghRe@yent BereRt JraGid | #&d i danpvar d
node expansion. Additionally, if the plate electrode 104 is Tornmed of a

conduct i V& rorgtiiod | AN M &hrcoptahBa 8sMakek akaa@Ral! & Yo APSPIPiNg

. o
al pha particles, a cause of soft errors) such as conductive pol yim de or

conduct i mﬁg_ﬂ%qﬁg\}y&e’nqg@mﬁgg},%?fi Iﬁqéhkgg egs igf cat™ of dmre, i f

provi des a rovement int _fab ity of sem conductor menories.
LT, YRSELIENT A0 gl o STaRUhnBl Bl bl shssaabovert il o rov
a0 " L U Dok O B SEERN, byl BRI 20 0 e
U195, TR SO LG PLATORL A TYER LBl PR TIOR8 fprm of e
o ol ST AR 01 - RREOARS 81 BT R A MR (T £ BN
StrUCtur%d¥Eé%ing.
Referring still to FIGURE 13(a), a precharge transistor
70 is used to precharge each of sense nodes Knr to Vcc (the
supply voltage). When address signal lines Al, xaAl, Aj, and
xAj vary, only sense nodes Knr relative to addresses with
fuses F cut by laser are not discharged. ﬁitn.reference to
FIGURE 13(a), only when Ai = 1 and Aj = 0, such sense nodes
Knr are not discharged. At the time of this address, a
redundancy activation signal REN becomes active. Because of
this signal REN, a redundancy word line ¢R is made active
while at the same time a normal word line ¢WL is made
inactive.
A redundancy system of the present embodiment is
described by making reference to FIGURE 14.

The present embodiment uses a redundancy system. This

redundancy system is capable of storing redundant information



menory nodul e. FI GURE 22(b) depicts the formof a connectog,goLrespondi ng
to the nmenory nodule. 100 is an extrenely small nenory nodul e. This nenory
nodul e 100 enpl oys two 64-negabit chipy 101 of the x32 configuration. These
chi ps 101 are packaged by MCMtechnol ogy in order that they nay be

sandwi ched between 4-| ayer printed boards. This structure provides a 2-row
connector formthereby making it possible to realize a DIMM structure with
about 20(byidss {duathsngnendebauticliom iof |FREN memdoyt c81mdap adiitdeness) .
The present structure makes it possible to reduce the I ength of nenory

Wi ring arfanged oNerea Benerbhekcabewdyiddrherehys adtoWHemdat 3t @ ¢agR/ni cate
bet ween nenory and | ogic chip at high speed. A dunping resistor for SSTL is

pl aced i nqidesorDECEm aenl QEQQIINGITR U YAdTOMY £ AT AR gl | i n
size can find applications in both note PCs and desktop PCs thereby 18

Decenber 2002:4d 622kk7589:k8Y Ritc8%e da}ﬁﬁdffé@%wuéem %geenbodi rent

of the present invention is now describe FI GURE 25 shows'in tail the

i nternal t f a %%%ﬂ§§ﬁ Vi

function o Q%?%%@sgggggdatggagggﬁrrlng to %?ZE éy%fggt ﬁ%gﬁlarray A

havi ng a'éggeéPQEEXnghbnﬁ %%r%éQQQ'e 1024 bits) data bus 160 and a second
avin

menory arra another 'super-many bit data bus 160 are di sposed.
Arranged in et ween_t he f|r t .and _secon rays A and
B are smntch?%bqggg éﬁén%gﬁg SHBIBESQFg %aq%ﬁf Th%s %&%tching
matri x S rows ogra | ogi PL to eﬂwrfownadma
procesmlﬁ??£%%?8ﬂ ?g 33&9 ﬁ%ﬁgag #%ﬁbﬁTﬁF* r%ﬁﬁ%g?aﬁﬁ@ﬁF@)cfﬁi
This reconfi bl e_| may adopt he sa ani ion_as the dynamic
reconfi gu‘f%%%‘éi?8§| §1§§a§§h8éﬁ% ﬁ%ﬁ‘%ﬁﬁf “1970 ?st ecﬁﬂH-SW 188 cuit for
controlllqg hggflrst and second nenory arrays A and B, the switching

matri x S PoAE®488F-and t he progrannable | ogi cs PL. These components are
formed either_in a sin iin a nodule such as SIMMand Dil~i. In

Lhe T1ret morbhytae T BYEAE BLRPEe: StanBRTORs] Eaidus PR G orfaaEta

first word line group 149 and its many nenory cells store data process

SpecifiCa}m%grmﬁgépﬁamp@ﬁrafcells are subjected to examination and
measurement. When there is found a faulty redundant
information memory cell, a series of redundancy memory cells
including-that faulty memory cell is not used and another
series of redundancy memory cells is used. Additionally,
invalid flag data indicative of such a state is written,
together with other redundant information, to a flag region
of the redundancy memory cell to be invalidated. Such
information writing is carried out by establishing a
potentiél equivalent to 0 in a bit line coupled to the
redundancy memory cell to be destroyed and by setting the
plate voltage higher than the external power supply voltage.

For redundancy memory cells that are not destroyed, the plate

voltage is set either at the power supply voltage or at the



18 Decenber 2002 42 the data processing section Z30 and ry
cell group (first region) 153 is coupled to a second mnrgﬁﬁ%%%5%$g§§‘152
and its many nenory cells store a groyp of data itenms to be processed. In
the second nmenory array B, a third nmenory cell group (second region) 155 is
coupled to a third word line group 154 and its many nenory cells are

|l ocations for storing results of the data processing. The switching matrix
S row 15@1bathalg dahve CONMiMIiLathRe yath)t heapragqacmmt] adwaeidd and for
inter-bit data comunication (in the vertical direction in the figure) of
the bus 16Q+e ke 1QReTAtd Gy FEEDEYCY EB Bndakdelr ecessigir fangiien of

t he presegt gnbodinent 'S e§%?? ed. %frst?y, gata process speé#?ﬁ%a?ion

ot or It b8 SHY S dhDoldi sty TEAD YoRELLGT oUP | S divdiouB Lo the

dat a procCeéssing section rom MENory ‘array t he

super-m it _dat Thi [ 0OGCES ecificati.on inf.aarmation is
coﬂposedméF?g%ﬁng‘&%}o%#ﬁicﬁ?e%fsfm‘fjrglﬁp?o e?ﬁﬁggﬁgt Eﬁpﬁﬁi%&rrirg? rws 150 and
program i_nf or gt | fox t rogrammabl e_| ogi PL.. . The process .

s T c TR R b Ttk (EF R PBREY obF Lis: Wibth) G SRARE sk L

st andar d conpr.essi Qn/ expansi o rocessjng,carrjed out in) for instance, DVD
apparatu§gagﬁéﬁegﬁﬁéﬁg’ 9??% %53p$%%%egéa?ds &r ¥44t8 'second nenory
cell group 153, are |oaded to the data processin 18 Decenber 2002 43
section 130 #r¥avt RE FeAinge ity b ?@lﬁ%sﬂFEEtGP £R&9d&t a processing

in the data processing section 130 are stored )
redundancy memory cell by capacitor film destructive write is

described.

