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BACKGROUND

Methods for high integration of semiconductor memory
devices (memory) include a method of using sidewall patterning
technology to form a data transfer line connected to a memory
cell such that the width of the data transfer line is half the
minimum dimension of the lithography. However, in such a
method, the fluctuation of the width of the mask pattern of the
lithography may cause, for example, a wide interconnect width
and a narrow interconnect width to occur alternately in adjacent
interconnects. Therefore, the interconnect resistance
undesirably fluctuates between the interconnects.

Particularly for interconnects having narrow interconnect
widths, the read-out speed decreases and the read-out margin
decreases as the interconnect delay of the electrical signal
increases. As the interconnect resistance increases,
electromigration and stress induced migration occur easily; and
the reliability of the semiconductor memory device deteriorates.

Furthermore, in the case where the voltage applied to
the data transfer line is constant, the current flowing through
the memory cell farthest from a sense amplifier circuit
decreases to reduce the read-out speed because the series
resistance of the data transfer line is added one upon another in
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35resistance of the data transfer line is added one upon another in the
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DESCRI PTI ON OF THE DRAW NGS ' FIG 1 is a schematic view
illustrating the configuration of a sem 2onductor nmenory devi ce according
to a first 5 enbodi nent; FIG 2 is a block diagramillustrating the
configuration of the sem conductor nenory device of a first exanple;

FIG 3 is a schematic circuit diagramillustrating the configuration of the
sem conductor nenory dBRIEFDESARIPTION TF SHEIDRAWINGS FIGS. 4A and 4B

are schematic vie Ll Lustrati,ng the confi.guratiaon of the sem cqnductor
nenory devi ce of }t,\%eéf iL'lr's:’[aeg&i?r%ln@;t'c View ITlustEgidag gﬁ&ﬁ(ﬁ%@r Ol emati ¢
cross-secti oaal sehdeentudtolrusimatriowy t hdeeioel | redridingof tbhea  first

sem condyct or ry device of the first exanple; FIG 6 is a
schemat i pI%W%@WX?PEUStrati ng the configuration of the sem conductor

menory devi ce of tFEGSi2r 4 aebdopk eliad&hGHiugtrating B ece nsiamtion of
cross-sectional _views iarl L*:St ratin th& conf i urIat Lon_ of tPe_ sem conduct or
it pry devie gf

menory devi cg' of S REY AxAHP VICE e} &dlIrgh€XgdMBRISy ¢ schemat i ¢
cross-sectional ViEMB. iB ¢sdar scheimetipr eteasies diagrawst rifliusteatangetthed for

construct| ngconfiguration of the semiconductor memory device of the first

10 example;

FIGS. 4A and 4B are schematic views illustrating the
configuration of the semiconductor memory device of the first
example; .

FIGS. 5A and 5B are schematic cross-sectional views

15 illustrating the configuration of the semiconductor memory
device of the first example;

FIG. 6 is a schematic plan view illustrating the
configuration of the semiconductor memory device of the first
example;

20 FIGS. 7A and 7B are schematic cross-sectional views
illustrating the configuration of the semiconductor memory
device of the first example;

FIGS. 8A to 8C are schematic cross-sectional views in
order of the processes, illustrating a method for constructing

25 the data transfer lines of the semiconductor memory device of
the first example;

FIGS. 9A to 9C are schematic cross-sectional views in
order of the processes, illustrating the method for constructing
the data transfer lines of the semiconductor memory device of

30 the first example;

FIG. 10 is a schematic circuit diagram illustrating the
configuration of a semiconductor memory device of a
comparative example;

FIG. 11 is a schematic plan view illustrating the

35 configuration of a semiconductor mémory device of a second
example;




25 the data transfer lines of the sem conductor nenory device of the first
exanpl e; FIGS. 9A to 9C are schematic cross-sectional views in order
of the processes, illustrating the method for constructing the data

transfer lines of the sem conductor nmenoBy device of 30 the first exanple;
FIG 10 is a schematic circuit diagramillustrati ng the configuration of a

sem conduct or de e.of a co ara lve xarrp 11 is
a schematic pl anm\;ﬁ%(al \ilisﬁ atd nac ICCOR qrburd?%n”!)"l’sgagmﬁ cgnguct or
nmenory devi C@o@flgaraaowﬂ(lbfemrrpém|co&ductor nreford2 devicescoenat thiral an

view illustr t| n It he configuration of a seniconductor menory device.of: a.
third exanpl FIG 13 is a schematic view . 7

il lustrati ng the CRIGi AiB 46 i@schembtic smcnm;tcatihgnemr(yonlﬁgucratno'n'
accor di ne Qta second, enb rrat ic circujt
| ustr

di agram | St SR SR MM ORY o0&y T ASARIGTGr rfbr FBOCEe of
a fourth exagpiodibtAEhEG 15 is a schemat iC pI an view illustrating the
configuration of t se{n%conduct device,of the fourth exarpﬂlee;

FIG 16 is a bl ock m¥ I"’?u%‘*? ea'i"l Ctﬁ\é’CH!)tnfq'SGtrﬁf‘? ohlusitrating

sem conduct otontigorgtideyice AacEmicagduoter timardoty delbock nefta fourth FIG
17 is a schepmatic circuit diagramillustrating the configuration of the

sem conduct o‘?xﬂg?ﬁltey devi ce according to the third enbodi nent;

FIGS. 188 and 18B FIG. sqftermél <a Vls@W%mhtMtStbPén ngsiehe 2|®usa@mrig nith@ i n
the case where r.ead- or ned there is a differ % |= _
i nt er connect© ?@égé“faﬁ' 0?3 l%e §g§MISOH L’ hfé}ecmPrVLf%?Y'éﬁ Hg RelPWHS ng of

data; FIGS. @Rample20C are schematic views illustrati ng the

FIG. 16 is a block diagram illustrating the configuration

of a semiconductor memory device according to a third
15 embodiment;

FIG. 17 is a schematic circuit diagram illustrating the
configuration of the semiconductor memory device according to
the third embodiment;

| FIGS. 18A and 18B are schematic views illustrating the
20 read timing in the case where read-out is performed when there
is a difference in interconnect resistance;

FIG. 19 is a flowchart illustrating the reading of data;

FIGS. 20A to 20C are schematic views illustrating the
read timing in the case where read-out is performed when there

25 is a difference in interconnect resistance;

FIG. 21 is a flowchart illustrating the reading of data;

FIG. 22 is a schematic circuit diagram illustrating a
layout of a memory cell array and a data transfer line;

FIG. 23 is a block diagram illustrating the configuration

30 of a semiconductor memory device according to a fourth
embodiment; -

FIG. 24 is a schematic circuit diagram illustrating the
configuration of the semiconductor memory device according to-
the fourth embodimeht; o _

35 FIG. 25. is a schematic graph illustrating the
current-voltage characteristics of a memory cell;



read timng in the case where read-out is perforned when there 25is a

difference in interconnect resistance; FIG 21 is a flowhart illustrating
the reading of data; FIG 22 is a schematic circuit diagramillustrating a
| ayout of a nenory cell array and a data4transfer line; FIG 23 is a block
diagramillustrating the configuration 30 of a sem conductor nmenory device
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il lustrating f-vol tage characteristics of a nenory cell; 4
FIG 26 is ae%{}g%‘ﬁﬁ‘ééﬁgr amillustrating the configuration of a_
sem conduct or nmenoF}GdeiA dés sx cmhdimgtio viewi il iusteatiod eenarradfidgen@fx i s a
schemati ¢ vi. illustrati. - rr.an 5 sense_anplifier. circuits,
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circuit di agt%lhihﬁq FrES eaFtL“% \&ﬁ%r?g Féa&-guﬂ?rbeerfol':ljn%d %?ﬁ‘eh trfers F% it
: difference in interconnect resistance;
FIG. 28A is a schematic circuit diagram iliustrating a
10 layout of a memory cell array and a data transfer line, and FIG.
28B is a schematic graph illustrating the voltage of the data
transfer line at the time of reading; and
FIG. 29A is a schematic circuit diagram illustrating a
layout of a memory cell array and a data transfer line, and FIG.
15 29B is a schematic graph illustrating the voltage of the data
transfer line at the time of reading.

DETAILED DESCRIPTION

In general, according to one embodiment, a

20 semiconductor memory device includes a memory cell array, a
first sense amplifier circuit, and a second sense amplifier circuit.

The memory cell array includes a piurality of first memory cell
units, a plurality of second memory cell units, a plurality of first
interconnects, and a plurality of second interconnects. Each of

25 the plurality of first memory cell units includes a plurality of
memory cells. Each of the plurality of second memory cell
units includes a plurality of memory cells. The first sense
amplifier circuit is connected to the plurality of first
interconnects. The second sense amplifier circuit is connected

30 to the plurality of second interconnects. Each of the plurality of
first interconnects is extended in a first direction and connected

to one end of each of the first memory cell units. Each of the
plurality of second interconnects is extended in the first
direction in each space between the first interconnects and

35 connected to one end of each of the second memory cell units.
A metal is formed to be embedded in an insulating film, and




10 layout of a nmenory cell array and a data transfer line, and FIG 28B is
a schematic graph illustrating the voltage of the data transfer |ine at the
time of reading; and FIG 29A is a schematic circuit diagram
illustrating a |layout of a nenory cell abray and a data transfer |ine, and
FIG 15 29B is a schematic graph illustrating the voltage of the data
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interconnects. The second sense amplifier circuit is connected

to the plurality of second interconnects. Each of the plurality of

25 first interconnects is extended in a first direction and connected
to one end of each of the first memory cell units. Each of the
plurality of second interconnects is extended in the first
direction in each space between the first interconnects and
connected to one end of each of the second memory cell units.

30 A metal is formed to be embedded in an insulating film, and
heights of upper surfaces of interconnects are equal. The
plurality of first interconnects and the plurality of second
interconnects formed adjacent to each other are formed of a
structure in which a plurality of pairs are repeated. The first

35 sense amplifier circuit and the second sense amplifier circuit are
formed on one side of the memory cell array. The first sense



20 nenory cells. Each of the plurality of second nenory cell units includes
a plurality of nenory cells. The first sense anplifier circuit is connected
to the plurality of first interconnects. The second sense anplifier circuit
is connected to the plurality of second Bnterconnects. Each of the
plurality of 25 first interconnects is extended in a first direction and
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Accoridng to yet another embodiment, a semiconductor
memory device includes a memory cell array, a first sense
30 amplifier circuit, and a second sense amplifier circuit. The
memory cell array includes a plurality of first memory cell units,
a plurality of second memory cell units, a plurality of first
interconnects, and a plurality of second interconnects. Each of
the plurality of first memory cell units includes a plurality of
35 memory cells. Each of the plurality of second memory cell
units includes a plurality of memory cells. The first sense



35 nenory cells. Each of the plurality of second nenory cell units includes
a plurality of nenory cells.The first sense 7 anplifier circuit is
connected to the plurality of first interconnects. The second sense
anplifier circuit is connected to the plagrality of second interconnects.
Each of the plurality of first interconnects is extended in a first
direction and cowpected to..one_end of eaca of th first mepory cell units.
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each space between the first 1 nterconnects
the first memory cell unit and a position of the second memory
20 cell unit when read-out of the memory cell is performed.
According to yet another embodiment, a semiconductor
memory device includes a memory cell array, a first sense
amplifier circuit, and a second sense amplifier circuit. The
memory cell array includes a plurality of first memory cell units,
25 a plurality of second memory cell units, a plurality of first
interconnects, and a plurality of second interconnects. Each of
the plurality of first memory cell units includes a plurality of
memory cells. Each of the plurality of second memory cell
units includes a plurality of memory cells. The first sense
30 amplifier circuit is connected to the plurality of first
interconnects. The second sense ampilifier circuit is connected
to the plurality of second interconnects. Each of the plurality
of first interconnects is extended in a first direction and
connected to one end of each of the first memory cell units.
35 Each of the plurality of second interconnects is extended in the
first direction in each space between the first interconnects and



connected to one end of each of the second nenory cell units. A netal is
formed to be enbedded in an insulating film and heights of upper surfaces
of interconnects are equal. The plurality of first interconnects and the
plurality of second 5 interconnects forn®d adjacent to each other are
formed of a structure in which a plurality of pairs are repeated. The first

sense anplifier circuit and the secaond s e anplifjer circuit are.fornmed
on one- | de G REELerE 5, GHEctPa OF BRI ST Fe. JECeR SnaBiene cRliTLfits:

| nt er connectA wiridtal hie forrakedstosbeamphbédeedlOncancinsukatih@ fibhi agred
char gi ng therbsieﬁ;,&nd i.nt er connect._w th

he second sense anplifiger cjLcuit
vary with a poé PoRfoMARR! 1YdaChs y RIS “Bnf & p%%y?ﬁonctl? the
second menorplueality unift fiMsen ineerxtonieotfs tdrdnesey yphetdlitys ofr ecomd.
Accor di ng ta ﬁgt anot her _.enbodi nent, a .sem conﬂucttBr 15 ne&grrré evi.ce
i ncl udes>a BrGPIRaRHS fPRNEY, & WmPi FRER P& £r€a e cfli ng
circuit. Thestiageuse dal Whithag phetdlitgs ofl pawwsabréyropedted! mefirstel |
units, a plurality of .F.econd m%m)ré ell units, a gl urallkt% of first ‘
i nt er connect3ENSH@MPHIIG &'T¢YitAN e@%ﬁemf‘grﬁ%ﬂﬁ QD PIHIEH cyeuiyare
plurality offdriied 20 omevsideecbF tihet snentdrydeseld plrbawpl | t A ofoltegery
cells. Each gf_the plurality of second nmor %sll units includes g
plurality ofcq?\%rrﬂﬂpﬁ égfel SIrsthNEL50R IiVY'itér Br fUSt PENEENABPEHE o t he
pluralitp ofcittuitahdt &reomnaget shangiridiehpl seedbhtlyintersenprdt with the

connoqt on REGHE SEHAsE RIS sl B0k K thhe MO HPPL BT g TS -

i nt er connectmeandrg celhnatitiznd of pdwtisense thepsetond maemiary vellhutite
plurality of ?]econd i,nter cannects. Each of .t he &I urality of first

i nt er connect WNEH ESAErRNk OF Fhe Memory; cells REERIMEMnect ed to one end of

gaach of the fi rst N@(E@afd'inéptée étua\rhbﬁheﬁ@hb@‘difﬁ‘@np,' @r aleirh beorfd s&eoend
mtercongects i's extind.ed in the first direction in eachqs ace beh\#\‘een t he

first iAPer cCOVHBONY GRYICCHNIUAES RoMRIDAUNICRH @Y, A S&BRYFEnory

cel I units. Aréuntstanv®ld agatehiag@icneuihie Thesinedmioryceanesiray intitiessense

anplifier circuit varleS\r/fyitha35 g)ositi n of the first nenory cell ,unit

when read-ou®@ BIUTHEYmQHod{rsEeme rﬁer@%fn’éa!tsA §ed¢3h‘(ﬂ‘a{,‘5‘}'t9§g5€ﬁ%ﬁei ng

the 9 seconghdibeycerneainis! hat heupginee fPfiFdt ahteteShbcrar igsd wath a
position of t uni t when_read- Il is

e second nenory cell of the nemor e
per f or ned. ppuraTIty Ogé@éﬁﬁ%ﬂﬁ}t%ﬁﬁ%mms Each I‘fép:éh@eﬁﬂ‘i“@j't\)ﬁ g? fyhrﬁ be 5

descri by W frierhelrgr&sitirdits ihelutiasvanBiurality of mMamdenawengs aEgcsgfematic
or conceptual; and the rel ati onshi ps between the thickness and wjdth o

. f
portions, thE®RIPERIDLRL Seeendi BISROEY ofeldiwrtiss dmehedasara iRinsalitt ©f are
not necessarfgmbrg sans. aSl'H@%e&?éé@mWi'ﬂéQSctH&%ﬁ@Qé-c&#héb@éd tdehe

plurality of first interconnects and the plurality of second
_ interconnects. The switching circuit is configured to switch
25 between a connection of the sense amplifier circuit with the
plurality of first interconnects and a connection of the sense
amplifier circuit with the plurality of second interconnects.
Each of the plurality of first interconnects is extended in a first
direction and connected to one end of each of the first memory
30 cell units. Each of the plurality of second interconnects is
extended in the first direction in each space between the first
interconnects and connected to one end of each of the second
memory cell units. - A first voltage charging the first
interconnect with the sense amplifier circuit varies with a
35 position of the first memory cell unit when read-out of the
memory cell is performed. A second voltage charging the



10 di nmensions and proportional coefficients may be illustrated differently

anong the drawi ngs, even for identical portions. In the

speci fication and the drawi ngs of the application, conponents simlar to -
t hose described in regard to a draw ng terei nabove are marked with like - .
reference nunerals, and a 15detailed description is omtted as appropriate.

First enbodi nent

. FIG .1 is a schematic view jllustrating.the
conf | gur at | PG IBERCRNRRIE WY CRehis emon e BHESTIrksUs VaTias SitBo
enbodi ment . a positioAsof lthesteabad nemidey delltbeitsamaordact-out nefiong
devi ce 510 accordin t“o,thl s_enbodi nent includes first to fourth data

transfer |inBEMRAY C8lDi4PerfP¥REdseni conduct or memory device 510, a first

region 25 RGl and pxe@Rasy I eenioodRpéndse ofr eMededventrimenell AdW ase of a
substrate (not illu traﬁ_)gg on whi ch bhe sem conductor nenory device 510 is

provi ded® THEESGMRed WHoREIREENCE 1O LA AFPRES: a first nenory cell bl ock

l'a described bel owies Birawifgd: #d sb8effA9nd oredtcESELAIS aridegthe Where
a 30 second nenor bl ock | b descr.i pbed bel

ry ce e elow is gﬁov#ded._ Each
of the firstrelatiohsnims daeBverAntRerthicKegseLaNEo WidEN of RAMIAA®AES one
end of a nmemgp&eidnainicoefricidrtst oFOsi&@wéhncsrrﬁgvpmﬁ@h!s,,Léﬂc_t.,s aveUnotto
MCU4) whi ch I ncl udes rrultlgl e nenory cells 0%3 re, a dlrjeg’y OB
per pendi cul A¥€E@SIAHE Y Broame g8et agtbal Mves: thereqfakdiiidbes #hexi s

directi9n (tdenéRsighdli éﬁ@ti;@ft))?orti&@ecééffwbin@a RaaRensk cul@stragetihe Z
axis directign is taken as a Zjams_ dlrectlog g’t, e f|_rs1t direction). A
direction p '5@{@"6. &MPH Y HIE ATANISIH (TN R d & NtH2 XPRREIRNSi rection is
taken as a Y axis [ tRet spBc{fidutiSACARE théedtdWMgs of the application,
components similar to those described in regard to a drawing
thereinabove are marked with like reference numerals, and a

15 detailed description is omitted as appropriate.

First embodiment

FIG. 1 is a schematic view illustrating the configuration of

a semiconductor memory device according to a first
20 embodiment.

As illustrated in FIG. 1, the semiconductor memory
device 510 according to this embodiment includes first to fourth
data transfer lines DL1 to DL4.

In the semiconductor memory device 510, a first region

25 RG1 and a second region RG2 are provided on a major surface
of a substrate (not illustrated) on which the semiconductor
memory device 510 is provided. The first region RG1 is a
region where a first memory cell block 1a described below is
provided; and the second region RG2 is a region where a

30 second memory cell block 1b described below is provided.

Each of the first to fourth data transfer lines DL1 to DL4
is connected to one end of a memory cell unit 4 (first to fourth
memory cell units MCU1l to MCU4) which includes multiple
memory cells.

35 Here, a direction perpendicular to the major surface of
the substrate is taken as a Z axis direction (the third direction).



5The first region RGL and the second region R& are adjacent in the X axis
di rection. Each -of the first to fourth data transfer lines DL1 to
DL4 'is extended in the X axis direction. The first and second data transfer
‘lines DL1 and DL2 are-10 provided in th® first regian RGL, and the third .
and fourth data transfer lines DL3 and DL4 are provided in the second _
regiron RQ&2. ' . Tge first dacg.a ﬁrar{sfgr lLne DL1,.and.t he. thi l’(d data :
transfer |iRNBLYIrGCEIORRIARNFiITUFHe 1R EREsZaf X AIErttQRdS 1eKEB ERird
data transfemlixe &3 i dipgctydbded(the a fitgte diietibmyg from t kidréctieh data
transfer line DL1 i.ngﬁhe X ﬂ)gizdi rectjon,. The s ;Bn dat a tr.anstter Line
DL2 and t he RYRGHIGHIr £PHIG & AiRe BEEt'é)rfbaékﬂe EnK #XIT HESEUQR S
direction; aakermasfaw bRisaicedtianytee seoendldirestipnivi ded on a line
extending fromth econd dat a nsf er l:i ne DL2 i

20 n the X axi
direction. In othdGohEst Te810Re REY fithetNE haCraDR: redpd HGAsPER | ine
DL4 is positi@erentniratideadgenas direedbnon fromthe first data transfer line
DLI. The first to fourt ata_.transfer |[ines 1l to DLA are or by,
for exanple, si devé?‘?Lh FP}t g'%‘?ﬂti'r P ifa IT‘I‘??)EQD&E?W% |'5‘e§e9ﬁi E@ogggl oW.
The w dt hs gpextdrmdegsacheX aRes Hiresdtidm. fourth data transfer lines DL1

to DL4 h t ual | ff t I due to f uat i f 1 id |
pat Corni g, _Hor o A NGTlS: G0 SKGG B EHanpatgl sl B SR Lk k30

DI Vi deqon e B s enanr ot Pt date o
1I‘Oourt h data ttrtaﬁﬁg?aaéﬂ'rr??%eée&ﬁnfjo%ﬁ HE Rf@"ﬁgﬁgnﬁb\g,hq éectg{}{jrﬂ'le&iof‘he
widths of thegbirst to fourth data transfer lines DL1 to DL4 on the upper
the 2 axis directiONE Twst data trABSieLy Hrei Bhe Sedndngaties aketér | i ne
ranat o1 i el g e S o S Decond
ntatr Afst GRIFT At Dranees ine BLidscotvaiad gn paine xtending from

the first data transfer line DL1 in the X axis direction. The -

second data transfer line DL2 and the fourth data transfer line

DL4 are adjacent in the X axis direction; and the fourth data

transfer line DL4 is provided on a line extending from the

20 second data transfer line DL2 in the X axis direction. In other
words, in the X-Y plane, the fourth data transfer line DL4 is
positioned in a diagonal direction from the first data transfer

line DL1.
The first to fourth data transfer lines DL1 to DL4 are
25 formed by, for example, sidewall patterning. Sidewall

patterning is described below. The widths and thicknesses of
the first to fourth data transfer lines DL1 to DL4 haVe mutually
different values due to fluctuations of the sidewall patterning.
Herein, width is taken to be the length along the Y axis
30 direction. For example, while the semiconductor memory
device 510 is provided on the major surface of the substrate,
the widths of the first to fourth data transfer lines DL1 to DL4
may be taken as, for example, the widths of the first to fourth
data transfer lines DL1 to DL4 on the upper face (the face
35 opposite to the substrate). Thickness is the length along the Z
axis direction.



5thinner than the thickness of the first data transfer |line DL1 along the Z
axis direction. - Here, at |east one selected fromthe width and the
t hi ckness of the first data transfer line DL1 may be greater than that of
the second data transfer line DL2. Alsollat | east one 10 selected fromthe
wi dt h"and the thickness of the third data transfer line DL3 nmay be greater

“than that of the fqurth data_transfer |ljne 4. T 1dth a t he

. thickness of the t ‘?dv'ﬁg:ﬁaof rtbﬁspgpoppnga&%rmf%reI%Lﬁ?ﬁﬁqﬂgﬁ%gﬁﬂe same
aﬁ_t{:ose of f\t fwaxh‘s} rcﬁtecr@]tamn I fnamover thaw mé.;wwngw tcbnébt\hedtﬁralnldataﬁ

t hi ckness of_the_fourt ata transfer . Jine D4 e stanti a e
same as t hod&aBffeh 'rkeeé:ghij g tsc}@n f@rx'fs%'éegﬁ%n' The ttﬁkﬁkrbgga%ﬂtfe, ‘the
dept hdm;l :hethfei rs@}god@f @ataaﬂta‘rwfglripllmﬁemlg aldngﬁm?tmﬁauitsh_di%tdn dg the
secon a transfe in . sQ, e dept e third. dat
transf-ergl i r%”ﬂ)[@ri @i@eﬁ%‘? ﬁH&%nﬁﬁé é?«gphr‘neoﬁrﬁh@q%@u&mnﬁg‘?raqmean@%r line
DL4. Herein,alderf bthé<Z Eah@s|direttioal ong the Z axis direction fromthe upper

face to the lower face of th ta t f line. T | ect.ri cal | st
"of the second datal"?F%:ns@'ér'qea 2Oa%rgge&£edh=%§5? Eﬁgﬁ"?c I?”@Lgﬁﬁlaisrg?ce

dat a ]E ranisf G:Ihitkgésﬂc.‘?]f; tIﬁ@diﬁsEQﬂeﬁﬂaectarh@mr lgai Langmy)bet gee?tmf lthada}:{t?,
transfer 1|i | i gher n that of the t ata trapsfer |ine :
Herein, t her}g\agtprfi @?ﬁ "écﬁ a‘ﬁ%‘éas%?nls @r f IW%{bLg- f d% agtlgatstta?lg?er
I?)i)tnﬁs Dt tﬁ@?&t@?efrﬁd?ﬂ ltﬁtéi Wi@l!ﬂhte%rfd Otrtgatﬂ?ﬁclk(nésisfoﬁim@tgmmd_ idaeﬂ,

e so-called interco resi stance. n_o words, .in_the
semi conduct draRsHeF “’b%{)ﬁﬁg BQY € | 97eRYS atRan h‘ﬁ @r}egbeah%%hr Qé&ét ance
i nt er connecttrhinsf@hiligie Mast.a | ow i nterconnect resistance, is arranged

alternately in the Y axjs. direction with a high resjstance integcopnect L2,
whi ch 35has an i nt EREM apdsthe ;EHb@(lP@@%&,fg@}%Ehkrﬁla ag@ t{ﬁBSFQ{ Ine

resistance ipiereeapese sdbstditially the same as those of the first data
15 transfer line DL1; and the width and the thickness of the fourth
data transfer line DL4 may be substantially the same as those

of the second data transfer line DL2.

For example, the depth of the first data transfer line DL1
is deeper than the depth of the second data transfer line DL2.

20 Also, the depth of the third data transfer line DL3 is deeper than
the depth of the fourth data transfer line DL4. Herein, depth is
the length along the Z axis direction from the upper face to the
lower face of the data transfer line.

The electrical resistance of the second data transfer line

25 DL2 is higher than that of the first data transfer line DL1; and
the electrical resistance of the fourth data transfer line DL4 is
higher than that of the third data transfer line DL3. Herein, the
electrical resistances of the first to fourth data transfer lines
DL1 to DL4 are the resistances along the X axis direction, i.e.,

30 the so-called interconnect resistance.

In other words, in the semiconductor memory device 510
as illustrated in FIG. 1, a low resistance interconnect L1, which
has a low interconnect resistance, is arranged alternately in the
Y axis direction with a high resistance interconnect L2, which

35 has an interconnect resistance higher than that of the low
resistance interconnect L1.



Thus, the sem conductor nenory device 510 includes: nultiple first

i nterconnects LL1 (the |low resistance interconnects Li of the first region
RGL) provided in the first region RGL, second interconnects LL2 (the high
resistance 5 interconnects L2 of the fingt region RGlL) provided in the
~first region RGL in each space between the first interconnects LL1, where

the second interc nect_ L2 has.an electrical resi tanceéigher tBan_that
of the first inter e SEMHRANTBEOT ANEA PR ¢ @Eﬂﬁ?e LINCIMERE: | ow

resistance imigti oémeCftr%tLl mfcet‘d‘@nﬂ@cﬁ@COle eg{ e RGIpwpr ovegiedanbet he
second region acent. to the first reg@ in tae X, axi s |rect|on
X

to extend i dnltﬂécgﬂﬁéF'éS &l &ft tBR GRSt ing&d Ry oviggA: ik the dirst

Interconnectr?eghbh RGd ; f eeicdohd ntrﬁtre%aﬁﬁ@cﬂésul-_‘&z(t(tfhé'" HIgH esésicaanee
i nterconnects L2 of the second gvided in the 15 cond regi on

R® to exter@tERCOMRESES LS Qfi té flﬁﬁt cr@q)lpﬁeBGesd aH@vigedr i the frséond

' nterconnect,seghba R\@Prlﬂ bAehf QFEEE b@‘tWe‘é?ﬂ'tﬂ@t firk# iRREr@onREEEL rI_'an|
resi stance hi hat of L&t rconnect LL3. Each

of
first to foul¥ ﬁ"?n’t"’eﬁ? csc?rﬁ%tq énE@FLCQ%n@Eﬁ L act @(ﬁe%"%ler%%'ét%ﬂcéach of

the 20 mul tiighdrerpan Ctﬁlalt ew tﬁe4f|F§tSHﬁ€ér¢/cﬁ4nr¥ect’\’fL6LP en’r‘ﬁ.htl%etﬂﬂlr(tj |
e multiple

mul tiple memory cell units n%rrﬁ des nmultiple nenory ce

first intercOSRECQRNELYS eH-d3t PV ﬂ?é'%t@é'&‘i—‘d InF@eﬁycme.efcst 41 1of Ehe
arrangedpal tesdsi@lre IGntF'@GZ“)' 9?((!)§|d@d ‘?ﬁtt'h‘é”seEBﬁd%é‘d?i RAPigdacent

i nterconnects LL3 and the mnul fl e 25 fourth i.nterconnhects LL4 are ar ranged

" alternately inhthadinstarggiod P&t iignthe X axis giregten nexdensciedherdm t he
width al ong skm Mirkitodi BRCUIrRS angdmanghirrbReheal MR §Rrodficcts

direction of the second i nterconnect LL2 i"s snaller than that of the first

30 i nterconneet; L1and aifausiBe bHersensacéa fllen t Hdran diighal 6R8ISEABCY axi s

direction anﬁmtbheohheet@e@z erometbecénamrégiﬂcm eRG 2N Pfoviaed QH”the :
interconnect LL4 Is snaller _than that of the third | nterconnect One of

the foudbh | $REPRAnFRIIOS LFLG |§0e¢ét:¢"r‘dcﬁl Ithe3=X cdrige ikQrtion ope Bf‘eﬁhe
fir _St i nter C@i@g@?ﬂlﬁd{lﬁﬁoﬁl‘atﬂ@eﬁeé@ﬁdfl'ﬁtéPcéﬁﬂbefS @@ZQ ajthdree treCRIFthegi on

R&X; and one o 13 Tnterconnects LL3 1s el’ectrically connected
to one of thdteeconaerhildid bdsednselactrisad wiesistance higher dfieohtiell odnd t he

second 1 eg! o RCEnirh MIBREONRIEAS, (I, SeESERIU ofmdeiRey 481 R 3RO, 5

according to t ment i s the I rst nmenor , the
second menoritesronpeetk U 5@jldetds qanneeted t@ton@mg efereacm otkhea in

e ercottBor LRI AnA, CAE eS| SediomEnpina ity fhES |
| a and t he sBddkiple mge#wory cpellovulnlts mcludes mulltlgle nrn'?lzznr)ngrycecelIs oc
The multiple first interconnects LL1 and the multiple second
interconnects LL2 are arranged alternately in the Y axis
direction. The multipie third interconnects LL3 and the multiple
25 fourth interconnects LL4 are arranged alternately in the Y axis
direction.

At least one selected from the width along the Y axis
direction and the thickness along the Z axis direction of the
second interconnect LL2 is smaller than that of the first

30 interconnect LL1. At least one selected from the width along
the Y axis direction and the thickness along the Z axis direction
of the fourth interconnect LL4 is smaller than that of the third
interconnect LL3.

One of the fourth interconnects LL4 is electrically

35 connected to one of the first interconnects LL1 between the first
region RG1l and the second region RG2; and one of the third



10 menory cell block IDb. The first nenory cell block |la includes
multiple first cell units U, nultiple second cell units U2, the nmultiple
first interconnects LL1, and the nultiple second interconnects LL2. Each of
the multiple first cell units Ul includd8 nultiple nmenory 15 cells; and
each of the nmultiple second cell units U2 includes nmultiple nenory cells.

Each of the, ti | r I nt | e d n of
each of the 'Efé%éooﬁ?‘ﬁﬂsuﬁf-?s%gg&g@b? |C{9ﬁnyé&§g]2ﬁ80§ﬁ§h%g grl{}gtlg% @qgecond
i nt er connectiatétcdnsed® tkPebetdeiem thehfisgtaceghen vikél aimnd thessecond

I nterconnects . LL1 érﬁ connect to one end of each of the second cell units

- U2, respectir\?&'?f‘ g'second I nterconnect LL2 has an el ectrical resistance

hi gher than that dh totheri nairdsyt theosemicohtductdhemsroony dewvicy k0|

o o0k |l nelSloufl LoPLEe, e ot dss FreTHEL Sty el

i nt er connectisiock41afFatle sécohd memioryecehibldakellb adjaset tonthedast

T Lbe TR 6Fnsl, BRSGF  6ah R Y R eRtl B dat Wt e

LL3 is extended irerbbeing axirsitdi 1@0t i (theonirtdricomreedtenderautingm uhi)f i r st

the third cartoUAedsbegnestt e tinstipetiat GAMEiGk fa i the. FpebAE"

i nt er congectmarhdry cedkbbocked 85 in the X axis direction on a line

extend: ng From (PeraE At hLERFGrEE pEh, 1 A SR PUGEIEcHHEY cbf

respectivel yydite floustmultiple second cell units U2, the multiple first
interconnects LL1, and the multiple second interconnects LL2.
Each of the multiple first cell units Ul includes multiple memory

15 cells; and each of the multiple second cell units U2 includes
multiple memory cells.

Each of the multiple first interconnects LL1 is connected
to one end of each of the first cell units U1, respectively.
Each of the multiple second interconnects LL2 is

20 extended in each space between the first interconnects LL1 to
connect to one end of each of the second cell units U2,
respectively. The second interconnect LL2 has an electrical
resistance higher than that of the first interconnect LL1.

The second memory cell block 1b includes multiple third

25 cell units U3, multiple fourth cell units U4, the multiple third
interconnects LL3, and the multiple fourth interconnects LL4.
Each of the multiple third cell units U3 includes multiple
memory cells; and each of the multiple fourth cell units U4
includes multiple memory cells.

30 Each of the multiple third interconnects LL3 is extended
in the X axis direction on a line extending from the first
interconnect LL1 in the X axis direction to connect to one end of
each of the third cell units U3, respectively.

Each of the multiple fourth interconnects LL4 is extended

35 in the X axis direction on a line extending from the second

 interconnect LL2 in the X axis direction to connect to one end of



i nterconnect LL4

i nt erconnect LL3.

connects the one

has an el ectrical resistance higher than that of the third
The data transfer line rerouting unit 100 electrically 5
of the fourth interconnects LL4 to the one of the first

i nterconnects LL1 and electrically connaggs the one of the third
I nterconnects LL3 to the one of the second interconnects LL2. The nultiple

menory cells MC recited above are arranged 10 along the X axis direction.
Each of the ®afhi pfether Sourthf 6akt wrdEs | Ushi reseeCtiyaly. r editedfaidve i s

extended in jHheréoAnket UiPHHsOBN dRR-tFIdArlstsfdrice gHeradmt thak ofuni ts

Ul and U2 recited above are arranged alternately along™the Y axis

di recti on.

soind prtereann@cddd-3-ourth cell units U3 and U4 recited above

15are arrange altetpat ‘?iabtaa|9€9\s§‘@|e Yn@x'ﬁer@'urtﬁ?é' it 10 e@t‘%ri‘&%ll he

first cell units

Ul is the menory cell unit connected to the

dat a traldsfefonpgetdithe ore ef thee f@@EBhd”&@WOFMhEtIE bb-4 §0tﬂée§§¢©rftf
menory cel | wétf.ﬂg@%t@%aﬁ%%@stahf r@nae@@a@r.@sm Epﬁﬁ%fc%g #\/[{'Jgor%%f One

of the 20 third cell unit

nmenory ce unit connect ed

to the thirdthft dhirindnéereomaeeiss. Lda3e cw t Heef emeh @kl Itheni 56C0Bdi s t he
fourth menor @%? ks g4 connected to the fourth data transfer line

DL4. One of t

ceII units U3 is a fifth nmenory cell unit MCU5

connected to a f.fTIﬁecr@tUAtlpﬂgrmﬁaﬂow §&!lssME segiteer abenepere@rrangeds t he

d | ' P | th
ot tr okt T HE bC %S o ScABY’ YESLh of Bhie MMMRABNAPEL 86 FouRE ' o
the | ow resi€elhngBitsntlbl cEQmU&t rESl;lt@ﬁid abevei gh er)@@lnﬂ%d]cl@ mhteer)éoam@cp L2

30 adj acent Hﬁ'i:

I nt er connect

gigh.| “T;hgi rhultip é?ﬂ*s?“ ﬁ@lsegaﬁd' %’llr% |L5§ alﬁ‘fea%ﬁluz

may be

ento ethe I rst aatrans [T ne

the hi gh resregitadaboveragenaemnged mijepratalyealang bbeﬂﬁ@@écd)lm@ca@ma
transfer |i ”?hELr?nulE le ¥Mir@TaddFodtts il UMGtd V% =31 Tareitey ahovanect
L1 and the hi g eS| tance

are arrange alternately along the Y axis direction.

One of the first cell units Ul is the memory cell unit

MCU1 connected to the first data transfer line DL1. One of the

20

25

30

35

second cell units U2 is the second memory cell unit MCU2
connected to the second data transfer line DL2. One of the
third cell units U3 is the third memory cell unit MCU3 connected
to the third data transfer line DL3. One of the fourth cell units
U4 is the fourth memory cell unit MCU4 connected to the fourth
data transfer line DL4. One of the third cell units U3 is a fifth
memory cell unit MCUS5 connected to a fifth data transfer line
DL5 described below. One of the second cell units U2 is a sixth
memory cell unit MCU6 connected to a sixth data transfer line
DL6 described below.

For example, for one of the sets of the low resistance
interconnect L1 and the high resistance interconnect L2
adjacent thereto in the first region RG1, the low resistance
interconnect L1 may be taken to be the first data transfer line
DL1; and the high resistance interconnect L2 may be taken to
be the second data transfer line DL2. For one of the sets of the
low resistance interconnect L1 and the high resistance
interconnect L2 adjacent thereto in the second region RG2, the
low resistance interconnect L1 adjacent to the first data transfer



35 interconnect L2 adjacent thereto in the second region R&, the |ow

resi stance interconnect L1 adjacent to the first data transfer 15 line DL1
in the X axis direction may be taken to be the third data transfer |ine
DL3; and the high resistance interconne&b L2 adjacent to the second data
transfer line DL2 in the X axis direction may be taken to be the fourth
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on the side of the urth data transfer i ite to &hhrd dat a
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data transfer |ine on the side’ of the first data transfer |ine 1 35

opposite to e S&"&ﬂﬂj defin transtareling RLDUP tRet Keaxingiseatipget 2BA.
the fourth data transfer line DL4 is electrically connected to the

first data transfer line DL1 between the first region RG1 and the

20 second region RG2.

In other words, the first data transfer line DL1 is
electrically connected to the fourth data transfer line DL4
disposed in the diagonal direction as viewed from the first data
transfer line DL1. ,

25 In this specific example, each of the data transfer lines of
the first region RG1 is connected to the data transfer line
shifted one line in the Y axis direction in the second region RG2.