In the first place, data 0 is written into all the memory
cells containing redundant information. At this time, the
plate voltage is set at the power supply voltage. After an
lapse of from about 0.01 ms to about 10 ms, in a redundancy
memory cell whose capacitor f£ilm has been destroyed the
stored data is drawn to the_plate voltage t6 make an
inversion from data 0 to data 1. On the other hand, in a
redundancy memory cell whose capacitor film has not been
destroyed the stored data (i.e., the 0 data) is held. The
data are read out as redundant information to be stored in a
register 73 and thereafter are serially transmitted at high
speed to a redundancy circuit (described later) by a serial
transmission circuit (transmission means) 74.

The foregoing lapsed time (i.e., 0.0l ms to 10 ms) is
characterized in that it i1s longer than a period of time

necessary for discharging approximately all of electric



in«he third menory cell group 155 of the second nenory array B. Such a
series of operations is controlled by the control circuitléB8cenbar+80¢n

FI GURE 25 shows an organi zation in mﬁééh the first and second nenory arrays
A and B are physically separated fro ach other, they may not necessarily
be separated. TENTH EMBODI MENT A tenth enbodi ment of the present invention
is illustrated. This enbodinent is directed to an inprovenent of the FIG
25 sem conductor ,nenpry. FlI GQJRE 26 shows sem ¢onductor menory with a data
prbcessiﬁgaﬁﬁ%ﬁi%ﬂJ%%Q%E%Y$ é@@ﬁ?cﬁgﬁﬁdﬁﬁ%ﬂﬁf §§05H§§§%iﬁﬁﬁl %

regi ster  [180. A data pnfcessin section 130" is disposed at one side of the
super - ma éaBiquﬂfqﬂkﬂ QER)%ﬁ%d%ﬂBtFémedaFdeFﬁcé§§ﬁﬁ5¥ﬁﬂﬁ%inﬁhﬂﬂ?eqs

di sposed at the other side. Each of the data processing sections 130' is
formed ofth@Re SsWiATdthdlak ristentbon l%@eandahﬁé gr ddramidbIdetestfiat PL,
as in the ninth enbodinent. In the sem conductor nenory of the present
enbodi meAndichd ing tdhata preretainggseeri ofsredondansyl s@nare clllls tics

i ndependently operate. This nmakes it possible to seem ngly conceal the tine
t aken fohnveddidng tdee & ganpebssiprcofi tafoomatitd BEogeded 200 4roup
information, in other words alternation between two different phases, i.

e., Phasdédslskippedh @esathten pthheeasong;seetiindapér bddress dtteqiriaress
operation while the other data processing section perforns an infornmation

| oadi ng pndcessytraid FhaserPied obt ch Reéundendatiatpr aceanisnigssieat i on
perfornms an information | oadi ng operation while the other data processing

secti on peeratimpm idatautsmeessa NPy operabraad GhEYENREnEMBWAAVENT Fi nal |y,
an el eventh enbodi nrent of the present invention is illustrated. Like the

tent h entogineEion aEEMIONCHELSFr SRIPI YhBaykagndAa ciurdidowitd @i fRass
data, in which the super-many bit
the operation. The same effects may be achieved, also in
cases where a 1 is written to memory cells and the plate is
set at zero.
Referring now to FIGURE 15, a programmable redundancy
circuit'71 is shown. This redundancy circuit (decode means)
71 has‘twé coding zones, namely a variable coding zone 75 and
a fixed coding zone 76. When power is turned on, serial
transmission of redundant information from the serlal
transmission circuit 74 of FIGURE 14 to the variable coding
zone 75 is carried out.
The wvariable coding zone 75 is provided with eight
programmable switch elements PS1, PS2, PS3, PS4, PS5, PS6,
PS7, and PS8. Redundant information is serially transmitted
from the serial transmission circuit 74 to the programmable

switch elements PS1-PS8 in the PS1, PS2, PS3, PS4, PS5, PS6,

PS7, PS8 order, and it is structured such that at the time of



regi'ster 180 is placed in the center, is used with a vie [evjng nore
e

sophi sti cat ed dual - port-manner use. The term "dual - port- use“Weér e

means a structure shown in FIG-3RE 27,41 n such a structure) a nmenory MV

having the function of perform ng data processing acts as a shared nenory
between two nenory buses 179 and 181 which together forma nmenory network.
M and M are nenories with or without a data processing function that are

coupl ed ankxulleyt AeidrRyBY - dushd 7Peddh@afBNRhESSmM 13Rd te A GUASY! ed
by a nenory controller 183 in a core logic 182. Likewi se, Mk and ML are

MENDI i €S aWirh Fa®l o (iQHa 12 NG a1 P 968854 PEAT HPEhI PRt RAL- 1A & UHY £ ONl Y
to the nmenory bus 181." The nenories Mk and ML are control led by a nenory

control | gp 4855 1gdﬂ%ﬁaﬂ¥i?&¥@? e 'Q? oﬁQéetBOQ%ﬁPﬁ% nﬂ%ﬂﬁ%g#ﬁ%ké&h

FI GURE 28, an internal organization o e nenory Vi Ich
function C ﬁaén?a | 'I+ r in%ig tmra
super-naﬁbgb?%%rggﬁ er Qﬁéﬁ%ﬁ g%%t%%g?%nﬁﬁeﬁggnggg g %;ﬁgﬁ%ﬁﬁ)y'i%ﬁ
Arranged,..fr i igp 0 gig on_Q id % he_super - bi t
regi ster tﬁ}goggirmeaqzli 5 éj%p?%%ess?%%es%%??% Tgﬁg nEs ﬁéﬁﬁﬁ?d;ﬁg{y 4 and a
data input/output section 186. likew se, .a gat r.ocessi ng _section 130'b, a
nenory afray é} & %ﬁﬁzf%$ﬁ%#}oﬂr%u?h§e§ Poza§g§e§FeS&EV§ﬁ§e6’ ' t he
ot her side of the super-many bit register 180. . These conpgonents are
connecte&gﬁyqﬁﬂ&ﬁq 3Rt LoBusSeEnd 8R§§n851§§Pe§9tﬁ41lufﬁﬁ such an
or gani zation, .comuni cati on of data between the two nenory buses A and B
can be c&\EPEd &FN SsmAvtRiEbuEP YRRt ROTERA BRELEESFRF TR SHFITOMT tHi s
specification and the clains which follow, unless the context requires
ot her wi s&0Tt KFONEHU Mihpre et T2BeMLi6aL PRt PENBOSHER 48C8EMSHi '
“conprising”, will be understood to inply the inclusion of a stated integer
or step &° @wuFrom ithegeksedrcedépg Bakendf -t he excl usi on of any ot her
i nteger or step or group of integers or steps. 18 Decenber 2002 . 46 \Wat
is clainmed i $n acocardanceoritiich okherepmegerbnprPedlgentn theor mati on nmenory
cell of a capacitor and a transistor for perform ng operations of reading
out programmable redundancy circuit 71 is divided into the

variable coding zone 75 aﬂd the fixed coding zone 76.