Here, the fifth data transfer line DL5 is taken to be the
low resistance interconnect L1 adjacent to the fourth data

30 transfer line DL4 on the side of the fourth data transfer line DL4
opposite to the third data transfer line DL3 in the Y axis
direction. The sixth data transfer line DL6 is taken to be the
high resistance interconnect L2 adjacent to the first data
transfer line DL1 on the side of the first data transfer line DL1

35 opposite to the second data transfer line DL2 in the Y axis
direction.



16 The data line rerouting unit 100 electrically connects the second
data transfer line DL2 to the fifth data transfer |line DL5 (connected to
the one end of the fifth menory cell unit MCU5) of the second regi on RG&.
5The data line rerouting unit 100 el ectniecal |y connects the third data
transfer line DL3 to the sixth data transfer Iine DL6 (connected to t he one
end of the sixth nmenory cell unit MCU6) of the first region RGL. Emother

words, the fifth ddie dat@ndng r‘?f‘?\‘ét'DQSU”\% iedegtrigally siamneess the third
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DL6, which i§f ohe RIddid pEqgidys BGoond i nterconnects LL2, is adjacent to the
15 first data transfer Ilng DLl on the side of the first data transfer |ine
DL1 oppofite to t hENe<td ling sereukisgetnit ddDelectricaldy conacks £Bet i on.
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R& whil e th@cavmt@ddaeathez@ne@rm@ff thméldhz mené@@ctqalbwnw M;Gtalﬁ cted
to the f'”"bﬂ%‘&%ﬁﬂs@’@gﬂbn'l{@% DL5 between the first region RGL and the

second regi on 't he seniconductor menory devi ce 510
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mul tipl e nmenor he secon a transter |ine provided in the
first regi onfmihadﬁﬂéeﬁfalﬁ%fqrhé'r\‘ﬁ rl3k4d8Na theasdder of | Hée Dlounth d@day axis

direction totr%?&’i‘éFtllﬁeo g c%ﬁ' ?lftettt? tﬁ‘écﬂﬁ'ﬁldnﬁﬁ?éytr‘éﬂéfek'mﬁe WL in

I ncl udi ng tiple menory wher e second data transfer |ine
DL2 has an ethetY iaxas dléectsoanceﬂnewétht%@ta ttﬁaﬂstﬂrtum@ DLGst WhdeR is

transfer |1ngnEldihehoft Rhedsdabad! Iverehrddie PL3, Msoddiaeent dehaecond

region R& to exten axi s ction on a [iné extending romthe

first ddfa tfessdataltraasten line thel Ymthe side&fi bie difstdatpimnesiarc one
the fourth difs Pranopposfic, tnifie MEroddals, b Ater e DEor Lt o8 feo o
extend in thaxie girectionectTha Bhird daE@ ansier ngner B3 e %@@gﬁéaﬂé{ta
transter |1 néophectda i thedxixtnith ?Sttr%’hls?@l;’ IGREMSED betBEnC R Hirdthe
y cell menory c
region RG1 and the second region RG2 whilé the second data
20 transfer line DL2 is electrically connected to the fifth data
. transfer line DL5 between the first region RG1 and the second
region RG2.
Thus, the semiconductor memory device 510 includes:
the first data transfer line DL1 provided in the first region RG1
25 to connect to one end of the first memory cell unit MCU1
including multiple memory cells; the second data transfer line
DL2 provided in the first region RG1 adjacent to the first data
transfer line DL1 in the Y axis direction to connect to one end of
the second memory cell unit MCU2 including multiple memory
30 cells, where the second data transfer line DL2 has an electrical
resistance higher than that of the first data transfer line DL1;
the third data transfer line DL3 provided in the second region
RG2 to extend in the X axis direction on a line extending from
the first data transfer line DL1 in the X axis direction and
35 connect to one end of the third memory cell unit MCU3 including
multiple memory cells; and the fourth data transfer line DL4



5 the fourth data transfer |line DL4 has an electrical resistance higher
than that of the third data transfer line DL3, and the fourth data transfer
line DL4 is electrically connected to the first data transfer |ine DL1
between the first region RGL and the se&dnd regi on R&. 10By such a
configuration, the continuous interconnect of the first data transfer line
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I nt erconnect resiit ances If{ﬁg el i m nat ed. Thereby, the fluctuation of the
el ectrical rESAIGAEL QN "i nterconnects can be conpensated; the

inlt _erg_olmoect del g)B\Fasudm %Umm(i)ﬁgaeaitiomﬂthdaec@pa'n@tduwiap@mﬂ)_ remectt lof
reliability can_be, imroyed. Nt t her, han in a 0 t menory
devi ce of a %@rrﬁ'&?ﬁtd% g’@?ﬁ%@%‘? gﬁ"go%gdn{}fe %H&lfﬂ&&%ﬁ?fﬂ?&éﬁr @'ﬁgf er
l'ine reroult img4umrtmé0ﬁ,cc%ﬂ_fncbihawmsifstmdew'cim‘esrstamcecénuercmmacttebﬂedd
conti nuously tween the first reqion. and t he cond . 0 . an
the high res‘?%&a\ﬁ\? i hﬂ%?cd??r?é%‘ia alug'fel%c@qr%e% tgﬁded %ﬁﬂ’arﬂXEgDe
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Thus, in the semiconductor memory device 510 according
to this embodiment, uniform interconnect resistance is provided
by connecting the data transfer lines in combinations of the low
resistance interconnect L1 and the high resistance interconnect

25 L2; and data transfer lines having high interconnect resistances
are eliminated. Thereby, the fluctuation of the electrical
resistance of the interconnects can be compensated; the
interconnect delay can be suppressed; and the operating speed
and the reliability can be improved.

30 On the other hand, in a semiconductor memory device of
a comparative example which does not include the data transfer
line rerouting unit 100, the low resistance interconnect L1 is
extended continuously between the first region RG1 and the
second region RG2; and the high resistance interconnect L2 also

35 is extended continuously between the first region RG1 and the
second region RG2. In other words, such a configuration



10 Conversely, in the sem conductor nmenory device 510 according to this
enbodi nent, a configuration is enployed in which the data line rerouting
unit 100 electrically connects the | ow resistance interconnect Li and the
hi gh resistance interconnect L2 to eachl® her. Thereby, the interconnect
delay 15 can be suppressed; and the operating speed and the reliability'can
be ‘i-nprove
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is ablo k Fam Pﬁ% Pé{ "&Pﬁ?rg Gt'h ﬁr?ﬁn?ﬁﬁ{: s‘iﬂ%a&orﬁpﬁs
menory devi Cc?a&f tié}ﬁ?sffelrrﬁrheét)fam Qomblnatlon of théhsecemd cdent etmsfienor y
devi ce 511 ccor The

frrst and sdimdoheuang &B?I Toveindats sy '@%Nﬁyvﬁdé/&ﬁ% & the
Skl et b e Sy ey e
1Ei(rast and s @Gt 85!5:’5m|f55 Qéf@%oéﬂ repd L@ @td! WBEX/d it @gﬁisbed bel ow, a
pluralifp of the negnugrsely, init |'$e4séh$|c@m)\Udi©d Irﬁetﬁ‘@ryfldétncﬁldﬁecond
19 nmenory cell cks_|a_and |b: menory cell. uni.t I ncl udes
Tl 1ol e norRAING KenEns. eanpeaRDiter BoCoRtigprabion 15 BBy n
which the data line rerouting unit 100 electrically connects the
low resistance interconnect L1 and the high resistance
interconnect L2 to each other. Thereby, the interconnect delay
15 can be suppressed; and the operating speed and the reliability
can be improved.
The configuration recited above in which the data
transfer lines are connected to each other is one example; and
the invention is not limited thereto. Various modifications are
20 possible. Specific examples of forms of connecting the data
transfer lines to each other, that is, configurations of the data
line rerouting unit 100, are described below.
A semiconductor memory device of a first example
according to this embodiment will now be described.
25
First example
FIG. 2 is a block diagram illustrating the configuration of
the semiconductor memory device of the first example.
The semiconductor memory device 511 according to the
30 first example is a NAND EEPROM.
The first and second memory cell blocks 1a and 1b are
provided in the semiconductor memory device 511 as illustrated
in FIG. 2. The regions where the first and second memory cell
blocks 1a and 1b are provided are the first and second regions
35 RG1 and RGZ2, respectively. As described below, a plurality of
the memory cell units 4 are provided in the first and second



The sem conductor nenory device 511 further includes a data control |ine
driver 2, a row decoder- 3, a control circuit 40, 5 a Vpgm generation
circuit 4la, a Vpass generation circuit 41b, a Vread generation circuit
41c, a substrate potential control circai% 42, an input/output buffer 45,
sense anplifier circuits 46, an address buffer 47, and a col um decoder 48.
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formed. It is desirable to be gble to jncrease the voltage of_ the substrate
potential cofk s der e0ft ?IZ’.Z‘?"‘aaﬁ*?tiadﬂl'%i?el2 act@.%rbﬁé’gf'.‘nﬁeg@o 5& 86856t 10 V
or nore whenaFAFiIEY- circuit 4GhenMR@BgencHatsonatit CHhd 4h|9eas) afigrs a

witing voltage Vpgm used when witing data to the selected nenory cells of
the first an@XaBtfd arEBroRLgircyitocks 1a and I b. The writing vol tage Vpgm

i s increased higherhghaenike $@piFReBvietlirge 46Thgré/Pashnaritedattbothel rcuit
41b generates an 20 . . .

15 input/output buffer 45, to and from which input/output data is
input and output. The data transfer from the sense amplifier
circuits 46 to the input/output buffer 45 is controlled by an
output of the column decoder 48 which receives an address
signal 47a from the address buffer 47. The input/output buffer

20 45 is connected to the output driver I/0.

The row decoder 3 selects memory cells of the first and
second memory cell blocks 1a and 1b. Specifically, the row
decoder 3 controls control gate lines described below and
selection gate lines described below.

25 The substrate potential control circuit 42 controls the
potential of, for example, a p-type substrate (or a p-type well)
in which the first and second memory cell blocks 1a and 1b are
formed. 1Itis desirable to be able to increase the voltage of the
substrate potential control circuit 42, particularly to an erasing

30 voltage of 10 V or more when erasing. '

The Vpgm dgeneration circuit 4la generates a writing
voltage Vpgm used when writing data to the selected memory
cells of the first and second memory cell blocks 1a and 1b. The
writing voltage Vpgm is increased higher than the source

35 voltage.

The Vpass generation circuit 41b generates an



i nternedi ate vol tage Vpass for witing that is provided to unsel ected

menory cells when witing data. The Vread generation circuit 4lc
generates an internedi ate voltage Vread for read-out that is provided to
the 5 unsel ected nenory cells when readRAg dat a. The Vpgm generation

circuit 4l1la, the Vpass generation circuit 41b, and the Vread generation
circuit 41c.afe controlled by the control circuit 4 0. provide the

hecossary vantSrBeRinth. YoiRan TeRst o vt ERabeitoBraYEAd e (he

witing, erams@eciddanedmeenyidedisstaieas writing dathe witing vol tage Vpgm
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of the row ddEcdiEr43D, and theNeead generafiQiingl Uit F thiqracagtale
i |1 ustratingy kBecesmtralraitoit 40 tohproeitie thdutéosssanprpiidme oaitpltt he
first exanpl.e. As iI.I ustrated.in FIG, 3,  the fi.rst and second
menory cel | B5tREARE CONERE! NS QSR ¢ Hb£IGh Ofethe WIdENEcEE?S RGmor y
device $Bl. and readlhg dtiatek, and second nenory cell blocks Ia and | b
i nclude mul tiple rI@_frmr\& ,%ell u 'kts 4. Ml ti plfe dat a co|ntrol I&nes 7 are
connected to each Jt€tWE lﬂﬂt\fﬁg a9ReMBRN dIS) | TAInFXeMp €y, a AvaltRgE: NG
transistor ijgsdi spesedi@ vacfvaits)y hanendnper there afhdrhe3@enory cthé unit
4 to select one of 4h% rrul%iB e\émsrmr% cell.  uniits_4 and copnect tge one
menory cel | fMEFMedigte ltage Wpess foriWEtig (aafQr xamapls, #iVRIEI8EL to
BL2n+1) . not less than 3 V and not more than 15 V. The intermediate

15 voltage Vread for read-out is, for example, a volitage not less

than 1 V and not-more than 9 V.

The data control line driver 2 is a switch circuit that
applies the voltages recited above to the control gates
described below of memory cells for which writing or reading is

20 necessary according to the output of the row decoder 3.

FIG. 3 is a schematic circuit diagram illustrating the
configuration of the semiconductor memory device of the first
example.

As illustrated in FIG. 3, the first and second memory cell

25 blocks 1a and 1b are provided in the semiconductor memory
device 511. |

The first and second memory cell blocks 1la and 1b
include multiple memory cell units 4. Multiple data control
lines 7 are connected to each of the multiple memory cell units

30 4.

A selection transistor is disposed at each of the end
portions of the memory cell unit 4 to select one of the multiple
memory cell units 4 and connect the one memory cell unit 4 to
a data transfer line BL (data transfer lines BL1 to BL2n+1).

35 The gate electrode of each of the selection transistors is
connected to a selection gate line 5 and a selection gate line 6,



35 The gate el ectrode of each of the selection transistors is connected to
a selection gate line 5 and a selection gate line 6, 21 respectively.

The data transfer lines BL extend in directions nutually orthogonal to the
data control lines 7 and are di sposed aRiprescri bed spacings in directions
nmutual |y orthogonal to the data control lines 7. The nenory cells MC
I ncl uded in the cell unit 4 are provided at intersections between
the data trdfSP&C N%‘K( BL and the data control lines 7. The witing,
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control 1 neHy m@mo}y(t@ﬂsq\qta control line 25 drivers 2a and 2b) that
drive the data control lines 7 are provided on the one e ds of the ﬂata

control lines 7 (ilRe, MRMPWYom&biUnitnds igvplwally Rravd @Qntarlgf‘gl itA8s w11
to Wilb and @i@teéuwwoﬂhé iRa Weatsree N\ﬁébBLC(lW@% %duwnfréetuwl)taﬁhe

menory cel | unlts 4. The data control |ines W
sel ection ga@l®ng nthe giredipmefedheo data o%Q%tr@énﬂ'rn@l 7| ﬁEhGrleeaX'éa and

the data congfralrigmes W AseWRBnRsY &) SEioek! 1100 BRYGAE N dILAsIe

connected to the dat'a control |ine driver the nultiple
msrmry 4ol | MAMOry GRI| avuks 4 arfa@e@ﬁ%%aa.leéét ithe )é@mﬂ@lgeﬁapéu in

FIG 3, the gagatgenseebnti Aefidryeicell block 1b includes other multiple
memory cell units 4 arranged along at least the Y axis direction.
Although two memory cell blocks (the first and second
memory cell blocks la and 1b) are provided in FIG. 3, the
20 invention is not limited thereto. The number of memory cell
blocks may be three or more. Because of the address decoding,
it is desirable for the-number of the memory cell blocks to be a
power-of-two integer. '
The data control line driver 2 (the data control line
25 drivers 2a and 2b) that drive the data control lines 7 are
provided on the one ends of the data control lines 7 (i.e., data
control lines WL, e.g., data control lines WL11 to WL1b and data
control lines WL21 to WL2b) connected to the multiple memory
cell units 4. The data control lines WL11 to WL1b and the
30 selection gate line 5 are connected to the data control line
driver 2a; and the data control lines WL21 to WL2b and the
selection gate line 5 are connected to the data control line
driver 2b.
For the multiple memory cell units 4 adjacent in the X
35 axis direction as illustrated in FIG. 3, the data control line driver
2 is subdivided into the two data control line drivers 2a and 2b



2 is subdivided into the two data control |ine drivers 2a and 2b 22
provided at the ends of the nenory cell blocks, respectively, for easier

di sposition of the data control line driver 2 and to match the skew between
the data control lines 7 of one nenory @@ | block (e.g., the first menory
cell block |a). The data control I|ne drlvers 2a and 2b are

connected to row addresg sel ct ion circuits aEE%C?k& reslgéactl vely. The
memory cel | PIAYIHSAaELBE € d"‘@(’i‘ﬂ@FY)ICQ“ 1ACSREGH V8| Yarfert he
nmenory cel | Seéé?e@cﬂ‘l@b@s‘?ﬂohoof ‘Eﬁedé‘é@a Céb”ﬁtrrgl Ii'rié“%ﬁ'n)@ﬁlz e dVEg tmemyh be

sel ect ed i ndependent ock. 10 8 he data control line driver
2 is divi deotl'\ﬁwtsdfecvﬁeg@%’ﬁeﬁomﬁ datq rf@fHFP é'r"heszg Mdong gremweyl eell and

ri ght of themq,rda(m(élgg | thhﬁrﬁeﬁ@m@ryo@emngggdl ?ove the data control
line driver 2 may be provided, for exanpl e, on either one of the right or

left sid®. 15In th@?lq%ﬁa FORSFQ! HBe dlﬁl‘tﬁﬂ% P8, anHe2beRER 1GUMEEES tPne 5

(a block selgnyi 8@1d|rb§§ seldation @fr@\’.l'ltgad_’:@taﬁﬂe 3Q5"‘d r@EP%%ﬁ?/éP y. tehaenory
cell units 4; and the selection gate |line 6 ection | ine SGL2)

s provi ded EMREY o @ls Pér;dconﬁ\qqtedséeoﬁwrea@mmrp dingsk Wh11i te
sel ection gapg i nnd the Phefordd ctieMEOBohhBerEAl) the Biardl 8ot one

end of each of t he mem)rgycell units 4; and the sel ection gate ine 6 (a

bl ock sel ectliR@s |W||+818t@ LB mawipgeaelactedeinsiergndantyrhy BOCGK:ti on gate
line 5 apd the Se'/@l‘}\rbﬁl@l‘g%é aéf@ Britr8| errféVU‘FlRFierpér@ bdided i grka

control Ilnes : Il ustrated In for easier view ng of
t he drawi ng, @Fﬂa GREHBPY |tﬂ§ Idrti\fﬁ”’ts £330 S @4 éh?r @%f%’ﬁdl fig8tef thee data

transfer |ingsBldgtia BhéniedtAptRiNadtd QISRFE %eeaat§peehtr+daahhé the

menory cell units 4 are connected to the data transfer |ine S|de
of either theriyereét My gieePBovidrd;sfeF example, O'Fhé"g}ﬁfsé’f‘eﬁnﬂl

Circuit 46- Lijghé-cr |&ftcpgeected to one end of the data transfer I|ne BL
Speci fically, the sense anplifier circuits 46-1, 46-2 are disposed

col I ect 1Del y on t k" $heefisstenemane el bioes 1, the sRlestiomeaterlingnes BL
TR s SIS s eprgfie e B g g drossen e
he memory cell units 4; and the selectlon gate line 6 (a block

selectlon line SG12) is provided at the other end. In the
second memory cell block 1b, the selection gate line 5 (a block

20 selection line SG21) is provided at one end of each of the
memory cell units 4; and the selection gate line 6 (a block
selection line SG22) is provided at the other end. The selection
gate line 5 and the selection gate line 6 are provided parallel to
the data control lines 7.

25 Although not illustrated in FIG. 3 for easier viewing of the
drawing, the memory cell unit 4 and the data transfer line BL
(the data transfer lines BL1 to BL2n) are connected to each
other. Specifically, the memory cell units 4 are connected to
the data transfer line BL on the side of either the selection gate

30 line5or6. _

The sense amplifier circuit 46-1, 46-2 is connected to one
end of the data transfer line BL. Specifically, the sense
amplifier circuits 46-1, 46-2 are disposed collectively on the
same side of the one ends of the data transfer lines BL instead

35 of being embedded in and between the memory cell biocks (the
first and second memory cell blocks 1a and 1b). In other



wor ds, the sem conductor nmenory device 511 includes nultiple first sense
anplifier circuits 46-1 provided on the side of the second nenory cel

bl ock I'b opposite to the first nenory cell block la and multiple second
sense anplifier circuits 46-2 5 provi de@3on the side of the second nenory
cell block I'b opposite to the first nenory cell block | a, where the one end

f h of th ltiple third t L3 dt h of th
mul tiple {1 4ordintBBARIIEoBAUELSE ARPETOD HeVise B Lli Uiy 0es iR one end
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sem conduct asadMyfy ey anddiple Flfﬁst4Bser$s@ sam@mterc eirdiuity evw6-1,
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25 dataptr apgEpcohhaets Bl pne ¢d>rhhétté’<ﬂet@fe@cl'ﬁ%ﬁ’l eumlﬂltﬁﬂenée@@naf t he
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Yy cells. | FI GS. 5A an
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view al ong l'ine B- 4B; and FI G a cross-secti onal v ew
d

along |ine ANRd df‘t@fC@nQﬁE:ts can beAsCQW%ttrﬁé? INn AN, SIFE Pfe thBnmory

cell unit 4 r'rfé?h@‘f‘?scé'l‘mﬁlblé'k% Eﬂ@DEMnCBH §h§/Fé<ﬂté1ﬁané@uMe@e| |15héﬁb5)ﬂ Mo) .
Here, 35 b is the nunber of ({}TJD b being an mteger not

| ess t hd® 2)the gatio of th erﬁ@nmm i nmﬂpgya BYHBIAET 1QE Ayb¥er | .

The mul ti pl etH@rﬁqém&e,J te|IYMmer eafBweaEREhded series; and one end of the
mul tiple nenory cel I\/C i's connected to the data transfﬁr line BL via a

sel ection transi StOL’G%I 4hnh@nd heB arg gchematic views illustrating the
configuration of the semiconductor memory device of the first

example. |

20 Namely, FIG. 4A is a circuit diagram illustrating the
circuit of the memory cell unit 4 of the semiconductor memory
device 511. FIG. 4B is a schematic plan view illustrating the
configuration of the memory cell unit 4 of the semiconductor
memory device 511. In FIG. 4B, only the structures below the

25 data transfer lines BL are illustrated for easier understanding of
the structures of the memory cells. |

FIGS. 5A and 5B are schematic cross-sectional views

illustrating the configuration of the semiconductor memory
device of the first example.

30 Namely, FIG. 5A is a cross-sectional view along line B-B’
of FIG. 4B; and FIG. 5B is a cross-sectional view along line A-A’
of FIG. 4B.

As illustrated in FIG. 4A, the memory cell unit 4 includes

multiple memory cells MC (the memory cells M1 to Mb). Here,

35 b is the number of the memory cells MC (b being an integer not
less than 2).



5 the multiple nenory cells MCis connected to a common source line SL via
a selection transistor S2. The transistors of the nultiple nenory
cells MC are forned on the sane well. Here, the nunber b of the nmenory
cells MC may be, for 10 exanple, 16, 324 34, 66, 68, 130, or 132. It is
desirable for the nunber b of the nenDry cells MCto be 2k, 2k+2, or 2k+4,
where k is an integer not |ess tngﬁ exanp t he cases

Col

erg the
horber of “the mendiE BareoRe sal Hesis @ ndnvaRiies smay 2el catnt "aher o
two or four rﬁ@WI@@héMQW%eﬂ@ BICE apeorbAfected in sehl%lsﬁganbeolbéoarkdl ndex
n, which is |nte er, ge Iessthan%J]I |Justrate %:Gt t he
control el ec,Q IFiRLE nBMNOMP¥el G IS 'I%Cé?rén%%qﬁfg Qdthe HRdat a
control i necsraM\LE.rér line\Bibyid espetddtiohytra?@lsorc gt r orhel etigioéqdbft he

selectiopn transistor Si is connec o, the bIo k selection line (referred
to as the bltg@xn%‘él IERIE; BHEMORY %@Sﬁh ISSEPNPGC %fjeth AoR@MINMEC rF?l pl e

menory cel |l |y S 4|@Iaogg|édwo;qlaﬁ—angr5¢a$f§2 l'ine BL and connect t he one of

the nenory cell u he datfot}hransfer l.i ne Tﬂe %CE”O'

el ectrode of the sé?%c’érq{?ws'ﬁ%rr%l% &Mt HHﬁné'E?@EIO'% ERESpI'bek are

sel ection | |ﬁ@¢n(é@f<ﬁf tRe ¢dmaswdlE bl ock selection line SGh2 or GSL).

I n ot her words, cell, unit LS a NAND ne Olt is

sufficient for ei nﬁ%rertnglaés'éVB'&@'th? Bgttehq iMENMOLY C& mht‘%'v&g 'Elaélvbﬁe O'n the

menory ¢l l exdiple, 116] SHesu agbe 68r 136, T g, onxméedésumsm@ fard 6 to

be extended |n t he nme direction as ata_control s_7 to.iLncrease
the density.th& ndim Irebcﬁg the Wpéﬁr%@ﬁj%ﬁ& t‘?htéergerm?g'*'gelqr ahlt 435 4

wi Il now be ggaapeikad dhtihtegeergocaess thdn 3B, FBk%xémpléncth@ GaseB. 25
where the number of the memory cells MC is 2%+2 or 2+4
correspond to the cases where two or four dummy word lines

15 are provided.

Using the block index n, which is an integer not less than
1, as illustrated in FIG. 3, the control electrodes of the memory
cells M1 to Mb are connected to the data control lines WLn1 to
WLnb, respectively.

20 The control electrode of the selectlon transistor Sl is
connected to the block selection line (referred to as the block
selection line SGnl or SSL) to select one of the multiple
memory cell units 4 along the data transfer line BL and connect
the one of the memory cell units 4 to the data transfer line BL.

25 The control electrode of the selection transistor S2 is
connected to the block selection line (referred to as the block
selection line SGn2 or GSL).

In other words, the memory cell unit 4 is a NAND
memory cell unit.

30 It is sufficient for either the selection gate line 5 or 6 to
be provided in the memory cell unit 4. It is desirable for the
selection gate lines 5 and 6 to be extended in the same
direction as the data control lines 7 to increase the density.

An example of the configuration of the memory cell unit

35 4 will now be described with reference to FIG. 4B, FIG. 5A, and
FIG. 5B.



As illustrated in FIG 4B, FIG 5A and FIG 5B, an n-type silicon region
122 is provided on a p-type silicon substrate 121; and a p-type silicon
region 123 is provided on the n-type silicon region 122. The p-type silicon
region 123 is divided into 5Snultiple re@sons by an el ement-separating
insulating film 124. A floating gate 126 I's provided on the p-type

silicon region 123 vi eli uI 1 In the

p-type silicon recﬁ%ﬁﬂ%@'alé? %Eg Jegr t'éligi %%ﬁha %gc&ﬂ:éhtwa?l onis
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nm (nanopeter)” to 20 nm The floafln ate 12 | ude, _for %&rexarrple

pol ysi | i eon;MARHPIREEOHPRR AVS 8ORIGTHE 8“39?5@“5&@ ating, fika 1

exanple, 10 nm-to £0foRfing gate A26onsr Progpded1dh 'tﬁeor[SJ%'y‘E)@ aNcbhe
floating gate 126 VI a an inter-| Zﬁ/er insulating film 150. The inter-I|ayer
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Si hoconn@élt@mrfellirﬁr@; g’t’aﬁat Mﬂétfng Iy 14h 1825%@9%@%@6 fblrl é&ﬁrﬁé @<

m
m silicon oxjde st ac eg a silicon oxide film
msilicord &H'@@nf‘w{ae 41153 pcsiicon @(WW'FWeaﬂHnH@r & REICOR "t'ﬁ”@@ness

of the 'nterﬁﬂrﬁ)"%fr a@tﬁkk@dnﬂlrﬁ' el d&thganebsanior %@Tﬂhﬁ}kn?es@bf@héo nm
The control gate 1 include, for example, polysilicon, (tungsten

silicide), dagnel ¢@Ba9@¥%|‘ln|5@||@@5‘9 i 129 maycibs, fon iexamap] ea ktHBked
filmof tungg{fiomutepy! dl0 BeR. amé tfit?aﬂlhpegaﬂ'é‘eﬂé“rﬁ%@eﬁclgfdet hyr

control gate 127 may be, for exanp control gate 127
is a gat1 i 2% hBe ROlYS ﬂ%ﬁbo@d‘i%éhﬁo‘:rﬂ'ﬁ@n@éﬁaoﬁéhﬁrﬂpat'ﬂgagﬂ tenyZbhe

sel ection gaifyy beesop &kdnfplel HEhrAtRAson Rk 3. 351t is desirable to
provi de the el ement-separatin
A control gage 127 is provided on the floating gate 126
via an inter-layer insulating film 150.
The inter-layer insulating film 150 may include a stacked
20 film of a silicon oxide film/silicon nitride film/silicon oxide film, a
stacked film of a silicon nitride film/silicon oxide film/silicon
nitride fiim/silicon oxide film/silicon nitride film, a stacked film
of a silicon oxide film/AlOx film/silicon oxide film, a stacked film
of a silicon oxide film/HfAIO, film/silicon oxide fiim, a stacked
25 film of a silicon oxide film/HfO, film/silicon oxide film, a silicon
oxide film, and the like. The thickness of the inter-layer
insulating film 150 may be, for example, 2 nm to 30 nm.
The control gate 127 may include, for example,
polysilicon, WSi (tungsten silicide), CoSi (cobalt silicide), NiSi
30 (nickel silicide), a stacked film of tungsten and polysilicon, and
the like. The thickness of the control gate 127 may be, for
example, 10 nm to 500 nm. The control gate 127 is a gate
interconnect corresponding to the data control line 7 and the
selection gate lines 5 and 6 illustrated in FIG. 3.
35 It is desirable to provide the element-separating
insulating film 124 up to the position of the floating gate 126 of
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fil
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insulating film2124 up to the position of the floating gate 126 of - 26 each
of the elenents as illustrated in FIG 5A to increase the coupling ratio
between the floating gate 126 and the control gate 127. As illustrated in
FIG 4B, the control gates 127 are 5 comé&cted to each other between

adj acent nmenory cell units 4 to be continuous in the Y axis direction to

t he boundari es_of the nenor el | bl pc he fir ry cell blo | a) .
A'Si doval 1 1SRTH 0F ﬁ@ef BlGBNES; @Spu&ﬁl&d’étegnmt 16 B §gdlqg@ﬁ5@n%6?de
faces of thecoapkng! estibotetwddre tHeoatibatingalgate28 26 and the eentroll gate
127). The sidewal | jnsulating film 143 may include, for exanple, a silicon

nitride filmM®€ 4% 1icon oxide film and the thickness of the sidewal |
insulating film 148s mayudteatédr iexX®IH.e 4B, nthd oc@Rtrdimgaiesn-1¥Peare

di ffusion | ayer 128 rmng, source/drain 15 e] ectrodes i's proyided in the
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ayer : e floati at e , . d e contr ate orma floating
gate nonvol amqrﬂoﬁﬁﬁégﬂbg@%‘él(ljf%?r% -g’iqﬁn_ory-cel? blgﬁk %@f-l stores digital -
?iht i Eforrr}at ! Otn bmséi]@reivm?l_lﬁn%@?ﬂﬂ?izgilﬁﬁ]&g%ﬁ%t Brévlrt[@dj'@ﬂtmr)@rﬁlxifsrom

e channel into the f|oating gate Vi e.tun | ate insu i ng
[1m 195t 0 FBERHEMSIRAFAEES OTakie Sota RSt aeRs e IORERG ke habl o 25
is readipy ngrguthagdcenemiideetana® ohangsofsitBodYPSnEliacises iRy 143t he
char ge anount. ate length qf the _float% gate 126 (the width

-hescont . .
of the floatMay REWIEEAMerRINGG S1UEPRAIKTAR 8.3 SHICQRAWAE  not

less than O.Qfmprafdl HOMRICkResasF BRE SRiesvalNansi&tipg i3t e mbype
di ffusion | ayer 128 forg] ng_t he souréz)ﬁldraln regions i1s-doped wth, for

exanpl e, at PRader &X@MRI®cPAM B YRJ¥Phor us, arsenic, and antinony with

a surface concent [ Ahi Of-tyipel OBTFToRTG L 9a§@71 128 3.foFhArRENLBUPLe)draIA-yPe

diffusign layer 128 is, for example, 10 nmto 500 nm 35The_n-type

di f f usi éR | & '@rCt@geﬁslssﬁﬁ@\éﬂfﬁqadm%eﬁmtype silicon region 123 on both
sides of the gate electrodes (the floating gate 126 and the
control gate 127).

The n-type diffusion layer 128, the floating gate 126, and
the control gate 127 form a floating gate nonvolatile EEPROM

20 cell transistor.

The cell stores digital bit information by storing a charge
injected as a tunneling current from the channel into the
floating gate 126 via the tunneling gate insulating film 125 to
form a nonvolatile semiconductor memory in which information

25 is read by measuring a conductance change of the MOSFET
according to the charge amount.

The gate length of the floating gate 126 (the width of the
floating gate 126 in the X axis direction) may be, for example,
not less than 0.01 pm (micrometers) and not more than 0.5 um.

30 The n-type diffusion layer 128 forming the source/drain regions
is doped with, for example, at least one selected from
phosphorus, arsenic, and antimony with a surface concentration
of 10" em™ to 10?' cm™. The depth of the n-type diffusion
tayer 128 is, for example, 10 nm to 500 nm.

35 The n-type diffusion layer 128 is shared by adjacent
memory cells MC to realize a NAND connection.



menory cells MCto realize a NAND connection. 27 Thus, the nenory
cell MC (i.e., each of the nultiple nenory cells MCincluded in, e.g., the
multiple first cell units), includes: a sem conductor |ayer of the second
conductivity type (e.g., the p-type silR@on region 123) including the first
diffusion 5 region of the first conductivity type and the second diffusion

region of the fir conquctivity type (it n;type dif.fusj | ayer 28); a
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of the nemorpagel indirdend famy deasglle! 0a f@lﬁaO%@”@t_@ragét |lbges tdfara®. 02 pm
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line BL) viacgnseptarritolIPeare|@ctibncaatactiné3gdanthaheaise|&caonf gatei ne
136 may include, for exanple, Cu, . . .
line 5 (the block selection lines) illustrated in FIG. 3. The gate
electrode 127ss. and the gate electrode 127gs. are in the same
layer as the control gate 127.

20 The resistance may be reduced in the portions of the
gate electrode 127ss. and the gate electrode 127gs. by omitting
the inter-layer insulating film 150 to connect the floating gate
126 to the gate electrode 127ss. and connect the floating gate
126 to the gate electrode 127¢s..

25 The gate lengths of the gate electrode 12755 and the
gate electrode 127gs. are longer than the gate length of the
gate electrode of the memory cell MC and may be set to, for
example, not less than 0.02 ym and not more than 1 pm.
Thereby, a large ON/OFF ratio between when the block is

30 selected and when the block is unselected can be ensured; and
malfunctions for programming and reading can be prevented.

A data transfer line side diffusion layer 1284, i.e., one of
the'n-type diffusion layers 128, is connected to a data transfer
line 136 (the data transfer line BL) via a contact 139 and a
35 contact 1304.

The data transfer line 136 may include, for example, Cu,



28 tungsten, tungsten suicide, alumnum etc. The contact 139 is a
contact between the data transfer |ine 136 and an internedi ate interconnect
| ayer 133d; and the contact 130d is a contact between the internediate

i nterconnect 5 layer 133d and the diffugi8on | ayer 128d connected to the
data transfer |ine Al t hough the internedi ate interconnect |ayer 133d

may be omtted fromthe ¢ nnecIjoa fr?m t.he dat?g transfer line 136 to the
n-type diffJUNEPERydH en ARIGHGHEIUBINWRA&EEt ve 10 |ayers can be

Eg%ent gd fromi nwm@%dmté?t QBQ/iisiiawgcdﬂn@dtnlbetm@rggtgei et ac oravesfer| ?yeL
and using the_ internedjate interconnect |ayer ‘portion of the
dat a transféf%’iﬁ@%?‘au?r‘nﬂ‘ me @Gedé%tﬁricﬁé‘(ﬁy%gl .e"A61 sc8Ni fHResi de
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connected to_an internedia i nterconnect | a or m t cgomon
cource. | ne 1ayesi A33ecancachier SHELSHRL Tayrioh Ba sonngeted G0 e° et

el ectrical | wrapafectlig@é bet ween adj acent nenory cell blocks in the X axis
direction (e.g., t first .and.second ry.cell Dblocks |a 201 b) .-

The n-type. di {7 usiAEnougE: B IRESTBRdIREF | HtEReORBERGARY e duokin MY acent
nmenory cell théapdestteldontrinhehe consectibactiom the Riatasethrisfer 90gr 86l i ne
(the common soyrce line SL)... 25The, conta recited above (the contact 139,

e it Fe. d

the contact %3 dHdYPre TEMSIRD 1R uREMBer A HRIAUCHYEy pe or
pEtyp$hdgpedta|sy@ltrysiddrpOBe tpk:@ﬂﬁétrﬁt!éd ltﬂ"wﬁt qntcséééWigiebyQpro%!idih@ Ntﬂ@ ,
etc. e contac nay. e .an elecliri c coO or regjon n wni c SucC
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A source line side diffusion layer 128, i.e., one of the

15 n-type diffusion layers 128, is connected to an intermediate
interconnect layer 133 forming the common source line SL via a
contact 130;. The common source line SL may be electrically
connected between adjacent memory cell blocks in the X axis
direction (e.g., the first and second memory cell blocks 1a and

20 1b).

The n-type diffusion layer 128 may extend to the
boundary between adjacent memory cell blocks along the Y axis
direction to be used as a source line (the common source line
SL).

25 The contacts recited above (the contact 139, the contact
1304, and the contact 130s) may include, for example, n-type or
p-type doped polysilicon, tungsten, tungsten silicide, Cu, Al, TiN,
Ti, etc. The contact may be an electrical conductor region in
which such materials are filled into a contact hole.

30 The intermediate interconnect layer 1334 and the
intermediate interconnect layer 133 may include, for exampie,
n-type or p-type doped polysilicon, tungsten, tungsten silicide,
Cu, Al, TiN, Ti, etc.

The data transfer line 136 may be provided continuously

35 in the X axis direction to be connected between adjacent
memory cell blocks (e.g., the first and second memory cell



The data transfer line 136 nmay be provided continuously 35 in the X axis
direction to be connected between adjacent nenory cell blocks (e.g., the
first and second nenory cell 29 blocks la and Ib). As illustrated
in- FIG 4B, either a source line conta@d SLC or a data transfer line
contact BLC is forned between the nenory cell units 4 adjacent in the X

axis di rectl irable for the source line contact SLC and t he
dat a transfet?BH( 1%0?6%2’1%5)&0 to be shared between the nenory cell units 4

adj acent in the XAxiiBudinadedi ionFIG.r4Bucathde asaotiace Iizneacq:rftatdheSLC
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FIG 7B is a cross; Al %tulg '8 not |ﬁus€ra(%e arr]1e |I?1tgrcc9rfmec1§i made of, for
example, tungsten, tungsten silicide, aluminum, etc., formed in

15 the same direction as the data control line WL is provided above
the data transfer line 136 on an inter-layer insulating film 137
made of, for example, SiO, or SiN.

FIG. 6 is a schematic plan view illustrating the
configuration of the semiconductor memory device of the first

20 example.

Namely, FIG. 6 illustrates the configuration of the data
transfer line rerouting unit 100 provided in the semiconductor
memory device 511 of the first example.

FIG. 7 is a schematic cross-sectional view illustrating the

25 configuration of the semiconductor memory device of the first
example.

Namely, FIG. 7A is a cross-sectional view along line A-A’
of FIG. 6; and FIG. 7B is a cross-sectional view along line B-B’
of FIG. 6.

30 As illustrated in FIG. 6, FIG. 7A, and FIG. 7B, a first
reroute interconnect 233, a second reroute interconnect 227, a
first reroute contact 239, and a second reroute contact 230 are
provided in the data transfer line rerouting unit 100.

The first reroute interconnect 233 may include, for

35 example, the same material as the intermediate interconnect
fayers 133 and 133, described above; and the first reroute




30As illustrated in FIG 6, FIG 7A, and FIG 7B, a first reroute

I nterconnect 233, a second reroute interconnect 227, a first reroute
contact 239, and a second reroute contact 230 are provided in the data
transfer line rerouting unit 100. The fBOst reroute interconnect 233 may

i ncl ude, for 35 exanple, the same material as the internedi ate interconnect

| 133 133d de: d ab d the f te_ 30 int t
23515 an i ARGREHTRS: 91 e SAmi ieanneth kB PR cont deYernelr Bifinec:
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b Ty Snonedl. R SR ehe: s pternasEl A St T o et ESt oy,
and the 10 &@@-@uderﬁft@mt@nn@terngnmbyZa?clu&ieamuwgﬁeewonaexgtA| nAitla, sane

| ayer as the control sec rerout i_nt erconnect 227 haV|ng
such a conf i&& rraE‘iaé!hn F" gh'tck‘ 8251%1@"‘8ft°t 0048 transfer lines in

the Y axis direct ITCHE second rerouEléhe|ﬁteréénh@t@uzQWQﬂb@ctma&me for
electrically conm? ztthe 15 dat nsfe I|ne é’(g thﬁ f7|rst oute
i nt er connect€¥ABPIgndhE S8Mee 'Q:oﬁ"lsa e rgen ogﬁ‘ﬁ? é fro@ﬁgd ?or

exanpl e10by ddddridFeroae@dHesoEn NREEA S i rﬁr«p iAtéFedhedt GA tfheb@éhh@f
met al such osed t her ebet ween

The second ﬁ@b’gg!{\l@g gt%érgw@}sg%qeeéﬁrz caﬁ‘ %‘H‘h@@tréer%ezmtﬁrf:gfmﬁéiﬁoute
i nt er connect2 233huQind1es s&@¢oadcHRfigulration realizes the rerouting of the
data transfer lines in the Y axis direction.

The first reroute contact 239 electrically connects the

15 data transfer line 136 to the first reroute interconnect 233.
The first reroute contact 239 also may be formed, for example,
by filling a conductive material into a trench with a barrier
metal such as TaN, TiN, TaW, Ti, etc., interposed therebetween.

The second reroute contact 230 electrically connects the

20 first reroute interconnect 233 to the second reroute
interconnect 227.

The data transfer line 136 also may be formed, for
example, by filling a conductive material into a trench with a
barrier metal such as TaN, TIiN, TaWw, Ti, etc., interposed

25 therebetween.

For easier understanding of the drawing in FIG. 6, the
dispositions in the X-Y plane are illustrated for the data transfer
line 136, the first reroute interconnect 233, the second reroute
interconnect 227, the first reroute contact 239, and the second

30 reroute contact 230. _

Thus, the interconnect rerouting unit (the data transfer
line rerouting unit 100) includes the first reroute interconnect
layer (e.g., the intermediate interconnect layers 133 and 1334,
the first reroute interconnect 233, etc.). The distance along

35 the third direction (Z axis direction) between the first reroute
interconnect layer and the semiconductor layer (e.g., the p-type



I nt erconnect 227. The data transfer line 136 also nay be forned, for

exanple, by filling a conductive material into a trench with a barrier

metal such as TaN, TIN, TaW Ti, etc., interposed 25 therebetween.

For easi er understanding of the drawi ng3in FIG 6, the dispositions in the

X-Y plane are illustrated for the data transfer line 136, the first reroute

I nt erconnect_.233, the se reroute intercopnect. 227, the first reroute
contact 239,5! ﬂghtrﬁ@'ggcigﬁ%@ Q&f%{%t Wag@eélé_%ance Qloﬂﬂjgﬁetmrg
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silicon subs e s the reference e hei 0Q irst reroute
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hi gher 1ban wbeds othehdistemideolalgagetd@ thitd @itrdetiol) betivesen titre dirstance
along the third direction between the first reroute interconnect |ayer and
the seni cond&EPYEe| k&G cpangct f@]\éerp-":l%ea?ﬁI$%%C9@6P6ﬁ°ﬁ2|@)yelrs (8r@ht/| er
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(hird di r ecten tUCHEAREEHEN: BRINFETHATE 105t oMby REnOERt conduend: thayer
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semiconductor layer.
The interconnect rerouting unit (the data transfer line
‘rerouting unit 100) may include the second reroute interconnect
layer (e.g., the second reroute interconnect 227). The second
20 reroute interconnect layer is an interconnect in the same layer
as the control gate 127. In other words, the distance along the
third direction between the second reroute interconnect layer
and the semiconductor layer (e.g., the p-type silicon region
123) is substantially equal to the distance along the third
25 direction between the control gate 127 and the semiconductor
layer. One of the multiple third interconnects LL3 is electrically
connected to one of the multiple second interconnects LL2 via
the second reroute interconnect layer.
The interconnect rerouting unit may further include
30 multiple first reroute interconnect layers. The distance along
the third direction between each of the multiple first reroute
interconnect layers and the semiconductor layer is smaller than
the distance along the third direction between the first
interconnect LL1 and the semiconductor layer and greater than
35 the distance along the third direction between the control gate
127 and the semiconductor layer. One of the multiple fourth



20 reroute interconnect layer is an interconnect in the sane |ayer as the
control gate 127. In other words, the distance along the third direction
bet ween the second reroute interconnect |ayer and the sem conductor |ayer
(e.g., the p-type silicon region 123) iS82substantially equal to the
di stance along the third 25 direction between the control gate 127 and the
sem conductar | aye e third interconne LL3
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mul tiple firsiSt dicgOUEec SRUALS 23P 2 8&%@11%3'?\9 EORRESES ORe op tﬁ'@e
mul tiple fi rmtultmu@rftpmnmﬁe&cbhhetc@stbmoufbetﬁfe ohe &l tHelpultipfd firat

reroute;];énterconnect ayers recited above the first reroute

i nt er cohRectSIoMte BIErEPNDREL HAVErDIrecs @@q\@ 6Gt9> 81 dbsE resgute
el ectrical | interd@shece2B3).heor@f of RaeTdikipie ééééﬁd rr%rreuﬂté dovgicggnnect

| ayers to thf%éecond reroute i nterconnect |ayer (e he second reroute
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of the first reroute interconnect |ayers. 30The data transfer |line 136

extends fromthe fihgfepngone of the ‘multiple fourth interconnects LL4 is

electrically connected to one of the multiple first interconnects

25 LL1 via one of the first reroute interconnect layers. Also, one

of the multiple third interconnects LL3 is electrically connected

to one of the multiple second interconnects LL2 via the second

reroute interconnect layer and one other of the first reroute
interconnect layers.

30 The data transfer line 136 extends from the first and

second memory cell blocks 1a and 1b into the region of the data

transfer line rerouting unit 100, The data transfer line 136

includes  the low Tresistance interconnect L1 and the high

resistance interconnect L2 alternately adjacent in the Y axis

35 direction. Although a pitch py of the data transfer line 136 is

the same for the low resistance interconnect L1 and the high



second nmenory cell blocks la and Ib into the region of the data transfer

line rerouting unit 100. The data transfer line 136 includes the |ow

resi stance interconnect Li and the high resistance interconnect L2

alternately adjacent in the Y axis 35diB88&ction. Al though a pitch py of the

data transfer line 136 is the sane for the | ow resistance interconnect Li
negt L2, .the hs .of the .l

and the high 33 resistance interc . | w
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As descri bed, bel ow, the data trﬁnsfgr line 136 is forned by si dewal |

patterni ng. TR ToANHLPLMAER thAMePOoRAkct Li of the data transfer Iines

136 extendi ng fronrhddidstrrdrotrepcyntstts 23 bhogtudldy iFdedmeirsane Yi ne of
ext ensi B in the X axis di refctlon aiﬂt e | ow resi E% ce I ntercgonnpect Li of
i

j h .
the dat &2t r P ITECHOD 258 TOMRRd: Agr&Xxample, ¥ SréRHNG UNIMEMBck | b.

Simlarly, thiechi g asetisidrnectiaisFeeameat3d.2 of the data transfer lines
136 extending fro |, block la is on the 30 sane |ine of

the first nmenory cell, :
extension in the %%&ﬁ"'és%li &6 Bﬁpé§ PhdNEHPNNRGS COREECUAR IRINRERE L2 of
the data tragaf aisdd nigs thad dadeendangrér dmé heargradmd wRMPryogeld tHigck I b.
It is possible tg ensure ar stration margjn of the data transfer |ine
136 and the 39?%‘?‘9@@0’%@%5%&%@5 3 tegtes %S &?t%@'@ﬁ‘ﬁ rei'n@héﬁe’t ae
spaci ng2pet wern ddte €rirsferanabsr 1868651386, ighd he38enEseapldndihecko
the three types of interconnect connection patterns.
As described below, the data transfer line 136 is formed
by sidewall patterning. The low resistance interconnect L1 of
- the data transfer lines 136 extending from the first memory cell
25 block 1la is on the same line of extension in the X axis direction
as the low resistance interconnect L1 of the data transfer lines
136 extending from the second memory cell block 1b. Similarly,
the high resistance interconnect L2 of the data transfer lines
136 extending from the first memory cell block 1a is on the
30 same line of extension in the X axis direction as the high
resistance interconnect L2 of the data transfer lines 136
extending from the second memory cell block 1b.
It is possibie to ensure a registration margin of the data
transfer line 136 and the first reroute contact 239 equal to or
35 greater than the spacing between the data transfer lines 136 in
the memory cell block.



34 As illustrated in FIG 6, the widths of the first reroute

i nterconnect 233 and the second reroute interconnect 227 can be rel axed to,
for exanple, at least twice the wwdth of the data transfer |ine 136.
Thereby, |ithography having a | ow resol 88ion 5 of |ower cost than that of
the data transfer line 136 can be used; and the data transfer |ine
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100 can be n@éY?rFHSF e Y axis 20 direction simlarly to the
first and second rmgmnwsteéte@l pekpIGa andthé. diameter roft hedag@cdri@nst er

i ne reroutln un|t 10 ni mu th of the first rerout

i nterconnectr 9yte ﬁ@ngﬁ’ﬁt W %e gp%e@ﬁaﬂh% & At ! eraesrtoﬁtg times

| nt er coppectthaA3df the Zaski ﬁemunnem e mtadt tBH secpRdokREPUNDIIRL etig@nnect
bet ween the second _reroute |nter onne 227

227, and the,m ni pfum
can be ensur%’@r@%t%r 0?5?‘&5 FeRderergute £ARtAFHZSGMaNcbaAk Qa%nif r line

136 and the Rre rBebaiaeRterhef ctﬁeafTrgan@‘remél B8AtdEH-2 39 Tha HEredy
transfer Ilr]e rerouting unit 100 can be fornmed ysing the interc nect’
|

component s i HOQHEP M NRENG Bsiownfeseliien nefdpyereicost HR&R thatafl 1 o

and can_ be f@féf?ﬁsWrEF@Uteft%ﬁa@t@E\QRfﬁQﬁeS%%ed and the ddtzotRRisfeprds,
the m nipum i nterconnect pitch necessary in the data transfer |ine

rerouti hg urigroHsNg $niRd Gy tC@Fﬂ ¢ Grmogd ‘ﬁﬂi:tha QWERIQStSHi ne 136. The
mninumw dth of It ijs unnecessary to bend the data transfer line 136 in

the X-Y plane in the data transfer rerouting unit 100; and the
data transfer line 136 in the region of the data transfer
rerouting unit 100 can be disposed densely in the Y axis

20 direction similarly to the first and second memory cell blocks 1a
and 1b.

In the data transfer line rerouting unit 100, the minimum
width of the first reroute interconnect 233, the minimum
spacing between the first reroute interconnects 233, the

25 minimum width of the second reroute interconnect 227, and the
minimum spacing between the second reroute interconnects
227 can be ensured equal to or greater than the width of the
data transfer line 136 and the spacing between the data
transfer lines 136.

30 The data transfer line rerouting unit 100 can be formed
using the interconnect components included in the first and
second memory cell blocks 1a and 1b and can be formed
without adding new processes.

In other words, the minimum interconnect pitch

35 necessary in the data transfer line rerouting unit 100 is the
pitch py of the data transfer line 136. The minimum width of



35 the contact and the m ninmumw dth of the spacing between the contacts
are the width of the first reroute contact 239 directly connected to the
data transfer line 136. Such val ues are val ues of the di nensions necessary
in the processes formng 5 the structur@bB conponents included in the first
and second nenory cell blocks [a and | Db; and It is unnecessary to form

cont acts s Ier t of conventi on art..or fine interconnegts.
otordi not v the EabBSG RS 08 GRS ikt 3 e sndtinal hERTERR°ERE
con?/_ent ijonalccﬁrrtecte amenghessddyh a@hdhehfirdOdesoued centadt 23 cairdetly
real i zed.

I.n other r first rero contact 239 can

forned, for %ﬁﬁt@dov&q hthq’regégﬁrep rr‘r%f’ H’Eeaggghe %‘n‘flacf@?‘é%ﬁngﬁl ng
the data trangfies brnewé%imentsrmmcessew sin emré tmec%ses ferming
cont act 39 an t]:e formed w thout re 1F (iont act i "l&{ |nt er onnect
br ocesse stryrEleRl; £APRRIEINS! (IREREREL T 4RGnTIS
specific eX&ﬁE'nﬁorWCdeJdQﬂoc&B nat endorlrtectaridmensl mn\romcrdsstamy d@ta;rtmansfer
lines 136 are rﬂ:@ocxl ded t extend; t Iayers t |nt - connect
| ayer (the 94 ?r oﬁ,ﬁ"@ et eﬁ'&%rn eti“\% )Ofanﬁo'iﬁepﬁ'@r@eco?r% i er ¢Bnect
| ayer (the gpeercbrimectd.e lAt:eoe@ma;ry; Aedg r@pnyl dedlving | &yeesoflitiber ent

nes 136 m_ninum | nt eEconnect

f t hat of_.the dat
width at | ed¥8NER @aaphiﬁaﬁfOf@%%tipnaﬁsm T, HBnesBsSaryr raRdr it act
(the fingt resgibed reedildiig 239 b@e&@mze@al y connecti ng the data 25 transfer

line 136 to the first |nterconnect ay and the sec C act (the
second reroute corflacdt hﬁO)WQB‘nﬁectﬂ%gF'f% HErPYLe; O Hnggig rPfo the

second i nt erfeepneg} fbﬁreeramMer W|thetlwa-;eeendecmmnentsrdnéreseenercbmta@gt e
contact 230) has % di a&g%e Ieaft ggs th?gq of the fir t contact
(the first r@Yife!RE tta Byyster ifie' 1 FP1HG MEEPMHH CEy 'ér #Ndt he
dat a transfetrhel | fiestl 3erexitendidrtalctom3decanc il ferraed oglthdutoakoké side
nnected to the ,data transfer line 136 positioned one line

is el eca i cal
to the Bgmcqarﬁta&eorqu%%sea%wt%@qqn%@ PrPSeSses. 35ror exanpl e, the

data transfer |inerH@6atn tiARsracHn® FereLYimkelunibl PG6 6P tﬁ'l@'espécmc
electrically connect ed to, the data A 36 transfer l'ine 1365@3? the fi rst
a

menory cel | $fYEP!Fa18F Qﬁa ?Re IRfGIGONNEHutI@ Y&t ActW Het fatai r st
reroute intefrgPBREEYiMX3.136 are provided to extend; two layers, i.e., the

first interconnect layer (the first reroute interconnect 233) and
20 the second interconnect layer (the second reroute interconnect
227), provided in layers different from that of the data transfer
lines 136 and having a minimum- interconnect width at least
twice that of the data transfer line 136;' the first contact (the
first reroute contact 239) selectively connecting the data
25 transfer line 136 to the first interconnect layer; and the second
contact (the second reroute contact 230) connecting the first
interconnect layer to the second interconnect layer, where the
second contact (the second reroute contact 230) has a diameter
at least 1.2 times that of the first contact (the first reroute
30 contact 239).

As iliustrated in FIG. 6, the data transfer line 136
extending from the second memory cell block 1b side is
electrically connected to the data transfer line 136 positioned
one line to the right on the first memory cell block 1a side.

35 For example, the data transfer line 136a on the second
memory cell block 1b side is electrically connected to the data



The data transfer line 136b on the second nenory cell block Ib side is
electrically connected to the data transfer line 5 136¢c on the first
menory cell block la side via the first reroute contact 239, the first
reroute interconnect 233, and the secon@6reroute interconnect 227.

The data transfer Iine 136¢ on the second nenory cell block Ib side is

electricall con he dat a tr nsfer lLine on_ the f|r

nenory cel I hfBe L{ngi 513%’ QN tmreem&']Yec%B%ﬁ‘aﬁg %E?'Qﬁd‘“lanth?l rst
reroute int éfr@@ﬂ@@hté&ﬂ)ntact 239Ba'ndtmha alrsem‘ér@ut@t|n@ércdme@latz@3t ransfer
lines 136 of the r st ai@nd secog II”LE ry. éell ocks la and | b di sgoaed at
nutual Iy di agonal B8543 hdranstele Rey 136k 0r %eseeq r MENPYY

fconnect ed tcbl@@Rhlbt Siefe is e|ectnléelanv?éogwe@te@ntcaltﬁ@ U%t@oﬁifar’@f@rbIYnelSl 39,
or exa e config ion illus ore
around the )@iaé §rhlt£‘§c€r%nm%mq{81u5ﬁ fhg) EQ F%yﬂ%r}g\q first I%OHﬁgposed
at mutually Co?Qa@ltall998|th|@061r§t ¢é$out1et|h<te?‘cdnlﬁé@ﬂ@353 Latldeehei satdivd
connected to eac g one |line al ong the Y axis direction in

this speC|f|r@r8k‘g?rﬂP erq ??ﬁ/é i'on is not linited thereto. In other
words, it is sufflw@rUatfa)rtrahgférOereesw@@n@ﬁ tHe eseecyi@Cindrno@f, tép first

menory cell hl ock I al |y connected the 25 high resistance

i nt er connect? Qﬁﬁoib @Des o% E@ ﬁ éplneﬁlt% ktQ tﬂ‘@n a&@r tRANSTRI ghine

r|eSI tst angleI 1B 64 comnaet Pk@tt oheieryf t:é$lt Pmmma t_e,ﬁié vbéqﬁ@ :flﬁfst]fre?ﬁute g

electrically o 0 resi st ance intercqn 0 e secon

nmenory cel | Clﬂ'%@lg% ﬁg déggmldrg Uk AL CanRy Egge 136 of the first

|30 negggy fcellh | @k éa@chima/ &enf geﬁf"‘ﬁﬁl tMeCQB@ﬁC$r?¢1§férthﬁcdagalé6t roans]{er

i ne 0 e_second, nenor oc S in nunper o

li nes al ong h?ef'v Shand cﬁer%{q SAEMArY rféeng)é@aS? &fh‘g E‘a ‘i‘tslp@r? aterout e

to an odd nunRenadly Hié’@énéf i68N8r i SU¥NpRfné NiZe Be naséctrityByl | nes,
s sufficie exanple, to repeat the rerouting of one |ine

etc.
three tiﬁes qu?%cqe‘lcﬂé@ e%qi& Otﬁ*ﬁé-r efore, the data transfer line rerouting

unit 100 37 can U—E é@@flgé?étl‘d'ntfalébe@af@ssﬂb[@%yOusirfg)’,eWéraéﬁaWﬁlesa”E
nunmber of contact Eaéers as the sem conduct nenory device 511

exanpl e, adj®& i FRPHEEraHeNeiHUSErated £in SEIGer%ulaé‘q n'fEGcoﬁné’BterB@,dand
the second rf&IHE thet Xr&RRNerectidh.

Although the data transfer lines 136 disposed at mutually

20 diagonal positions in the X-Y plane are electrically connected to

each other by shifting one line along the Y axis direction in this

specific example, the invention is not limited thereto. In other

wbrds, it is sufficient for the low resistance interconnect L1 of

the first memory cell block 1a to be electrically connected to the

25 high resistance interconnect L2 of the second memory cell block

1b and for the high resistance interconnect L2 of the first

memory cell block la to be electrically connected to the low
resistance interconnect L1 of the second memory cell block 1b.

For example, the data transfer line 136 of the first

30 memory cell block 1a may be electrically connected to the data

transfer line 136 of the second memory cell block 1b by shifting

an odd number of lines along the Y axis direction. In the case

of a configuration to reroute to an odd number of lines of three

or more such as three lines, five lines, etc., it is sufficient, for

35 example, to repeat the rerouting of one line three times, five

times, etc. Therefore, the data transfer line rerouting unit 100



5 Here, the nunber of the data transfer lines 136 increases according to
the nunber of lines shifted during the rerouting. Therefore, the increase
of the nunber of the data transfer |ines 136 can be kept to a m ni num by
using a reroute configuration that shif83 one line as in the sem conductor
menory devi ce 511 10 and an increase of the surface area of the

TThe e out 1A B realsedaiv P SaRE ALFDer aflavery mlf il SRR an
teﬁteegirlfl:u;slt Mb{ewpoi;o:?ggztdhaw@m asgtuhce; sammmﬁueuft;ort onextbry devc:]mt and
| ine rerout |§£1m1 (1'6(?)?%@ star(ﬁ(l:'ls etﬂﬂew[?aé fd&ﬁg EF%E]‘&E'E&UE% nes

136 are el edhtécadnryecolisctand tiye@emurrd cefo&tmdimtﬁmomrve(tﬁmﬂv.um ng a

' d b her ef I d fl f
The | nt evconnect s et PRTDRR 0 ERGCaer ST ng8 chaRbe ef8eor t age

bet ween t he adﬁcﬁmagnmtﬁ]eswumedweb\ﬂennepthte@ @mdn@eghe verocnhageby it
i's posmble.liﬁ) e';_‘Cfansm t he otsent gb L Edat tra se‘er %e 1|36e£)etween
the first an Gh8 I%W'&F@@IIeB I?sluénﬁ e Jata S G
potential chep@easammk kKeptcty raenmmhﬁmebyoﬁs&@ raeréacmte rcmﬁ‘fga.urdtim 136
small. In tk@]aj:er?jgonduct@ mem)ry device 511 % e. nunber
of the nenor SHELHBNEUNERY 1D W%éeﬂ%'ﬁew%%f)r 'Ur%”E‘OEY&g?‘Hﬁ& 8 to the
first megoryars@! brblipckebset @fbeh@bﬁhﬁatealdryeaeq@tal tHe® thenicomdkrctof the
menory cells_MC 30 n the nmenory cell unit 4 belonging to the

i ncl.uded
second rrermr'?]'e@éprytd"%\eﬁel%an e ?EHH"E&E%Q for the length along the X axis

direction of the dghia damﬁsfaﬂsﬂernﬁnéisﬁemwwglngntt ©00heahi retouteTohy cel |
block la to q?e suEsta |aIl eq %FHH h al onlgﬂfjhe X a]X|s di,rection

of the data $Tehe QS 3 h§X§$E WAYL: b1 ock
I'b. The effestsordingly, it is unnecessary to add a circuit; and the circuit

15 surface area can be reduced. Moreover, the data transfer line
rerouting unit 100 has a structure in which the data transfer
lines 136 are electrically connected by electrical conductors
without using a semiconductor substrate. Therefore, a leakage
current does not flow from the interconnects into the

20 semiconductor substrate even when the voltage between the
interconnects swings between positive and negative. Thereby,
it is possible to transmit the potential of the data transfer line
136 between the first and second memory cell blocks 1a and 1b
while keeping the potential changes and the current changes of

25 the data transfer line 136 smalil.

In the semiconductor memory device 511, it is likable for
the number of the memory cells MC included in the memory cell
unit 4 belonging to the first memory cell block la to be
substantially equal to the number of the memory cells MC

30 included in the memory cell unit 4 belonging to the second
memory cell block 1b. It is likable for the length along the X
axis direction of the data transfer line 136 belonging to the first
memory cell block 1la to be substantially equal to the length
along the X axis direction of the data transfer line 136

35 belonging to the second memory cell block 1b. The effects of
suppressing the interconnect delay and improving the operating



suppressing the interconnect delay and inproving the operating 38
characteristics and the reliability, in particular, in such a configuration
in which the | ow resistance interconnect L1 and the high resistance

i nterconnect L2 are disposed alternatel g8(e.g., the configuration in which
the interconnects are formed 5 by sidewall patterning with twice the

density of the I|i aph e of a.formatio thod of th
dat a t?/ansf qra erl'gg'c% y"i)mﬂov'v;h@e E@éﬁs)iﬁé(d I @argcylgre @n geéc oeao ©
fﬁhemat L]Cdc;mg@ﬁéﬂl@ﬁ?in VWﬁY@h Itmtelqgw d@;s@falrtd@ |ﬁltf@ﬁ<§§r$t p igect il Lasﬁcu ?tl ng
e ne (0] r con ructi n atl a ran | nes, .o C ctor
ooy dovi dBe HoRe e SEhae e g NRBED: L2 Padishasad: mitertal | |
nembers (Si qeugl tﬁ)éubd)ﬁﬂB%trbﬂdh ne (WHHEh) the |nterconnect§5arfé | fbp tri e ed in

FI G 8A an i nfer - Iayer film402 is forrred 15 on r surface of a base
film 4015 arRy arSidgyA étllﬁat"fqunr'r'i‘QOSW'E f obHE orththe JRRSHRY) aPér ¥h€m 402.
The base filjf aphy )for exarrpl e, afilmon the surface of a base nenber

in a |layer bel ow that of gta ransfer lines 136 _to be construc%ted The
i nsul ating film 409 ﬁu@ ormabianoened | of theogdadp trags

oxyni tride flihen1 3 &,m\héw Be @&&cribbg.i nter-| ayer film402 may include,
for exanple, a silicon_nitri a SiON fil etc. . The
base 1 L1 401" rmy Aol 8Aet AL et abrdischeraaticr SErsS SactoNANgeHs &7 | ayer
film 4029 Tf@rd@rseffﬂwerrpf}%eggésl ﬁnhg%tlﬁgﬁth@(@ﬁétﬁ@dafoﬁ* tbagtrietitg film
a silicon 25 njtri m etc. After ormpgn@écore nmber

filmform ngt &ata h@?&iﬁrﬁbme%n%\lﬁéenﬁ?mlcguﬂ%erd’ﬂecrne YEE Ry film
403, a resi sthd §irserdaRsthnplet bg G6UBIETHERErhindgNUBInG! sRRALaNMethbRrg pitch

of (Sidewall Double Patterning (SDP)).

As illustrated in FIG. 8A, an inter-layer film 402 is formed
15 on a major surface of a base film 401; and an insulating film
403 is formed on the inter-layer film 402. The base film 401 is,
for example, a film on the surface of a base member in a layer

below that of the data transfer lines 136 to be constructed.
The insulating film 403 may include a silicon oxide fiim, a
20 silicon oxynitride film, a SiON film, etc. The inter-layer film
402 may include, for example, a silicon nitride film, a SiCN film,
" a SION film, etc. The base fiim 401 may include a material
different from that of the inter-layer film 402. The base film
401 may include, for example, a silicon oxide film, a silicon

25 oxynitride fiim, a SiON film, etc.

After forming a core member film forming a core member
404 on the major surface of the insulating film 403, a resist is
formed on the core member film by lithography with a pitch of
twice the pitch py of the data transfer line 136. The pitch of
30 the resist may be set to, for example, the minimum pitch of the
patterning resolution of the lithography. The width of the resist
may be set to, for example, an interconnect width in the range
of 30 nm to 200 nm. The core member film is patterned using
the resist as a mask to form the core member 404. The core
35 member 404 may include a silicon oxide film or a silicon nitride
film. Further, the core member 404 may include an amorphous



twice the pitch py of the data transfer line 136. The pitch of 30 the
resist may be set to, for exanple, the mninmumpitch of the patterning
resolution of the lithography. The width of the resist nay be set to, for
exanpl e, an interconnect width in the ragge of 30 nmto 200 nm The core
menber filmis patterned using the resist as a mask to formthe core nenber

404. The core|.35m%ﬂber 404 % i ﬁil ude a silicon oxide filmor a silicon
nitride fil MMEMTHE Ot ALHFE Hefbver 404 may i nclude an anorphous 39

Si Lli ﬁon Li I mdor aT¢fefr la@]lcirefi;]‘lember 404 i@ﬂéocm][eej P\lm'ltrlgea wdth scfaﬁqtleddtavi 52 a
w dt h reduc 0 of the_ assunme itch,of the data tr e i ne 136.
M euch s et e a8uhiEa FRERTH e dasRlunaliarer s 1361 olnusidh
slightly | argesasidhait kanf behaakepunrdt pti€e hcorfe trhendben 40ansd dormed 136

d £l ion_of, the w f th ist, T d_pitch of th
dat a tr aior GHIONEAC 1888eP LR Q48 e pSSHTNER cblthB: QEGACI GOt HARID nm

As illustratige iIBéidue 8 thesfidev@ation bf tHEb wikithobfethel eedlEtcoVRtet he
upper face and the si dg faCﬁS of the core r;enbf:r 4043]%The sidewal I _film 405
incl udes a Ae&MEA RFFRr Qhtthe oAethat aBISTERe 106 & R niserd g6l Ues, £or

sidewal | filaratapleppetnadania,0 hoi and@mO@nmilicon, Al 203, etc. As long as
Sidenal | 111 m 15 ARSI 3REI MUEIG- H5i SofiGamal i8R & EPrmeshtoi tri de
film apgd fuwdvearthé ippeeded larfd kheddidartycenofute: abremaephbes 404 con
i & di roct 07F [dsult §E, S HBFTTRE 4 dnatrial difeTssbuifom HaRobf the
data transfahd coee I3fambetha04. arniset sielivea gt fiihngoss fipichede} Foexpose
formed on { RAATBAREIL R, Medbof & meMbelond s the Sidenall i iads: 404
is removed af differeintafieth iffofl GheBCorEhenemibapl 404, titRe cndewr Mraim 404
el d-babsa AThdnAYonGkEe RalEPTBTIe BiEhPRg Sticon Mitride fff; ‘and
further, the sidewall film 405 may include an amorphous silicon
film or a carbon film. The thickness of the sidewall film 405
along the Y axis direction is set to about half the length of the
assumed pitch of the data transfer line 136.
20 Then, anisotropic etching is performed to expose a
portion of the insulating film 403. Thereby, the sidewall film
405 is formed on the sidewalls of the core member 404.
The core member 404 is removed as illustrated in FIG.
8C. The removal of the core member 404 may be performed
25 Dby etching using, for example, a hydrofluoric acid-based etchant
or RIE (Reactive Ion Etching).
As illustrated in FIG. 9A, the insulating film 403 and the
inter-layer film 402 are etched using the sidewall film 405 as a
mask. Such etching may be anisotropic etching. In such a
30 case, the base film 401 may include a material different from
that of the inter-layer film 402 (a material having an etching
rate lower than that of the inter-layer film 402) such that the
etching stops at the interface between the inter-layer film 402
and the base film 401. This process is a so-called sidewall
35 transfer process.
As illustrated in FIG. 9B, the sidewall film 405 that was



As illustrated in FIG 9A the insulating film403 and the inter-layer film
402 are etched using the sidewall film405 as a mask. Such etching may be
ani sotropic etching. In such a 30 case, the base film401 nmay include a
material different fromthat of the intd@1layer film402 (a material having
an etching rate lower than that of the inter-layer film402) such that the

hi ' f. t inter-| i 402, and th
base 111 m a0isdtrds 8 bRk 18 BmBLYE ahdia PafiiarEkel AR S TiMelcs. as
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i ncl pde, _f e, -TaN, ~TaWw..Ti . . Ti N...etc,.The thi
Doy i o Bor e s TN Tlang esd nTE ThickiTess’ SFURES RGPS | 1
407 isffor- rrgmsmal }4@56 bray e, fmtek?ﬁaﬁ)§|e§,01}‘nﬂnl td;]flfﬂ_ hrnlantF:)hl; . aﬂd pl) a$ari zi ?gl
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s mae 8 S A Rl Pa s e o pod PArE R alike 408 tordll ot
G W The T O P T o th
dW T al _f.i I.nc n e barrier mnet ed into e
?Pench fo?nsﬁm%nﬁﬁ?g] @F&Hﬁ?afﬁ%ﬁiﬁmgﬂﬁe dtﬁg tm§ﬁ§“eaﬁ%‘i n‘géji:%én?)ﬂrns a
Zo-cal | @0 ].:Landal _mdecalggwﬁermt hrae/.incjhat gres?st[aaeelg !mektﬂwﬁuimuuaatohfonhez t he
t tran r . ne 0SS Sectl on onri altl on en e al a
transfer |i m@Hiar; BE! Pﬁpé pl A A% At a? %% myfi'?glﬂ"ctﬁ'refde{i on)

is a reverseaxamgled CanfAfuiaaid ov. Thaeranetalctfim ngoret(ivod udkagr thed
above in reg@élgri(telg metal 406) filled into the trench forms the data transfer
line 136. The data transfer line 136 forms a so-called

15 damascene structure. The cross-sectional configuration of the
data transfer line 136 (the cross-sectional configuration when
the data transfer line 136 is cut in a plane perpendicular to the
first direction) is a reverse-tapered configuration.

The manufacturing method described above in regard to

20 FIG. 8A to FIG. 8C and FIG. 9A to FIG. 9C can realize a double
pitch of the pitch constructed by the lithography by using the
sidewall film 405. Such double pitch construction technology is
referred to as double patterning using sidewall members
(Sidewall Double Patterning (SDP)).

25 As illustrated in FIG. 9A, the width of the trench made in
the inter-layer film 402 and the insulating film 403 fluctuates
with the fluctuation of the dimensions of the resist and with
twice the fluctuation of the film thickness of the sidewall film
405. Therefore, wide trenches and narrow trenches are made

30 to be arranged alternately.

Therefore, as illustrated in FIG. 9C, the wide data
transfer lines 136 are arranged alternately with the narrow data
transfer lines 136.

Further, as illustrated in FIG. 9C, the wide trenches are

35 deep and the narrow trenches are shallow due to microloading
effects. Therefore, the film thickness of the wide data transfer



20 FIG 8A to FIG 8C and FIG 9A to FIG 9C can realize a double pitch of
the pitch constructed by the |ithography by using the sidewall film 405.
Such doubl e pitch construction technology is referred to as doubl e
patterning using sidewall nenbers (Sidegall Double Patterning (SDP)). 25As
illustrated in FIG 9A the width of the trench made in the inter-1ayer

film402 an the sul ﬁfllg\403fluct ates with the fluctuation of the
di nensi ons ofN§ h ahd Anenthi fbm Hhieknessaof dhefneaHow data
t hi ckness oftrahefer ﬂﬁéﬁigsfﬂslfﬁ'ﬁQS Therefore, w de trenches and narrow

trenches are made 30 to b rranged alternafely. Therefore, a
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al ternatel y stdilbwae RIS ¢ateend 30 9le tHpssllgfainFsiAeh8F thaSmetal

illustrated in FI the wi de Irbenc es are 35 deep and th nar r ow
I

t r enches2ar dN&RgE OW dqgcf%aﬁ’?cro SAERY e‘?rf%ct%S'sﬁ??t'e?%f ef eth @her»rstrarln
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hi gh resistagge igfadded dich tharsher differendSbf the veritaerieelalues of
15 the alternately repeating low resistance and high resistance of
the data transfer lines 136 is even greater.

As illustrated in FIG. 9C, the fluctuation of the width of
the insulating film between the data transfer lines 136 (the
difference between a width sa and a width sb) is determined by

20 the fluctuation of the thickness (the thickness along the Y axis
direction) of the sidewall film 405.

The fluctuation of the width of the data transfer line 136
(the fluctuation of a width sd) is determined by the sum of the
fluctuation of the width (the width along the Y axis direction) of

25 the sidewall film 405 and the fluctuation of the width (the width
along the Y axis direction) of the core member 404,
Accordingly, the difference of the widths of adjacent data
transfer lines 136 (the difference between a width sc and the
width sd) is greater than the difference of the widths of

30 adjacent insulating films between the data transfer lines 136
(the difference between the width sa and the width sb).

In other words, variance of of widths of insulating films
between the plurality of first interconnects and the plurality of
second interconnects is smaller than variance of widths of upper
surface height portions of the plurality of first interconnects.

In other words, in the semiconductor memory device 511



As illustrated in FIG 9C, the fluctuation of the width of the insulating
filmbetween the data transfer lines 136 (the difference between a width sa
and a width sb) is determned by 20 the fluctuation of the thickness (the
thickness along the Y axis direction) ofsqothe sidewall film 405. The
fluctuation of the width of the data transfer line 136 (the fluctuation of
a wdth sd) is determned by the sumof the fluctuation of the wdth (the
wi dt h al ong ahédllustsatedliinefiGonPCof th2e high srekisbahcéi inbe406naedtt h2

fluctuation t i gt > W I ; j i ] e core
rember 40a, G0Soraranhy MteReSniteFbY of (HRSFTOR réafih THhEE s ERIAGE shed
transfer |irgxth3gdata Heaodsférdrabet adimcentnvitdt bhacfiestd ddte tratisfesd) is
greater than; jffer . i j {nsu j filns
et neon the Wit b BB Bide S5 M dBre Handlef IR HLT HARbSER <o
and t he i dtto $bhp. second dbhaotraesfepritise DaRi dmceomheof toi dnles esfd of
i nsul ating fd we pl | o] ISt pater nect s
plurality ofﬂHsegfzgn hi n%@@ﬁ%ec leli ghﬁmMéﬁJét h\gh'@gr :frgﬂé‘gﬁ?ﬁ Wltthggof
upper surfacmeamognt celds iwheref thaesipithr dlaitay tdn$fierstinienttr& onascan. I n
ot her words, 4| : i t davi i Ll din
F G oo ¢ ne EELHEELTRRSRIICS KB nEE o ‘A Bt ffef ke, YANEE) of
the first rdimedElrther includes the sixth data transfer |line DL6 adjacent
to the fiyrst data nsf i . e,sli fi.th Lr.st, data transfer
line DL bopposi te ??ﬁﬁkﬁiétggﬁ%%gﬁgd%%ﬁ%'ggfel?l lﬁ'éeaéét% %%@&o %o one
end of the ssamie @snbng wedth wfi thCsecohdcdaitactnadesfenuline pD&2nren®hy
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si xth data tsansfeihd ifirvst sta sranhsfaal tinet Dlanares thize witdth h(tdfe tiethecond
data transfe i 2 sqQl_u e t di.fference twe t he
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and the-w dth sd) SA)% im}s ggﬁfgj t.hap?(féer eéi Tﬁ 136d3b0n he Y axits difrecti on.
Now, "tgyface" i et 5 tHe Ce9 n Yfe &l ngt(%‘sei td@t?o F#HeSdse
film 401, i.lene 1B6 qamyipe definednas to be the top face width (the width
sc and the width sd) of the data transfer line 136 along the Y
axis direction. Now, “top face” is defined as the face on the
side opposite to the base film 401, i.e., the p-type silicon
25 substrate 121.
The thickness of the data transfer line 136 is the
thickness along the Z axis direction (a thickness tc and a
thickness td) of the data transfer line 136. |
The feature recited above in which the fluctuation of the
30 width of the insulating film between the data transfer lines 136
is smaller than the fluctuation of the width of the data transfer
line 136 at the top face is an advantageous structure for
ensuring the breakdown voltage of the insulating film between
the data transfer lines 136.
35 In the semiconductor memory device 510 according to
this embodiment and the semiconductor memory device 511




25 substrate 121. The thickness of the data transfer line 136 is the
t hi ckness along the Z axis direction (a thickness tc and a thickness td) of
the data transfer line 136. The feature recited above in which the
fluctuation of the 30 width of the insulda&ting filmbetween the data
transfer lines 136 is snmaller than the fluctuation of the width of the data
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t he capacitanc ed constant. Because the Tratio of

s
resi st ances Wft?\ ﬁ\guaapsdt Fgﬁ§¥@?t ‘lines 136 adj acent to each ot her on the
line of extension DR the Xomhdrs KaRECt tRa iresistantat igf ahe hghifdr sfata

resi stance Rl and the second resistance R2, the second

transfer line DL3 belonging to the second memory cell block 1b

20 is taken to be a second resistance R2; and the resistance of the

fourth data transfer line DL4 belonging to the second memory

cell block 1b can be approximated as R2(1 + AR). The

capacitances of the regions including the third data transfer line

DL3 and the fourth data transfer line DL4 are taken to be a

25 second capacitance C2 by replacing the capacitances with a

lumped constant. Because the ratio of the resistances of the

data transfer lines 136 adjacent to each other on the line of

extension in the X axis direction is the ratio of the first

resistance R1 and the second resistance R2, the second

30 capacitance C2 can be approximated by C1x(R2/R1) in the case

where the capacitance between the data transfer lines is
dominant.