However, the circuit 71 may be formed of only a variable

coding zone. In such a case there is no need for the

provision of the normal decode control circuit 77, therefore

speeding up the operation but resulting in an increase in

coding area.

In the case of employing the above-described circuit
configuration, redundancy detection is made only in a normal
static circuit, which therefore makes it possible to realize
a fast low-power redundancy system. If transmission of
redundant information to the variable coding zone 75 1is

carried out suitably to a part of an external address, this

achieves a considerable reduction in circuit size of the



information; a word line far accessing said informati on mggQsyrell L _and a
reference nenory cell other than said information nenory cell, said
reference nmenory cell being coupled t@1said word line or to a word line
havi.ng the sane address as said word |line; wherein said reference nenory
cell stores information for use by a sense anplifier, said information
being reference information equivalent to a reference potential to the
readi ng ofedwhidaneyi ohrtondm Fai.d A @ edsunt retisye cks | acBielld a

sem conductor nenory according to claim1l, wherein the nunber of

i nf or mat i pedeetDOY O6€l kRel ghdpealreya.t han the nunber of reference nmenory
cells by one or nore. 3. The sem conductor nenory according to claim1l

wherein the nuihef 0f a£f8R888€sHBRADYate deRuUnudn0,1 il Bnd ¥WRoR el gr ence
menory cells storing information of | and information of O, respectively,
u

and \Mwere&syngfégséeniqﬁeadg%%drr&gfrav Héﬁdﬁlfén&?@éigeﬁré gew% RE

potential generation circuit capabl e of generating, baSed Oon sai

nformatipy 8487 ed bRpaaklal WhehehlaN (R MY &?élfe%lgnnaagxgygr%%ﬁm er 2002

reference potenti al € sem conductor nenbry accor

wherein t or e_li rgat | [V C r [ e reference
menory ce?#gl?%acﬁﬂg%orrnéﬂgngl i-?z%lglf‘ggﬂ% iytn ?rén%f%gﬂlégnd&g\ﬂgﬁgi fsai d

sem condu, I y_further rd ses. a ref e potential generation
cirout chpaprEEEpymeNary Fed T £kl o T RirddYi feor ks S8t f on
stored in_said reference nenor ells, a reference patential. 5. _The

seni conduEtorP nERBF L RECoPRANE GRS i i 4 ter TF AR | PR Amendly el |
group conposed_of infqormatiqon nenory cells is divided into two ,

Ior ox: Tk SRS aGaEI Lo BEP OIS PR SERRARR e EESY SFoaD B5tEGLAT 1
reference nennré cells_ far storing reference information iis pl aced between
sai d subgF®tpRIaes BEilAzabdiec did rarreHeRRd: ort i S8 AGRAGRTE NS or mat i on
menory cell for_storing information; a first bit line to which said

i nf or mat i BACHBRBPGLES Peraussumfedne apileier et r oMot YIcEPe PYMPEToGihg
reference 20 information for use in determning a value of said information
stored i nf8888-i nformation nenory cell; a second bit line to which said
reference nmenory cell is coupled; a first probe neans for detecting

i nformati on ohtsthe PEesepst epppdimeatandhe RueFaRprigveenbhor 18rused
detecting information on said second bit line; a first global bit line

t hr ough wipthstakdngnfredumdasyt datfoanmatinn st da fPRAM pedbadapals is
transmtted and-a second global bit |ine through which said information 30
det ect ed bysteind sdowedreprolidemgareserst tiraremitordnay berysed for the
preanplification nmeans for anplifying said information transmtted over
said firsstgagel offi tinifiormadnicdma ctendimreangiuideat | bnfoemasibar. For
anplifying said information transmtted over said second global bit line;
35 and instance, the present invention may be utilizable in storing

manufacturing information including manufacturer information,
production date information, lot information, and chip
coordinate information. Additionally, it is possible to read
out and-use previocusly-stored level calibration information
as to an internal analog circuit (e.g.., an internal power
supply circuit and a power supply level detection circuit) in
actual operation. Further, if information for optimal

operations of an internal timing generation circuit is stored



a sense anplifier having input term nals at which 18 De er 5 48
outputs fromsaid first and second preanplification neans 5%@%W%%9@8? 7.
The sem conductor nmenory according t | aim 6, each of said first and
second probe neans being forned of a MOS transistor of a first
conductivity type; and each of said first and second preanplification neans
being formed of a MOS transistor of a second conductivity type opposite in
polarityah@ $Bh@eldl 1t £ L v 8ry egiC f
according to cl aiem 6, 10 er eé né%lryne%%?%ﬁ? Frl%%‘a%n%e@(gf %fsﬁ%l%ﬁ?gfﬂ;%rydt
second p | i i catd | T id_refer e jnformation is
£ £AED kkl%.Hé%é§n¥¥uéé%?%Pg$p£b éggvig d el o clter

entered in common into a ptrur sense anplitirers. .. A'Sem conduct or

omion o1 Urr T or . Yo conduct
First bi ChFeazera, Sttt TR S deR BEReFy=cathins oty e

reference nmenory cell for stor~ _ng reference information for use in
determ ning a value of said 20~ StAHIE, B ed in said information
menory~cel | ;_a second bit line to which said reference nenory cell is

coupl ed; ' firSEXpRoBBPREAME Yo Ot tRFRSERE o+ RBENEACBN 1§aN@W i r st bi t

| i ne and_second probe neans for detecting 25 information on said second bit
line; a BfFSFifedbal 15 tthe el th emPodhTeRtsatBEPAMetden Gtaragctiead by
said first probe neans is transmtted and a second global bit Iine through
whi ch saf@denbyr FaPiaeH- TRt Bt e dgstrngt esdnangeshruedden i yhdahsnitt ed;
30 first preanplification neans for anplifying said information transmtted
over saiBakppsfitgboissiitpie 19 ntoxmda seenodypreaaphiaviiogt isocansdide fairly
anplifying said information transmtted over said second global bit |ine;
first capaeatoblteawisithaviengst eraimethsryneope whitbhai i3~ wicihhl erhntgirgn
output termnal of said first preanplification neans, and second capacitor
means hatrng R&6mbridlss tne2®48 biBs DecEhbser a2hdves- céhmunticatiicn cdup' ed
to an output term nal of said second anplification neans; and sense

anpl i fi edathabengeiempsudteran mahsre otipredahd thaogtikal todmuulad yof said
first and second capacitor nmeans, 5 respectively. 1.0. The sem conduct or
menory ameandi b 20 g¥ed tnrfuribkt hef G@URrbasag. Cahiebbakitdn epiioiinealt
setting neans for setting a calibration potential to said first and second
bit Iiness dAeangpINedticdn Coif tth@anssERr emboAimenkCUi ting said termnals

of said capacitor nmeans provided on the sides of said sense anplifiers. 15
18 Decenber R@88rb9ng to FIGURE 16(a), arranged at the side of a
memory core 80 of the present invention islé group of
registers 81. Many data buses 83 are provided establishing
communication of data between the register group 83 and a
logical circuit 82.