In such a case, the resistances are averaged by providing

the data transfer line rerouting unit 100 in the semiconductor

35 memory device 510 according to this embodiment and the

semiconductor memory device 511 according to the first



30 capacitance C2 can be approximated by O x(R2/Rl) in the case where the
capaci tance between the data transfer lines is domnant. In such a case,
the resi stances are averaged by providing the data transfer line rerouting
unit 100 in the sem conductor 35 nmenorya4device 510 according to this
enbodi ment and the sem conductor nenory device 511 according to the first
44 exanple by electri g)é,l |y connec ing the | ow resi stance I nt erconnect Li

and the hi gfEXABRIEandy i rRISCEDRALYL (SONNEEHRE ofther . DNV ot RSISHRRER, the
tine constanht@tcdﬂn%wtqrsﬁana@é MQIhaYe&ts@afh&EEintePés AdRLI) 86 Shepuit 46

to the nmenory cell unit 05|t|oned nost di st ﬂere0|s{ R1CIx(1 +
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equal between the i rst menory. cell la an second nenory cell
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R2C2) xAR is 15substpat §gfdperi® Bf the tlmeFlc@ns%Qnt§ BebwBemRl enfu't

diagramillustrating the configuration of a sem conductor nenor evi ce
a conpar at i VE2lékahpneieradines l(ﬁlﬁ@ddafrﬁ rrrensfier;, linrs dai6) tisaied ti ne

rerouting ZQQQQQ? x¥O®, is not provided in the sem conductor nenory device
519 of the co ative exanple. In other words, for exanple, the first data
transfer |ine DL1 Hae t He tﬂﬂ casganharneatBedenaths of The date trensfer

connect ed t qjpasBOtde sﬁs(tah'tﬁalﬁﬁ(éﬁ\?ald%tei‘w}eréwstfh%r flistenfdraorpdcéine

fourth data transfer lin
block 1a and the second memory cell block 1b, the difference of

the time constants recited above of (R1C1 - R2C2)xAR is
15 substantially zero.

FIG. 10 is a schematic circuit diagram illustrating the
configuration of a semiconductor memory device of a
comparative example.

As illustrated in FIG. 10, the data transfer line rerouting

20 unit 100 is not provided in the semiconductor memory device
519 of the comparative example. In other words, for example,
the first data transfer line DL1 and the third data transfer line
DL3 of FIG. 1 are connected to each other; and the second data
transfer line DL2 and the fourth data transfer line DL4 are

25 connected to each other. In other words, the low resistance
interconnects L1 adjacent in the X axis direction are connected
to each other; and the high resistance interconnects L2
adjacent in the X axis direction are connected to each other.
Otherwise, the semiconductor memory device 519 is the same

30 as the semiconductor memory device 511, and a description is
therefore omitted.

In the semiconductor memory device 519 of the
comparative example, the time constant of the interconnect
delay from the sense amplifier circuit 46 to the memory cell unit

35 4 positioned most distally thereto for the high resistance
interconnect L2 is (R1C1 + R2C2)x(1 + AR) for the maximum



25 connected to each other. In other words, the | ow resistance

I nterconnects Li adjacent in the X axis direction are connected to each

ot her; and the high resistance interconnects L2 adjacent in the X axis
direction are connected to each other. @sherw se, the sem conductor nenory
device 519 is the sanme 30 as the sem conductor nenory device 511, and a
description is therefore omtte he sem_conduct or nennrgydevice

. I
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20 of the memory cells MC; and the read-out margin decreases.
For example, in a NAND flash memory array, an interconnect
having a length of, for example, not less than 2 mm may be
used as the data transfer line BL to increase the proportion
occupied by the memory cells MC; and the sense amplifier
25 circuit 46 is electrically connected to the end of the data
transfer line BL. A delay occurs based on the time constant of
the interconnect between the memory cells MC proximal to the
sense amplifier circuit 46 and the memory cells MC most distal
to the sense amplifier circuit 46; and it is necessary to increase
30 the margin of the read-out time because the memory cells MC
are read at the same speed.

Moreover, reliability deterioration such as
electromigration and stress induced migration may occur in the
data transfer lines BL having narrow widths.

35 Conversely, in the semiconductor memory device 510
according to this embodiment and the semiconductor memory



30 the margin of the read-out tine because the nenory cells MC are read at
t he same speed. Moreover,reliabilitydeteriorationsuchas el ectronigration
and stress induced mgration nmay occur in the data transfer |ines BL having
narrow wi dt hs. 35Conversely, in the semggonductor menory device 510
according to this enbodi nrent and the sem conductor menory 46 device 511
according to,the first exar@ the fluctuation of the electrical
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In other words, by such settings, the circuit variance due
to the time constant fluctuation originated from the
interconnect structure fluctuation can be suppressed to not
more than 10%; and a circuit having small operational

20 fluctuations can be realized. Relative fluctuations of the width
of the data transfer line 136 of about 10% are tolerated to
guarantee the dimensional accuracy of the lithography. By
suppressing the relative fluctuation of the time constants of the
mutually adjacent interconnects recited above to not more than

25 10%, the fluctuation of the time constant can be smaller than
the relative fluctuation of the width of the data transfer line
136; and the entire fluctuation of the time constants can be
reduced further.

In other words, the number of the memory cells MC

30 included in the first memory cell unit MCU1 can be set equal to
the number of the memory cells MC included in the second
memory cell unit MCU2; and the number of the memory cells
MC included in the third memory cell unit MCU3 can be set
equal to the number of the memory cell MC included in the

35 fourth memory cell unit MCU4. The absolute value of (NA --
NB)/(NA + NB) can be 0.1 or less, where NA is the number of



30 included in the first nenory cell unit MCU can be set equal to the
nunber of the nmenory cells MC included in the second nenory cell unit MCUZ;
and the nunber of the nmenory cells MCincluded in the third nmenory cell
unit MCU3 can be set equal to the nunbergof the nenory cell MC included in
the 35 fourth nmenory cell unit MCU4. The absol ute value of (NA - NB)/(NA +
NB) can be 0.1 or |less, where NA is .the nunber of 47 the nenory cells MC
i ncl uded i n thee Mmemadryenely MET | includedCUh dhd KBst smdmonyrosll ainithe
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transfer |ineseBitingnthartecteristidst capebatinmproyesd évean nheréncr eased.

Jher ebyy ot he ggagﬁég@ﬂgte@gxm%f LOMiEBARR LR AMERO! dRfeEs sy ogr than
this example, in the cases where the read-out is performed
simultaneously and the writing is performed simultaneously on
the memory cells MC included in the memory cell blocks
connected by adjacent data transfer lines BL, normal operations

15 of the circuit are possible even when the circuit operation
margin is reduced by an amount of the difference of the delay
times between the data transfer lines BL; and the circuit
operation speed can be increased. Thereby, the read-out and
the writing can be realized at speeds higher than those of the
20 comparative example. _

Further, it is possible to match the operation timing of
the sense amplifier circuits 46 connected to adjacent data
transfer lines BL; and as an entirety, it is possible to realize
circuit operations having matched delay characteristics and

25 matched skew. The fluctuation of the delay time between the
data transfer lines BL also can be reduced; and disturbance of
the pulse waveform due to the difference of the time constants
also can bé reduced.

In the case where the lengths (the lengths along the X

30 axis direction) of the data transfer lines BL included in the first
memory cell block 1a and the second memory cell biock 1b are
substantially equal, the interconnect delay can be smaller than
that of the comparative example by an amount of (R1C1)xAR or
more; and a charge/discharge time of the interconnects can be

35 reduced further. Thereby, normal operations of the circuit are
possible even when the circuit operation margin is reduced; and



Further, it is possible to match the operation timng of the sense
anplifier circuits 46 connected to adjacent data transfer lines BL; and as
an entirety, it is possible to realize circuit operations having matched
del ay characteristics and 25 matched skgw The fluctuation of the del ay
time between the data transfer |ines BL al so can be reduced; and
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resistance interconnect L1 and the high resistance interconnect
L2 occurs; and a difference of the amount of flowing current
occurs.
Conversely, in the semiconductor memory device 511
25 according to this example, the time constant of the interconnect
delay is {R1C1x(1 + AR) + R2C2} or {R1C1 + R2C2x(1 + AR)}
as described above; and the difference of the time constants
between adjacent data transfer lines BL is (R1C1 - R2C2)xAR.
In the case where the lengths of the data transfer lines
30 BL of the first memory cell block 1a and the secona memory cell
block 1b are substantially equal, the difference of the time
constants recited above of (R1C1 - R2C2)xAR can be
substantially zero.
Thereby, in the cases where the read-out is performed
35 simultaneously and the writing is performed simultaneously on
the memory cells MC connected to the adjacent data transfer



In the case where the lengths of the data transfer lines 30 BL of the first
menory cell block |a and the second nenory cell block | b are substantially
equal, the difference of the time constants recited above of (R1Cl -
R2C2) XxAR can be substantially zero. Thed®by, in the cases where the
read-out is perforned 35 sinultaneously and the witing is perforned
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first ex le, and a descriptjon is therefore omtted.
1§np can %e reduced Morther; and the current of the memory cells MC

can be increased.

Second example
FIG. 11 is a schematic plan view illustrating the
20 configuration of a semiconductor memory device of a second
example.

Namely, FIG. 11 illustrates the configuration of the data
transfer line rerouting unit 100 provided in the semiconductor
memory device 512 of the second example according to the first

25 embodiment. The configuration of the semiconductor memory
device 512 other than the data transfer line rerouting unit 100
is similar to that of the semiconductor memory device 511 of
the first example, and a description is therefore omitted.

In a region RGa of the data transfer line rerouting unit

30 100 of the semiconductor memory device 512 as illustrated in
FIG. 11, one contact set is formed of two first reroute contacts
239 and one contact lithography supplemental pattern 339 (not
actually made through to contact). In one contact set, the two
first reroute contacts 239 and the one contact lithography

35 supplemental pattern 339 (not actually made th'rough to
contact) are disposed diagonally in the X-Y plane. Such a



In a region RGa of the data transfer line rerouting unit 30 100 of the
sem conduct or nenory device 512 as illustrated in FIG 11, one contact set
is formed of two first reroute contacts 239 and one contact |ithography
suppl enental pattern 339 (not actually ®m@de through to contact). In one
contact set, the two first reroute contacts 239 and the one contact
| it hography 35 .su plegental ern. 339 (pot actua

d
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pattern 539 %ﬁ@tgeé’@puaﬁq IGHERIPR §8gF1969 0 FPREGUIRLIQN | RIS 1118 ntr ease
the regul arigwisadirebeiogontacts in the X-Y plane. The contact 10 |ithography

suppl enental pattern 339 (nqt actually nmade through to contact) is formed,
for exanple, smal ﬁ&etﬂ%ﬂéqcﬁelgﬁﬁ’grép YhSURRIEMeRta)uPatEern a8892400by an
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in FIG 11, the first data transfer line 1 is electrically connected to
the fourth c;htrgulgrha'rs’f& &O'ﬁlaﬁb DE4FQﬁrHe§1® He ef)?ar"s"tp?‘?erscmlaé'e%oméett'?%Q and

the first refipgtef theefiestprecduidddontact 235 By aEheunthih $REOFkhgata
transfer Ilner :—1%2”' s el egbrl cally connecteol to the fifth data transter line
t

DL5 via the 4 Periut 20c O act AS3P difPUlke 3 i PFLipAr Qft dhent@ntakbect
233. 25 For |gnographyt heupplethdslftiaa tpansirar Bioe E‘ﬁét}%&b%‘? rady

connect tq,the sixth data .transfer line DL6 via irst réroute contact
596 St hESt | orODGTL b - aTheits dariiet Asbuay i Adf (36 endonERskGIE and
i nterconnectd@@y. ddeer ¢atformn tag SeNeeriesict @b oh da¥etRe8A2 fse 30

well, the fluctuation of the electrical resistance of the Interconnects can
be cormpensat@IYHdVeJa¥eESnnect del ay can be suppressed; and the operating

speed and the rel imbilliétraten iReFI@P1IOVethe first data transfer line DL1 is
electrically connected to the fourth data transfer line DL4 via
20 the first reroute contact 239 and the first reroute interconnect
233.
For example, the second data transfer line DL2 is
electrically connected to the fifth data transfer line DL5 via the
first reroute contact 239 and the first reroute interconnect 233.
25 For example, the third data transfer line DL3 is electrically
connected to the sixth data transfer line DL6 via the first
reroute contact 239, the first reroute interconnect 233, and the
second reroute interconnect 227.
Thereby, in the semiconductor memory device 512 as
30 well, the fluctuation of the electrical resistance of the
interconnects can be compensated; the interconnect delay can
be suppressed; and the operating speed and the reliability can
be improved.
The contacts of the data transfer lines BL in the memory
35 cell blocks also may include the periodically disposed three
contacts, i.e., the two first reroute contacts 239 and the one



The contacts of the data transfer lines BL in the nenory 35cell bl ocks also
may i nclude the periodically disposed three contacts, i.e., the two first
reroute contacts 239 and the one 51 contact |ithography suppl enental
pattern 339 (not actually nade through 63 contact). Thereby, the data
transfer line rerouting unit 100 can be forned with the sane |ithography
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sem conduct or nenory device 511 of the first exanple, and a description is
therefore omtted, | In the sem conductor nenory device 513 as

il lustrated Wr I@(arﬁ? € he dividi ng position of the data transfer |ines
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is similar to that of the semiconductor memory device 511 of
the first example, and a description is therefore omitted.
In the semiconductor memory device 513 as illustrated in
FIG. 12, the dividing position of the data transfer lines 136 (the
20 position of the end portions of the data transfer lines 136 in the
X axis direction) is extended between the low resistance
interconnect L1 and the high resistance interconnect L2.
As illustrated in FIG. 12, for examplie, the first data
transfer line DL1 is electrically connected to the fourth data
25 transfer line DL4 via the first reroute contact 239, the first
reroute interconnect 233, and the second reroute interconnect
227.
The second data transfer line DL2 is electrically
connected to the fifth data transfer line DL5 via the first reroute
30 contact 239 and the first reroute interconnect 233. The third
data transfer line DL3 is electrically connected to the sixth data
transfer line DL6 via the first reroute contact 239 and the first
reroute interconnect 233.
Thereby, in the semiconductor memory device 513 as
35 well, the fluctuation of the electrical resistance of the
interconnects can be compensated; the interconnect delay can



Thereby, in the sem conductor nmenory device 513 as 35well, the fluctuation
of the electrical resistance of the interconnects can be conpensated; the

i nterconnect delay can 52 be suppressed; and the operating speed and the
reliability can be inproved. Thuss2according to the sem conduct or
menory device 510 (and the sem conductor nenory devices 511 to 513 5
according to the first third exanpl es) according to this_ enbodi nent, the
probl ens of PRSYRPRES e &N éhﬁyoiqgﬁ@'éﬁgl Agesrd anek theatelbpilidyeean
decreasi ng dyeiipgpided.ead-out of the memory cells MC can be nmitigated. In
a structure in V\:hl_fh the sense amplifier circuit 46 and 10 the data

transfer line BL (1MdSdaRECOTAHRST 40 |thee SSIBCRRAUEERRcMIMOrY SIBYIE] to

the memory ceip Yaind 4théheetHiduétov MermhBrihed &gicey Sl | Sco'VL“513
decreases as the interconnect _resistance increases. Therefore,
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current fl owegmiph té@@m@rdérpgblﬁq,ﬁga(f@a be greater than that of the
conmpar ative exanple and t he read- qut nargln 20 can be increased _even nnre
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of the data transfer |ine BL occurs between t menory cel connect ed
to the data f@HREIREE | iNFEEBSESF oxiTMANEJOFR, ttlli‘@ sdifarensgs |b¢@/¥e@nrébﬁt 46

and the memoey)| 30uAAIS INCtAENERE! BfF altaReStHthdll il ciprdie iAeBRE

anpllfler circuit 46. case where such nenorx cell are rea
equi val &%t speedycting éb@ft%&eqreaﬁﬁg vitt hecamesp Idiffigul§i to idisedmin@tBe abl e
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However, by applyin IS enbo uct uation the t
const ant s be'ﬂw&\nt @RS r aHOMRVEN, RGEorgéngdio bais @mﬁé@dlmﬁﬂér éb? t he

read-out ti Mg iARNYMA current flowing in the memory cells MC can be greater
than that of the comparative example; and the read-out margin
20 can be increased even more.

Particularly in a NAND flash memory,.an interconnect
having a length of, for example, not less than 2 mm may be
used as the data transfer line BL to increase the proportion
occupied by the memory cells MC; and the sense amplifier

25 circuit 46 is electrically connected to the end of the data
transfer line BL. In such a configuration, a delay due to the
time constant of the data transfer line BL occurs between the
memory cells MC connected to the data transfer line BL
proximally to the sense amplifier circuit 46 and the memory

30 cells MC connected at positions distal to the sense amplifier
circuit 46. In the case where such memory cells MC are read
at equivalent speeds, a read-out timing with an ample margin is
set to be able to read the memory cells MC distal to the sense
amplifier circuit 46. However, by applying this embodiment,

35 the fluctuation of the time constants between the data transfer
lines 136 can be reduced. Thereby, the read-out time margin



53 of the nenory cells MC can be greater than that of conventional art. The
anount of the voltage drop occurring in the data transfer line BL is
proportional to the interconnect resistance. 5 Accordingly, in the case
where the width of the nmetal interconneé3 formng the data transfer |ine BL
is uniformy narrow, problens of increased netal interconnect resistance

i arat on eddi 1 GREORB5RE QG §aRHge ARG N £neh QfboRr RRHON A ne
probl em of taw, cyrrent flowng in the nenory cells MC decreasing as the
it Il S BRI G g AR e R R
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and increased interconnect delays, electromigration, and stress
induced migration easily occur. Conversely, by applying this
10 embodiment, the problem of the current flowing in the memory
cells MC decreasing as the interconnect resistance increases can
be mitigated. Therefore, the read-out margin can be greater
than that of conventional art. Further, the problems of
increased metal interconnect resistance and increased
15 interconnect delays, electromigration, and stress induced
migration do not occur as easily as in the case where the width
of the metal interconnect is uniformly narrow.

The semiconductor memory device 510 (and the
semiconductor memory devices 511 to 513 according to the

20 first to third examples) according to this embodiment have the
following feature A.

Namely, the relative positions (e.g., the positions along
the Y axis direction) can be mutually the same for the data
transfer lines BL of the first memory cell block 1a and the data

25 transfer lines BL of the second memory cell block 1b; and
modifications to conventional art are unnecessary.

Therefore, it is sufficient only to shift the physical/logical
address allocation between the memory cells MC by an odd
number of bits. In other words, it is unnecessary to modify the

30 voltage applied to the data transfer lines BL between the first
and second memory cell blocks la and 1b; and a configuration
similar to that of conventional art can be applied as-is.

Further, the relative relationship between the data
transfer lines BL of the first memory cell block 1a and the data

35 transfer lines BL of the second memory cell block 1b is the
same relative relationship as that between the memory cells MC



20 first to third exanples) according to this enbodi nrent have the foll ow ng
feature A Nanmely, the relative positions (e.g., the positions along
the Y axis direction) can be nmutually the sanme for the data transfer |ines
BL of the first menory cell block la andg4he data 25 transfer |ines BL of

t he second nmenory cell block | b; and nodifications to conventional art are
unnecessary. Therefore, it is sufficient only to shift the
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- and theléec IR Y cell block I'b; the various design paraneters can be
handl ed”equdal 'y wth or without the rerouting; and the advantage of high

design efficiency is 10provi ded. Second enbodi nent FIG 13 is a
schemati c vi AT ke e configuration of a sem conductor nenory
devi ce accor%&%%hboég{tg&e%'gﬁﬁﬁ& enbodi nment . As illustrated in FIG

13, the |ow resistifge linieracsahecatic yvidw iflusstatingeti@owdfiigutdtiand t he
b oo O 18 Ra Rt el Mslobd eSS ACLFERENSE, %stliesr o
the semlbondemtbwdineept.y device 520 according to this enbodinent. In other
oS e oSS REUREE o 996 5O 52 R, RELMER IR, g
of the firstLl o(thaurfirstdattercoansicér LLLnasdDthet bhibd4 imterndosreect ¢b3duct or
and the high resistance interconnect L2 (the second
interconnect LL2 and the fourth interconnect LL4) are provided
20 also in the semiconductor memory device 520 according to this
embodiment. In other words, the semiconductor memory
device 520 also includes the first to fourth data transfer lines
DL1 to DL4. The configuration of the rerouting of the first to
fourth data transfer lines DL1 to DL4 in the semiconductor
25 memory device 520 differs from that of the semiconductor
memory device 510. Otherwise, the semiconductor memory
device 520 is similar to the semiconductor memory device 510,
and a description is therefore omitted.
In the semiconductor memory device 520, the third data
30 transfer line DL3 is electrically connected to the second data
transfer line DL2 between the first region RG1 (the first memory
cell block 1a) and the second region RG2 (the second memory
cell block 1b) while the fourth data transfer line DL4 is
electrically connected to the first data transfer line DL1.
35 In such a configuration as well, the interconnect
resistance can be uniform by connecting the low resistance



25 menory device 520 differs fromthat of the sem conductor nenory device
510. Otherw se, the sem conductor nenory device 520 is simlar to the

sem conductor nenory device 510, and a description is therefore omtted. In
t he sem conductor nenory device 520, th&ghird data 30 transfer line DL3 is
el ectrically connected to the second data transfer line DL2 between the
first region
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number of memory ceIl blocks). Thereby, the circuit area can

be reduced.
20
Fourth example
FIG. 14 is a schematic circuit diagram illustrating the
configuration of a semiconductor memory device of a fourth
example.
25 As illustrated in FIG. 14, the configuration of the data

transfer line rerouting unit 100 of the semiconductor memory
device 524 according to the fourth example of the second
embodiment differs from that of the semiconductor memory
device 511 according to the first example. Otherwise, the

30 semiconductor memory device 524 is similar to the
semiconductor memory device 511.

Namely, in the semiconductor memory device 524, the
data transfer lines BL are rerouted by crossing two from each of
the first and second memory cell blocks 1a and 1b.

35 FIG. 15 is a schematic plan view illustrating the
configuration of the semiconductor memory device of the fourth



30 sem conductor nenory device 524 is simlar to the sem conductor nenory
devi ce 511. Nanely, in the sem conductor nenory device 524, the data
transfer lines BL are rerouted by crossing two fromeach of the first and
second nmenory cell blocks la and I b. 35Bé6. 15 is a schematic plan view

il lustrating the configuration of the sem conductor nenory device of the
fourth 56 exanple. Nanmely, FIG 15 illustrates the configuration of
the data tra‘ﬁégg?plﬁi-ne rerouting unit 100 provided in the sem conductor

nmenory devi ce 524 Nérﬁ@@,@l@lhfﬂﬂﬂ@h‘éte@fhé heo 156 '?éﬂéhcbprth@?ﬂ%’tﬁ
device 524 as illustrated in FIG 15, for exa %[eilrst data transfer

mle  th :
line DL1 is HRASEr JH¢ yreroniing edntto 106 ﬁr&}’ggﬁddﬁ'iat SRIMKONAHLOBLA vi a

the first repmmeroaéarie 839 andhbh@drithséxamiete i nterconnect 233. 10The
second data transferéhi ne DL2 is electrically connected to the third data

transfer 9ine DL3 W dheneemicqpdustoneempnagevies 524 @ illustrateddpe

i nterconnect FEE3, 1&Nd fbRe Senaplle! eti9at Firsht I@NNaahs?ar. [iheereby. isn the
sem conduct or, menpry devi ce 524 as fluctuati on of the

15 well. the \ _
el ectrical rel8Qricatly sonnretes: épcghﬁeéﬁértbaﬁaié sompEiesating; Dlife via
i nt er connect tKie! fFstCrEr d1fteS UBRItBEE €28 9 aaNld t fife aPeftatd AL TP BREL RO ridte

reliability igg be i nproved. The formation nmethods of the
el enent - sepa Fng 20 insulating film 124, the inter-layer insulating film

150 4O e Mo Thayskekonlstpta | bempr Sinanvpts s semctanslyicr
my | %cl ude, C@BF’eER%‘grng, thet ﬁgéj@\ taﬁtai FARserolinbilengvipntdea fistosi t ed
silicon fil mamsliteetbadact P9, the first reroute interconnect 233, and the
second reroute interconnect 227.
Thereby, in the semiconductor memory device 524 as
15 well, the fluctuation of the electrical resistance of the
interconnects can be compensated; the interconnect delay can
be suppressed; and the operating speed and the reliability can
be improved.
The formation methods of the element-separating
20 insulating film 124, the inter-layer insulating film 150, and the
inter-layer insulating film 168 of any of the semiconductor
memory devices according to the first and second embodiments
recited above may include, for example, methods that implant
oxygen ions into a deposited silicon film and methods that
25 oxidize a deposit silicon film as well as, for example, methods
that convert silicon into a silicon oxide film or a silicon nitride
film.
Although a conductive film made of polycrystalline silicon
is used as the floating gate 126 in the specific example recited
30 above, an insulative charge storage layer may be used as the
floating gate 126. The charge storage layer may include, for
example, a single-layer film of one selected from the group
consisting of SiN, SiON, TiO;, Al,03;, tantalum oxide film,
strontium titanate, barium titanate, and lead zirconium titanate
35 or a stacked film including at least two selected from the group.
Although the p-type silicon substrate 121 is used as the



25 oxidize a deposit silicon filmas well as, for exanple, nethods that
convert silicon into a silicon oxide filmor a silicon nitride film

Al t hough a conductive filmmade of polycrystalline silicon is used as the
floating gate 126 in the specific exanpl5¥ recited 30 above, an insulative
charge storage |layer may be used as the floating gate 126. The charge

storage layer may include, for exanple, ,a single-layer filmof one selected
fromthe gr ctfy ReRRAOEfoR s bxrate drodvhieotey seaticondugtai BB | m
strontium tideniiee,is bfgirmendt it atiaé espeoifid esadiplesnireitedt atdjve, 3%her a
stacked filmincl udi ng at | east &]V\IO sel ect ed fromtt%e %ggcs Al bho%&h t he
p-type silicHFMUEPRdHEIQr 94bsia Sef'2¥ t udeg; &dmtye })r?g BEdl&te in
whi ch the serct@ars o SEIPSHidayOre Ihsul@tordand 4 Respestd inckexangl es
recited ove, the sem conducfior. substrate ma%/ |ncfl ude a P_t%/rfe SPI
substrat e i el REHYRE dROSACTYEFPHING SEMIGRUetn Takar dndludingFNICRBI udi ng
5 a p-type nonelsrassbabiGaendesd copstalt of JigeT mi@didrystai lateon such as a
Si Ge m xed crystal gSi C m xed. crystal, .etc , Al 't Rugha .
configuration i s de4BO Pn GHYIGWeRtienc '%xéiﬁﬁc_é'éb@éci”’t‘e& EboRREGIHCwhi ch
an n-type FExamplesnestivad taisowve til pehsdh iatph-tpge FET S fornt@dfdgthat i on
may be used ig:vxlni ct‘.lo a p-.tépf gET i s formeq:.on an n-tyGe al_l i cqn [egion.
In such a caldYR& STNCQREAPBE 2P0 CRNFIHEALIQRIMAY BEoYeeHIMYIHED aced
\évnt_h " p10ypea "p-"wpievw‘rf ﬁ§¢b‘i’|@%@bﬂvfgﬁ ?Qgpreeﬁillf’&ﬁﬂdr‘@g_ti?ﬁf lrl-ﬁrvgeug‘h and the
opi g |rrpuréat]§/e,t P58 guff'ibg‘lént’foa}'nqn-gypg" recited sbove to be xperpla'ced

with "p-type," "p-type" recited above to be replaced with

"n-type," and the doping impurity types of As, P, and Sb to be

replaced with In or B.

15 The floating gate 126 and the control gate 127 may
include a Si semiconductor, a SiGe mixed crystal, or a SiGeC
mixed crystal, a polycrystal of the same, or a stacked film of
the same. The floating gate 126 and the control gate 127 may
include amorphous Si, an amorphous SiGe mixed crystal, or an

20 amorphous SiGeC mixed crystal, or a stacked film of the same.

A metal lining layer may be provided on the control gate
127 by depositing. Or, for example, a silicide layer may be
formed and used as the metal lining layer by causing the control
gate 127 to react with at least one selected from the group

25 consisting of Ti, Co, Ni, Mo, Pd, and Pt. .

The memory cell MC recited above may include a
semiconductor memory cell transistor having the two values of
"0" and "1;" or, a semiconductor memory cell transistor storing
multiple bits of three values or more may be used. Greater

30 effects can be obtained by applying this embodiment in the case
where a multi-level semiconductor memory cell transistor is
used because the spacings between the multiple threshold
voltage distributions are narrow and the increase. of the
threshold voltage distributions due to capacitive coupling

35 between adjacent memory cells; and problems easily occur such

as program-disturbance. It is desirable for the number of



15The floating gate 126 and the control gate 127 may include a Si

sem conductor, a SiGe mxed crystal, or a SiGeC m xed crystal, a

pol ycrystal of the same, or a stacked filmof the sanme. The floating gate

126 and the control gate 127 may i ncl udé@nor phous Si, an anor phous Si Ge

m xed crystal, or an 20 armrphous Si GeC m'xed crystal, or a stacked film of
t he sane. i nin ma provi ded on the c | gate

127 by deposmrer%mlgv ’ftgg quﬁﬂtﬁt'gn%g r&@ IThy1e FRGRery &eigyéﬁﬂ used
as the metal bél @ ngohayeof-twceairtiegert o csinipiofy geie decoldingeaft thiet h at
| east one se cted fro the group 25consisting of Ti, Co, Ni, M, Pd, and

Pt . a.\MC recited above may include a seni conductor
nmenory cel | tranSIAttﬂbd@:{wth@ sdgsé wmlfias crcuitdeand prdvided . oi the
sem condyct or

tra or. stori mul tjple blts of three val ues
or nore ray PECPREd @:‘B%ftyercgg étqq(ctig §|‘1"j]%e”bbﬁg“i3 n&ReBIfiapBKPMRIESh s
enbodi ment | f‘eélbédcaﬁ@vé/ﬂ@h% 8efgkt athMﬁbrS@iﬁtQRBdﬂlét fiayEserpreated
transistor is u ause the s irc:mn tietwewga qe) Fr.ultl pl e threshol d
vol tage di st?Mb 15 HSTATETRRIY e B i Oke Tns thengerAnEs RBAATYI t age
di stributiongedueplioekcapaci idee Goithl | BEe3XUIRItIGES atiaedFt aRjpursedel |'s;
and probl ens eaS| I%/ occur such as programdi sturbance.It is desirable for

the nunmber of'€ERPEWYESRol d vol tage distributions stored in one nenory cell
MC to bgpa power-of-two integer to sinplify the decoding of the information
dat a. AlthougF. H:e senae anEIifier circuit 46 is provided on the 5 second

menory cel | gk embeaBent t he specific exanples recited above, the sense

anplifier circuitsfFrg, ney nbeapbmﬁweﬂa@mamqnhstﬁétmﬁmﬁé EGhfighrasinl a
side and the second rrermr@lu—ﬁ%pr block I'b side with t unctlons t her eof
d

di spersed t h@felfet REEHCON rBRH3AMNefevice acq;qn@mg(; fe @ pkbid

diagramil | ushipdditgenhhe configuration of a sem conductor nenory device

accordi r1% to a thi AdeWB)déErﬁlng is used again as an example to describe

a semiconductor memory device 530 according to the third
embodiment.
A memory cell array 1 is provided in the semiconductor
memory device 530 as illustrated in FIG. 16. The first and
20 second memory cell blocks 1a and 1b are provided in the
memory cell array 1. The regions where the first and second
memory cell blocks la and 1b are provided are the first and
second regions RG1 and RG2, respectively. As described below,
the plural memory cell units 4 are provided in the first and
25 second memory cell blocks 1a and 1b; and the memory cell unit
4 includes multiple nonvolatile memory cells connected in
series.
The semiconductor memory device 530 further includes
the data control line driver 2, the row decoder 3, the control
30 circuit 40, the Vpgm generation circuit 41a, the Vpass
generation circuit 41b, the Vread generation circuit 41c, the
substrate potential control circuit 42, the input/output buffer 45,
a sense amplifier circuit 461 (a first sense amplifier circuit), a
sense amplifier circuit 462 (a second sense amplifier circuit),
35 the address buffer 47, a first column decoder 481, a second
column decoder 482, and a data switching circuit 447.



15A NAND EEPROM i s used again as an exanple to descri be a sem conduct or
menory device 530 according to the third enbodi nent. A nmenory cell
array 1 is provided in the sem conductor nenory device 530 as illustrated
in FIG 16. The first and 20 second nem®&9 cell blocks la and | b are
provided in the nenory cell array 1. The regions where the first and second

menory cell blocks la and | b_ar rovided are_ the first and second_regi ons
RGL and R®, respe ‘?v%?'}seﬁé"ﬁgéf%r B ECWE| 6&/1 6|h@r§ef}$@n@mpﬂél?r units

4 are provi dedciit 462 cﬂetéét aadaa‘iomwmtaemms%ellhnélm@@déa Anehéeb; and
the menory ceII uni t |nclud§s nultlple n& 8PEtI| menory cells connected

in series. mor’fh%elgearﬁrébfn ulf JetRiRowyite M8 fanss ampliligss t he

data cont rO'CIH:lmt 461 Veid Zhe bén"s@“ﬁd?l%’@f cﬁ‘cdlh%@%h@tlﬁpa%d G4 5 40,
t he Vpg er ation circujt ass generation CI rcuit 41b,_the

Vread geRer lat F'Bu?f‘dMECﬂL{qi% 3955??‘5’1’@ lﬁ)t éntfliR-flogniGieruiti r clihe 42,

the i nput/ousenée tnmfmiﬂe%cu@merwm agndl thersemse€ uainpiffied %mdmﬁt%znse
a second sense anplifier

anplifier CIrCUIt ier, circuit 462
et 1y, SErhorRlifed Sopacupash OHIET PETOES(Ehin TRICGHY CalbAITaY sheond
col um decoder 482 atlh\ﬁisaeﬁlﬂ.’o@dﬁﬂfeh‘ﬁhlmé gk tadlifieP<kircuit 46lihassense

anplifier circuit 461 and the se applifier cir U|t 462 detect data from
a data transf@PNEE aim’edcq)'ﬂprtoiec{%h‘ﬂ)tr)ﬂ e|qmér FR9 sepser @t"ﬁPH?'Wl te
data. The secﬂs@unrmblzf iSrconhédtidd 461tﬁ@dcéﬁﬁo$eﬁ$€uﬁc”ﬂ|df'?hectbﬁtHdI 462
function alsqg as. . a data | atch andln , for exanple, a flip-flop
circuit. TheClEeHite 4bhfiqntrols ctheuprd QBlO nﬁ"q h%UEIéWé% fxRpni ther Senpeui t

462 are provaggslifier treaicaen éhfélefhélfsfé?%% bRSpIMBEPrYr&Gitl4agpray 1.
In this enbodi nent. the sense ggea ler circuit 461 1s connected to the

control circuit 4FUERE RINPlifar ercudt 46l t iugennedsdnéeted to

the control ¢ ctita %th&ﬂ"im?c&]?é@it 44'70Uahd49héo§éh§ésah4ﬁ§l|ﬁéF'eé|r@U|tt he
outputs ronaétje sense anpljtier ci rcuit nd t he sense aml)'hg I er
1

circuitl is conngqteer tor Hae sdaka %Fhfn%rc'ﬁ\d@uﬂHMG gakdect ed
to the data Suitchihg§LipliikWs 7447 coRRdctde t%eﬂ&@m?eﬁéyéuwu@wfw 45> 462

Is connected to the"data switching circuit 44 ata swtching Ci'rcuit

447 is connet@ 884 B AMeWhIgut NBLEARY L Aatads, inptaaads e 8kR Whi ch
i nput/output data Tireid@td FRcAMPWircuit 447 switches the input/output

between the sense amplifier circuit 461 and the sense amplifier
20 circuit 462. The data switching circuit 447 includes a switching
control circuit, in which address data are input.

The column decoder 481 for designating the address of
the sense amplifier circuit 461 and the column decoder 482 for
designating the address of the sense amplifier circuit 462 are

25 provided. These select a column of which the address is
| designated by the column decoder, and form a circuit necessary
for performing the read-out and writing of data.

Therefore, the data transfer from the sense amplifier
circuit 461 to the input/output buffer 45 can be controlied by

30 the output of the column decoder 481 that receives the address
signal 47a from the address buffer 47. The data transfer from
the sense amplifier circuit 462 to the input/output buffer 45 can
be controlled by the output of the column decoder 482 that
receives the address signal 47a from the address buffer 47.

35 The input/output buffer 45 is connected to the output
driver I/O and the address buffer 47. The address buffer 47 is



The data switching circuit 447 switches the input/output between the sense
anplifier circuit 461 and the sense anplifier 20 circuit 462. The data
switching circuit 447 includes a switching control circuit, in which
address data are input. The col urgp decoder 481 for designating the
address of the sense anplifier circuit 461 and the colum decoder 482 for
desi gnating the addr ss o the sense, anplifier circuit 462 are 25 ovided.
These sel ectC@NE6F i CRIYME &j(ﬁﬁoéiesr 48 be ginghdned agdress EHF '

decoder, and4i7qrsr6cmﬁec@ed tongreedim i elederidroagpng the read-out and
witing of data. Therefore, _the data transfer fromthe sense

amplifier circuit Tiae Wt ﬁ@cpﬁﬁlﬁtzo‘iﬁ &ﬁsbmquPWSC@Hﬁ ipe tBENMYMCEY by 30

the output ofef hareg) um desg @mc%fiﬂ/tf&ab RARI e odee %ﬂdtsﬁﬁrcﬁsgr&ﬁb 47a
fromthe address huffer 47 he d%ﬂa transfer fromthe_ sense anplifier

circuit 62 €@ntned gafsutingu? AR daes selessiongale UBBRErDI@ANA By the out put

of the col umn decopls, 4P7 {dhaj. é@ﬁ@m\éet%t&?céﬁdrcﬁégréhgnm|us§Fé’t|ﬁportrhbhe
address buffer 47. 35The input/output buffer 45 is-connect t he out put

0
driver 1/0 aﬁ@nilﬁéraa@me%%\ﬁfs@mwwndnﬁoadmgrwuaewcwcmrdmg to

connect ed t otHdehid BRMbEamrPet. 481 and the address buffer 47 is connected
to the columm decoder 482 row decoder 3 selects nenory cells in

the nenmory cel | arAéydqs@ﬁiagpf?QQI‘/ﬁy,tﬁ%én?m@'aéé@éi'eﬁrBa\édnﬁd’-P@Vt‘ﬁ@ 5
control jgat & itk GeAAfcdMGuE re%'e%@ogﬁtéegi%%ﬁ§§oa”3n9 the firstFafed 17 15

a schematic circuit diagramillustratin Uration
seni conduct ofEFRAEr yNERIRIE Gl oPIRFS t bat RO d hilpd aé'@bd?f%ﬁ?d A§ dbs&cri bed

above, the nmg}h etd|lad | egndo enﬁ@m NSt oI nmory
devi ce 530, and br? ?%rzét rg)rgl 1seg‘(-)%qo{rr¢3#m§na sé@ohB oc &9 ééﬂ Og%

provi ded in 1ﬁeaﬂ€niaby'ftfépﬂeamlal>tlple m@ﬂfqrwsgeunungécﬁnd Mﬁiﬁwge catp
bl ocks | a angohl-diNGhegde7nlé i &b 8nEBFEY ytcP%'ch”dft thé: nM&tme' A édoty

control lines 7 are connected to each of the I'tiple nmeno
cell units 4.

A selection transistor is disposed at each of the end
portions of the multiple memory cell units 4 to select one of the
multiple memory cell units 4 and connect the one memory cell
unit 4 to the data transfer line BL (the data transfer lines BL1 to

20 BL2n). The gate electrode of each of the selection transistors
is connected to the selection gate line 5 and the selection gate
line 6, respectively.

The data transfer lines BL extend in directions mutually
orthogonal to the data control lines 7 and are disposed at

25 prescribed spacings in directions mutually orthogonal to the
data control lines 7.

The memory cell MC included in the memory cell unit 4 is
provided at the intersection of the data transfer line BL and the
data control line 7. The writing, retention, erasing, and

30 reading of the'data are possible independently for each of the
memory cells MC.

The memory cell unit 4 is plurally provided along the
stretching direction of the data transfer line BL (the X axis
direction) and the stretching direction of the data control line 7

35 (the Y axis direction). The first memory cell block 1la includes
multiple memory cell units 4 arranged along at least the Y axis



15cell units 4. A selection transistor is disposed at each of the
end portions of the nultiple nenory cell units 4 to select one of the

mul tiple nenory cell units 4 and connect the one nenory cell unit 4 to the
data transfer line BL (the data transfergfines BL1 to 20 BL2n). The gate
el ectrode of each of the selection transistors is connected to the
selection gate line 5 and the selection gate line 6, respectively.

The. dat a t r adgEgkian nandithexseaandnmiementyi cal bladallly ioctudemrathearo t he

o 2ot Ponn ARSI gR e ApAPEch 2R aRaRSADLe, 108SH tRe Vg
menory cel | dicechigiruded in t he menory cell unit 4 is provided at the
et ot LR 803 flegofg, BlyoRfpe e ke sRapiagt buispd T
i ndependént | némoryacklioblodles mbaroandcdlt)s ave. provided Tire Filsorly7 c&hke unit
i B EheyRIGEE 56 paLRe RRISHIALE, A SHuBetlo el SRS ©
control |ineBecabehef Yhaxadddeseaearginglhit isi desirmbierfprceié rulmdler! a
o ves Torol B8 FRIFRL,SRU A <8 BE S BORie A pkesBt, L1 B
menory cel | units Hhar sengedaanpliientcireait 46ie andudihe dieresa iamplifierhough
10 ey ey R It SaE" R BE R R gPAEK e
appropri at el BLoodi fi ed. Because of the address decoding, it i s desirable
e e i, oL TR a el e, Lahe, apBAer rduR heiegRl T
the sense amplifier circuit 462 are disposed on the one ends of
the data transfer lines BL instead of being embedded in and
15 between the memory cell blocks (the first and second memory
cell blocks 1a and 1b). Thereby, the pattern periodicity. of the
memory cells MC can be maintained; and interconnects can be
concentrated in one side of the memory cell blocks and can be
shared and reduced. Thereby, the ratio of the semiconductor
20 memory device 530 occupied by the memory cells MC can be
increased. _
The data control line driver 2 (the data control line
drivers 2a and 2b) that drives the data control line 7 is provided
on one end of the data control line 7 (i.e., the data control line
25 WL, e.g. the data control lines WL11 to WL1b and the data
control lines WL21 to WL2b) connected to he multiple memory
cell units 4. The data control lines WL11 to WL1b and the
selection gate line 5 are connected to the data control line
driver 2a; and the data control lines WL21 to WL2b and the
30 selection gate line 5 are connected to the data control line
driver 2b.
For the multiple memory cell units 4 adjacent in the X
axis direction as illustrated in FIG. 17, the data control line
driver 2 is subdivided into the two data control line drivers 2a
35 and 2b provided at the ends of the memory cell blocks,
respectively, for easier disposition of the data control line driver



10 circuit 462 are connected to one end of the data transfer |ine BL.

In this enbodi nent, the sense anplifier circuit 461 and the sense anplifier
circuit 462 are disposed on the one ends of the data transfer |ines BL

i nstead of being enbedded in and 15 betwegen the nenory cell bl ocks (the
first and second nenory cell blocks la and I b). Thereby, the pattern
periodicity gof the nenory cells MC can be maintained; and interconnects can

be concent r ale@Nith tanBafdhe the skewnbrliweee! the deta contrearimes shavfed and
reduced. Thebﬁ@/méﬂﬁ%rryaéél@ t'ﬂbck*‘(% Qeﬂﬁémtrﬂgrﬁgrmf }Plé’@% 530

occupi ed by the nepor can~be increas ‘cont r ol
| i nepdrl ver 2 (thel 'Bla%llysc@rﬁﬂb@mmedht,th@edétQatr@rﬁtﬁfgb) lineat (@rgvddthe

data control Bi3nepysi s prpybded OfBL%—QBd%Pfoc?‘d“%Lﬂ?\tbaer%o (b&8!inddes)

(i.e., the data’contfol 'l Tne 25 W ta control ‘T'rne
W.1b and 2 he!Makhe chnaxi ql'l"ﬁ@BOW’@Iet &qmmteaort@ecth@d aem@ amplifigre

menmory cel |l WHc$t 46T he ﬂ?éadﬁ ttrr@hslféf‘%n%!!‘lﬁjeg BE5b B tgggsel ection

gate line 5 are connected to_t data contro drivér a and’t H€ data
control IineSbdm2; BMindh ahdhenevan remdrsofeyene indaxes) aire theniect ed

o the data gery Upbedtal dfel ¥BhnERtel A HhE DAL BheoIREPI IRt lap 1S 4

adj acent in the X axis direction as ustrate
control line drivefS2 'ilﬁs’é}'@ﬁ@ﬂvﬂﬂecﬂﬁwt dthe the ¢ase cwherel thenalatai ver s

2a 35 ang 2btr%r%fb¢ﬂﬂ1@tl?tf8ﬁrr?%€ Eldé”\ﬁa t%rgﬁllé l?hgclgﬁrﬁ res %@tc' cvely,

for easier disposition o contro mat ch
the skew bet {H&NCOREEFAt hleomthieh hages 710cw tnt@rﬁ@nnne\ptceemsmaoce (is. g.

the first megprangel! MaHated - in the Y axis direction with the high
resistance interconnect L2, which has an interconnect resistance
higher than that of the low resistance interconnect L1. Thereby,
15 the interconnect resistance can be made uniform among the
odd-numbered (odd index) data transfer lines and among the
even-numbered (even index) data transfer fines. As a result,
the delay time (interconnect delay) can be made uniform among
the odd-numbered (odd index) data transfer lines and among

20 the even-numbered (even index) data transfer lines.

In other words, when the odd-numbered (odd index)
data transfer lines and the even-numbered (even index) data
transfer lines are each regarded as a group, the delay time
(interconnect delay) can be made more uniform in each group

25 than in the case where the odd-numbered (odd index) data
transfer lines and the even-numbered (even index) data
transfer lines are mixed together.

Therefore, the fluctuation of the delay time (interconnect
delay) between the data transfer lines connected to each of the

30 sense amplifier circuit 461 and the sense amplifier circuit 462
can be made smalier than the fluctuation of the delay time
(interconnect delay) between all the data transfer lines.

Consequently, in the case where the read-out is

performed simultaneously and the writing is performed
35 simultaneously on the memory cell units 4 connected to either
the odd-numbered (odd index) data transfer lines or the



In this enbodi nent, the data transfer lines (e.g.. BL1, BL3, BL5, BL2n-3,
BL2n-1) of odd nunbers (odd indexes) 5 in the Y axis direction are
connected to the sense anplifier circuit 462. The data transfer lines (e.g.
BL2, BL4, BL6, BL2n-2, BL2n) of the everé:wunbers (even indexes) in the Y
axis direction are connected to the sense anplifier circuit 461. As

illustrated in FIG 1, in,the case er e data 10 transfer line is
formed by si B¥RArNUPHPEERG n%veirhe '\{‘\g esigéf:%ncté'alnnc’tf%chH?%%t DPIM@;i ch
has a | ow i nppeeatinast gfethet aneiiti arar b@@gﬂﬂealé\%r'ﬂawﬂeh i thd heirdupxis
direction with the high resistance i nterconnect L2,

whi ¢
i nt er connect OPESREPANRAIFIGNE redmeech Y 81 BRROHAY ‘P@§h§t foz%r@?ﬁ%r%connect

LI. Thereby, tH& dé'l%yl Birpeeo(ingerco Akt alwiayganaRg tReecidalftobpepguana t he
odd- nunb ed é i ndex) .dat a trgnzgﬁbﬁllnes and am)n%at he even- nunbered

(even in 3R RE dNCIeaee rehy,  the rradaetsyard g WiERdonnect
del ay) can b@aﬁﬁtﬁ@ reahfz@anaa@pre@dﬁmn rIahaheﬂe@lséfaﬁdcorwémnoﬂ@u%rtransfer

| i nes and anong 20 t ven-nu even hn €eX @a&g}trans er nes.
a

In ot her words, @ﬁxghzhgdﬁa%%rfﬁﬂf@@ HEEB@%te ereaﬁ@ee‘?eq e and
t he even- nun‘ggrse;m heyear ispdexd Cgatget,—re@rp@f@r | i nes are each regarded as a

group, the delay tjime (interconnect dela can de nore uniformin each
group 25 than in th% ééhse PREFB1G hEXaHaP ntfi'reedr?ggdoi—'ﬁdé&) P&t MEdnst er

lines angt h§e9§?é‘té’l‘,l”b\ﬁ'tﬁd dﬁﬁée@nt ndexingtatFetyabpf @hel IgHRE- i bErsed

t oget her. e f| ucLuatl on of the delay tinme (interconnect

del ay) bet vveéﬂdghﬁ‘q(iea; Oc[ap%gf’@psfqrn HESoMELitE® @y dhmargd $6veanse

anplifier ciffdéx) 4@htandrahereenspedtpl i Hére ¢ wWHER 468 CRibdRDUTRIR
smal | er than th&H’ | uctuati on of th(?ydel ay tjme (interconnect delay) between

all the dataPEFtRidned |§ipedltaneous QHAERPt (dpknet@RESRhIeS he

read-out is @epéertrm@ c@dﬂlirﬁ@@@é‘schaaﬂéltb@% W'U'c‘tUBGIdrﬁ ore%ufrﬂrnr%ﬂw 3he
si mul t aneousl y on nits connected to either

odd- nunder edd@&adtrw@%y l-.uaea tnfé%@meea bﬁé‘% bretadiagnbdadtantrdestar (even

| ndex) data tineasf eTnat hes capeicileonseplingnAobe tisea hroBidimar anpese bl e
even when the circuit operat|on marginis re duced y an anount of

di fference oﬁp?ﬁlsf'%&é@/rﬁmﬁest'?ﬁnf@@@oﬁHEctS dlé@'éf)@rmﬁﬂd Sﬁlﬁ’@rétfﬁb’wwlth
operation 5 aweﬁieﬁ@rt.rbﬁngacrgﬁaeéhe@mr@b%et v@utco%hﬁdwn%'et' ng

can be realized at speeds hi gher than those of nventional "art
can be reduced.

20 As described above, since there is a difference in
interconnect resistance between the odd-numbered (odd index)
data transfer line and the even-numbered (even index) data
transfer line, a difference occurs in delay time (interconnect
delay). Accordingly, at the time of the reading in this specific

25 example, the read-out is performed with different timings
between the odd-numbered (odd index) data transfer line and
the even-numbered (even index) data transfer line.

In this case, the output of the sense amplifier circuit 461
or the sense amplifier circuit 462 connected to data transfer

30 lines with a low interconnect resistance and capable of making a
read-out speed higher may be selectively allotted to, for
example, an even physical address.

For example, in the case where the interconnect
resistance of the data transfer line connected to the sense

35 amplifier circuit 461 is lower than the interconnect resistance of
the data transfer line connected to the sense amplifier circuit



Next, the case will now be illustrated where the read-out at still higher
speed can be realized. In this specific exanple, the read-out is perforned
10 separately with different timngs between the odd-nunbered (odd index)
data transfer lines and the even-nunbere&# (even i ndex) data transfer |ines.
Here, when the read-out is perforned simultaneously on adjacent data

f i it i ng due t . tage fl yct i on_ocgurring
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lifier ci i1 4 [ circui onpect e o data
Cransrer 30 Heaistaried 86 HEE, ARRET coHefer Ting EGMbBcled EaphibeS6nSRak: ng
a read- agQt sa)leﬂﬂdiﬁiérgfmrcmmy46&,lszﬁiecmhtm%w i kﬁ%eth génke, ahﬁ);bliﬁéfl@lr@uitan
hysi . or a e, e case er )
sxfgrgo%ﬁ;gﬁhﬁgsﬁfgﬁ)& fottrd %tﬁ&ﬁ%&qsep'ﬁné’“c nnec}t,\gﬂ f’b R§j8%sénse

35anplifier positive iAbdges), awer theaputpati of eheorasee wespRfiancarefitt he

o T st Sk} R HA e b B eiRasdl b7 o St gt

2, 4, 6, ...a pusitivebeiteger)positive integer), and the output of the sense

gg}ﬂnéf ;‘igog: {Ic\lj'et Sfrﬁéggg?/gggeg,l Lr?ctetael\fjottng]e% dcgfeg%%l?—e%é cge’a’n %’e Z:’erf‘o'r'n’weczzln+1 (n
using the data switching circuit 447.

The data of a memory cell allotted to an even address is
output earlier. For example, in the case where the data of
addresses "0, 1, 2, 3, ..." are continuously read out, in the case

20 where the data of addresses "4, 5, 6, 7, ..." are continuously
read out, etc., data output at still higher speed can be
performed by making replacement in which the data of the
memory cells allotted to the even addresses are output earlier.

This is because, in the case where, for example, data for

25 every two bytes are output, data output at still higher speed
can be performed if the data of the first one byte aliotted to an
even address allowing high-speed reading are output earlier
when outputting one byte as a unit at a time via the 1/0.

Which of the odd-numbered (odd index) data transfer

30 * line and the even-numbered (even index) data transfer line has
the larger interconnect resistance may fluctuate with process
fluctuations and the like. Therefore, a configuration may be
employed in which alteration of the allotment of address is
ready to be stored in, for example, a fuse, a ROM (read only

35 memory), or the like and determined in a test process after lot
trial manufacture or the like. 1In this case, the allotment of



On the other hand, conversely, in the case where the interconnect

resi stance of the data transfer line connected to the sense anplifier
circuit 462 is lower than the interconnect resistance of the data transfer
line connected to the sense 10 anplifiegscircuit 461, the output of the
sense anplifier circuit 462 may be allotted to addresses 0, 2, 4, 6, ...,
2n (n being a,positive i d the output of the sense arrpllfler
circuit 461 ﬂﬁ@”ﬁ%s d?l%q?tgﬁggy 5835&%&@. altered i a test prpeegshaf@ng a
posi tive integerafdsiprdeess. caresn, ifor akh e RNt tind @é’@b’%‘t@réa”n’f)‘%he

performed usin tgeplga? switc nrﬂ circuit 447, The data of a nmenory
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per formed by naki ngelx@pl acedeséripiom et hﬁo@lﬂt Beo T%N@n m?ﬁm\MhFéH I's
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output at stélirdntghsr tﬁée‘tﬁn@a@fbﬁeﬁéiﬁ@rﬁe@ Ithéhenﬁiét ee%n heid idett one
al 'owi ng’ hi gh-speed read e out put

byte all otteg h% ar}tI addr es hél
earlier whendBIRT @%H@%}/t @sSaNgki tarBP|'§'ecr| (FRrGAi4 | ad \t\hﬁch of
t he odd:- 1I(DUWb§é|¢§e(&ﬂ@ll‘f@eéﬂ'cdﬁt469rﬁ5‘%fp@edgglﬁ the ré%@ilﬁée even-nunber ed

(even index) data sfer line has the 'l arger I nterconn resi stance may
fluctuate wth pro’éfecgg éétﬁﬁfﬂl 88 #e t%@amaélc virwer dhestrating the

confi gurat i onl‘ea@-yo@@ tehey 8d fiHe Wi ﬁhte?éath@nr@édicfﬁt ga/p%rfﬂfgcggnom y 35

address is read be stored i n, for exanmple, fuse,
menory), or Y "l r&nds dat fiffereacenin 'tr\5t§t!’C9ﬂB§§§sr%ﬁ|§§anC©t t Micae

manuf act ur e gﬁe@mmnwethé Ndk&vn§8saret Q@héMa%Ere?Fev@é nﬁ%ﬁ?ﬂh@%%s

prefera ea altered ina test process after th er “process.
Then, 3|5 exaﬁﬁ#eom't HmdRgainttherase twberasthe Readr@ual isnperfeimoed) , or
the Ilke ar ewlhrewtthlel?réwmedumélﬂe/n%t @Hturlﬁt\éfréshnéét Pébjséefﬁcé" b@f\@@@h of

address is alitered S5with the data switching circuit

description W& halsly 'nt%nQﬁ\'i@ﬁ i@ dshi H?ﬁ%xheéj@§§artyaﬂﬁfﬁrng|lOEea@nd| rﬁhﬁg) for
measuring theveRmpOnS&Fed ‘(‘éﬁ’éﬁ”in@éx%@%t&'%n‘%‘cfe %M BBnnleced. the tine

setting, is set differently between the sense a ler circurt 461 and the

FIG. 18A IS a schematic view |IIustrat|ng an arrangement
20 of sense amplifier circuits, memory cell units, and the like.
What is illustrated in FIG. 18A has a similar arrangement to
what is illustrated in FIG. 17. A memory cell unit 4c is
connected to the sense amplifier circuit 461 and represents the
memory cell unit farthest from the sense amplifier circuit 461.
25 A memory cell unit 4b is connected to the sense amplifier circuit
462 and represents the memory cell unit farthest from the
sense amplifier circuit 462. "c" represents the data transfer
line end farthest from the sense amplifier circuit 461, and "b"
represents the data transfer line end farthest from the sense

30 amplifier circuit 462.

Here in FIG. 18A, the odd-numbered (odd index) data
transfer lines BL1, BL3, BL5, . BL(2n-1) are connected to the
sense amplifier circuit 462 drawn on the upper side.
Furthermore, the even-numbered (even index) data transfer

35 lines BL2, BL4, BL6, ..., BL2n are connected to the sense

amplifier circuit 461 drawn on the lower side. In this case, it is



10 sense anplifier circuit 462 to speed up the readi ng. FI GS. 18A
and 18B are schematic views illustrating the read-out timng in the case
where the read-out is perforned when there is a difference in interconnect
resi stance. More specifically, the drawiggs are schematic views
illustrating the 15 read-out timng in the case where the read-out is

per formed when theri is.a difference in interconnect resistance between the

odd- nunber ed®g8HA¢H dbat H&@d”ﬁ?é@%’?@ﬁq|rﬁ§'$£ﬁ@%@feﬁf@ﬂﬂdrﬁwl@@e(r§den
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units, and tﬁ%sqsfégce ?—@\fqm-mmee"@d (1e1t¢mmﬂm)ha§ta %Eﬁﬁf%frllne
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connect q@ tonhée aﬁ@%edégehbfcidﬂ o‘F't‘h@Jtéséﬁg dﬂ#fe%\él‘FoPé‘ drii RERPS! si de.

Furt her nore, %ﬁg nbered (even in ta transfe | i nes BL2,
BL4, BLS, BL2n are ne@%dsté thedafie Gi‘rﬁﬂh f'“b,lStlEﬂtmglthel&haﬂgﬂmnon the

| ower side. | asg" i 8n t

resi stance ofalttﬁglezc!lg nlﬁrrbaé'?gd % gﬁ ?ﬁ%eg?gaapg{?ﬁé;ﬁsé%%{l ne 1s In:'wgr t han
the interconféElit 365t ANE Bhet BensRerAmuiierecCifeudn 462exdredadrivenanst er
l'ine. In thesigagramMgyss|yyhe i nterconnect resistance of the 5 odd-nunbered
(odd inggé) data transfer line is higher than the interconnect resistance
of the n- nunber®a i{lestitieddEx Fleat 588y aypHiage ie applitd costheodatan be

provi ded on tip<yuppsk bontddade rigrg%lm@% ik Oﬂgl' ahE knEakantEanst of

line is replaced wth the even-nu (even ata transf l'ine
and a descri pMRIHISF Cingatit 4&2 ifsom&NPot@ B tinea. perlod froPh @G0 18R 1.s a

schematic grepBtiis ltfﬁerr@ﬁhgglst ke rFbange 'ﬂoYﬁ'Gf\ﬂ% o vEY lﬁ”fh Cper'@ijt he

case where tg_e sense agg ier circuit 61 and sense anpli rcuit
462 are drivERM;tItPakkoudnythis case, chargmg can be carried out in an

20 almost equal period of time between data transfer lines,
because the capacitance between data transfer lines is large
and charging is performed so that adjacent data transfer lines
may reach the same voltage VBL.

After that, the voltage of the data transfer line is kept

25 constant from tl to t2. That is, a period (from t1 to t2) of
keeping the voitage VBL constant is provided. Here, when the
read-out of the memory cell is performed, for the memory cell
to which current terminals are connected in series to the
read-out memory cell, Vread, which is an electric potential

30 higher than the maximum threshold voltage of the memory cell
is applied to the data control line connected to the control gate.

In this case, assuming that the voltage of the data
control line involved in the reading is Vref, since the electric
potential of a data control line adjacent thereto is Vread, the

35 voltage of the data control line involved in the reading
fluctuates from the voltage Vref due to capacitive coupling. In



15As illustrated in FIG 18B, a voltage is applied to the data transfer
line by the sense anplifier circuit 461 and the sense anplifier circuit 462
fromG\D to VBL in a period fromtOto tl1l. That is, charging is carried out
fromG\D to VBL in the period fromtOta1l. In this case, charging can be
carried out in an 20 al nost equal period of tinme between data transfer

| i nes, because,the capacitance petween data transfer lines is |arge and

charging i s BE9®Lr tRAPEEVERL: MIFrE8eHRTddba thearsdse an@é(cﬁﬁﬁ“'ﬁﬁa@ﬁet he
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Next, during the period from tl1 to t2, the selection
transistor on the source line side or the selection transistor on
the drain side is changed from the conduction state to the cutoff
state.
25 Subsequently, during the period from t2 to t3, the
charges stored in the data transfer line are discharged by, for
‘example, changing the selection transistor on the source line
side or the selection transistor on the drain side from the cutoff
state to the conduction state.
30 At this time, the magnitude of the charge of the memory
cell is evaluated with the sense amplifier circuit 461 and the
sense amplifier circuit 462. For example, the magnitude of the
charge of the memory cell is evaluated by measuring the
- magnitude of the electric potential of the data transfer line with
35  the sense amplifier circuit 461 and the sense amplifier circuit
462 by comparing with a reference value (for example, VBL_th



20 to Vread can be prevented. Next, during the period fromtl to t2,
the selection transistor on the source |line side or the selection

transi stor on the drain side is changed fromthe conduction state to the
cutoff state. 25Subsequently, during thesgeriod fromt2 to t3, the charges
stored in the data transfer line are discharged by, for exanple, changing

t he sel ection, transistor t ource.line side the selection

transi st or oﬂ“‘lsﬁ'@afﬁii i sl'ﬁg% f ‘t héﬁﬁﬁf%ﬂ'v?ﬁét gF'Fo npagn % dhestate.
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FIG 18B). Atherarasevetate bhe trrgwritelstatetdre cBadogs &in dxmpmer yhizel |

may be eval uated by neasuri the current flown hroygh the data. transfer
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462. 5 Herei obejouwseal thotibht tdasel, W thresed|@fadfbicedtdto @n erakbBesgitase
state and the _.te state are used, as aP exanpl g thi s enbodi ment can be
appl i ed al soa'f‘gr ﬁulv‘(ri'fj eSRPgleué@a)ésbﬁ kaKeBr asr theukBEesheld 1fi thgsEwoa

t hresholld) adyahesd. to an erase state and a wite state may be taken as the

threshold of the t 10val yes. Here, it is assuned that the
i nt er connect resi s'%@ﬁ@e 'gf'st ResyTacHutber &g Jadererrng Chidiesistaieg &f 1ine

i s | ower thathé hedd enrseamart( odesindaryed ofa thhaneran{ineTheriedvderpan ndex)
dat a transfeg,hl |.n§é Accor dj er discharge current can

ngly, a lar 15 be
passed t hrough®t'A ﬁ%%??cEégﬁysiﬁnESnﬁgép@det"@"'t‘lﬁ‘é”ﬁ&@@ﬁnf@{%ﬂ iN6kRxX)i ndex)
dat a transfedata ngahéer tihed. t Aceoediridlg, emaryeeediscAGr§eNBaEtast tant he
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the threshol dduchuageered (durd nREEKY @&td TréhBfecidenehaheth st #AF6EgAT the
memory cel| Erﬁéan?ﬁgrﬁw%rrs caerlle tfgugclnhnected to the even-numbered (even
index) data transfer line by a lowered amount of the
interconnect resistance of the data transfer line even in the
20 case where the threshold voltages of the memory cells (the
channel resistances of the memory cell transistors) are equal.
Therefore, in the case where the logical value of the
memory cell is "0" in FIG. 18B, that is, in the case of the write
state (the threshold voltage of the memory cell being larger
25 than Vref), since the Vref value is lower than the write
threshold voltage, the memory cell current does not flow and
the electric potential of VBL is kept in both the memory cell
connected to the even-numbered (even index) data transfer line
and the memory cell connected to the odd-numbered (odd
30 index) data transfer line.
On the other hand, in the case where the logical value of
the memory cell is "1" in FIG. 18B, that is, in the case of, for
example, the erase state (the threshold voltage of the memory
cell being smaller than Vref), since the Vref value is higher than
35 the erase threshold voltage, the memory cell current flows and
the voltage of the data transfer line decreases. In particular,



Therefore, in the case where the |ogical value of the nenory cell is "0" in
FIG 18B, that is, in the case of the wite state (the threshold voltage of
the nenory cell being larger 25 than Vref), since the Vref value is | ower

than the wite threshold voltage, the needry cell current does not flow and
the electric potential of VBL is kept in both the nenory cell connected to
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with a higher interconnect resistance, since the current flowing
through the data transfer line is small, it is necessary to wait
until the time of t3 longer than t3' in order that the data
transfer line voltage may become lower than VBL_th.

20 Here, in the conventional technology, the sense amplifier
circuit 461 and the sense amplifier circuit 462 are driven
simultaneously with the same timing. That is, the read-out is
performed with the same timing between the memory cell
connected to the even-numbered (even index) data transfer line

25 and the memory cell connected to the odd-numbered (odd
index) data transfer line. Therefore, it is necessary to wait
until the longer timing of t3 as the time of discharging the
charges stored in the data transfer line.

Hereinbelow, it is assumed that t3' is a shorter time than

- 30 t3 and t4'is a shorter time than t4.

FIG. 19 is a flowchart illustrating the reading of data.

As illustrated in FIG. 19, the sense amplifier circuit 461
and the sense amplifier circuit 462 are used to output earlier
the data of the memory cell connected to the data transfer line

35 with a low interconnect resistance. |

First, in step SE1, the data of the memory cell in the



20Here, in the conventional technology, the sense anplifier circuit 461 and
the sense anplifier circuit 462 are driven sinmultaneously wth the sane
timng. That is, the read-out is performed with the sanme timng between the
menory cell connected to the even-nunberdd (even index) data transfer |ine
25 and the nmenory cell connected to the odd-nunbered (odd index) data
transfer line. Theref
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menory cell unit.4 connec% %éo t he even-nunbered (even index) data
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anplifier ciycuit 462. In other words, the read-out perforned in steps SEl
and 15 SE2 a{'%eiﬁﬁ%%%cﬁ@%%ﬁf {FHECYibngel pegathensense amplifier circuit

462. In other words, the read-out performed in steps SE1 and

15 SE2 are in accord with the longer read time.

Next, in step SE3, the data stored in the data latch of the
sense amplifier circuit 461 and the data stored in the data latch
of the sense amplifier circuit 462 are output through the
input/output buffer 45 in the predetermined order.

20 In this case, a logical address of the memory cell stored
in the data latch of the sense amplifier circuit 461, a logical
address of the memory cell stored in the data latch of the sense
amplifier circuit 462 are allotted in advance in a prescribed way
and are not changed.

25 Accordingly, also in this case, since an even-numbered
(even index) data transfer line and an even-numbered (even
index) data transfer line form a group, the delay time
(interconnect delay) can be made more uniform than in the
case where the odd-numbered (odd index) data transfer line

30 and the even-numbered (even index) data transfer line are
mixed together.

As a consequence, the fluctuation of delay time
(interconnect delay) between the data transfer lines connected
to each of the sense amplifier circuit 461 and the sense

35 amplifier circuit 462 can be made smaller than the fluctuation of
delay time (interconnect delay) in the case where all the data



Next, in step SE3, the data stored in the data |atch of the sense anplifier
circuit 461 and the data stored in the data |atch of the sense anplifier
circuit 462 are output through the input/output buffer 45 in the

predeterm ned order. 20In this case, a IMgical address of the nenory cell
stored in the data latch of the sense anplifier circuit 461, a |ogical
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the memory cell connected to the odd-numbered (odd index)
data transfer line in the above case, the logical address as a
memory is allotted in advance in a prescribed way. In this case,
in the conventional technology, the read-out performed in steps

20 SE1 and SE2 is performed with the same read-out timing.
Therefore, the read time is the same between the sense
amplifier circuit 461 and the sense amplifier circuit 462. The
read-out performed in steps SE1 and SE2 are in accord with the
longer read time.

25 FIGS. 20A to 20C are schematic views illustrating
another example of the read-out timing in the case where the
read-out is performed when there is a difference in interconnect
resistance. More specifically, these are schematic views
illustrating another example of the read-out timing in the case

30 where the read-out is performed when there is a difference in
interconnect resistance between the odd-numbered (odd index)
data transfer line and the even-numbered (even index) data
transfer line connected.

FIG. 20A is a schematic view illustrating an arrangement

35 of sense amplifier circuits, memory cell units, and the like.
What is illustrated in FIG. 20A has a similar arrangement to



15 even-nunmbered (even index) data transfer line is replaced with the'
menory cell connected to the odd-nunbered (odd index) data transfer line in
t he above case, the |logical address as a nenory is-allotted in advance in a
prescribed way. In this case, in the co ntional technol ogy, the read-out
performed in steps 20 SE1 and SE2 is performed with the same read-out
timng. Therefore, the read tine is the same between the sense anplifier
circuit 461 wial iseilbugtsatedphiFiGr 19i.rcuit 462. The read-out perforned in
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lines BL2, BL4, BL6, ..., BL2n are connected to the sense
20 amplifier circuit 461 drawn on the lower side. In this case, it is
assumed that the interconnect resistance of the odd-numbered
(odd index) data transfer line is lower than the interconnect
resistance of the even-numbered (even index) data transfer line.
In the case where the interconnect resistance of the
25 odd-numbered (odd index) data transfer line is higher than the
interconnect resistance of the even-numbered (even index) data
transfer line, a discussion can be provided on the supposition
that the odd-numbered (odd index) data transfer line is
replaced with the even-numbered (even index) data transfer
30 line, and a description of the case is therefore omitted.
FIG. 20B is a schematic graph illustrating the change in
voltage in the case where the sense amplifier circuit 461 and
the sense amplifier circuit 462 are driven with different timings.
A description similar to that of FIG. 18B described above is
35 omitted as appropriate.
FIG. 20B illustrates the change in voltage at or around



| ines BL2, BL4, BL6,BL2n are connected to the sense 20anplifier circuit 461
drawn on the lower side. In this case, it is assuned that the interconnect
resi stance of the odd-nunbered (odd index) data transfer line is | ower than
the interconnect resistance of the even-tainbered (even index) data transfer
line. In the case where the interconnect resistance of the 25 odd-nunbered
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is kept in both the memory cell connected to the
even-numbered (even index) data transfer line and the memory
cell connected to the odd-numbered (odd index) data transfer
20 line.

On the other hand, in the case where the logical value of
the memory cell is "1" in FIG. 20B, that is, for example, in the
case of the erase state, since the Vref value is higher than the
erase threshold voltage, the memory cell current flows and the

25 voltage of the data transfer line decreases. In particular,
because the memory cell 4b connected to the odd-numbered
(odd index) data transfer line has an interconnect resistance of
the data transfer line lower than that of the moery cell 4c
connected to the even-numbered (even index) data transfer line,

30 the voltage decrease of the data transfer line is larger in the
memory cell 4b.

Therefore, in the case where, for example, the logical
value is evaluated through the threshold voltage of VBL_th, in
regard to a memory cell that is connected to the odd-numbered

35 (odd index) data transfer line with a lower interconnect

resistance and has the memory cell data of "1", the data



201 i ne. On the other hand, in the case where the |ogical val ue of
the menory cell is "1" in FIG 20B, that is, for exanple, in the case of
the erase state, since the Vref value is higher than the erase threshold
vol tage, the nmenory cell current flows & the 25 voltage of the data
transfer |ine decreases. In particul ar, because the nmenory cell 4b
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time t3 of tggnggraon%h?ler cnrgﬁllot h%lzutﬁ%ar?tl?xdtl'llen nﬁlemory cell 4b. That is,
the read time t3' of the memory cell 4d illustrated in FIG. 20C
can be made shorter than the read time t3 of the memory cell
20  4b illustrated in FIG. 20B. |
FIG. 21 is a flowchart illustrating the reading of data in
the case described in FIGS. 20A to 20C.
As illustrated in FIG. 21, the sense amplifier circuit 461
and the sense amplifier circuit 462 are used to output earlier
25 the data of a memory cell nearer to the sense amplifier circuit
out of the memory cells connected to the data transfer line with
a low interconnect resistance.
First, in step SE4, it is evaluated whether or not the
period of the read sequence (the period from the start of the
30 reading to the end, i.e., from t0 to t4 or t4') is shorter in the
memory cell connected to the sense amplifier circuit 461 via the
data transfer line than in the memory cell connected to the
sense amplifier circuit 462 via the data transfer line.
In this case, the evaluation criteria can be found by, for
35 example, checking the read times of the memory cells 4b and
4c after the manufacturing of the semiconductor memory device.



FIG 21 is a flowhart illustrating the reading of data in the case
described in FIGS. 20A to 20C. As illustrated in FIG 21, the sense
anplifier circuit 461 and the sense anplifier circuit 462 are used to
output earlier 25 the data of a nenory 81| nearer to the sense anplifier
circuit out of the nenory cells connected to the data transfer line with a
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a nenory celtetafinednemarBROMeIdr aifuse4 connected to one data control line is

read ou tothed alatch of the sense amplifjer circu 461 with the
read- out i mi ngs of t€ FS& §F, ﬁ}ﬁmoqgon #eﬁed”ségemﬁk SHEEO Y c

exanpl e, thecelaiof a)fmehﬁaonsermﬂb'unﬁﬂ 4 connected to one data control line is
read out to the data latch of the sense amplifier circuit 461 with
the read-out timings of t1, t2, t3', and t4' in step SES5.

In this specific example, the data of the memory cell

20 connected to the data transfer line with a low interconnect
resistance are read out earlier, and therefore the discharge time
-of the data transfer line can be made shorter than in the case of
step SE1 described above.

Subsequently, in step SE6, the data of a memory cell

25 connected to the same data control line as that read out in step
SE5 are read out to the data latch of the sense amplifier circuit
462 with the read-out timings of t1, t2, t3, and t4.

Subsequently, in step SE7, the data stored in the data

latch of the sense amplifier circuit 461 are firstly output through
30 the input/output buffer 45,

Subsequently, in step SE8, the data stored in the data
latch of the sense amplifier circuit 462 are output through the
input/output buffer 45,

Thereby, the data read out at the sense amplifier circuit

35 461 with an earlier timing than at the sense amplifier circuit
462 can be output earlier in step SE7. Therefore, faster data



20 connected to the data transfer line wwth a | ow interconnect resistance
are read out earlier, and therefore the discharge tinme of the data transfer
| ine can be made shorter than in the case of step SEl described above.
Subsequently, in step SE6, the data of a76enory cell 25 connected to the
sane data control line as that read out in step SE5 are read out to the

data latch of S appl tfier circuit 462 with the read-out timngs of
tl, t2, t3, gr‘%gﬁ'ﬁ&ﬂ?%e r#O'@aﬁgequently, in step SE7, the data stored in

the data |atch of fhetheecaseaoplthii epticn ¢hig" %étepeSEﬂlf,ﬁw S'teWESEQ SaE8
the data st o Bl kit & dPEMefY Fell suRke parHo hed tor Ane Batanr o
out put t hr ougbnthel iirn!e]y’_ts/ meapuou_bttﬁoéggefllaa_t? hIatcheof; T!‘lgr §té}9irsnetn§'ﬁ1tplﬁgin@a{ e?ﬁe
ggtnsgt at i ;‘Sl Erfceudfggz W'E%f%éﬁgé)@'%ﬂf SUT‘W%%? Iq%gtrlrﬁfé/ﬁ p &3 Ather ef ore,
faster data 76 oulpuhisaspdusfipeskanmpie, tlhle dfata'ﬁ‘rrgtrnfg?eﬁggrfel Q’&EPP@A@W I on
et o oo TSR d Bk, Snd S FRFEdes et narane
sense anpl i f tene5of rthe ti_a%éZtr‘airiéﬁelt' hmfﬁ@@l&g%!éé rprag'ri?g??lee?éthﬁtrfﬁn ;tﬁeowa”d
}[ﬁt'erconnect lcgg Péfﬁﬁ‘%g%éi %@Sﬁxﬁiﬁ@&%@%herefore the discharge time of
the datd@ransfer Biulzsezﬁjedil@ymﬂ_esﬁéprSE%g,hm\? Lgatéégﬂgz?@géﬁne%f&eﬁgh
e red o8t Ro R e e e, 5, a el find P TaC o obE prigis ey
read out to BED ¢aktardad dutototthe sletacizatnl of tRe séhMsdidmplifier circuit
461 with the read-out timings of t1, t2, t3, and t4.
Subsequently, in step SE11, the data stored in the data
15 latch of the sense amplifier circuit 462 are firstly output through
the input/output buffer 45.
Subsequently, in step SE12, the data stored in the data
latch of the sense amplifier circuit 461 are output through the
input/output buffer 45.
20 Thereby, the data read out at the sense amplifier circuit
462 with an earlier timing than at the sense amplifier circuit
461 can be output earlier in step SE11. Therefore, faster data
output can be performed.
By using step SE4 to step SE12 described above, in this
25 specific example, the logical addresses of the memory cells are
interrhanged between the data of the memory cell stored in the
data latch of the sense amplifier circuit 461 and the data of the
memory cell stored in the data latch of the sense amplifier
circuit 462. Thereby, the data of the memory cell connected to
30 the data transfer line with a low interconnect resistance can be
output earlier than the data of the memory cell connected to
the data transfer line with a high interconnect resistance.
In this specific example, in regard to the timings t0, ti1,
and t2 of the data reading of the even-numbered (even index)
35 data transfer line and the odd-numbered (odd index) data
transfer line, the read-out may be performed simultaneously for



461 with the read-out timngs of ti, t2, t3, and t4. Subsequently, in step
SE11, the data stored in the data 15 latch of the sense anplifier circuit
462 are firstly output through the input/output buffer 45.