Referring to FIGURE 16(b), 82 is a logical circuit (a
logical circuit block) formed by a dynamic configurable logic
which pfoceeds with predetermined processing while suitably
making a change in its logical configuration during the
operation. FIGURE 16(b) shows a structure in which two

memory cores (a circuit configuration information storage

means and an internal information storage means/control



_ 14. A sem conductor nenory conprising: an information r elhgé r
storing informatson; a first bit line to which said infoﬁ%&ﬁ?%ﬂﬁﬁﬁ @ cel |
is coupled; a reference nenory cell Rﬁ% storing reference information for
use in determning a value of said i rmation stored in said information

menory cell; a second bit l[ine to which said reference nenory cell is
coupled; first probe neans for detecting information on said first bit |ine

and secofidapeqb@oreatd faub deiwrstidegh é FEAr gRbLHE 8Nasahd $8&ONGH ttWd ne; a
first global bit line through which said informtion det ect ed by said first

probe Teaphaind ol RN :Ab AN Jg 866 0Bgh ORRAL 5B hrbi BEobAIAN uhi ch said

i nformation detected by sald second probe neans is transmtted; rst

pr eanb! | hi, S8k QRRANS S8 AT | Jg&{%&%%g%gﬂ%koest B223Mdd e Over

said first gl bit I'ine second prea I cation neans r—anplifying
sai 0 1" BEARD) @8l MU L ELa SELA SERTRRERTLLR! BobiS o S
havi ng-t 298 RN Pne SAEIEY s COUBTEH T o anlBatpar. CarAiaie bt otary
having | BGE 26 A S L t G- FRZ LEREPAL cF APRAPS - of 18010 RESESRK
second capacitqor neans) respectively. 12. The sem ¢onduct or nenor
accor di ng" VRS m 1% J IcRﬁwW%é?ﬁ%:CEE?ﬁbPﬁﬁ oﬁspGWQntiéowggﬁQW@
means for _setting a calibration potential to_said first and _second bit
lines; aff@esREESEAY divierielts $orRehotimifedutei APCBadPPBPSThal s
| Since the dynamic configurable logics 85a and 85b are
identical in structure, only one of them (the logic 85a) is
illustrated with reference to FIGURE 17.

Referring to FIGURE 17, the dynamic configurable logic
85a has a plurality of unit logics 90, a channel wiring
section (channel wire) 91, and a great number of programmable
switch'éléments (switch circuits) 92. The unit logic 90 is a
simplé AND gate or a functionally equlvalent functional
block. The channel wiring section 91 has a great number of
channel wires that intersect with a great number of leads 93
extending from the unit logics 90.

The programmable switch elements 92 are placed at
interseétions of the leads 93 and the channel wires of the
channel wiring section 91. Each programmable switch element
92 switches between nonconduction state symbolized by a white

dot and conduction state symbolized by a black dot, for

dynamically making or breaking the connection of a lead 93



of said capacitor means provided on the sides of said sen anpl (fi . 13
A signal transm ssion system conprising: a group of sigigFmggﬂbgrﬁﬁﬁ%ugh

whi ch a predeterm ned signal is transgitted; a group, of reference
potential signal |ines through which signal different fromsaid
predeterm ned signal and indicative of a reference potential is
transmtted; and capacitor neans for establishing a capacitive connection

bet ween saiad at WhasindRlwitdCabOP@Sngleo EBANECH#IRN U YHSSI N SYStEq

according to claim 16 wherein said signal Iine group and said reference

pot ent i ahnSkRAndrdiSy EMP EoneLoandednk) 3BALOXLME A de!la W Lh one

anot her and wherein said capacitor neans 1S fornme a group of crossing
wires in i ' i | ¥ar b ght wi_t_h g -si g [ ne

o oups. | T TP o o2 APRL TIOBBLE Mo Le B et e S P
Decenber 200 2_0r ' 7 wherei.n said sigpal _Line group is foryred of a
first gIobaI%B?tp%P géﬁ#&? LAY o T?%h,ggt%?gdgﬁniWﬁﬁ8FW§ﬁe nenory
cells for .storing informatjon, is trapsmtted by way of a first bit line
and wher 811% &4 &’%’ré? Yé}?é‘b{?)o?%ﬂ?i %WlEFg]nsﬁefnﬁﬂé JREIHS 50 of a
second global hit |ine onto which reference information, stored in .

r ef er enc EPEFIHP T AT SHIM st F FGURET &7 ERde OFnPEr Rafitét ot iR swiltch
deterninig% a value of said information stored in each said information
menory c&HERERE MRl 4R DY WySRAMaceddond BRewn 4@ FEGURE 17(c).

sem conductor nenory wherein non-volatile information.is held by nenor

cel l destllnué:lhieoHE.J-QI‘%{R£ sefitdrAutR BRI AR nBLF SacTorqi Ag Ve tdiCaImWESF évh e n

destruction of a menory cell made up of a capacitor fornmed of a dielectric
thin fil $e@ndS ay FrEFRRHMPSFET (connection switch) having a source

and a drain coupled to the wires x and y respectively for
establishing a connection between the wires x and y.
Additionally, arranged between the gate of the NMOSFET 92a
and ground (a fixed potential) is a capacitor c. Load is a
switch data line (load wi;e) extending from the memory core.
Load-~en is a load enable line (load start signal line) for
designation of the loading of data to the MOSFET 92a. 92b is
a load MOSFET. The gate of the MOSFET 92a and the switch
data line Load are connected to the source and drain of the
MOSFET 92b, respectively. The gate of the MOSFET 92b is
coupled to the source of a self-boot MOSFET 92c. The drain
and gaté of the MOSFET 92c are coupled to the load enable
line Load-en and to a predetermined supply voltage (another
fixed potential), respectively.

Having passed through the MOSFET 92a, the signal level of

1 decreases by Vt (the threshold voltage). 1In order to



performed by destroying said dielectric thin film 18.. A sem cond r
menory conprising a plurality of groups of redundantilﬁcﬂiéﬁgﬁﬂgﬁﬁg@%ge

cells for storing i redundant infornaéhon wherein said redundant

i nformati on storage cell groups conta i nformati on based on which each
sai'd redundant information storage cell is checked for validity. 19.. A
sem conduct or nenory, wherein information having a predeterm ned value is

ur i tten o A | 0 ORFBLLANTEEREY Celle AN i3, hsad i 1 oM sabg

i nformation nenory ce Decemnber an elap

predeter et d oty B0l L BEckab i g SO |5, DeLyeey ggughys ¢

said witten 1 n ion and a val ue sald Tea

detectin c ce_of inforpmati d ructi.on en said val yes differ
from eac%’%%??u{%gfeﬁﬁ %ayeﬁoﬁg\%& &{‘l’ﬁ 3395'1% (ﬁ%% Pt ey eﬁoilﬂ aggilg
infornationayennry,cell. EO. The sem_conductor nenory according to claim 22
wherein & d &l 3pstRteFRaLt FBRPIHe VEATESSf ormation is entered to the time
said informatjon is read out ranges fromO0.01 to 10 nmilliseconds. 21. The
sem conduct orrTherhf 2o r Hirtdl PECEFaTRARIe RHdiLern ed&Menich-S 1 kayirg

information is redundant information and wherein said redundant information
is read oite iReVe-@efrribeflef§rHcoiing A e EIRLaVed i ROIPRE¥1IPB turned on
and is set to a redundancy circuit. 22 A sem conductor nenory conprising a
r edundancin£e¥eat 1on nEP uBengtaredr dablthec siideh agiesrenits ch2 | s pbagchmmabl e
. 23~ A sem conductor nmenory conpri sing:

transmitted from the register group 8la to the switch

elements 92 (see FIGURE 17(a)). Such connection information

varies depending on word lines in a memory core.