Subsequently, in step SE12, the data stored in the data |atch of the sense
anplifier circuit 461 are output through the input/output buffer 45.

20Th by, t edataread t the sense rrp ifier circuit 462 with an
ear| :are(ra %/I mi H3et RYRNa Beg%ﬁ §eXRPI iIPdeX)cidatai trapsfeadine aodpdhe

earlier in deld SEmbeiFél@r bdte intax) edatat @rmwt IFRD e AfGftehMAe By
using step SE o] é@g SE1? descri bed above, in this 25 specitic exanple,
the | ogi cal e%é OFACHECHERPCE cel I's are interrhanged between the data

of the menmory cell Fet@mmethlejrmgem@b@fﬁudﬁ deS'm %ef\t?cﬁt@”ﬁhbfwﬁa@'ercu't
461 and the data of, the ne cel| stored.in e data | at e sense
anplifier ci PELF?\ e gefa ‘?ﬂBEDéHyI,mtehE"\é@tV&dofntmﬂ@ FERSiHIcl takennkethe) to 30

the data trafsf %fxdmmﬂew\lr*éfa th@Wvbmﬁﬁgf@mE@ﬁersﬁhéF% MRS ‘H%T%
earlier thanthed ﬁ? m)ryc connected to the tatrans
line with a Aghtd ?Brggn @ct qjst%rr\@e the selectignt fransiséer po éh@rrpl e,

in regard tOsbhﬁcéllnm@%ldfeQantd Ih@@e‘l@c@énth%rﬂ%'ﬂlé?orr i th@ eraﬁr‘?esldg
i ne and the odd- nunbere odd

o o o B rBn R Bomy AR Ayl Srate oo Hh SARGUCHIRD SEELEel vt or
77 the enen- Mireersed ﬂ%’erélb&@ﬁé) ﬁ@ﬁéhtﬁéﬁ”%ffertHé n'afa%ad tRmpde- nier ed

odd i ndex ata transfer line to shorten the tinme he read sequence.
I(:or exanpl Za 8éPu"‘r“':'ler?ng':'f erE'?‘?dﬂlANQ)rﬁtf@Q Nnyelvadhin e sgedB®fis theEnast a

cont ol [ neritavehueconauttier seste ol icralsse ifeRaectaE. uaamis), Yha! the

vol tages of the ot her data control |ines are ead, dn

sel ection trEneTeRYrthe vakkagsuafe thﬁn@aﬁadé:moi héngelryveived tlﬂarﬁbﬁstor
on the drainreadmdicars benaeerddsea te."a&ll‘é‘r*tﬂf&fn THe ©oitadds gomkdinyr state

to 15 data control lines. Therefore, a voltage increase due to the
capacitive coupling of the channel portion of the NAND string
caused by the voltage increases of the other data control lines
to Vread can be prevented.
Next, during the period from tl1 to t2, the selection
20 transistor on the source line side or the selection transistor on
the drain side is changed from the conduction state to the cutoff
state.
Then, for example, during the period from t2 to t3' in
step SE5 or step SE9, the selection transistor on the source line
25 side or the selection transistor on the drain side is changed
from the cutoff state to the conduction state to read out the
data of the memory cell to the sense amplifier circuit.
Furthermore, during the period from t2 to t3 in step SE6
or step SE10, the selection transistor on the source line side or
30 the selection transistor on the drain side is changed from the
cutoff state to the conduction state to read out the data of the
memory cell to the sense amplifier circuit. |
According to the semiconductor memory device 530
according to the third embodiment, the odd-numbered (odd
35 index) data transfer lines and the even-numbered (even index)
data transfer lines are each regarded as a group and can



10 increase the electric potential of the data transfer |ine. Consequently,
the NAND string involved in the reading is turned into the conduction state
to increase the electric potential, and thereby the voltage of the data
control line involved in the reading camge increased earlier than the

vol tages of the other 15 data control lines. Therefore, a voltage increase
due to the capacitive coupling of the channel portion of the NAND string
caused by ththembwndgsakecthastelayf tinne (dntecarmectcdeiay) nonesunifokmead

can be prevemad. iftle Hd NWnkRE BATHRG H5PE" {rbridtel2linkleape! RfilkAn 20

transi stor on the source ne sidé or the seléction transI'Stor “on drain
side i s chante@eth®m t he conduction state to the cutoff state. Then,

for example, durl ngnbPerdidl’ Mel MMdfadiant 3r RIS CRINE Ghiidthmit, Lhe

sel ection transi stor on sour ce Si de or 't he 'se i stor
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Accor di ng t oat@edixedc diegeth@r tombey devhecta&d0otactbedisemseo amelifter d

enbodi nﬁ:? %n,?u@tdd-nunber ed (odd 35 index) data transfer |lines and the
unber e

even-n evéen index) data transfer lines are each regarded as a group
and can 78 t her ebfsnmakeonseqimnge,t imethé ncases nwdaredéhay readreutinisf or m

Tharet oo REPFHIEEE, BnARhan | AR Pl TaRcBl e lbRsHAEs
simultaneously on the memory cell units 4 connected to either
the odd-numbered (odd index) data transfer lines or the

15 even-numbered (even index) data transfer lines, normal
operations of the circuit are possible even when the circuit
operation margin is reduced by an amount of the difference of
the delay times (interconnect delay); and the circuit operation
speed can be increased. Thereby, the read-out and the writing

20 can be realized at speeds higher than those of conventional art.

Furthermore, the output from the sense amplifier circuit
461 and the output from the sense amplifier circuit 462 are
performed with different timings by the control circuit 40. Thus,
the circuit operation speed can be increased, and therefore the

25 read-out and the writing can be realized at speeds higher than
those of conventional art.

Furthermore, the data of the memory cell connected to
the data transfer line with a low interconnect resistance can be
output earlier. For example, the output from the sense

30 amplifier circuit connected to the data transfer line with a low
interconnect resistance can be performed earlier than the
output from the sense amplifier circuit connected to the data
transfer line with a high interconnect resistance. Consequently,
the read-out and the writing at higher speeds can be realized.

35 Furthermore, the data of a memory cell nearer to the
sense amplifier circuit out of the memory cells connected to the



5 del ay) between the data transfer lines connected to each of the sense
anplifier circuit 461 and the sense anplifier circuit 462 can be nade
smal l er than the fluctuation of delay tinme (interconnect delay) in the case
where all the data transfer lines are m%®ed together to be connected to the
sense anplifier 10circuit. As a consequence, in the cases where the

read-out is performed_sinmultaneously and the witing i erfor

si mul taneous&?E%nE'%fﬁEmjpf AN fen%. Péﬂﬁ’ 0 ?E'dgttﬁéftqw&ﬁgor a

odd- nunber edm@ddriyncelX)pldatd heansf ¢b thaeserise Amplifiesveircoimaeriedn(even
i ndex) data transfer |ines, nornal eratifons of th .ciEcuit are LPOS I bl e
even when thg‘%lcf%ttﬁ traypdest \TBﬁ R P& PRIPEMRE £3ieinthaButhe &

di fference ofort ke mehsyryt ideb dibakar pongerirtierapdsitang. t reudhetdre,

ratio ed can be i.ncreased. Thereby, the read-out and the witing 20
ggﬁ belr isP@'éed QPtBHEe:ﬁgr h?gﬁ@ﬁ”ﬁ%ﬁﬁ R seOIQFeéiorf‘v%%Eqron%Q gfﬂg_ Sense

Fur t her nor e, afrfisifoeit Ritc Uit e 2 hen 20ies 8 adBPtrialiseér Gine Waln @l peftbitrigdout put
fromthe sense ar’r'pllfler Cl%ﬁ-ﬁlt 4%are performed with djffere tBtté‘l m ngs
by the cont rofM s &ian 45 PHERUL HY 4 r’@tﬁrY'OB}Se?%ltliBlr?%e[deéa Gandpdrer

i ncreased, apdsitheiefore the 25 read-out and the witing can be realized at

speeds hi gher tha hpse of cqnventional art. Furthernore, the data
of the menory cel InT%Bﬁn'éctérH'f t$RSQarvheneatbeedatandeqd Fime Rf tRe

i nt er congect N ASipié aneemery dElPuEudeaRihigle nraltiskafipbe meRfospicent from
t he sense 30 a@tgllfler c:tlﬁbc%ltﬁﬁonnecﬁed to.the. data transfer line with a
e

| ow i nt er conBEE QNG Be MM BIG i tal NEICONNBLEShAS 08RRGEEM r om

the sense angHaf ittle @ats Weladcaimmedfeehé miugpiaidebicistelis! indgudetiina hi gh
I nt erconnect, resis anfe‘eegﬁOonse uentlglhgéa& read-out and, the witipg at

hi gher speedd'@RUHAP FoBg. & RIS (g NREe b Lo Lha mviERIE) |
nearer to theesendeirmeptbhhects, thei todtkolotirldigt MRITI Yo we! tise c@atecdfed to
col | pl d9d His FBDIGBIS RRSTUAISe CaNgl 1T4TuASd 1nihe T Bier hestGmamarns or
line can be geifanmed teamd efutian ddi¥ie?UtRdh the data of the multiple
memory cells included in the multiple second memory cell units.
Consequently, the read-out and the writing at still higher speed
can be realized. Therefore, a semiconductor memory device
20 with improved operating characteristics and reliability can be
provided. _

Next, a variation of the semiconductor memory device
according to the third embodiment will now be described.

FIG. 22 is a schematic circuit diagram illustrating a

25 layout of the memory cell array and the data transfer line.

As illustrated in FIG. 22, in a semiconductor memory
device 531, the sense amplifier circuit 461 and the sense
amplifier circuit 462 are not provided to face each other across
the memory cell array 1, but are disposed collectively on one

30 side of the memory cell array 1.

That is, the sense amplifier circuit 461 and the sense
amplifier circuit 462 are collectively disposed.

In other words, in this variation, the sense amplifier
circuit 461 connected to one end of the even-numbered (even

35 index) data transfer line and the sense' amplifier circuit 462
connected to one end of the odd-numbered (odd index) data



for a menory cell placed in a farther position. Furthernore, 5 the out put
for a nenory cell placed nearer to the sense anplifier circuit 462 on the
data transfer line can be perforned earlier than the output for a nmenory
cell placed in a farther position. That 8%, in the case where the data read
time of the 10 nultiple menory cells included in the multiple first menmory
cell units c nne ed to Irst interconpects_is shorter. than

the data rea 'n?h@rﬁuFP, SIFB'VFé}?DpySQ:%ﬁ PRctiBedarmet AlemWithpl e

second marmrpewéﬁ 40 thecomarerirgd dedl tamrat;mlltl pTrhe$éﬁ@r@l iantparepnecst s,
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Next, a varigtion of the conduc, nQyp\ewce accor lggtoth third
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531, the sengéseéﬁp':r\ug’{’lr%mr‘b%héuﬂyC?HQE%MHIQW%&S rﬁ%é)lrtégﬁg?@'yd?‘%\gﬂfgg
are not 1y ovistedhtori@eR ryaeh| |9t behnaetedstd adreBF the edéngé ramplmé@ut are
di sposed coIIectLve 30 side of t ceI arra
That is, theC¥EHYe Ja%%l?ﬂaeghﬁl PEDSE AHP E‘@rt ﬁgcg’éhsde gnﬁlar'f |b<9' eRdgui t
462 are col | gatdlvel y di sposed. In other words, in this variation,
e e ol A ke P e npest e L2, R S, 9L Lhey yers nugher o
connect ed t otrdisfend pfe t Benaedtad ey eehé odenisedexinlaiar circuit 462
15 crosses over the sense ampilifier circuit 461, the length of the
even-numbered (even index) data transfer line is longer than
the length of the odd-numbered (odd index) data transfer line.
Accordingly, in regard to the sense amplifier circuit, the
sense amplifier circuit 462 has a larger CR time constant and
20 requires a longer read time than the sense amplifier circuit 461.
Therefore, the read time is measured in the memory cell 4c
connected to the sense amplifier circuit 461 and the memory
cell 4b connected to the sense amplifier circuit 462, and the
timings allowing the reading in a short time are set shorter than
25 t1, t2, t3', or t4' or t1, t2, t3, and t4. Then, as described in
the third embodiment described above, the read-out timing is
switched between the sense amplifier circuit 461 and the sense
amplifier circuit 462; thereby, the read time can be shortened.
In this case, as described in the third embodiment
30 described above, the parameter determining the timing of the
read time of the sense amplifier circuit 461 and the parameter
determining the timing of the read time of the sense amplifier
circuit 462 are retained separately in a ROM or a fuse.
In the case of this variation, the wording of the phrase
35 may be changed as follows: the memory cell 4b is connected to
the sense amplifier circuit 462 and represents a memory cell far



80 transfer line are collectively disposed on the sane side with respect to
the nmenory cell array 1. Therefore, a peripheral circuit and a power source
i nt erconnect can be di sposed concentratedly. Furthernore, by disposing the
sense anplifier 5 circuit 461 and the $®iInse anplifier circuit 462
collectively in this way, the I engths of the data transfer |ines connected
to each of the sense anplifier . .gcircuit 46 e sense anplifier circuit
462" can be rH08 A seTBe.amPfier dbrult 4627 end WS dremen sel e ian ch
the fluctuat¢onnbeteeen tthe danset eanpfifier! cmemtlméprarhdjerémragentsebl s
connected to_each of t@g sgnse I|f|er C|r |t 461 %qg ihe sense
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the ti mimgs §|1de)Wfftﬁethﬁaﬂh©& ldf@lla‘rraysﬁoétpéhﬁhe&é@c$rQiiUI§fa¢fd arp bt 25
t1, t2, t3 or t4' ar t3, and t4. Then esrl third
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sense anpl i f Fartienrapré, 491 @i@éotshe?smes@méléﬂrgﬂlffeﬁ chémﬂﬁ%ﬁhﬁaeby,
the read ting can be shortB\EI@r n This case crlbechln the t |rd
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separ at & |ﬁ"h°|ﬁdﬁfc§r'r%“ 1 qa DfeMade m@ﬁt eqpal; anbhrherlendkbedi ng
of the phras@f%hé%a*@é QF@ﬁQ@I‘ 34$né§| t@Wﬁec‘téé s cifebF fRel %eﬁ@@neCt ed
to the sensea % I er mrcwé aB resents a nenory ceII ?
lifier circuit 462 can e m de almost equal Therefore,
there is also an effect to reduce the fluctuation among the data
transfer lines for the memory cells connected to each of the
20 sense amplifier circuit 461, and to reduce the fluctuation among
the data transfer lines for the memory cells connected to each

of the sense amplifier circuit 462.

Fourth embodiment
25 FIG. 23 is a block diagram illustrating the configuration
of a semiconductor memory device according to a fourth
embodiment.
A NAND EEPROM is-used again as an example to describe
a semiconductor memory device 540 according to the fourth
30 embodiment. | |
| What is illustrated in FIG. 23 is the same as what is
illustrated in FIG. 16 except that the even-numbered (even
index) data transfer line and the odd-numbered (odd index)
data transfer line are connected to one sense amplifier circuit
35 463 via a data transfer line switching circuit 491. A description
of matters similar to what are illustrated in FIG. 16 and the like



fromthe sense anplifier circuit 462; and the menory cell 4c is connected
to the sense anplifier circuit 461 and represents a nenory cell far from
the sense anplifier circuit 461. Al so the sem conductor nenory device
according to this 5 variation can obtai BZ2ffects simlar to those of the
sem conductor nenory device 530 according to the third enbodi nent descri bed
since.the sense anplifier circuit 461 and the

above. . Furthermore
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bl ock di agraﬁ??ﬂpﬁ & dpi%%r'ﬁﬁe configuration of a sem conductor mnenory
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The sense amplifier circuit 463 is connected to the
input/output buffer 45. A column decoder 483 for desighating
the address of the sense amplifier circuit 463 is provided.
These select a column of which the address is designated by the

20 column decoder 483, and form a circuit necessary for
performing the read-out and writing of data.

Accordingly, the data transfer from the sense amplifier
circuit 463 to the input/output buffer 45 is controlled by the
output of the column decoder 483 that receives the address

25 signal 47a from the address buffer 47.

The row decoder 3 selects memory cells in the memory
cell array 1. Specifically, the row decoder 3 controls the
control gate line 7-and the selection gate lines 5 and 6.

FIG. 24 is a schematic circuit diagram illustrating the

30 configuration of the semiconductor memory device according to
the fourth embodiment.

As described above, the memory cell array 1 is provided
in the semiconductor memory device 540, and the first and
second memory cell blocks 1a and 1b are provided in the

35 memory cell array 1. The first and second memory cell blocks
l1la and 1b include multiple memory cell units 4. Multiple data



Is omtted as appropri ate. The first and second nenory cell bl ocks
la and | b are provided in the nenory cell array 1. The regions where the
first and second nenory cell blocks la and |b are provided are 5 the first
and second regions RGL and R&, respectig®ly. As described bel ow, the
plural menory cell units 4 are provided in the first and second nenory cel
bl ocks la and | p; .apnd the nenory cel nit 4 includes nultjple nonvolatile
menory cel | scgﬂﬁ'ﬁcﬁaﬁsi ﬁ QEF| nngglﬁ,@ "scbr?saecrhrﬂfl Elf‘?emlélq & Magwrys
provi ded on esg shite ©f the nmenory cell array 1 via the data transfer |ine
swi tching circuit 49 0 dete t dat fron1éhe data transfer I|ne provi ded

in the nemory cel | AaSEA§CHOB, F%'i‘%"s Ofr it edigRosedrt Lach afpthei epd

circuit 463 pyprgbnensf QhéOne@rn@rqatelll@mth4aﬁwSeW@w6ﬁ% ol reuRiple. a
flip-flo ier circuit 463 is conpected to

circuit.
t he |npuf5/ oufRMasYr £l %@'tsﬁef@!ﬂ rﬁpﬁ%ﬁﬁéhe&@ef@emé’ﬂgﬁ@t’l%' tiheo

address of tﬂ@e&%\@etﬁ@myéﬁ ﬁheCBLcwHe 41%"4\:3 Sraisrerdrdes TBEICtS BIERH) .2
col um of Whl ch the ad Leess is eS| ngb tO(f y the 20 col um decoder 483, and
e

form a circul Nenedde apeqtspdgerafor th@ads%ll%t@fd Hransistors Wat a.

Accordingly, cbhaedeéd td amd EEfelfa&ﬂ@i‘l'\t RfateemsRe AMRInd | e ddlektiorftgatieo the
I nput/out put buffer 45 is cgntrol ed by the output of the colum decoder

483 that rechBn@de, rgePaativess 25 signal 47a fromthe address buffer 47.

The rowjgecoder 3 $ﬂb99b$a”ﬁ%¢fs‘feﬁqmés'lLté‘i?téFRﬂrQhYd?ﬁédtléﬁﬁamultually
Specifically, the r ow decoa?)e ﬁlacontrol S L e control gate line 7 and'the

sel ection gaPEthegRRaL g & £ontsoy LWpRerfntdnd c@r"@wasﬁpé&ldarﬁt

i | 'ustratingpt8gcgBedo Rati f M AR HRRIBY
according to tﬁgcfgsgt @bm glgrreqﬂ o rssdtg%ris.g“ beoﬁ%{)\%r t He I?{r%ﬁoecpyq?eel I

array 1 1is pﬂéWd‘éH"ﬁrﬁ t“lﬁ\ae Zem conduct or menory devi ce 540, and the first
and second nenory TRkl k@@ tallandd haiidd aYittRd henid® cell unit 4

15 are provided at intersections between the data transfer line BL
and the data control lines 7. The writing, retention, erasing,
and reading of the data are possible independently for each of
the memory cells MC. .

The memory cell unit 4 is plurally formed along the

20 direction of the data transfer line and the direction of the data
control line 7 to form a memory cell matrix. In FIG. 24, the
connection portion between the memory cell units 4 and the
data transfer line is omitted for easier viewing of the drawing.
However, as illustrated in FIG. 4B, these are connected to the

25 data transfer line via the selection transistor on the block
selection line SSL side.

The sense amplifier circuit 463 is connected to one end of
the data transfer line via a transistor Q1 or Q2. In this
embodiment, the sense amplifier circuit 463 is disposed

30 collectively at one ends of the data transfer lines BL instead of
being embedded in and between the memory cell blocks (the
first and second memory cell biocks 1a and 1b) to increase the
occupation ratio of the memory cells by maintaining the pattern
periodicity of the memory cells and using a configuration having

35 an interconnect and transistor pattern simplier than that of the
sense amplifier circuit.



35 nenory cell array 1. The first and second nenory cell blocks la and Ib
i nclude nmultiple nmenory cell units 4. Miultiple data 83 control lines 7 are
connected to each of the nultiple nenory cell units 4. A sel ection
transistor is disposed at each of the e portions of the nmenory cell unit
4 to select one of the multiple 5 nmenory cell units 4 and connect the one

menory cell unit 4.to t data transf.er lin ansfer |ines
-BL1 to BL2n). The ahﬁe Cquté"ct fﬁf L’Q@n %‘P’etFEénéelcércctl‘l' y]an@fv c&esc, S
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nenory C S I NC e 1IN e are proviaed a
i nt er sect onS9FsNHETRREFEE (@éicgquqéggf%qtq L'??é’ Era{H'be't he data control |ines
7. dThe ‘3““”9]: remnthrsn em‘tﬂﬁdIMen@PdtH@adaﬁélTﬁfalﬁﬁ&rdﬂﬁ@eafswmcﬂﬂﬁ bl e
I haepenaen (0]4 nmenor e _enor
ol or o 1y or FisGos 383" ipsosapoREAcel the bRnisters 9% A s In§Eaeg ( he
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t econnetlon Ol’tl en,t nory ngts an e aa
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composing the data transfer line switching circuit 491. Thereby,
the odd-numbered (odd index) data transfer line and the
even-numbered (even index) data transfer line are switched.
That is, by a control circuit 40a, the output of the memory cell

20 unit connected to the odd-numbered (odd index) data transfer
line and the output of the memory cell unit connected to the
even-numbered (even index) data transfer line can be
performed with different timings.

As illustrated in FIG. 24, the data control line driver 2

25 (the data control line drivers 2a and 2b) that drives the data
control line 7 is provided at one end of the data control line 7 to
which multiple memory cell units 4 are connected.

Here, for the multiple memory cell units 4 adjacent in the

X axis direction as illustrated in FIG. 24, the data control line

30 driver 2 is subdivided into the two data control line drivers 2a
and 2b provided at the both ends of the memory cell blocks,
respectively, for easier disposition of the data control line
drivers 2 and to match the skew between data control lines 7 of
one memory cell block (e.g. the first memory cell block 1a).

35 As illustrated in FIG. 1, in the case where the data
transfer line is formed by sidewall patterning, the low resistance



35 an interconnect and transistor pattern sinpler than that of the sense
anplifier circuit. 84 The data transfer line switching circuit 491
swi t ches between the connection of the sense anplifier circuit 463 with the
even- nunbered (even index) data transfer88ine and the connection of the
sense anplifier circuit 463 with the 5 odd-nunbered (odd index) data
transfer line. In this, epbodinent, the data t.r%nsfer | ine sw f:chi ng circuit

491 is conpod¥B EPNPRE t FansMEtERsh@E &hdo¥p INTEESPPAEEY TRSIEIRNCO4. iSThe
data transfeardarmgedwaltdrnagety r ivi thédo f axreddiectivh t naftsi sher high and
@ fornms a ci rcutt. for _connecti qg éhe 10 eéen-nun_bered Igeven I ndex) “dat a
transfer |ineegetIcaintemonnegsla mhich BasandndererNBgaat RERsEABES( odd

i ndex) data higinsf @halni RRateod - theL lowBlrdsiddahdel IntercdthactlL1sel agt hvel y
to the sense aﬁgl ier circuit 463. The control .circuit 40 controls the

i f
signal tO t HEORSRANBNCEs tha dNEGANNES EENBtangesERD e MAde LB hors a1

and Q2 conpogirishd thedddd i amtieated i(BeldSWWEER) Ngatd rtehsfdOlinel)eaply, the
odd- nunbered (odd i dexé dat a &_&anfar i ne a_.ng t he even-nunbfere . (even
i ndex) data @ 9etNe | R¥eR-BUMPEEREd (eYRE: INdexyy datgodfraBsral fl8S: 40a,

the output ofohkeqgurimiy, tieé!didybinhecOntertGnket IdagydawHemeddeodd
I ndex) data tr%sfer line aF"r({uI t he outpu unit connected

to the even-HOHBEMEARRG FRBeR dd!i#é“b?—ﬁ%@?nggfﬁg%aﬁel@gtaeﬁr%m Wi th
differen timhagsand among the even-numbered (even index) data transfer
lines. '

That is, when the odd-numbered (odd index) data
transfer lines and the even-numbered (even index) data
transfer lines are each regarded as a group, the delay time

15 (interconnect delay) can be made more uniform in each group
than in the case where the odd-numbered (odd index) data
transfer lines and the even-numbered (even index) data
transfer lines are mixed together. '

Therefore, the fluctuation of the delay time (interconnect

20 delay) between data transfer lines can be made smaller in the
case where either the odd-numbered (odd index) data transfer
lines or the even-numbered (even index) data transfer lines are
connected to the sense amplifier circuit 463 by the data transfer
line switching circuit 491 than in the case where all the data

25 transfer lines are mixed together to be connected to the sense

 amplifier circuit.

As a consequence, in the cases where the read-out is
performed simultaneously and the writing is performed
simultaneously on the memory cell units 4 connected to either

30 the odd-numbered (odd index) data transfer lines or the
even-numbered (even index) data transfer lines, normal
operations of the circuit are possible even when the circuit
operation margin is reduced by an amount of the difference of
the delay times (interconnect difference); and the circuit

35 operation speed can be increased. Thereby, the read-out and
the writing can be realized at speeds higher than those of



As illustrated in FIG 24, the data control line driver 2 25 (the data
control line drivers 2a and 2b) that drives the data control line 7 is
provi ded at one end of the data control line 7 to which multiple nmenory
cell units 4 are connect ed. Here8d&or the nmultiple nmenory cell units
4 adjacent in the X axis direction as illustrated in FIG 24, the data
control line 30 driver 2 is subdivided into the two data control Iline
drivers 2a &RNYBNYPHAE &E: at the both ends of the menory cell bl ocks,
respectively, for |gapéer siirgiedy titon wihatheiglatihustrmatted! iri neheri theird 2 and
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e odd- nunbered, (odd index ransfer lines_ .a e .even-nunbere

(even i ndgx)l”aﬁtﬁnldr &h&r Erad; ?EHEeaPE Elé%hn?%@é’rré{e&e sfg%‘?ﬁl}pfrqrﬁ‘e tggl ay
time 15 (intesgeangehplfikayLire@it bes Badenmd@ednitbotthel rvearhgnbearedhan in
t he case where the_ odd-nunpered %ng%%n ex) data transfer Ii ﬁsﬁéfmclhtehe

even- nunber e€Y@VeiNAgeIx A& &1 elNE € arMRAER t og

ghfref org, ttﬂtﬂnifrigyf:tau@wm@ @fﬁetr@gdqlﬁbgm taisvy?&u' tihee creneet %r@el'éth_)atnh
etween data trapsfer |inés can he e smaller jn the case. where either

the oddlfunbEtedZ¢ dd ﬁl’b&x‘%%ﬁfaﬂb?&wsitgv El”i‘&e"s‘{-or Hjﬂ)‘h% ﬁ)’gm%ﬂ?@é(r D& (even

i ndex) data geansiorr ekbfeplar eatansaniert! ihoat ROMBeNseRNMEdrhieinductori t 463

by the data transfer |lipe svm(iachi ngqci%cuit 491 than in the case where all
the data 25 DHMGTYr dEVHE 04rdatd 2 4Bth&HS€o be connected to the sense

anplifier circuit.Therefore, this embodiment has a feature in which the
parameter determining the timing of the read time of the

20 memory cell connected to the odd-numbered (odd index) data
transfer line and the parameter determining the timing of the
read time of the memory cell connected to the even-numbered
(even index) data transfer line are separately retained in a ROM
or a fuse.

25 Furthermore, in this embodiment, the logical address as
a memory is replaced between the data of the memory. cell
connected to the odd-numbered (odd index) data transfer line
and the data of the memory cell connected to the
even-numbered (even index) data transfer line. Thereby, the

30 data of the memory cell connected to the data transfer line with
a low interconnect resistance can be output earlier than the
data of the memory cell connected to the data transfer line with
a high interconnect resistance.

Also in this embodiment, in regard to the timings t0, t1,

35 and t2 of the data reading of the even-numbered (even index)
data transfer line and the odd-numbered (odd index) data



As a consequence, in the cases where the read-out is perforned
simul taneously and the witing is performed simultaneously on the nenory
.cell units 4 connected to either 30 the odd-nunbered (odd index) data
transfer lines or the even-nunbered (ev@Y i ndex) data transfer |ines,
normal operations of the circuit are possible even when the circuit
operation rgin.is,reduged by an ampunt of the difference_of t |_a
times (int gﬁﬁ%ﬁ‘ﬁgﬁf G s eeﬁ@éfj;'oéﬂgdq“tarYeb@i PEGfQ”%%do?JE‘?HﬁP&?%%gQ%Eaﬁ be
i ncreased. Ty ebyenthaniiseceduiewsan tihdew)i tiang transfer daie zaddathepeeds
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may be set dijiffeofthdeentiesedhienegen- nunbered (even index) data 5 transfer
e e O e bR LS kbRl PR 10 e L vibehly
]E! ”Et Ca{‘hbe éhghte?ﬂ%‘ﬂafcontrol [Fh &l inidlyedoimitiie readingsitr ealedni to BeG. 21,
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are taken to be Vread, and the selection transistor on the
source line side and the selection transistor on the drain side

10 are changed from the cutoff state to the conduction state to
increase the electric potential of the data transfer line.
Consequently, the NAND string involved in the reading is turned
into the conduction state to increase the electric potential, and
thereby the voltage of the data control line involved in the

15 reading can be increased earlier than the voltages of the other
data control lines. Therefore, a voltage increase due to the
capacitive coupling of the channel portion of the NAND string

. caused by the voltage increases of the other data control lines
to Vread can be prevented. .

20 Next, during the period from tl to t2, the selection
transistor on the source line side or the selection transistor on
the drain side is changed from the conduction state to the cutoff
state.

Then, for example, during the period from t2 to t3' in

25 step SE5 or step SE9 described above, the selection transistor
on the source line side or the selection transistor on the drain
side is changed from the cutoff state to the conduction state to
read out the data of the memory cell to the sense amplifier
circuit.

30 Furthermore, during the period from t2 to t3 in step SE6
or step SE10 described above, the selection transistor on the
source line side or the selection transistor on the drain side is
changed from the cutoff state to the conduction state to read
out the data of the memory cell to the sense amplifier circuit.

35 Also in the semiconductor memory device 540 according
to the fourth embodiment, the odd-numbered (odd index) data



10 463 connected to the odd-nunbered (odd index) data transfer line and the
read tinme of the nenory cell farthest fromthe sense anplifier circuit 463
connected to the even-nunbered (even index) data transfer line are
conpared. Then, the timngs allowing th®&&eading in a short tine are set
shorter than 15 ti, t2, t3', and t4" or tl1, t2, t3, and t4. This setting .

may be use, for exanple, data s ed.in a i he sem conducyt or nory
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are separately retained. in al, fuse. 25Furthermore, .in this _
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Ithe nengryhceglayc)ob?ewrr?mw uateheramkfmuhhesec%moud Tailaa()srdaﬂlertirrartméer

ine and the_data t he ry. cell connected,tq the even;nunbered (even

| ndexydat a GeamarBere LB G1d-riBRERTREL (S8 (HREXE A EGferer
EO””ECt ed tolinltﬂ_as chathe tevearsireumberedv(elben Imdex hidateotmaecifer dineg anee can
e output earlie

r than the data of the.nenory .ce onpected to the data
Cranstor 11 neOURERtSH fpgHTe SEbREoARMOTTFE G R A3 FROBRE AR Eranish nant
in rega%g) tolénéeswiiudmgg t@d,cuﬁﬁA@iS amhf tiliﬁ_ thet hgséﬁm%@dlhgh@f O<Ijtaltadd
even- nunber ed (even ,i ndex ata trans i,ne,and the - hunber e
index dat o CanarERduRe qrendhiail BaEEhet Bnag Hehp et e B e SF S Reous! y
for the evenampiifeedircentn i ndex) data transfer |ine and the odd-nunbered
(odd index) data téansfer |line to shorten the ti read sequence.

e of th
SFor exampl e, durih9 SHEOBSPABEMGEonPEMA PPerehONRAfaHRe ofITEHE diPa
control |inepopyitligedven when ahd o dut tapetation bsmarigon BxaggdleedVbef, the
vol tageaﬁof t he_ot her da%% cog{iffol | i nes a&get&klen t.o be Vread, and the
sel ecti & t raRsPERQHNE Pk & AiFfEEeNCRe Ofi Hie Aaldhd T8 S ({7 T ONUIRStst or
on the draindei#le);1Gamd e thbangeduitr apérsticnt gkt atgnt bhd hene@abed.i on
state to i nCJi_ﬁase the electric tr|c:oten£| al of. the da&)a tra sf&r line.
Consequent | y TNEREPKRRE s16§3 HiP Wih eH10, Elae Writing Caiyibfyrealized ity SPREESt he
conduction shRjteeit ehanciresse of o relastiohal petential, and thereby the
voltage of the dat Pu?t%netrrrrcl)!)rtla,l rt]ﬁ/ H’rllc\aloclovnet?*oll rc]:irlcrbelt 40a, the output of the
20 memory cell included in the memory cell unit connected to the
odd-numbered (odd index) data transfer line and the output of
the memory cell included in the memory cell unit connected to
the even-numbered (even index) data transfer line are
performed with different timings. Thus, the circuit operation
25 speed can be increased. Thereby, the read-out and the writing
can be realized at speeds higher than those of conventional art.
Furthermore, the data of the memory cell connected to
the data transfer line with a low interconnect resistance can be
output earlier. For example, the output of the memory cell
30 included in the memory cell unit connected to the data transfer
line with a low interconnect resistance can be performed earlier
than the output of the memory cell included in the memory cell
unit connected to the data transfer line with a high interconnect
resistance. Consequently, the read-out and the writing can be
35 realized at higher speeds.

Moreover, the data of a memory cell nearer to the sense



15 readi ng can be increased earlier than the voltages of the other data

control lines. Therefore, a voltage increase due to the capacitive coupling
of the channel portion of the NAND string caused by the voltage increases
of the other data control lines to Vrea®%an be prevented. 20Next, during

the period fromtl to t2, the sel ecéi on transistor on the source |line side
h | L Qn: Si St. ' ' '
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m xed together. ., 5 Therefore e ctuati of t elay tine
(i nt er connect’ Ja%ﬁa%t gﬁediﬁg tdra;ﬁsfrgraqomgkec ﬁ ﬂ'ée né}?éngﬂl |Cglllsi n the
case vvhrertr)e ezidrtdhededhm oHd-ﬁm&meﬂwer?delllrlaﬁk)s ibt @ohnheasdé@rtd 'tlﬁleﬁfimt t he
even- nunber e even i ngdex ata tr.ans i,nes are, connec to the sense
ool fher e MeereohpsRhs th itidek Fak Ehe, b8ES it tORRTohhe' ety hos
than in the caﬁg imloh:daecalihl tline skdand rrmeshory| caléurits ha xeshhegeidao tf) be
connect to.,t he sensge. ifier. .circuit. . As. a, consequence r ma
coarar 05" oite BetBMeL B cbbnEnE: kg Contralmirtiiniaif S IwENTE e
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those of congecdhdndlerabty cell units. Consequently, the read-out and the
writing can be realized at still higher speeds. Therefore, a
20 semiconductor memory device with improved operating
characteristics and reliability can be provided.

Fifth embodiment
Next, a semiconductor memory device according to a
25 fifth embodiment will now be illustrated.

First, a description is given of a decrease in read speed
caused by a decrease of a current Icell flowing through the
memory cell.

In the case where the voltage applied to the data

30 transfer line is constant, the current Icell flowing through the
memory cell connected farthest from the sense amplifier circuit
is small compared to memory cells connected near to the sense
amplifier circuit because the series resistance of the data
transfer line is added one upon another in the memory cell

35 farthest from the sense amplifier circuit.

FIG. 25 is a schematic graph illustrating the



Furthernore, by the control circuit 40a, the output of the 20 nenory cel
included in the nenory cell unit connected to the odd-nunbered (odd index)
data transfer line and the output of the nmenory cell included in the nenory
cell unit connected to the even-nunbere®Qeven index) data transfer |ine
are perforned with different timngs. Thus, the circuit operation 25 speed
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out put of a nenpry cell provided nearer, to the sense anplifier circuit 463
on the data YOURGFedUs P i16 SuBHisshalde conifiERT doteeases A5nthe
perfornmt@ eagdirentt hgdrdine datreri)t piowdhga therough cethe pnoghtsd, i ted

fart her posiﬁg'ﬁ?n. The data output of the nmenory cell provided nearer to the
sense anplif %r%qsfe(ﬁjit 463 on the data transfer line with a high
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accor di 2@ t otleredhdidf tyoleagedi meeray | In neMebenerhosy r aeHd.with a low
threshold voltage, for example, the effective gate length is
shorter than that in the memory cell with a normal threshold
voltage. When a constant voltage between 0.3 V and 1 V is
applied to the drain electrode, a large amount of punch through
25 current flows between drain and source as compared to the
case of the memory cell having a normal threshold voltage,
leading to the worsening of the short channel effects.
Consequently, the gradient of the subthreshold characteristics is
larger than those in the case of the memory cell having a
30 normal threshold voltage.
On the other hand, the alternate long and short dash line
in the drawing represents the current-voltage characteristics of
a memory cell with a high threshold voltage. Here, in the
memory cell with a high threshold voltage, for example, the
35 effective gate length is-longer than in the memory cell with a
normal threshold voltage. When a constant voltage between



First, a description is given of a decrease in read speed caused by a
decrease of a current lcell flowing through the nenory cell. In the case
where the voltage applied to the data 30 transfer line is constant, the
current lcell flow ng through the nenoryicell connected farthest fromthe
sense anplifier circuit is small conpared to nenory cells connected near to

th ljfi | it.b th ' | St f_the dat
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width in threshol H(i_ltﬁgf due] to the subthreshold coefficient increases as
the 10 curreR®TM@ dieshPIEMOtag8wi ng t hrough the nenory cel | decreases.

The solidlineintheqdraw figee/RFENbH time EHE T eRFe¥RbIRIToRRTACHET itRki CS Of
a nmenory cell havi ngcg%tiégl cal thrcf haol d volta In the case where the
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gate vol tages%%QfPralr%grSnctalolfydr@gi% %ﬁm'gll'ltt:.Ed'As illustrated in FIG. 25, the
variation in threshold voltage in the case of the drain current I1.
is threshold width 1, and the variation in threshold voltage in
the case of the drain current I2 is threshold width 2. Threshold

15 voltage width 2 in the case where the current is lower is larger
than threshold voltage width 1. Such a variation in the
subthreshold coefficient of the memory cell increases the
variation in threshold voltage between memory cells in the case
where the current flowing through the memory cell is lower.

20 On the other hand, if it is attempted to make large the
voltage amplitude AV of the data transfer line end connected to
the sense amplifier circuit, the problem occurs in which a
sufficient memory cell current cannot be obtained in the
memory cell farthest from the sense amplifier circuit.