For the sake of convenience, connection information for

each word line is called a sheet. As an image, sheets, each

of which is a collection of a certain number of logics, are

turned over to realize an entire logic operation. Connection

information that is fixed for each sheet is held by data

write by memory cell destruction/nondestruction as described

previously in the redundancy system. The function of the

unit logics 90 is set by iﬁformation from the register group

8la. The logical value of nodes in each sheet is dynamically

stored in the memory core 80a and is read out to the unit

logic 96. The memory core 80a serves also as a storage

location for temporarily retaining data necessary for the

operation of each unit logic 90.

An application of the dynamic configurable logics 852 and

85b is briefly described here.



a rédundant information storage cell group conposed of a ral
nenory cells that store redundant information by dielectrFéEPﬁ?WE%ﬁﬁkF

destruction, said redundant |nfornat|§ storage cell group further having a
menory cell that stores self-diagnostiCs information based on which each
said redundant information storage cell group is checked for 18 Decenber
2002 54 validity; wite nmeans for wwiting r edundant infornation into said

redundant i nEghEBLILQE +SLY a‘lfq"egﬁc%%én g{ T un% Sag?ng?ﬁgﬂﬁn tpg_fo(yerlgs Qﬁ

sai d redundant 1 ntornmation sai FRLTON oS age ce

group; SSi s.fo t redundant i nformation read
out by saﬁg%gghgm%%%ns tg é%%%ﬁ n%é g%&z&wlngngrﬁgﬁﬁﬁgiﬁﬁans capabl e of
ranse £t 23""39%;%&%%?2#9 R Rt A 5088 Serm conduct or memory.
according to Ia|n12 in said redundant information stored in said

redundant in rf’rﬁt IAOS ?tor &elT Hyrodp #Rd szt" fofipPéssi on redundant

i nformation and wherein said redundant information read out by said read
means i s subpéctéd? G SepdMErort ;F ReARIY Betore being transmitted to said
redundancy decoder. 25. A sem conductor nenory conprisin r edundant

i nformation $0ok&gé fedhs themt ch BthpaedsBd=r Bdandan&hEnf or mati on i s
stored; read neans for reading out said redundant information stored in

sai d redundaBd EnPodmdt i(dhesttrlaes mieund) expansionegr s0ae¢herarad dhe

expandi ng said redundant information read out by said read neans; and
result is a final output E.

FIGURE 18 schematically shows the above-described
processing in a data flow form.
If the processing is carried out using the FIG. 16

organization, the following results.

FIGURE 18 shows how the operation flows.‘

In the first place, connection information.for a
magnitude determination circuit (sheet 1) stored in the
memory core 80 is loaded into the configurable logic 85a.
Next, the logic 85a makes a comparison in magnitude between
the input data A and B and one of sheets 2, 3, and 4 is
loaded to the configurable logic 85a according to the result.
At this-time, the input data A and B are saved at a
multi-purpose register 86 of FIGURE 16(b) for a while.

Subsequently the processing of either the sheet 2, the
sheet 3, or the sheet 4 is carried out and the results C and

D are stored again in the multi-purpose register 86. Next,



transm ssion neans for transmtting said redundant 18 Decenber 2002 55 .

i nformati on expanded in said expansi on process neans to rtDackEmissr 20020de
means. 26. A sem conductor integrated circuit conprising: a configurable
logical circuit block; circuit configd¥ation information storage neans for
storing circuit configuration information as to said configurable |ogical
circuit block; internal information storage neans for storing interna
information as to said configurable logical circuit block; and control
means foflipenfidr dinfprrsdsiarh ofemttheashessi 8 LAt dpadkdi rcortiet i on stored in
said internal information storage neans, data processing while making,
based oncesaifd guiradlie lognifa gGat i tine | vabueat Coandt Dr adel proaiad sad,curnd
configuration informati on storage neans) a change in circuit configuration
of sai d thefifdgnedblomtp Glisipeewvidédock. 27. The sem conduct or
integrated circuit according to claim?29 wherein the nunber of configurable

| ogi cal circalthblugbkani adtualand ases€ing acLoduDn s€g1l6t 86 kgudivapesed for
establ i shing communi cation of information between said two configurable

| ogi cal ebr fdirle 18! eCkSin A% -sHdE: SERT €R8dPeE8EnkNEABHAL AR NG ,F G4 tj ;accor di ng
to claim?29 wherein a plurality of configurable logical circuit blocks are

di sposedpaad el & ﬂéﬁﬂééﬁé'gcﬁcﬁiﬁn%gﬁi%ﬂlﬁgtt oS 2k e Al dY ably

| ogical circuit blocks, said circuit Decenber 2002 56 - configuration
i nformat QR sSiQisRd idh AL LIS fumber of sheets corresponds to the

number of word lines of the memory core 80. This makes it

possible to form a great number of logics in a small area,

resulting in realizing large-scale integrated and

high-performance semiconductor devices at low costs.
SEVENTH EMBODIMENT

A seventh embodiment of the present invention is now
described.

Ip'the'present embodiment, a way of implementing a
capacitor for use in memory cores and switches is described.
FIGURE 19 shows in cross section a memory cell of the
present embodiment. FIGURE 20 shows in cross section a

conventional memory cell.

The present embodiment is characterized by the following
arrangeﬁent (see FIGURE 19). As shown in FIGURE 19, a
transistor source electrode S is drawn up, through a bit line
100 and a global bit line 101 overlying the electrode S, to
the uppermost wiring layer where a storage node 102 is

formed. A dielectric £ilm 103 is formed overlying the



configuration information storage neans is staggered for said configurable
| ogi cal circuit blocks. 29. A sem conductor integrated ci 18 Detembep2002 ng:
a plurality of function-changeable unit logics; a plurality of wiring
channel s which intersect with a pluraB8ty of input/output |ead wres
extending fromsaid plurality of function-changeable unit logics; a switch
circuit for selectively establishing electrical connections between said
plurality of input/output lead wires and said plurality of w ring channels;
and cont stbragenfode 1or i rthbs plarédllywell bgntiorakitdos @f corpleste ons of
said lead wires and said channels by said switch circuit and for selecting

anong saedlecamodet ilo .comliegplane éDecbnbaeal 15ai dfsa ohdidwiiid . 30. A
sem conductor integrated circuit conprising: a switch for establishing a

connect i opghatived Iimd sVieSiedainl sMeétePpbimbEei Nayed ®YN RGN MHOFET
having a source, a drain, and a gate wherein said source and said drain axe

coupl ed b9 said CHAWNE WTES, pILePEEI L¥LEYaea10aPROKS W infihinsize
connect ed between said gate of said connection MOSFET and a fi xed

pot ent i akhedch@ad M@S%&Mha?awtfcf@%&&iae];eaatlvgicﬁnqsa ag%()sg&;%{' sai d

source and drain"are coupled to said gate o Decenber 57 said
connecti gaaMIOSFET and to a load wire, respectively; and a self-boot MOSFET
having a source, a drain) and a gate wherein said source and drain are

CounL o0 0 ST, BELe e Al Lot AR e Loadosuare oo |
shown in FIGURE 19 or a tulip-like form shown in FIGURE 21.
First, a way of forming the storage node 102 in the form of a
rod is illustrated. An electrode film is deposited which
will become the storage node 102. Subsequently, the
electrode film is etched to a rod-like form. The dielectric
£film 103 is deposited overlying the rod-like electrode f£ilm.
The plate electrode 104 of a conductive organic film is
formed. A way of forming the storage node 102'in the form of
tulip is illustrated. A conductive organié film is deposited
all over the surface which will become the plate electrode
104. A hole is formed in the f£ilm deposited. Subsequently,
a storage node electrode is deposited thin all over the
surface. The storage node electrode 102 is formed by etching
in a tulip-like form. Subsequently, the dielectric film 103
is deposited all over the surface of the storage node 102.
This is followed by forming the plate electrode 104 of a

conductive organic film. As can be seen from FIGURES 19 and

21, the tulip-like storage node 102 requires more complicated



anot her fixed potential. 31,. The sem conductor integrated circuit
according to claim 32 wherein a switch circuit is di sposetd Mecehbers2008r ned
of said switch and wherein both the supply voltage | evel of unit |ogics and
the 1 signal level of said |load wire 3Be set |ower by approxi mately the

t hreshol d voltage of said connection MOSFFT. 32. A sem conductor nenory
havi ng a function of processing data conprising: a first region in which a
pIuraIit§a§T itens of data are stored; a second regi on capable of staring

data; and2RTEGEF IR ERRHPUEPTOKIEEF ReSIPAGCSUCRAERE a itens stored

in said first region, for batch processing said data itens, and for witing
resul ts GRPEGIFARREH data processing to said second region. 33. A

sem conductor nenory having a function of processing data conprising: a
first menoryBathayhet fanR9aINg tnerdryeeet ysc8lffer f£3omeddehdtIR0020 58 -
coupled to a plurality of word lines; a second nenory array of a plurality
of nenor goewiensdiomgpl exne olzaviiphuvaring dkywesd ariendocarat] cablata the
processi ng section for reading out data stored in nenory cells of said
first memtorage ayodoud2d tSinceredmoeyncedd fomrbertioh woy dcdinesdasdtf or
bat ch processing said data read out, and for witing results of said batch

data proegtema@lil promeys cetéssoinsatdisgecandimgnmane aicmyleted eghi said
predet er mi ned nunber of word l|ines. 3f. The sem conductor nenory according

to clai m@dven i aldediftadereverspriodabptprectnsilngisectincdess ondre
conpressi on processing on said data read out. 35. The sem conductor nenory

ag;:]?(r) ?ingqnteo rlatidneedfreddi 10361 vheeguiredl &odaka FRTRRRS UG BeEtIOde

> material Qery difficult to process such as platinum. The
reason of why such a memory cell can be realized is as
follows. A technique is employed wherein memory cells are
placed at all bitline-wordline intersections, as a result of
which bit lines are sparsely placed in comparison wifh a
prior art technigque thereby facilitating upward node
expansion;

Additionally, if the plate electrode 104 is formed of a
conductive organic film which contains a material capable of
absorbing alpha particles, a cause of soft errors, such as
conductive polyimide or conductive polyethylene and has a
£ilm thickness of 3 pm or more, if provides an improvement in
the reliability of semiconductor memories.

EIGHTH EMBODIMENT
An eighth embodiment of the present invention is now

described. The present embodiment is directed to a technlque

for use in packaging a semiconductor integrated circuit of



expansi on processing on said data read out. 36. A sem conductor menory
havi ng the function of processing data conprising: at |eat8 Decembgrrddcal |y
configurabl e data processing section; a first group of nmenory cells,
caupled to a first group of word Iine@O for storing data processing
specification information as to said data processing section; a second
group of nenory cells, coupled to a second group of word lines, for storing
a collection of data to be processed; and 18 Decenber 2002 59 a third
group of thenbresedt dnvesuplan- to a third group of word lines, for storing
processing results; wherein said data processing section reads in said data
collection ahu taedpdasanﬂr@m&ﬂdﬂmpmﬂuxﬂf6€amegabinfSDR&MLoﬂﬁvpmmmﬂtes,
based on said data processing specification information, said data

col l ectioaingnad sieorey rastd tef ofhsapresiant pnoueasdong iz gaakaded dmenory
cell group. 37. The sem conductor nenory according to claim39 wherein said
dat a proaessirtng ofean @xirasmaly esvdfl ghemdre mogutewangh iisS micrprtegy anmabl e.
Ay A l.AFy. A?. ALY. Al . A93L. A3y. A A. A AFy. Al . A9[ . Ay. Al . Aye. A&F. A" F. Ash, . Avy.

Al % AR ABX+A Ry PAL mdheAS . tSa . ACT\ 1 A&t &chBiABeAdseMiodndulditd | As. AS@
CA'S. AZ@ A, . AT S. AHF . Ay. ASSf 2" Ay. AS. AONy. A& y. AST. AyUF. Afy. A, y. A@ Ah@$6q~b

& | OEF paBkes ‘ébcélr@]élﬁd?ﬁa]&%&ﬁ&ﬁf‘]rﬁ@&iﬁ%%b@%%b‘ﬁ%]ﬁ%@]ﬁfg ca] cajcalc
a] ca] ca] ca] ca]gca] ca] ca] ca] ca] ca] caUca] cRa! %
Memory Module)).

FIGURE 22(a) depicts in cross section the structure of a
memory module. FIGURE 22(b) depicts the form of a connector
corresponding to the memory module.

100 is an extremely small memory module. This memory
module 100 employs two 64-megabit chips 101 of the x32
configuration. These chips 101 are packaged by MCM
technology in order that they may be sandwiched between
4-layer printed boards. This structure prdvidés a 2-row
connector form thereby making it possible to realize a DIMM
structure with about 200 pins (dimensions: about 3 cm in
length; about 3 mm in thickness).

The present structure makes it possible to reduce the
length of memory wiring arranged over a PC mother board
thereby’allowing data to communicate between memory and logic
chip at high speed. A dumping resistor for SSTL is placed in
the connector.

The foregoing memory module extremely small in size can

find applications in both note PCs and desktop PCs thereby
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word line group 154 and its many memory cells are locations
for storing results of the data processing.