25 Furthermore, what influence the time until the current of
the data transfer line is stabilized include a component
proportionél to (Data transfer line capacitance) x (AV/Icell),
other than the delay corresponding to the time constant of the
product of (Capacitance of data transfer line) x (Resistance of

30 data transfer line), due to capacitive coupling between data
transfer lines. Accordingly, the delay increases as the voltage
amplitude AV of the data transfer line end connected to the
sense amplifier circuit increases.

- In this case, if the voltage amplitude AV of the data

35 transfer line end is made small, a sense amplifier circuit with a
high sensitivity is needed. To obtain a sense amplifier circuit



The broken line in the drawi ng represents the current-voltage
characteristics of a nenory cell with a low 20 threshold voltage. Here, in
the nenory cell with a |ow threshold voltage, for exanple, the effective
gate length is shorter than that in the9%enory cel.l with a normal threshold
vol t age. Wien a constant voltage between 0.3 Vand 1 Vis applied to the
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to the tinme constant 05 t he, gr%duct of {Cae\p%citt nce of data tra szer i ne)
x (Resi st and@&pory cell ‘unit connected " to the odd-numbered (odd
index) data transfer line and the even-numbered (even index)
25 data transfer line is measured in. advance and stored in the
registers 471 and 472.
These interconnect resistance values are measured in
advance by, for example, a test before the product shipment or
the like and stored in the registers 471 and 472.
30 “What are stored in the registers 471 and 472 are not
limited to the interconnect resistance values, but may include
the difference (AR) obtained by subtracting the series
resistance value of the odd-numbered (odd index) data transfer
line from the series resistance value of the even-numbered
'35 (even index) data transfer line. Furthermore, a voltage near
AR x Icell may be stored in the registers 471 and 472. Here,



30 data transfer line), due to capacitive coupling between data transfer
lines. Accordingly, the delay increases as the voltage anplitude AV of the
data transfer line end connected to the sense anplifier circuit increases.
In this case, if the voltage anplitude A8 of the data 35transfer line end
I's made small, a sense anplifier circuit with a high sensitivity is needed.

To obtain a sense_anplifier circuit. 92 wth a high,sensitivity, for
exanple, it fcseqﬁgeag@gr'peﬁépr?ﬁegh B%PWPL%@B ‘%(?rt %@’rﬁnﬂ?ﬁ Qﬂo‘ﬁffé sense
amplifier cigltiprheht dravtee dikear ge gate area, which results in an incrﬁﬁse
in the sense anplifier .cifguit area. eref or i n_thi,s enbodi nent en
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I ncrease the, nenory cell current to suppress degradati on of read-out speed.
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amplifier circuit 461 and the voltage charging the data transfer
line with the sense amplifier circuit 462 vary with the position of
15 the memory cell unit.

In other words, the sense amplifier circuit 461 changes
the voltage applied to the data transfer line based on the
position of the memory cell unit and the interconnect resistance
value stored in the register 471 when performing the read-out

20 on the memory cell. Furthermore, the sense amplifier circuit
462 changes the voltage applied to the data transfer line based
on the position of the memory cell unit and the interconnect
resistance value stored in the register 472 when performing the
read-out on the memory cell.

25 For example, in the case where the read-out is performed
on a memory cell unit far from the sense amplifier circuit, a
higher voltage is applied to the data transfer line to pass a
larger current flowing through the memory cell than that in the
case where the read-out is performed on a memory cell unit

30 near to the sense amplifier circuit. At this time, the current
flowing through the memory cell connected to the
odd-numbered (odd index) data transfer line and the current
flowing through the memory cell connected to the
even-numbered (even index) data transfer line are made almost

35 equal to make the read current more constant.

Hereinbelow, although operations during the reading will



25 data transfer line is neasured in advance and stored in the registers
471 and 472. These i nterconnect resistance values are neasured in
advance by, for exanple, a test before the product shipnment or the |ike and
stored inthe registers 471 and 472. 30Wat are stored in the registers 471
and 472 are not limted to the interconnect resistance val ues, but may

i nclude the djff AR) obtained by subpracting the series, resist
Val ue of { neDBABEEhR LA QREIE I oide RS, FranYPEYI16c0 r WUNG. GEF os

resistance vsimianf Therefere hantdesetiBioaven thulepertrionsranpingy thene.
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The memory cell unit 4c is connected to the sense
amplifier circuit 461 and represents the memory cell unit
farthest from the sense amplifier circuit 461. The memory cell
unit 4b is connected to the sense amplifier circuit 462 and

20 represents the memory cell unit farthest from the sense
amplifier circuit 462. "c" represents the data transfer line end
farthest from the sense amplifier circuit 461, and "b" represents
the data transfer line end farthest from the sense amplifier
circuit 462. "a" represents the data transfer line position

25 nearest to the sense amplifier circuit 461, and "d" represents
the data transfer line position nearest to the sense amplifier
circuit 462. ,

Here, in FIG. 27A, the odd-numbered (odd umber) data
transfer lines BL1, BL3, BLS5, ..., BL(2n—1) are connected to the

30 sense amplifier circuit 462 drawn on the upper side.
Furthermore, the even-numbered (even index) data transfer
lines BL2, BL4, BL6, ..., BL2n are connected to the sense
amplifier circuit 461 drawn on the lower side.

FIG. 27B is a schematic view illustrating the read-out

35 timing in the case of performing simultaneous read-out when
there is a difference in interconnect resistance. That is, the



25For exanple, in the case where the read-out is performed on a nenory cell
unit far fromthe sense anplifier circuit, a higher voltage is applied to

the data.transfer line to pass a larger current flow ng through the nenory
cell than that in the case where the read-out is perforned on a nenory cell
unit 30 near to the sense anplifier circuit. At this tinme, the current

flowi ng through the nenory cell connect d to the odd-nunpered (odd i ndex)
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FIG 27A is a_schenmatic vi eW|IIustrat|ng an arrangenent of sense arrpllfl'er" |

circuits, ma‘h@i and | thei sensgn@mpbifierk &iramiht 46@ i pressavida@naousis. 27A

has a s | %rlaéhangﬁﬁ?ms E85é5‘ﬁﬁétd+§wiﬂdj li'ﬁ&é?f"aft@s'trhé:'v%ltég?@and the The
menory cell unit 4c.is connected sense anplifier circuit 461 and
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461. The memmiyd il oH“Etnfé}n'o?rycéé'lﬂ'er‘Fééﬁért otﬂ?ﬁee%@?ﬁ% %Whhﬁb?ruf"éuﬁu't

462 and 20 represents the nenor unit st fromthe sense
ampl i fier cifedithapio the Sﬁé‘ﬁﬁeémﬂ%f'@'hé"’&élﬂ%“ﬁ]ansfer line end farthest

fromthe sense amhsliiRisipbted in 4%, ah,'hy VEREBRENSSpbPcdats thansfer

line end farthest fromthe sense knrE) flrer circuit represents the
dat a tréﬁsfeevenn@umﬁerted)n(e\zeyn %) data Heapsfer el byi élﬁecfieBEEt 461,
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to t1. On the other hand, a voltage is applied to the
odd-numbered (odd index) data transfer line by the sense
amplifier circuit 462 from GND to VBL2-0 during the period from
20 tO0 to tl1. That is, the even-numbered (even index) data
transfer line and the odd-numbered (odd index) data transfer
line are charged from GND to VBL1-e and VBL2-0, respectively,
during the period from t0 to t1.

Here, the voltage applied to the even-numbered (even

25 index) data transfer line is taken to be VBL1-e and VBL2-e, and
the voltage applied to the odd-numbered (odd index) data
transfer line is taken to be VBL1-0 and VBL2-0. However, both
may be collectively referred to as simply VBL1 and VBL2.
VBL1-e and VBL1-0, or VBL2-e and VBL2-0 may be the same

30 value or different values.

Here, in the case where the read-out is performed on a
memory cell nearer to the sense amplifier circuit 462 than to
the sense amplifier circuit 461, the memory cell connected to
the odd-numbered (odd index) data transfer line has a short

35 data transfer line length up to the sense amplifier circuit 462
and a low series resistance of the data transfer line. On the



Here, in FIG 27A, the odd-nunbered (odd unber) data transfer |ines BL1,
BL3, BL5, BL(2n-1) are connected to the 30 sense anplifier circuit 462
drawn on the upper side. Furthernore, the even-nunbered (even index) data
transfer lines BL2, BL4, BL6, BL2n are 8énnected to the sense anplifier
circuit 461 drawn on the lower side. FIG 27B is a schematic view
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tOto tl. cell can be made almost equal between a memory cell placed
15 far from the sense amplifier circuit 461 and a memory cell
placed near to the sense amplifier circuit 462. '

For example, it is preferable that VBL1-e is set to a
voltage that results in a current flowing through a memory cell
to which the series resistance of an interconnect Corresponding

20 to 3/4 of the length of the data transfer line is connected, and
the voltage is equal between data transfer lines. Here, the
difference obtained by subtracting the series resistance of the
nearest position of the data transfer line connected to the sense
amplifier circuit from the series resistance up' to the farthest

25 position of the data transfer line to which the memory cell is

- connected is denoted by AR1. Furthermore, the current flowing
through a memory cell to which the series resistance of an
interconnect corresponding to 1/4 of the length of the data
transfer line is connected during the reading is denoted by Icell.
30 At this time, VBL2-0 may be set to a value obtained by
' substracting (1/2) x AR1 x Icell from VBL1-e. Thereby, the
current flowing through a memory cell placed far from the sense
amplifier circuit 461 and the current flowing through a memory
cell placed near to the sense amplifier circuit 461 can be made

35 more constant. Specifically, in the case where AR1 is

sufficiently smaller than the series resistance component of the



Here, the voltage applied to the even-nunbered (even 25 index) data
transfer line is taken to be VBL1-e and VBL2-e, and the voltage applied to
t he odd- nunbered (odd index) data transfer line is taken to be VBL1-0 and
-VBL2- 0. However, both may be collectiveBy referred to as sinply VBL1 and
VBL2. VBL1-e and VBL1-0, or VBL2-e and VBL2-0 may be the sane 30val ue or
di fferent val ues. r I n,the case where. the read-o ' rfornmed
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the series resistance of .the 10 odd-nunmbered (odd i ndex -dataa t, argj fer line
fromthe seri®s ?@Elagt @’Qﬁntﬁgeev%ﬁeﬂﬁﬂﬂa? &Ry ERVERGel %Péia %ttgnsfer |
i ng_ an@olTﬁeJ'erisselt Emestmm@nfhélmwgg?rﬁm@x%l ﬁ]chm Meieey) d:alltb deansfert ge
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resi stance oinfhhaeréafdrypesiitd@mieposee falaapbsrieh afedrt pe ttangeated to
t he sense angllfl_er circuyjt fromthe se({}l‘es resi stance up to the farthest
25 position ‘F"R'ff@'aéir&‘-'twér@iéﬁnl PRIQYG#Ach the menory cell is connected
i s denoted by ARI.FttHdieh8Es ebyt tHisowaierthel t@mara tioWeHghtarotramithecel |
to which the series reﬁl stance, of an hnterconnecé corres gn_dlcp tca%/4 of
the 1 ength oM&MEONYatellt FARBEEFEd ite the OGkBLM eﬁ‘éﬁji&b‘? nodeekidage: s
denotedpy |&@dsfer line can be made small while the minimum current

flowing through the memory cell is maintained, as compared to
the case where the voltage of VBL1-e is applied to both of the
even-numbered (even index) data transfer Iline and the
- odd-numbered (odd index) data transfer line. Accordingly, the

25 power consumption of the semiconductor memory device can be
reduced more, and a decrease of the reliability of the
interconnect due to a large current flowing through the
odd-numbered (odd index) data transfer line can be
suppressed.

30 FIG. 27C is a schematic graph illustrating the change in
voltage in the memory cell 4a and the memory cell 4b in the
case where the sense amplifier circuit 461 and the sense
amplifier circuit 462 are driven simultaneously. That is, the

_ drawing illustrates the voltage and the timing of the data

35 transfer line in the case of performing the read-out on a

memory cell nearer to the sense ampilifier circuit 461 than to



30 At this tinme, VBL2-0 may be set to a val ue obtained by substracting
(1/2) x ARL x lcell fromVBL1-e. Thereby, the current flow ng through a
menory cell placed far fromthe sense anplifier circuit 461 and the current
flow ng through a nmenory cell placed neagto the sense amplifier circuit
461 can be made 35nore constant. Specifically, in the case where ARl is
sufficiently smaller than the series resistance conponent of the 97 nenory
cel | other tHhsenserapplifigiceirsuit Ubdata transfer line, the interconnect
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and the Sensgher hand, the memory cell connected to the odd-numbered
(odd indéx) data transfer line has a long data transfer line
20 length up to the sense amplifier circuit 462 and a higher series
resistance of the data transfer line.
| Here, in the case where the read-out is performed on a
memory cell nearer to the sense amplifier circuit 461 than to
the sense amplifier circuit 462, VBL1-0 is a value obtained by
25 adding AR x Icell to VBL2-e, where AR is the difference
obtained by subtracting the series resistance of the
even-numbered (even index) data transfer line from the series
resistance of the odd-numbered (odd index) data transfer line
and Icell is the current flowing through the memory cell during
30 the reading. To derive AR, the series resistance of the data
transfer line is taken as the resistance between the sense
amplifier and the memory cell. Thereby, the current passed
through the memory cell can be made almost equal between a
memory cell placed far from the sense amplifier circuit 462 and
35 a memory cell placed near to the sense amplifier circuit 461.
Furthermore, by this way, the current flowing through the



anplifier circuit 462 are driven simultaneously. That is, the draw ng
Illustrates the voltage and the timng of the data 35 transfer line in the
case of performng the read-out on a nmenory cell nearer to the sense
anplifier circuit 461 than to 98 the s@fse anplifier circuit 462.

As illustrated in FIG 27C, a voltage is applied to the even-nunbered (even
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is an electric potentlal higher than the max1mum threshold
voltage of the memory cell is applied to the data control line
20 connected to the control gate.
In this case, assuming that the voltage of the data
“control line involved in the reading is Vref, since the electric
- potential of a data control line adjacent thereto is Vread, the
voltage of the data control line involved in the reading
25 fluctuates from the voltage Vref due to capacitive coupling. In
order to prevent misreading in the case of exceeding the
threshold voltage due to the voltage fluctuation, the voltage of -
the data transfer line is kept constant for the period from t1 to
t2, which is longer than the time constant for stabilizing the
30 voltage fluctuation by the capacitive coupling.
_ Here,'-,for example, during the period from t0 to t1, the
voltage of the data control line involved in the reading is taken
to be, for example, Vref, the voltages of the other data control
lines are taken to be Vread, and the selection transistor on the
35 source line side and the selection transistor on the drain side
| are changed from the cutoff state to the conduction state to



35a nenory cell placed near to the sense anplifier circuit 461.
Furthernore, by this way, the current flowi ng through the 99 nenory cell
connected to the even-nunbered (even index) data transfer |ine can be nmade
smal |l whi-le the m nimumcurrent flow ngdé@rough the nmenory cell is

mai nt ai ned, as conpared to the case where the voltage of VBL1-o0 is applied

~ to-beth of the 5 even-nunbered (even index) data transfer line and the
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conduction skatg dothe conduction state.

At this time, the magnitude of the charge of the memory
20 cell is evaluated with the sense amplifier circuit 461 and the
sense amplifier circuit 462. For example, the magnitude of the
charge of the memory cell is evaluated by measuring the
magnitude of the electric potential of the data transfer line at
the end connected to the sense amplifier circuit 461 with the
25 sense amplifier circuit 461 by comparing with a reference value
(for example, VBL1_th illustrated in FIG. 27B). Furthermore,
the magnitude of the charge of the memory cell is evaluated by
measuring the magnitude of the electric potential of the data
transfer line at the end connected to the sense amplifier circuit
30 462 with the sense amplifier circuit 462 by comparing with a

reference value (for example, VBL2_th illustrated in FIG. 27B).
Here, in the case where the logical value of the memory
cell is "0" in FIG. 27B, that is, in the caSe of the write state (the
threshold voltage of the memory cell being larger than Vref),
35 since the evaluation is made through the Vref value lower than
the write threshold voltage, the memory cell current does not



100 increase the electric potential of the data transfer |ine.

Consequently, the NAND string involved in the reading is turned into the
conduction state to increase the electric potential, and thereby the
voltage of the data control line involVi&lin the 5 reading can be increased
earlier than the voltages of the other data control lines. Therefore, a
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merory cel | iRdex ntdact%estrg?\tsferlolllne are the same. However, it goes
without saying that there is a case where the logical state of the
memory cell connected to the even-numbered (even index) data
20 transfer line and the logical state of the memory cell connected
to the odd-numbered (odd index) data transfer line are
different. |
In the case iliustrated in FIG. 27C, the magnitude of the
charge of the memory cell is evaluated by measuring the
25 magnitude of the electric potential of the data transfer line at
the end connected to the sense ampilifier circuit 462 with the
sense amplifier circuit 462 by comparing with a reference value
(for example, VBL1_th illustrated in FIG. 27C). Furthermore,
the magnitude of the charge of the memory cell is evaluated by
30 measuring the magnitude of the electric potential of the data
transfer line at the end connected to the sense amplifier circuit
461 with the sense amplifier circuit 461 by comparing with a
reference value (for example, VBL2_th illustrated in FIG. 27C).
Here, in the case where the logical value of the memory
35 cellis "0" in FIG. 27C, that is, in the case of the write state (the
threshold voltage of the memory cell being Iargér than Vref),



flow and the electric potential of the even-nunbered (even index) data-
transfer line is kept VBL1-e. Furthernore, the electric potential of the
odd- numbered (odd index) data transfer line is kept VBL2-0. 50n the other
hand, in the case where the |ogical valigxof the nenory cell is "1" in FIG
27B, that is, in the case of, for exanple, the erase state (the threshold
voltage of the menory cell being smaller than Vref), since the eval uation
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between VBL1-0 and VBL1-th of the data transfer line and the
20 difference between VBL2-e and VBL2-th can be made small.
Therefore, the time between t2 and t3 (the time of measuring
the memory cell current) can be made almost equal.
The magnitude of the charge of the memory cell may be
evaluated by measuring the current flowing through the data
25 transfer line with the sense ampilifier circuit 461 and the sense ~
amplifier circuit 462. In this case, even if the data transfer line
lengths from the sense amplifier circuit are different, the
current flowing through the memory cell can be made uniform
between the even-numbered (even index) data transfer line and
30 the odd-numbered (odd index) data transfer line. Therefore,
the time necessary for evaluating the magnltude of the charge
of the memory cell with the sense amphﬂer C|rcu1t 461 and the
sense amplifier circuit 462, which corresponds to the time
between t2 and t3, can be made more uniform.
35 _ In this case, the voltage applied to the bit line contact of
the memory cell unit can be made more uniform between the



5 electric potential of the odd-nunbered (odd index) data transfer line is
kept VBL1-o. On the other hand, in the case where the |ogical value
of the menory cell is "1" in FIG 27C that is, in the case of, for -
exanple, the erase state (the threshol d@®ltage of the nmenory 10 cell being
smal  er than Vref), since the evaluation is made through the Vref val ue

ThETe eetr R SRR E AL IAGER) o S TBR 5 e Pl SR ahBe

" line and t heo dbdleh unmbeemest (ombtdl iinaidee). détha ttaastdrering ne Censeqsenths

" Here, d i hed apave, 'si the. di.ff ce i,n.cell. current: Leell = .
bot veen: mondils JETEERPIT Y SAEEN Y2 EIAREN shEFEd, HBtEFbentces Bhe kAGth82 and
rre(rjmrydcelt Ihspcmm_ fftialo diﬁege?ueebeggfileﬁﬂi d:hegiv\%tljilg?h‘éﬁ?actaﬂdumﬁ? crtea'dbn? R
reauced, e | renc en = Q an - 0 ata trapster -

T Ene anaSt nas ofior CRABAL, vedh VvBE, dhatis valBrSh. o e e
Thfalr ef ore, :mmimﬁmr\fml(ez/e{mdm@?k) hej&ﬁm;&éns@su:ihgg ta][’oeli rrene[]y
ce curren an m SL u . e nituae o e Ccharge
of the rrennr%/d@'erl]‘lmﬁzé%feé @Q/‘gauéf‘agxgy %&suﬁr@ﬁ@?ﬁﬁgﬂ%@r riéht PFPBIEE g3 :
:Er ough t he skrnac l_f_@r!'vdm:eansftem%irzrrmrlymtﬁev@e| senmstharrph;éﬂtm@r girtéﬁa'tblili&ﬁ% and
e sense a I,k er Cl I Cul . n | case, .eyen | e a ran er
line | engt hgpqqtgrﬂrm%res'eﬁg% %Ismlgrv%l?'?gﬁi Yagatiqf f(Fgﬁ’gnp!S%PﬁQa@GF ent
flow ngrlrghr odigé ttdﬁtth_eegowncmltlldi;fﬁe‘reb?:eﬁml AW i Suhgveobﬁ!wggdw@ad ang (odd
even- nu er eyen | ex) -dat a r,anst e I N n e 0 - Nu r (0]
i ndex) dat aettq}‘?(ir?\s{"faé}né]li ﬁé}' %?emﬁgﬁeynﬂ#@mi ﬁﬁ%wgﬂ%ﬁmem?r\é\gﬁﬂﬁdct%fng t he
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461 and the sense anplifier_circuit .46 ich corresponds to the tine .
bet ween t 2 antf t 3ENean IHBPHHEE W@'Bn%ﬁgmo SBWIV'tqeﬁ 52 c 88 ICORCULL  age

applied to timerhotyldedceonitachighet religpmmty, cell unit can be nade nore
uni formlget ween t 103 even- nEnBereﬁ éeven in(ilexéodgt transfer |ine and
t he odd+rRunbered ( HEIGINGataKEF a ke FWP; YaIUCELR eﬂ?ﬁen@'l’@s,e t§ate

t hreshol d vof'tidgeandrtied ivoritérgaded('0'Ur Bange) exdueple bhie apheratler

di fference between the voltage \read duri readi n nd t he channel can be
nmade uni’forn‘?bép\}dééﬁ'& S ¢ -Ormﬁ%%%&a(fb&%]q y %]épattPr%fc@rSQi e and
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menory device_ Wi, i r reliability. [Furtherno e reshol d voltage
vari ation (r%’éFbV'GﬁsB?ﬂ%\'@é 01@ ué %’Fﬁﬁ%é%é?@ﬂﬁﬁéﬂ af Efesex@tBetWden t he
vol t age2Wr eag varibe tdtatehannel can be nmade uni form between a nmenory cell far

fromthe sense anplifier c!:rcuit 463 and rrermrg cell near to the gense

anplifier circuit AgRe 1 dMp R i cRS% WBRIE oINS XA ITHRI iREWE t HORi gher
reliability.aA8Theefoergei agplaes dircuitwacpaldies somitgnepask draven(”1")
and the vvrlte_?{)g:ﬁ_‘e %‘0") gs an eXﬁgl e, bulJ as a nptter__of caourse, this
enbodi ment  cWHTbdNepHaNBE AIBNY olite @R& HHSKAtADI8 Falafes 18y @ndase,
for exanpl e, 18B)] st posdidelseatry oy Aditairitiethdnesingdopt3aastaketiafh aFent to
an erasi staé_e %nd . . . ,
_ 5 ischarging the charges stored in the data transfer line in order
to perform the read-out with the same timing between the
memory cell connected to the even-numbered (even index) data
transfer line and the memory cell connected to the
odd-numbered (odd index) data transfer line. Then, during the
30 period from t3 to t4, the charges stored in the data transfer line
are fUrther discharged into the GND potential to prepare the
next reading. P o
~ In this embodiment, during the reading or verify reading,
. the voltage applied to the data transfer line is changed with the
35 position in the longitudinal direction of the data transfer line
(the distance from the sense amplifier circuit) of each memory



20 a wite state. ~Here, in the case where the sense anplifier
circuit 461 and the sense anplifier circuit 462 are sinultaneously driven
with the sane timng (the case illustrated in FIGS, 18A and 18B), it is
necessary to wait until the timng of tI¥4s the time of 25 discharging the
charges stored in the data transfer line in order to performthe read-out :
with the sang,tim.ng tween t hg nenor ell conngcted to the even-numbered
(even i ndex)ce(ljla{']Q'tt'raﬁsﬁéﬁ??ri%eﬁé%&qrﬁénﬁehﬁwnge- I r%‘b%lﬂe%_‘?%'?j NETREY :
~ odd- nunber e¢e{lodani belenpdeéateornta angffoarml i ne. Then, during the 30 " period
fromt3 to-t4, the, char inthe data, transfer |ine,. are quther
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current flow nlg' ihrou h each no cell can be,. mgade .nor iform

Fer e, - met holl PIPCRhEAGT ARG Ehd O, bl EageNaEp PRl NE! (gt 402 SRENeFO! i ne

i nclhude, | forthexaer}n_be, amplmﬁEh_crdr(rmitM'tsqhtaﬂg _tsuhigngoil? R ra‘;mlrg@@ltienfabat g

such, voltage lcat,on a S ustra 'n na e perrorned on

the first ngﬁoﬁﬁp%éﬁfe% RkFIG. nngermlath RerQrmag on Hhe; $E60Rd 462

t han toi10he rmenseryangall hleckcibcnesrdb toabdessehse chtragFi@pRiitasatiodras i s

illustrated n F| G, 27C may be rforned.on the second 10 nenory cell bl ock
| b nearer tcgh?tﬁ‘et(%éH?eS%Hﬁ%iqm@ﬁﬁ@rrEUFP'gaﬁbt'han to the sense anplifier
circuit 462. In thid iaseGagecireuiti ERlt tappaés applieast atwd edisidd wh ki nds

of voltages tqQ the data trgnsfer line gt a circuit t hapges the vol tage
applied to sidtedts ¥ net aﬁ%ﬁiW@”isﬁeag'&%‘?o%@e_qmcwpt_ CflSHgBQieﬁ BAor ¢ he
nenory cel |l woitdgaeyppreddepdhodbbe tgemsfepMe fiheacEordamte ARikhatet he

sense applifier, circul since the interconnect resistance

462. .
val ue sumRPIfiRN, aﬁ'ﬁ@ %@”‘@J&’hcﬁﬂerr:&fwtc@]qy e tadded §0oFRE FRNERe

regi sters 4gmanidiet/@ircait 46asantveh&isedseohnyslifiagesrdiRy 462 swi t ched or 20
t he vol tage appllfj_f to the daéta t,rgnsfer | ine may be cha %ed based on the

i nter connect resi $1&ifoe SIAFRELNG JpEgrconnect resistance vallie measure
in advance for each memory cell unit 4 is stored in the registers

471 and 472, at least two kinds of voltages may be switched or
20 the voltage applied to the data transfer line may be changed
based on the interconnect resistance value stored.

Although this embodiment illustrates the case where a
voltage is applied to two kinds of data transfer lines, a voltage
may be applied to two or more kinds of data transfer lines as

25 below. Thereby, the effects of this embodiment can be made
more effective.

For example, in the case where the difference between
the length of the even-numbered (even index) data transfer line
and the length of the odd-numbered (odd index) data transfer

| 30 line is small, that is, the difference between the distance from
the sense. amplifier circuit 461 to the memory cell unit and the
distance from the sense-amplifier circuit 462 to the memory cell
unit is small, a voltage intermediate between VBL1 and VBL2
may be applied to the even-numbered (even index) data
35 transfer line and the odd-numbered (odd index) data transfer
line. Thereby, the current flowing through the memory cell can



Al t hough this enbodinent illustrates the case where a voltage is appliedto
~two kinds of data transfer lines, a voltage may be applied to two or nore
“kinds of data transfer lines as 25 below. Thereby, the effects of this
enbodi nent. can be made nore effective. 105 For exanple, in the case
where the difference between the | ength of the even-nunbered (even index)
data transf h of the odd-nunbered (odd index) data
transfer SOGtF(? ﬁ‘é%?a‘@lﬂﬁlﬁ Sobgg?ﬁ%h the difference between the distance
from the sense arr;ﬂurfthelrrrmrre:,wapr;ﬂ&lngoat helteger interinhediatie dretwéeen
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be nmade smal| as conpared to the case where the voltage of VBL1 is applied

to both of tH&even- nunbered (even index) data transfer |line and the

odd- nunber ed (odd Thelnead‘)ordattdne oweerconsemption ofrrthreeteml,cdrfcmqtower

f th d b du d
Gogr acat | on 'BerbHEY JPEROEHR! B RAREEo tke AR & U AN e Ry

f1 ow ngl0hr awgtabitiey def athe almﬁt’eecohneetcdnlebeoslappaegeedurrent fléetogdi ng
to this enmb rrent ase 1y\/q,elée the read-out IS aerforrred

si mul t aneous lthg P?o?%(ﬁ)esFHBP{ﬁﬁég sly on the nenory

cell units connectmlcdfdmg ¢ot ithnstemmennennbenecth(eemé ngeeredaha
transfer |ines C?)r t.he. odd-n rrbergjdnéodd ndexl)J data tran fer | i,nes, .the
o 5

current |cel 39 Mgl hP&L YEFPUSYn BEGeph CmolE It AstiSnt
regardl ess qbertﬂmemem esmmtacatedmwbnothe henarabayt censtiaits coanected

“Furt her necessary for surin the current of the rrem)ry
ol | calohe ShA T ENG R el Y mSEredt (VR fdR) B3e8 Eraiire?
il lustrated tie lJdd- rﬂimtid]edlaod@t indew) ddatoftrahsfémigrwl dw%maeentdue to

t he subt hres oeff|C| i ncreases as the curyrent rovmn hr ough t he
menory cel | ﬂ“@gfeﬁgggngln roug %ﬁe memory cell can k%tt 9

constant regardless of the interconnect length of the data
transfer line. Furthermore, the time necessary for measuring

20 the current of the memory cell can be made more uniform to a
certain value. ‘

Here, as illustrated in FIG. 25, the variation width of the
threshold voltage due to the subthreshold coefficient increases
as the current flowing through the memory cell decreases. In

- 25 particular, this is significant in a memory cell belonging to a
memory cell block located far from the sense amplifier circuit.
According to this embodiment, since the minimum value of the
current flowing through the memory cell can be made large, the
sense current of the sense amplifier circuit can be made

30 constant and the variation width of the threshold voltage can be
made smaller. .

In this case, when the sense '- current of the sense
amplifier circuit is not constant as illustrated in FIG. 25, the
current and the threshold voltage have a positive dependence

35 due to the gradient of the subthreshold characteristics, which
makes the threshold voltage variation larger. Therefore, it is



25 particular, this is significant in a menory cell belonging to a nenory
cell block located far fromthe sense anplifier circuit. According to this
enbodi ment, since the mnimumvalue of the current flow ng through the
menory cell can be nmade | arge, the sensk0&urrent of the sense anplifier
circuit can be made 30 constant and the variation width of the threshold
vol tage can bhe m e, sense -current of the
sense anpl i fql?giar E?Eﬁnaq?svﬁ"& rl'(EQHSﬂant% 5§5¥‘PF‘£S g'ia&ﬁ i 2R @€ 281aqG e
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time until the current EB ggdatat ansfer line is st

conponent pr&SEaNGEaPl the eata YRR NN ne capacitance) x (AV/Icell),
ot her thgn the delRyrtherrRsRONGINGE irFihdecs ithe ePAst @Atil thd tarrsmduet of
(Capaci t anc gé&a transfer | i ne) \Aégg i stapce o 5 data transfer

line), due t At itranshen! ilng béi t 8k 13 nESMPRRBREI ngl v,

the del ay lwmﬁor%?l the (wattaaqeaﬁgﬁéﬁ tlHﬂ? fapatithheedaba tA@mdegn, | ine
end connected to the sq%ne'rs]eqﬁigyl ifier circuit increases. "According to this
|

enbodi ment, YNEEethar VEPESRP NG £O ke & er cowishgnt KiToth® t he

merory cel | e e aaote:é;@ageantéeoﬁeiﬂa ‘traWsﬂérrOﬂﬂFet)l Qn@kefsist(ala%teaof
capaC|t can e made ﬁ hort . t he case

whore tha vAIRGOATaRBIAT RS hy QHE [ o CRBACKorawPIiNge Hatean sHare . a
sense anpl i firghseer ¢iwds W ABcardiriflys ahee ded | inc@eases as the voltage
amplitude AV of the data transfer line end connected to the
sense amplifier circuit increases.

According to this embodiment, since the minimum value

20 of the current flowing through the memory cell can be made

large, the delay time proportional to (Data transfer line

capacitance) x  (AV/Icell) can be made short. In the case

where the voltage amplitude AV of the data transfer line end is

small, a sense amplifier circuit with a high sense amplifier

25 sensitivity is needed. To obtain a sense amplifier circuit with a

high sense amplifier sensitivity, for example, it is necessary for

the transistor used for the input of the sense amplifier circuit to

have a large gate area, which results in an increase in the sense
amplifier circuit area. '

30 According to this embodiment, since the difference

~ between the maximum value and the minimum value of the

memory cell” current Icell at the time of the reading can be

made smaller, the area increase of the sense amplifier circuit

can be prevented. Therefore, this embodiment allows the

35 circuit to normally operate even if the circuit operation margin

is reduced by the difference of the delay time between



25 sensitivity is needed. To obtain a sense anplifier circuit with a hi gh
sense anplifier sensitivity, for exanple, it is necessary for the
transistor used for the input of the sense anplifier circuit to have a
large gate area, which results in an ircogase in the sense anplifier.
circuit area. 30According to this enbodi ment, since the difference between

t he maxi num val ue and the m alueo the ne y cell current lcell at
the time of 'Fﬁ‘érq%?ﬁbsrc%ﬂagb ing Pﬁeog&gﬁ tiiEHEaQReHRtiORe sense

anplifier ciTiaidfogan bﬁa@ﬁ’e&’\/eﬂ‘fe%d:llﬁ' er%frqne veRify erree@dingnt calr owpet he
35circuit tao nornall¥%a perate even it the CIrCUIt operation margin is
c

reduced by tIARPETED e of the delay tine between 107 interconnects,

‘enabl i ng the speedjagt,up qfarﬁaﬁow rdfutﬁeoﬁéhﬁtb‘hrdu&@?rﬁ'i@rﬁ'ﬁ)ryf Feh\REe
readi ng and veri vari ation of

" the seni eondfd rdyﬂ‘rgﬁ%dwgef %Beeﬁtt&ﬁ“(ﬂ‘i‘ﬁatt%”k Rew.ibre H'L&Fﬁéﬁﬁ!%nt wi Il now,

be illustrated. FIG, TR 1954 »séhenssﬂerrw&n@'apaqrtarﬁ' #00Seraltldgisarating |
a layout of the nenp array and the data tran line. FIGT28B is a

)
schemati c gr'éfmqtl‘Pu§%€dﬂer\'§°ﬁﬁecﬁvblatr5@\é dthe data wrasterlingneFEe- t he

tinme of the ygBdigi® shdwdtpy Yap ilibetrRiTREY thel Loy gmehkheadat a
transfer line in this variationis simlar to'that illustrated in FIG 22.

Therefore, rﬁilaﬂ§f%r ding phtheotimaofdhe repdétgated in FIG 22 are onitted
as apprgpriate. Asthél|H§blLRtEAthd hkfmoRPRell Bridays 8N E BRE WY tFEBTey

line in this variation is similar to that illustrated in FIG. 22.
Therefore, matters similar to what are illustrated in FIG. 22 are
‘omitted as appropriate.

As illustrated in FIG. 28A, in a semiconductor memory

15 device 551, the sense amplifier cifcuit 461 and the sense
amplifier circuit 462 are not provided to face each other across
the memory cell array 1, but disposed collectively on one side
of the memory cell array 1.

That is, the sense amplifier circuit 461 and the sense

20 amplifier circuit 462 are collectively disposed.

That is, in this variation, the sense amplifier circuit 461
connected to one end of the even-numbered (even index) data
transfer line and the sense amplifier circuit 462 connected to
one end of the odd-numbered (odd index) data transfer line are

25 collectively disposed on the same side of the memory cell array
1. Therefore, a peripheral circuit and a power source
interconnect can be disposed concentratedly. Furthermore, by
configuring the sense amplifier circuit 461 and the sense
amplifier circuit 462 collectively in this way, the lengths of the

30 data transfer lines connected to each of the sense amplifier
circuit 461 and the sense amplifier circuit 462 can be made
almost equal. Therefore, there is also an effect in which the
fluctuations between the data transfer lines for the memory
cells connected to each of the sense amplifier circuit 461 and

35 the sense amplifier circuit 462 can be made small.

Furthermore, unlike an embodiment in which the sense



15 devi-ce 551, the sense anplifier circuit 461 and the sense anplifier
circuit 462 are not provided to face each other across the nenory cell
array 1, but disposed collectively on one side of the nenory cell array 1.
That is, the sense anplifier circuit 4610&nd the sense 20amplifier circuit
462 are coll ectively di sposed. . That is, in this variation, the sense

lifi i it 461. con d. h -nunber ed
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cell bei e time of the readin a transfer
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of the ad sk WoRaR,Cepneitive COubTiag TRemehe chadhe 1 W Adiamato. i n
regard to thperpbipges!|of two adjacent data transfer lines, the voltage is

VBL?2
Furthermore, there is a case where, in regard to the

voltages of two adjacent data transfer lines, the voltage is VBL2

25 in the data transfer line connected to a memory cell with a

logical value of memory cell of "1", the logical value of a

memory cell (referred to as an "adjacent memory cell")

adjacent to this memory cell is "0", and the data transfer line

connected to the adjacent memory cell is VBL1 higher than

30 VBL2. Accordingly, it is difficult to suppress the leak current

occurring between the contacts connected to the respective
data transfer lines. '

On the other hand, in_the case where the sense

amplifiers are formed on one side of the memory cell array,

35 when memory cells connected to the same data selection line

are read, the voltages of adjacent data transfer lines can be



25 in the data transfer line connected to a nenory cell with a | ogical

val ue of nenory cell of "1", the logical value of a nenory cell (referred
to as an "adjacent nenory cell") adjacent to this nenory cell is "0", and
the data transfer |ine connected to thel@8jacent nenory cell is VBL1 higher
than 30 VI3L2. Accordingly, it is difficult to suppress the |eak current

occurring be n o co C b he res ti t fer
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circuit 461 apd the,sgnse ameLl ten Bl Wil 402 deb I§RQ" e MialESudiger
driven to perform the read-out on the memory cell.
Here, for example, the data transfer line voltage in the
20 case of the memory cell unit provided in the first memory cell
block 1a located far from the sense amplifier circuit 461 and the
sense amplifier circuit 462 is denoted by VBL1. Furthermore,
for example, the data transfer line voltage in the case of the
memory cell unit provided in the second memory cell block 1b
25 located near to the sense amplifier circuit 461 and the sense
~ amplifier circuit 462 is denoted by VBL2 lower than VBL1.
In this case, for example, it is preferable that VBL1 is set
to a voltage that results in a current flowing through a memory
cell to which the series resistance of an interconnect
30 corresponding to 3/4 of the length of the data transfer line is
connected, and the voltage is equal between data transfer lines.
Here, the difference obtained by subtracting the series
resistance of the nearest position of the data transfer line
-~ connected to the sense amplifier circuit from ‘the series
-35  resistance up to the farthest position of the data transfer line to
©° which the memory cell is connected is denoted by AR1.