The switching matrix S row 150 is for data communication
with the programmable logic PL and for inter-bit data
communication (in the vertical direction in the figure) of
the bus 160.

The operation of a memory with a data processing function
of the present embodiment is described.

Firstly, data process specification information, stored
in the first memory cell group 151, is brqﬁght'into the data
processing section 130 from the f£irst memory array A by way
of the super-many bit data bus 160. This process
specification information is composed of connection
information for the switching matrix S rows 150 and program
information for the programmable logics PL. The process
specifiéation information is information for, for example,
the MPEG2 standard compression/expansion processing carried
out in, for instance, DVD apparatus.

Thereafter, data to be processed, stored in the second

memory cell group 153, are loaded to the data processing
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separated from each other, they may not necessarily be
separated.

TENTH EMBODIMENT

A tenth embodiment of the present invention is
1llustrated. This embodiment is directed to an imprgvement
of the FIG. 25 semiconductor memory.

FIGURE 26 shows a semiconductor memory with a data
proceséing.function of the present embodiment. 180 is a
super-many bit register 180. A data processing section 130'
is disposed at one side of the super-many bilit register 180
and another data processing section 130' is disposed at the
other side. Each of the data processing sections 130' is
formed of the switching matrix $ rows 150 and the
programﬁable logics PL, as in the ninth embodiment.

In the semiconductor memory of the present embodiment,
the two data processing sections 130' and 130' are able to
independently operate. This makes it possible to seemingly

conceal the time taken for loading data process specification
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Finally, an eleventh embodiment of the present invention
is illustrated.

Like the tenth embodiment, a semiconductor memory having
the function to process data, in which the super-many bit
register 180 is placed in the center, is used with a view to
achieving more sophisticated dual-port-manner use.

The term "dual-port-manner use" here meéns'a structure
shown in FIGURE 27. In such a structure, a mémory MM having
the function of performing data processing acts as a shared
memory between two memory buses 179 and 181 which together
form a memory network. Mi and Mj are memories with or
without a data processing function that are coupled only to
the meméry bus 179. The memories Mi and Mj are controlled by
a memory controller 183 in a core logic 182. Likewise, Mk
and M1 are memories with or without a data processing
function that are coupled only to the memory bus 181. The

memories Mk and Ml are controlled by a memory controller 185
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data processing section 130'b, a memory array B, and a data
input/output section 187 are arranged on the other side of
the super-many bit register 180. These components are
connected by super-many bit data buses 188 and 1885.

By virtue of such an organization, communication of data
between the two memory buses A and B can be carried out

simultaneously with data processing.

Throughout this specification and the claims which
follow, unless the context reguires otherwise, the word
"comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of

integers or steps.
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a word line for accessing said information memory cell;
and

a reference memory cell other than said information
memory cell, said reference memory cell being coupled to said
word line or to a word line having the same address as said
word line;

wherein said reference memory cell stores information for
use by a sense amplifier, said information being reference
information equivalent to a reference potential to the
reading of information from said informati&n mémory cell.

2. The semiconductor memory according to claim 1,
wherein the number of information memory cells is greater
than the number of reference memory cells by one or more.

3. The semiconductor memory according to claim 1 wherein
the number of reference memory cells is two, said two
referenee memory cells storing information of 1 and
information of 0, respectively, and wherein said
semiconductor memory further comprises a reference potential

generation circuit capable of generating, based on said

information stored in said two reference memory cells, a



| 10% ()-y10%: ()- 10% ()-F 10%: ()-aCavaaab?bdEbC 10 10% ()-L! 10% ()- @
10%& ()-3 10%& ()- 10%& ()- S10%& () - ?b{ bbb%accdEbC 10 18 December 2002
*109&' ()-' ! 10%&' ()- 99! 10%&' ()-#10%&' ()-!9! 10%&' ()-! 10%& () -cccc/ dndddEbC 10
868! 10%& () -

4" 10%&' ()-210%&' ()- f/10%&' ()-.gl0%& ()-, SL0%&' ()-ddddddd' e_ebC 10

S109%& ()-s10% ()-3 109 ()-!Y10%&: ()- 10 10 10@BL10%& ()- eeeef Hf W dEbC 10
F109& ()-, F"109%& ()-& 109& ()-3 109& ()4Byl09%& ()-s 109%& ()-Wfsgggg! hdEbC
10

| (109&' () - S&m' 10%& () - $109%& ()-1"&10%&' ()-s@ 10%& ()-910%& ()-!hVhhhiiiiix
nbC 10 Immfss - 10 .10 .10 1)2'10%&'() :
109& () -y Fm*-Foe P&f@}%&% i j 6jnjjjkaBnbC 10 109%%& ()- !109%& ()-

109%& () - 10%5&%()-HTHHN%ébdﬂﬁiﬁdud@@E&f@émbﬁkokbb@dnﬂﬁﬂglJﬁb claim
10% ) 10988 () A0 () 0% () 10988 (0P8 ()1 L=y ndbipe 10
10%& () - 8b@¥D & £ef&#2ABE (helmobor 000eDdsbC dck 10868 ¢) - R IPaR& (Yed
103 10§ information and wherein said semiconductor memory further
comprises a reference potential generation circuit capable
of generating, based on said multi-valued information stored
in said reference memory cells, a reference potential.
5. The semiconductor memory according to claim 1
10 wherein a first memory cell group composed of information
memory cells 1is divided into two approximately equal
subgroups and a second memory cell group composed of
reference memory cells for storing reference information is
placed between said subgroups.
15 6. A semiconductor memory comprising:
an information memory cell for storing information;
a first bit line to which said information memory cell
is coupled; '
a reference memory cell for storing reference
20 information for wuse in determining a value of said
information stored in said information memory cell;
a second bit line to which said reference memory cell
is coupled;
a first probe means for detecting information on said
25 first Dbit 1line and a second probe means for detecting
information on said second bit line;
a first global bit line through which said information
detected by said first probe means 1is transmitted and a
second global bit 1line through which said information
30 detected by said second probe means is transmitted;
a first preamplification means for amplifying said
information transmitted over said first global bit line and
a second preamplification means for amplifying said
information transmitted over said second global bit 1line;

35 and
a sense amplifier having input terminals at which
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each of said flrst and second probe means being formed of a

5 MOS transistor of a first conductivity type; and
each of said first and second preamplification means
being formed of a MOS transistor of a second conductivity
type opposite in polarity to said first conductivity type.
8. The semiconductor memory according to c¢laim 6,
10 wherein an output from one of said first and second
preamplification means that amplifies said reference

information is entered in common into a plurality of sense

amplifiers.
9. A semiconductor memory comprising:
15 an information memory cell for storing information;

a first bit line to which said information memory cell
is coupled;
a reference memory cell for storing reference
information for use in determining a Qalue of said
20 " information stored in said information memory'cell;
a second bit line to which said reference memory cell
is coupled;
first probe means for detecting information on said
first bit 1line and second probe means for detecting
25 information on said second bit line;
a first global bit line through which said information
detected by said first probe means is transmitted and a
second global bit line through which said information

detected by said second probe means is transmitted;

30 first preamplification means for amplifying said
information transmitted over said first global bit line and
second preamplification means for amplifying said

information transmitted over said second global bit line;
first capacitor means having terminals one of which is
35 coupled to an output terminal of said first preamplification

means, and second capacitor means having terminals one of
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other terminals of said flrst and second capacitor means,
5 respectively.
10. The semiconductor memory according to claim 9
further comprising:
calibration potential setting means for setting a
calibration potential to said first and second bit 1lines;
10 and
short-circuit means for short-circuiting said terminals
of said capacitor means provided on the sides of said sense
amplifiers.

15
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a reference memory cell for storing reference information
for use in determining a value of said information stored in
saild information memory cell;
a second bit line to which said reference memory cell is
coupled;
first probe means for detecting information on said first
bit line and second probe means for detecting information on
said second bit line;
a first global bit line through which said information
detected by said first probe means is transmitted and a
second global bit line through which said‘inqumation
detected by said second probe means is transmitted;
first preamplification means for amplifying saiad
information transmitted over said first global bit line and
second preamplification means for amplifying said information
transmitted over said second global bit line;
fir;t capacitor means having terminals one of which is
coupled to an output terminal of said first preamplification
means, and second capacitor means having terminals one of
which is coupled to an output terminal of said second

amplification means; and
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calibration potential setting means for setting a
calibration potential to said first and second bit lines; and

short-circuit means for short-circuiting said terminals
of sald capacitor means provided on the sides of said sense
amplifiers.

13 . A signal transmission system comprising:

a group of signal lines through which a predetermined
signal is transmitted:

a group of reference potential signal lines through which
a sigﬁal different from said predetermined signal and
indicative of a reference potential is transmitted; and

capacitor means for establishing a capacitive connection
between said two signal line groups.

14. The signal transmission system according to claim 16
wherein said signal line group and said reference potential
signal iine group are arranged in approximately parallel with
one another and wherein said capacitor means is formed of a
group of crossing wires intersecting at approximately right
angles with said signal line groups.

15 . The signal transmission system according to claim 16
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global bit line onto which reference information, stored in
reference memory cells for storing reference information for
use in determining a value of said information stored in each
said information memory cell, is transmitted by way of a
second bit line.

16. A semiconductor memory wherein non-volatile
information .is held by memory cell destruction.

17. The semiconductor memory according to claim 19
wherein destruction of a memory cell made up of a capacitor
formed of a dielectric thin film and a trgﬂsisfor is
performed by destroying said dielectric thin f£ilm.

18. A semiconductor memory comprising a plurality of
groups of redundant information storage cells for storing
redundant information wherein said redundant information
storage cell groups contain information based on which each
said reéundant information storage cell is checked for
validity.

19.. A semiconductor memory, wherein information having a
predetermined value is written into an information memory

cell and is read out from said information memory cell after
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prestored in said information memory cell.

20. The semiconductor memory according to claim 22
wherein said elapsed time from the time information is
entered to the time saild information is read out ranges from
0.01 to 10 milliseconds.

21, The semiconductor memory according to claim 22,
wherein said non-volatile information is redundant
information and wherein said redundant information is read
out within a fixed length oﬁ time from the time power is
turned.on énd is set to a redundancy circuit.

22. A semiconductor memory comprising a redundancy
circuit including a wvariable coding region which is
programmable,

23. A semiconductor memory comprising:

a redundant information storage cell group composed of a
pluraliéy of memory cells that store redundant information by
dielectric thin film destruction, said redundant information
storage cell group further having a memory cell that stores
self-diagnostics information based on which each said

redundant information storage cell group is checked for
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transmission means for transmitting said redundant
information read out by said read means to a redundancy
decoder; and

decode means capable of making a change in coding zone by
making use of said redundant information transmitted by said
transmission means.

24. The semiconductor memory according to claim 26
wherein said redundant information stored in said redundant
information storage cell group is post-compression redundant
information and wherein said redundant inférmation read out
by said read means is subjected to expansion processing
before being transmitted to said redundancy decoder.

25. A semiconductor meﬁory comprising:

redundant information storage means in which compressed
redundant information is stored:

reaa means for reading out said redundant inéormation
stored in said redundant information storage means;

expansion process means for expanding said redundant
information read out by said read means; and

transmission means for transmitting said redundant
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storing circuit configuration information as to said
configurable logical circuit block;

internal information storage means for storing internal
information as to said configurable logical circuit block;
and

control means for perféfming, based on at least said
internal information stored in said internal information
storage means, data processing while making, based on said
circuit configuration information stored in said circuit
confiéurafion information storage means, a change in circuit
confiéuration of said configurable logical circuit block.

27 . The semiconductor integrated circuit according to
claim 29 whereiln the number of configurable logical circuit
blocks is two and wherein a common register is disposed for
establishing communication of information between said two
configu&able logical circuit blocks.

28.. The semiconductor integrated circuit according to
claim 29 wherein a plurality of configurable logical circuit
blocks are disposed and wherein the timing of transmitting,

to said configurable logical circuit blocks, said circuit
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a urality of wiring d¢hannels which intersect w1t a

plurality of input/output lead wires extending from said
plurality of function-changeable unit logics;

a switch circuit for selectively establishing electrical
connections between said plurality of input/output lead wires
and said plurality of wiring channels; and

control means for storing a plurality of combinations of
connections of said lead wires and said channels by said
switch circuit and for selecting among said connection
combinations to control said switch circuif.

30. A semiconductor integrated circuif comprising:

a switch for establishing a connection between two wires;

said switch including:

a connection MOSFET having a source, a drain, and a gate
wherein said source and said drain are coupled to said two
wire wi?es, respectively;

a capacitor which is connected between said gate of said
connection MOSFET and a fixed potential:

a load MOSFET having a source, a drain, and a gate

wherein said source and drain are coupled to said gate of
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32. A semiconductor memory having a function of
procegsiné data comprising:

a first region in which a plurality of items of data are
stored;

a second region capable of storing data: and

a data processing section for reading out said data items
stored in said first region, for batch processing said data
items, énd for writing results of said batch data processing
to said second region.

33. A semiconductor memory having a function of
processing data comprising:

a first memory array of a plurality of memory cells
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35. The semiconductor memory according to claim 35 or
claim 36 wherein said data processing section performs
expansion processing on said data read out.

36. A semiconductor memory having the function of
processing data comprising:

at least one dynamically configurable data processing
section;

a first group of memory cells, coupled to a first group
of word lines, for storing data processing specification
information as to said data processing section;

a second group of memory cells, coupled to a second group

of word lines, for storing a collection of data to be

processed; and
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a third group of memory cells, coupled to a third group
of word lines, for storing processing results; .

wherein said data processing section reads in said data
collection and sald data processing specification
information, processes, based on said data processing
specification information, said data collection, and stores
results of said data processing in said third memory cell
group.

37. The semiconductor memory according to claim 39
wherein said data processing section has a reconfigurable

logic which is reprogrammable.