In this case, for exanple, it is preferable that VBL1 is set to a voltage
that results in a current flowng through a nenory cell to which the series
resi stance of an interconnect 30 corresponding to 3/4 of the length of the
data transfer line is connected, and tHel@oltage is equal between data
transfer lines. Here, the difference obtained by subtracting the series
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menory cell disposed in ppsition_pear to.th ense lifier circuit 462,
and the current cancie ﬁ@efn'ﬁr@ Xaﬁé‘? a‘mt.a“?ﬁgr otaé’,de'lgﬁi R & pIrCt?IHeEQbI e.
20 VBL2, where AR is the difference obtained by subtracting the
series resistance value of the odd-numbered (odd index) data
transfer line from the series resistance value of the
even-numbered (even index) data transfer line and Icell is the
current flowing through the memory cell during the reading. To
25 derive AR, the series resistance of the data transfer line is
taken as the resistance between the sense amplifier and the
memory cell. Thereby, the difference in the current flowing
through the memory cell can be made smaller between a
memory cell disposed in a position far from the sense amplifier
30 circuit 461 and a memory cell disposed in a position near to the
sense amplifier circuit 462, and the current can be made more
constant. Therefore, this is preferable. _
By setting VBL1 to a voltage higher than VBL2 by an
amount, for example, between 0.1 V and 1 V as in the case of
35 this variation, the difference in the current flowing through the
memory cell between the memory cell 4c disposed in.a position



By setting VBL1 to a voltage higher than VBL2 by an anount, for exanple,
between 0.1 V and 1 V as in the case of 35this variation, the difference in
the current flowi ng through the nenory cell between the nenory cell 4c

di sposed in a position 111 far fromtHelkense anplifier circuit 461 and
the menory cell 4b disposed in a position near to the sense anplifier ‘
circuit 462 can. _be reduced. wurt her npr b | ying VBL2 | r than
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memory cell 491tag@npelt €dntive tieRitRidh thangifRsrdrndie bdraes vBhe yRdt age
appl i ed VBL1_th of the data transfer line and the difference between
VBL2 and VBL2_th can be made small. Therefore, the time
between t2 and t3 (the time of measuring the memory cell
20 current) can be made almost equal.

- The magnitude of the charge of the memory cell may be
evaluated by measuring the current flowing through the data
transfer line with the sense amplifier circuit 461 and the sense
amplifier circuit 462. In this case, even if the position of the

25 memory cell unit connected to the data transfer line changes,
the current flowing through the memory cell can be made
uniform.  Therefore, the time necessary for evaluating the
magnitude of the charge of the memory cell with the sense
amplifier circuit 461 and the sense amplifier circuit 462, which

30 corresponds to the time between t2 and t3, can be made more
uniform.

In this case, even if the position of the memory cell unit
connected to the data transfer line changes, the voltage applied
to the bit line contact of the memory cell unit can be made

35 more uniform. Consequently, the threshold voltage fluctuation
(read disturbance) due to the potential difference between the



to the bit line contact of the nmenory cell unit can be made 35 nore

uni form Consequently, the threshold voltage fluctuation (read disturbance)
due to the potential difference between the 112 voltage Vread at the tine
of the reading and the channel can be nma@l2 uni f orm between the

even- nunbered (even index) data transfer |ine and the odd-nunbered (odd
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t he vol t age Segartgl.n%the data transfer line wth the sense amplifier
circuit 463 \&FPYHith the position of the memory cell unit. I'n
other words, there is a difference in that the sense anplifier circuit 463

changes the yoltage applied to the data 30 transfer |ine based on the
position of ‘ét{ thrrgHi‘)tl"‘gg'é'ﬁfaf‘tunit and the interconnect resistance val ue

stored in a regi stRext/3a weemitbadirtdromiehforferdéyigad Lrdraengeeery cell.
15 sixth embodiment will now be described. '
A semiconductor memory device 560 according to the
sixth embodiment has a configuration almost similar to the
“semiconductor memory device 540 according to the fourth
embodiment described above. However, there is a difference in
20 that the data transfer line voltage at the time of the reading is
changed between a memory cell unit near to the sense amplifier
circuit 463 and a memory cell unit far from the sense amplifier
circuit 463. |
That is, when the reading' of the memory cell is
| 25 performed, the voltage charging the data transfer line with the
sense amplifier circuit 463 varies with the position of the
memory cell unit.
In other words, there is a difference in that the sense
amplifier circuit 463 changes the voltage applied to the data
30 transfer line based on the position of the memory cell unit and
the interconnect resistance value stored in a register 473 when
the read-out is performed on the memory cell.
In this case, in the case where the read-out is performed
on a memory cell far from the sense amplifier circuit 463, a
35 higher voltage is applied to the '_d_'éta':{,tra_nsfer line to increase
the current flowing through the memory cell than in the case



In this case, in the case where the read-out is performed on a nmenory cell

far fromthe sense anplifier circuit 463, a 35higher voltage is applied to
the data transfer line to increase the current flow ng through the nenory

cell than'in the case 113 where the rentl3out is perforned on a nenory cell
near to the sense anplifier circuit 463. Therefore, the current flow ng

through the m)ry cel l e. made_nore constant regardl ess of the
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in FIG 29A in nbodi nent, the sense anplifier circuit
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The register 473 |s i:(onnect ed to the sense anplifier circuit
The i nt er cor@R@tthebiKst igneailtadi@supPPEORE@kEof the nmenory cel |l units 4

connected to the odGNUPYAT g8l §od@hematic circuit diagram illustrating a
15 layout of the memory cell array and the data transfer line. FIG.
29B is a schematic graph illustrating the voltage of the data
transfer line at the time of the reading.
As illustrated in FIG. 29A, in this embodiment, the sense
amplifier circuit 463 is collectively disposed on one side of one
20 end of the data transfer line. The odd-numbered (odd index)
data transfer line is connected to the sense ampilifier circuit 463
via the current terminal of the transistor Q1, and the
even-numbered (even index) data transfer line is connected to
-the sense amplifier circuit 463 via the eurrent terminal of the
25 transistor Q2.
The register 473 is connected to the sense amplifier
circuit 463. o
The interconnect resistance value up to each of the
memory cell units 4 connected to the odd-numbered (odd
30 index) data transfer lines and the even-numbered (even index)
data transfer lines is measured in advance and stored in the
register 473. ' , _
~That is, the register 473 stores the interconnect
resistance value measured in advance for each memory cell unit
“35 4. e o
| In this embodiment, since the sense amplifier circuit 463



30 index) data transfer lines and the even-nunbered (even index) data
transfer lines is neasured in advance and stored in the register 473.

That is, the register 473 stores the interconnect resistance val ue neasured
i n advance for each nenory cell unit 351#4 114 is collectively disposed on
t he sane one side of the nenDry ceII array, a peripheral circuit and a
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menory cell 4b disposed in a position near to the sense anpli
463 can be r@@g@gd£63 is denoted by VBL2 lower than VBL1.

20 In this case, for example, VBL1 is set to a voltage that
results in a current flowing through a memory cell to which the
series resistance of an interconnect corresponding to 3/4 of the
length of the data transfer line is connected, and VBL2 is set to -
a voltage that results in a current flowing through a memory

25 cell to which the series resistance of an interconnect
corresponding to 1/4 of the length of the data transfer line is
connected. VBL1 and VBL2 are set so that the currents flowing
through these memory cells may become equal. Thereby, the
fluctuation of current between memory cells can be suppressed.

30 By setting VBL1 to a voltage higher than VBL2 by an
amount, for example, between 0.1 V and 1 V as in the case of
this embodiment, the difference in the current flowing through
the memory cell between the memory cell 4c disposied in a
position far from the sense amplifier circuit 463 and the

35 memory cell 4b disposed in a position near to the sense
amplifier circuit 463 can be reduced.



115 Furthernore, by applying VBL2 |ower than VBL1, the current

flowing through a menory cell near to the sense anplifier circuit 463 can
" be made snall as conpared to the case where the voltage of VBL1 is applied
constantly to the data 5 transfer line.1B®8cordingly, the power consunption
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of the char gHRIRT&IRED5 nmenpry cell with the sense anplifier circuit 463,
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15 can be made small. Therefore, the time between t2 and t3

' (the time of measuring the memory cell current) can be made
almost equal.

The magnitude of the charge of the memory cell may be

evaluated by measuring the current flowing through the data

20 transfer:line with the sense amplifier circuit 463. In this case,

even if the position of the memory cell unit connected to the

data transfer line changes, the current flowing through the

memory cell can be made uniform. Therefore, the time

necessary for evaluating the magnitude of the charge of the

25 memory cell with the sense amplifier circuit 463, which

corresponds to the time between t2 and t3, can be made more

uniform.

In this case, even if the position of the memory cell unit

_ connected to the data transfer Iine'changes, the voltage applied

30 to the bit line contact of the memory cell unit can be made

more uniform. Consequently, the threshold voltage variation

(read disturbance) due to the potential difference between the

voltage Vread at the time of the reading and the channel can be

made uniform between a memory cell far from the sense

35 amplifier circuit 463 and a merhory cell near to the sense

amplifier circuit 463 to provide a semiconductor memory device



35 anplifier circuit 463 and a nenory cell near to the sense anplifier
circuit 463 to provide a sem conductor nmenory device 116 wth higher
~reliability. In the specification of this application
"perpendicular" and "parallel"” refer tolhét only strictly perpendicul ar and
.strictly parallel but also include; for exanple, the fluctuation due to 5
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per pendi cul aral l el . Her ei nabove, exenpl ary

enbodi rrents of theln mr@tsmec@rcetﬁmcofbtﬂﬂsmerpfplirceftmmnﬂpér@e&nﬂ@ufarc
exanpl es. h nvgnt lon i

For 10 exan?)I éar%f@w@l I"eLar ith E“HE Oé'ﬂf/ %Hyc e?ﬁéfg}%t SIU;LgE ’EI:tS%EEQb,’l fi {ibe

confi gur ati opsralelc yroressd sindiabe etbn nexeemiptenaihed mUammlwndWecete Such
as first to fourth interconnects @ESI stange i.nt ercF nects gBe

resi stance | MAMHAGIHEING fﬁ’r%qeéts@ssm Cdat a It aigfefU r'l?'@rrttonﬁ@ct

nmenory cel | ssubstanitiaki¢l perpendiciui ar armrewbs@ghhablyogb&‘ranélrst and second
regl ons, first and secon i nsul ati n%éaE 1 ons, ata tran | ine reroute

units, reroute intdFES e, N n?&&?@ fEmtsal F'ﬂ% INY@NEABWN art
and sini | ar | yrepraesérbetihevithv patdremceSteh spretetit Cexan pRE, udefhiayeRe

scope of the inventi ntothee ﬁ}e hat siml ar 20 effects hereto are
obtai ned.  the invgn I'\%’F 'Sarﬂptca)d'n Cimtr% RARGSier eXMBRSTi f iFOr
exanpl es QmayeRgrasiehi ses sKifidnnt Bie exftemapfapgmaprised!yf eardddi dpéyiicand

such conbi nati ons arfI mcl\uF&ed in the scto pe. of the |nvent|on to the extent

that the purp@Ptagfratigs nRint COMPENSRTac iRfdyded 1N semiandyetor

al though an gxamplrg idewkeeh duth ragi Firet 442 fb%:r@l@nnﬁfér%bﬁrveéﬁ%e $GWse
anplifier circuit 462 is illustrated in the fifth enbodi nent, théy may not

be directly @HAERRER. INEBFCRABREFS, NiORi resistanemringare@nBRCES Hisskitei e i n

which the 3&§ixtRgidstar tﬁe?rzsﬂe& ehexidorffedts, CRIBIROINSd cedlst ety =epl i fier
circuit (462 vi a d| taI/an g?qconv rsion circuit and fhe data transfer
b

li ne vollPagelB jOLWt €8 Hesolitrstit 2B 8RE0AAAINBGIRBSN diGtoaNd
circuit. second Engamrﬁgr&eg%hbouaatan tPXRERIre liMe WMHeGBULEE UTREd St er

reroute interconnects, reroute contacts from, and the like

known art and similarly practice the invention. Such practice is

included in the scope of the invention to the extent that similar
20 effects thereto are obtained.

Further, any two or more components of the specific
examples may be combined within the extent of technical
feasibility; and such combinations are included in the scope of
the invention to the extent that the purport of the invention is

25 included.

Furthermore, although an example in which the register
472 is connected to the sense amplifier circuit 462 is illustrated
in the fifth embodiment, they may not be directly connected.
For example, a circuit configuration is possible in which the

30 register 472 is electrically connected to the sense amplifier
circuit 462 via a digital/analog conversion circuit and the data
transfer line voltage can be adjusted by the output of the

. analog conversion circuit. '

Furthermore, although an example in which the register

35 471 is connected to the sense amplifier circuit 461 is illustrated,
they may not be directly connected. For example, a circuit



35471 is connected to the sense anplifier circuit 461 is illustrated, they
" may not be directly connected. For exanple, a circuit 117 configuration is
possi ble in which the register 471 is electrically connected to the sense
amplifier circuit 461 via a digital/analpg conversion circuit and the data
transfer line vOtage can be adjusted by the output of the anal og '
-conversion circuit. 5 Moreover, the register 471 and the register 172 may

not store tHONMGEraiARS pp§§i®@aﬁbavn@huéhet@eegIﬁt%m47ehd5 esHdcatvr e the

correspondi iy ik Gkt t8aHe sense an’fynhé?rcﬂPé@pt 46‘1“9#&9'& afgie¥peplafoqn
which the register 473 is connected to, the sense anplifier CTircuit 463 is

i|lustrated CONYF@B §inguit e%@dlthﬁntdat@héija%@rndﬂn%evﬂiﬁa&ﬁ 1§ oRfect ed.
For _examl e, diuteaby tRNDUBIAIIIOM E riBsl dbAversith efrclfe ool ster 473

is electrica connett he sense anplrfier circuit via a
di gi tal / &nal og corferepyarciheuiagister td @i thearegisterihévmayagétcan be

adj usted by étgﬁ‘eo'ﬂhéuﬁn@crcb'h‘hé&a'ﬂébfﬁaﬁ%v‘?/a?uénlt%'e’IPLblEt encode dRgeover,

the register not store the I nterconnect resistance value itself but
encode and sit@re Ehféc@ﬁfﬁf%@@@ﬁm%gjlﬁlt@'tdaﬁtadata Wil e certain enbodi nents

have been descri beg|;rthepgord, %W%@ﬁ”éﬁ é‘ﬁ‘é’ﬁwﬁ’l@e"h F\Nﬁﬁﬂ'ﬁ“t‘?ﬂi P greperof

exanple only, and are not int'ended to linmt the scope of the invent| ons.
| ndeed, the Zih?ﬁi’;eus comoerteatto beecsenzel arrapélflrernﬁycuet dfois ddustraiedari ety

of ot he of or; u 43U n syhs rﬁ%’c nges
in the ;lorm g}sth §|t)JE ogﬂﬁsﬁ?‘sﬁ%rﬂdztsﬁq Egg?lhglpél lgarrghtéb%! rb?e W t ra]ﬁt
departing frioon tewéarmlep t 2 ofinciét i eRARMGUsAEONTHS a@éérﬁi@nyn nyhichi kBeand

1wt nARISERRL 7S S R R AR oSHER @ 5 o0 TegECakhphr vl o
circuit 463 via a d|g|tal/analog conversion circuit and the data
transfer line voltage can be adjusted by the output of the

15 analog conversion circuit.

Moreover, the register 473 may not store the
interconnect resistance value itself but encode and store the
corresponding digital data.

While certain embodiments have been described, these

20 embodiments have been presented by way of exampie only, and
are not intended to limit the scope of the inventions. Indeed,
the novel embodiments described herein may be embodied in a
variety of other forms; furthermore, various omissions,

- substitutions and changes in the form of the embodiments

25 described herein may be made without departing from the spirit
of the inventions. The accompanying claims and their
equivalents are intended to cover such forms or modification as
would fall within the scope and spirit of the inventions.

30



“What is clainmed is: 1. A sem conductor nenory device conprising: a nenory

cell array including: a plurality of. first nmenory cell units,
each of the plurality of first menory cell units including a plurality of
menory cells; a pluralityld® second nmenory cell units, each

of the pl urallty of second nenory cell units including a plurality of
menory ceIIsW a plurality of first interconnects, each of the
plurality of Vfiatss ¢liI&diSect s extending in a first direction and being
connected to one end of each of the first rrermry cell units; and .

a plurality pf second interconnects, each of.the urality of second

i nt er connects' ext eﬁ'l(ﬁeﬁa'qq{“ﬁ;‘ﬁgtqr MEM@ryedeyine 59%‘%@?’%9 tonnected to one
end of each of the mgm@rm@nrar@@lin@uuﬁﬁ :hei ghts of upper surfaces of

t he second int erconnects b |n 0, heights of pper surf t he
first interconnects; f s‘?ag §ERE PrYi ¢ ‘?Hc‘l“ﬁe:ﬁr te% g&ﬁ

the plurali tmtﬁélntyr@f lfnts@rfmene@rtys céndunits indusiesgna senﬁelmmoldffl er
circuit connected to t e plurality of second interconnects, :

plurality of ™M&MeIYiGR!iconnects and the plurality of second inter connects

formed adj acent to each a)tdsllerraln@yntfsemﬁidoﬁw@nﬁryueeur @nits Weiaedh f
plurality of alrs re r peae afch of

st o
the pl uralit Rl Of i merony &gl ks S ngcd 1 ighrafity
per pendi cul ametmoﬂaeténg st direction and a thickness of each of the

plurality of second mterconnects al t hi d dlrectlon erpen lar to
the first direction and 3 h@ 4BV BF g'(fFF mﬁ%féf PE %Héach of

the pluralityuhlityret ﬂr@tGth(téﬁcf@@ﬁécts’ﬂéd(tteh@hﬁgrm aseirse dapdttibheanei rcuit
and the second. sense ang CLI er circuit b |n di SEOE@S to face each %her
k& |

across the ne&¥lg @rne yiO on® end § Vi@ Sirat NG &HXLVal
wherein readyhitee gidthe plurality of mem)ry cells included in the

plurality of first nenor I un|t is shorter than readtl t
plurality of menory cel I% Pﬁ-&rajﬁé!d nSERENG dF‘S@TQCSP'?ﬁCESecﬁﬁ& rtBeceI I

uni ts, and apmmafitplopssid MatatebArrictshexpindlq i e FRERIdireetibh

i ncl uded in the gl urallt o drst menory cel | Hnlts earlier than data of

the pluralitgnNgibaEMD kel reLMd eheashuphitheySeEoBE:BHIMASNor v

cell units 'éelﬁ’ﬁ.ﬂﬁt@'ed h8ig hTﬁée asrvi agpPeEor dupthdes cl @f M fhe WhekebAd
vari ance of wi dths of insul at| ng filnms between the p Iurallt% of fir

i nt er connect K1tERECNABCES UPAING )ﬁ%‘ﬁa%é@oﬁ@'@mf‘er@om% SusTaGRs | @ tis"ﬁan
vari ance of ptslt [HredtorpReitssurface of the plurality of f| rst

i nterconnects. 4. A sem conductor nenory device conpri si
a first sense amplifier circuit connected to the plurality of

first interconnects; and

a second sense amplifier circuit connected to the plurality
of second interconnects,

the plurality of first interconnects and the plurality of
second interconnects formed adjacent to each other being
formed of a structure in which a plurality of pairs are repeated,

at least one of a width of each of the plurality of second
interconnects along a second direction perpendicular to the first
direction and a thickness of each of the plurality of second
interconnects along a third direction perpendicular to the first
direction and the second direction being set smaller than each
of the plurality of first interconnects, and the first sense
amplifier circuit and the second sense amplifier circuit being
disposed to face each other across the memory cell array.



a nenory cell array including: _ a plurality of first nenory
cell units, each of the plurality of first nmenory cell units including a

plurality of menory cells; a plurality of second nenory cel
units, each of the plurality of second Zkfory cell units including a
plurality of menory cells; a plurality of first

i nt erconnects, ea f,the pluralj.t fLrst,interconnects extendi in a
iret directzon anthedenteinttdidinG B saliy Bren &ad s P oo, v
cell wunits; pludality of memory pelisalincjudédsénontie nplerraditpeasfs, fiestch of

“bei ng. connecANeRYorel it SoaBarhér FReTLceal Hhakosy i o BkeFE) e G

of upper surfmrasref ceéls Brrioddd i erlvonpratadithbebficsecnad hvemmeirghicellof
upper surfaces. of trgf first inter OI’IEFC'[S' ¢ a fi rsLi sense a'rg%ld_ifier
circuit conndli&d d @8 PHEA PLIPHETNG Bata RfeFhe mEp Y HiMETXYnd
sense anpl i feells qhtmdédcwn:nhet Fhrta}it;yh@fpﬂtﬁtalrﬁémorv(te(bf Lﬁ‘rﬁc@rt%]brlie'r

i nt erconnect t he urality o i rst.intercgopnect ngd the

plural oy oftHam ofatanolr tBRnatEaNor retl BTty Ga) et uiRg: 1Beths
formed of a pluratityref seceahdamemplyradil unitd ipprovided. r epeat ed,

the first sense anplifier circuit and the second sense anplifier circuit
bei ng forned on one side of the nenory cell array, the first sense

anpl i Li er ciBcui It _']Pﬁén@efv@mr?tdc@@ﬁdiﬂg teo Eﬂ%il}i‘ftnp,f MNPélréir_&l{ vamfatric@w dthe
second sense a ifier circujt, . ata o plurali of _nenor
cell's incl ud‘é’bdnﬁ??tl‘}’g p‘ﬂf‘r“j?i:'f‘)g of IMS s%%@ ng‘lq E’rlﬁ“f%"l)t/)'ei R oﬁ?ﬁt
e?r”le_rttha_][lirﬁé?@ogﬁetb@ @Intdﬁthéy_p{mraﬁg@r%ceédéc&;ri@clmtﬂ@wtdﬂhédtft% ils_ .
plurality of second nenory ce uni t.s . e device accordin 0 aim 4,
Pher of n var | SINGLIE P BNVATISRCE A0 WIBERS #F PRDSSCrURESS: RE the, Pl for
first i nt er coffigst $nevtdrireedtsural ity of second interconnects is smaller

than variance of w dths of upper surface of the plurality of first
i nterconnects. 6. The device according to claim4, wherein at |east one of

a width of eqch ofAtdemptarmiabttor Mlesrngndeviie coPnpeisisgal ong a second
direction perpendicular to t first diregtion and a thickness of each of

h
the plurality of s2dBRENPhY loAHEM! gn%l! B9 third direction perpendicul ar
to the first direction agadpliftalispcondirdtr ardmotyi sefnghite, é8eR 6Acheof the

plurality Ofp{ulrra?ittyI rgferf?%r%nengxte?hory cell units including a plurality of
memory cells; |

a plurality of second memory cell units, each of
the plurality of second memory cell units including a plurality of
memory cells;

a plurality of first interconnects, each of the
plurality of first interconnects extending in a first direction and
being connected to one end of each of the first memory cell
units; and '

a plurality of second interconnects, each of the
plurality of second interconnects extending in the first direction
and being connected to one end of each of the second memory
cell units, heights of upper surfaces of the second
interconnects being equal to heights of upper surfaces of the
first interconnects;

a first sense amplifier circuit connected to the plurality of
first interconnects; and | | |
a second sense amplifier circuit connected to the plurality



7. A sem conductor nenory device conprising: a nenory cell array including:

a plurality of first nmenory cell units, each of the plurality of first

menory cell units including a plurality of menory cells; a

plurality of second nenory . cell units, ®206h of the plurality of second

menory cell units including a plurality of nmenory cells, heights of upper

surfaces of tpe sec 121 intgéfonnects bei ng equal to heights of upper '
S,

d
surfaces of Qhée‘F?P@?”‘itﬁ{%%Bﬁﬁ a plurality of first

i nterconnects, eadeofplurelipy uodl fikst qhté'rcl:@rﬁné@t@r@@@nehéSﬁ%ﬁan@i RF in a
first direction and.bein conr}ect d to,one,.end gf each of t first nenor

cell units; nd - interconnecty Joimed PAHACERE AR 19REN c OTREE: PeiRdch 01}/

‘the pluralitfprefedesfoadstrotacoimachiciext pndiangyi of paerd brétrepdateld, on and-
bei ng connected t onef.e d of each of.the second msc[mr cel | uait,
the plurality of fitstliiSh SEOGTATPIfHRS (HECHIt 24 tEﬁlﬁ,’ofS%%% dsense

i nt er connectsmipified cuefAE etieirie foratedtdRroRei sd WMeHeOMmemyriyueklre in
which a plurality of pairs are repeated, a switching circuit
configured t¥ &t ch between a connection of a sense anplifier circuit with

the plurality of fiHestfirgtt eepeanaehplified aireamnesdihgn fefnide weasd to
anplifier circuit with thﬁrf_?rl urag%t% f secong i nterconnects; . . t he
sense anpl i ftil'\ser MEMUM CEOritdeYetNd Sprangl $eySeramin dter Ri"€Htonnect s
and the plurality @itesonghd NHRIFIRPERrS MemdMe cafl$ CiHAOded" GHi thand

a control cirgcui 1i out Fuétl ng data of tﬂe pI_urjzlPl_ty of rrermg cf_el I's, 1 ncl uded
in the plurdi4rglisy ffr fsrrrgﬁﬁmo&él felinknite19ing: QWaHtgfallier thean
plurality ofdaeiefytielgiarangl wieshdrmorbecalisinatidde@finsesensiuraney brcel |
units. 8. The deyice according to claim?7, wherein variance of w dths of

i nsul ating fSEFRNBDRERANY K&ILEDIR- ity of first interconnects and the

plurality of second interconnects is smaller than variance of w dths of

upper surface of the plurality of first interconnects. 9. The device
according toPclai m e @RMIES ngﬁﬁof@'é‘ﬁ EheClgima 4 Wheseinavarigncendf

plurality ofwsegend Jfntigrse0aneet s fihaNg bathred e’ eplie4Yiter Bendistl ar to
the first direction and a th cklgess of each of the plurality of second
i nt er connect §tEFEAYNECEHi PO Fe@t iRIHTBHERpe i QRGN o IRFRIGANNACTS; risct i on
and the smaller than variance of widths of upper surface of the plurality

of first interconnects.

6. The device according to claim 4, wherein at least one of a
width of each of the plurality of second interconnects along a
second direction perpendicular to the first direction and a
thickness of each of the plurality of second interconnects along
a third direction perpendicular to the first direction and the
second direction is smaller than each of the plurality of first
interconnects.

7. A semiconductor memory device comprising:
a memory cell array including:

a plurality of first memory cell units, each of the
plurality of first memory cell units including a plurality of
memory cells;

a plurality of second memory cell units, each of
the plurality of second memory cell units including a plurality of

“memory cells, heights of upper surfaces of the second



122 second direction is smaller than each of the plurality of first
i nterconnects. 10. A sem conductor nenory device conprising: a nenory cel

array including: a plurality of first menory cell units, each
of the plurality of first nenory cell W®8%s including a plurality of nenory
cells; ‘ a plurality of second nenory cell units, each of the

plurality of kY. Gel i ts~ el udingca ra

cells; 'n§%%é%gglb§r'§§i F&"‘{@rj f?rs%'q%egéoHﬁblcé{s,ghé%c Soﬁ'?ﬁﬁeé{
plurality offirstrintergaremectsjects extending in a first direction and being
connected to one end of _ea fiithe di g | ] . units; .an

a plurality of second iﬁteﬁgg%%g&téyjegiﬁ:gﬁ“?%ﬁ°§?ﬁ%§%ft§ﬁgw S Eo%%e

i nt er connectduealipnadifnfrétn interdonrectsi egtending rineacfirspadeediédmezmd t he
orory o] ERRBC SRR RS B8 BERCRRLE o 2o o el ghSE Tl Sefor
menory cell%tﬁmgs,c Hgﬁgﬁ -g‘%e ra &8 HO% Q sg o] cts
bei ng equal unitéeiagldt s of upper surfaces of the first interconnects;

a first sense anplifier _ci Lt..conpe o.the plurality of firs

I nt er connects; a%s I@Eéhgingg %‘%‘?ﬁ‘%u érﬁt%cg’ém%téonﬁggpe(?ft E)h?he
plurality ofplaealbtd dfndecandniedesconnects exttenaingaln ttheofirét détection

I nt erconnect .1 he h ~ é y, of se Qﬂ iqé ﬁqﬂn %s % gﬁ nt to
each ot her @fi’]cﬂgjdef'bgngg g]‘e g ét Sitadis %?\ O\K/ng{a a p?ﬁ ay ‘%ﬂgf Sg are
repeated, cell unithe first sense anplifier circuit and the second sense
anplifier circuit i | S 0 f er r ry cel
array, af itht %8%%‘2 (gﬂa[ﬁrg%tngﬁge'feq%ﬁﬂ?g#% earri%nﬂi%t b&fr[aﬁﬁgﬁg\‘f I rst
sense anpl i fgemormd r mbercoamsatg vﬁbrmlead pasl'g'a:'c:entofcot reea dhi regheelrrbeyngel |
unit when read-ou f_the oy 1 er ne a.second va e
charging a SBLOTR o sEniBRE i fhichd REFaRtyer pdit°sRd febaad;

a switching circuit configured to switch between a
connection of a sense amplifier circuit with the plurality of first
interconnects and a connection of the sense amplifier circuit
with the plurality of second interconnects;

the sense amplifier circuit connected to the plurality of
first interconnects and the plurality of second interconnects via
the switching circuit;and

a control circuit outputting data of the plurality of
memory cells included in the plurality of first memory cell units
earlier than data of the plurality of memory cells included in the
plurality of second memory cell units.

8. The device according to claim 7, wherein variance of
widths of insulating films between the plurality of first
interconnects and the plurality of second interconnects is
smaller than variance of widths of upper surface of the plurality
of first interconnects.

9. The device according to claim 7, wherein at least one of a
width of each of the plurality of second interconnects along a
second direction perpendicular to the first direction and a
thickness of each of the plurality of second interconnects along
a third direction perpendicular to the first direction and the



second sense anplifier circuit varying with a position of the second nenory.
cell unit when read-out of the nenory cell is performed. 11. The device
according to claim 10, wherein the first voltage increases as the position
of the first nenory cell unit becones fagekher fromthe first sense
anplifier circuit , the second voltage increases as the position of t he
second nmeno cell ynit becanes farther fromthe second sen fier
circuit. Ze/e da\fe&g'%dér §f"h€”@r than n?@@'q Pgr%%rp'éﬁﬁ%wsp olest i rst
regi ster conpgerednhectye first sense anplifier circuit, the first sense
anplifier circuit changes a voltage applied to the fi rst i nt erconnect based
on the position of the first nmenory cell unit and an interconnect

resi stance vapue SAtye&ﬁuwh@b@tdﬂ h$émrcﬂg/ E%Q'ﬁcé‘\’fwmw@ﬂngm of the menory
cell is perforned;_an cond regi ster connected to the second
sense anplifier c.acmﬁmory cell® afr@é’ HeedttiNganse anplifier circuit changes

a voltage applied to they Sﬁwaﬁty%ﬁffﬁ@'ﬂnm?ém%%e@eﬂnuhh% p@éth'@f‘ tple the
second mam)rg cell unit and an interconpect resistange val ue. stared | the

second regi sRBralif¥n AfedisEutmeMmene feHorynike| InclIdiBgs ¢ nBlura 13’
devi ce accorgidrgiotr &lpd;m 10, wherein the first sense anplifier ci rcw t
changes the first voltag e aﬁg_l i ed t the first |nterconnect and the second

sense anplifier circuit Q:h% é'chQ se@erady anemR Yasslh ethite ter%d'!;é?;ond

| nt er connect tiydyly FERE, @#ts@éoﬁ@%@ﬁﬁﬁw &\ luris Fpﬁ&mlﬁgda d@ldrlaehtt

current flow ng throu the plurality of nenory cells in€luded in he first
menory cel | WHMOANL® ' Turrent flowing through the plurality of menory

cell's included in the segopdupgngs YOﬁe|f|rs‘t!n'|htéﬁé‘<9r'i7r'¢eéﬁua|eacr14ofAthe
sem conductor menory device conpri sin a menory cell array including:

24
a plurality BRTEltY: ofdifstyintgreonneets e@g@mjﬂgméquwmqhwcapnf engt

menory cell yajdg dowhaeidw & Rng %hEYOPfe%HDbV 8 Iffist memory cell a
plurality of second nenory cell units, each of the plurality of second

menory cel | WRi%Ss 3@l uding a plurality of nenory cells; a
plurality of first 'ntergoan%tm %e’fc&e%ridﬂqsn@é%@hhé&tsof dddiPtof the
i nt erconnect s extendlng- 1Tt di rection and bei ng connected to one end

of each of tRHIH lrtxtow%py%émter&mrsecténaxtendmg in“the firsy| dirgctiop of
second i nt efF‘rP”@%%hS Sﬁé‘@@ HetviieR! Lt'h@ i h)‘s?f Iﬁﬁéﬁ“&'&%ﬂ&ﬂ:@r Cé’ﬁ‘ﬂe%émg

extending in the f |rst direction i.n each Eace tween t
i nt er connect SORRBCER Y Onehentk@ftepehofefaeciecrnrd f@iemﬁéstéQJbr\H“ﬁ%rmry

cell units Reighis off UAREF ShRe8s off thBe sBRERRI hid RIGIMEEE HORIHNY

equal to hel ghts of upper surfaces of irst interconnects;
first sense GApRI tpehel@htsupt Lmﬂﬁfe%wéf@qas; ohdhg firsh intereenniecss;

interconnects; a5 first S€A98% M ??ﬁpe,aen*c'uﬁt ebnfidcthtt t& eABESIAGIRY dhe
plurality of second i ht er connect
first interconnects;
a second sense amplifier circuit connected to the plurality
of second interconnects;
the plurality of first interconnects and the plurality of
second interconnects formed adjacént to each other being
formed of a structure in which a plurality of pairs are repeated,
the first sense amplifier circuit and the second sense
amplifier circuit being disposed to face each other across the
memory cell array, | |
a first voltage charging a first interconnect with the first
sense amplifier circuit varying with a position of the first
memory cell unit when read-out of the memory cell is
performed,

a second voltage charging a second interconnect with the



the plurality of first interconnects and the plurality of second
i nterconnects fornmed adj acent to each other being forned of a structure in

which a plurality of pairs are repeated, the first sense anplifier
circuit and the second sense anplifier t2Bcuit being forned on one side of
the nenory cell array, a first voltage charging the first

interconnect_wth the first seajs%e anpl i.fier CII’CUIE varying wth atRoleon

of the firstSGRARE ySERFE ARTRITURENCITENIE XRTYIRI: MWtheRoRPIEION jof

per formed, secondmmenpnyl vell t@ge Wieeli read-uts eforite | mieghoepnesl iwi t h
t he second sensffe) W}E ifier circuit varying with a position of the second

menory cel l R read-out of the nenory cell is perfornmed. 125 15.
The device according to claim 14, wherein the first sense anplifier circuit
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i nt er connectcibagpd on the positi on of the first nmenory cell unit and an
i nt erconnect resistance value stored in the first register when read-out of

the menory cell is perfornmed; and a second register connected to the
second sensejampl iTher devicdlidccording tdhelaserarg $@P§ﬂe:arﬂﬁmfp'rﬁ§n i peui t
changes a voltage applied to the second i nt er connect based on the p05|t|on
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the second sense ampilifier circuit changes a voltage

applied to the second interconnect based on the position of the
second memory cell unit and an interconnect resistance value
stored in the second reg|ster when read-out of the memory cell
is performed. '

13. The device according to claim 10, wherein the first sense
amplifier circuit changes the first voltage applied to the first
interconnect and the second sense amplifier circuit changes the
second voltage applied to the second interconnect when
read-out of the memory cell is performed so that a current
flowing through the plurality of memory cells included in the
first memory cell unit and a current flowing through the
plurality of memory cells included in the second memory cell
‘unit become equal.

14, A semiconductor memory device comprising':



a plurality of first nenory cell units, each of the plurality of first

menory cell units including a-plurality of nmenory cells; . a
plurality of second nenory cell units, each of the plurality of second
~menory cell units including a pluralityl®d8 nenory cells; . a

plurality of first interconnects; each of the plurality of first
i nt erconnects extendi g{%n a L‘i rst dir ctgi.on_and bei ng connected to one end
of each of the fir&tm Yy CEE| RIT@Y traciughg: a plurality of
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connection of the sense anplifier circurt with the plurality of second
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menory cel | |s,%§rfor med. 20. The device according to claim19, wherein the
first vol tagEn rddes as the position of the first nenory cell unit
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a first sense amplifier circuit connected to the plurality of
first interconnects;
a second sense amplifier circuit connected to the plurality
of second interconnects;
the plurality of first interconnects and the plurality of
second interconnects formed adjacent to each other being
formed of a structure in which a plurality of pairs are repeated,
the first sense amplifier circuit and the second sense
amplifier circuit being formed on one side of the memory cell
array, .
a first voltage charging the first interconnect with the
first sense amplifier circuit varying with a position of the first
memory cell unit when read-out of the memory cell is
performed, o
~ a second voltage charging the second interconnect with
the second sense amplifier circuit varying with a position of the
second memory cell unit when read-out of the memory cell is
performed.



the sense amplifier circuit changes the second voltage applied to the
second i nterconnect based on the position of the second nenory cell unit
and an interconnect resistance value stored in the register when read-out
of the menory cell is performed. 22. Th25device according to claim19, the
first voltage is the same as the second voltage. 23. The device according
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amplifier circuit is formed nearer to the memory cell array than
the second sense amplifier circuit '

16. The device according to claim 14, wherein the first
voltage increases as the position of the first memory cell unit
becomes farther from the first sense amplifier circuit, the
second voltage increases as the position of the second memory
cell unit becomes farther from the second sense amplifier
circuit.

17. The device according to claim 14, further comprising a
first register connected to the first sense amplifier circuit, the
first sense amplifier circuit changes a voltage applied to the first
interconnect based on the position of the first memory cell unit
and an interconnect resistance value stored in the first register
when read-out of the memory cell is performed; and

a second register connected to the second sense
amplifier circuit, _ |

the second sense ampiifier circuit changes a voltage
applied to the second interconnect based on the position of the
second memory cell unit and an interconnect resistance value
stored in the second register when read-out of the memory cell
is performed.

18. The device according to claim 14, wherein the first sense
amplifier circuit changes the first voltage applied to the first
interconnect and the second sense amplifier circuit changes the
second voltage applied to the second interconnect when
read-out of the memory cell is performed so that a current
flowing through the plurality of memory cells included in the
first memory cell unit and a current flowing through the
plurality of memory cells included in the second memory cell
unit become equal. |

19. A semiconductor memory device comprising:
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a memory cell array including:

a plurality of first memory cell units, each of the
_plurality of first memory cell units including a plurality of
memory cells; | |

a plurality of second memory cell units, each of
the plurality of second memory cell units including a plurality of
memory cells;

a plurality of first interconnects, each of the
plurality of first interconnects extending in a first direction and
being connected to one end of each of the first memory cell
units; and

a plurality of second interconnects, each of the
plurality of second interconnects extending in the first direction
in each space between the first interconnects and being
connected to one end of each of the second memory cell units ;

a sense amplifier circuit connected to the plurality of first
interconnects and the plurality of second interconnects;

and

a switching circuit configured to switch between a
connection of the sense amplifier circuit with the plurality of
first interconnects and a connection of the sense amplifier
circuit with the plurality of second interconnects,

a first voltage charging the first interconnect with the
sense amplifier circuit varying with a position of the first
memory cell unit when read-out of the memory cell is
performed, _

a second voltage charging the second interconnect with
the sense amplifier circuit varying with a position of the second
memory cell unit when read-out of the memory cell is
performed.

20. The device. according to claim 19, wherein the first
voltage increases as the position of the first memory cell unit
becomes farther from the sense amplifier circuit,

the second voltage increases as the position of the second
memory cell unit becomes farther from the sense amplifier
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circuit.

21. - The device according to claim 19, further comprising a
register connected to the sense amplifier circuit; wherein
the sense amplifier circuit changes the first voltage
applied to the first interconnect based on the position of
the first memory cell unit and an interconnect resistance
value stored in the register when read-out of the memory
cell is performed,
the sense ampilifier circuit changes the second voltage

applied to the second interconnect based on the position of the

second memory cell unit and an interconnect resistance value
stored in the register when read-out of the memory cell is
performed. |

22. The device according to claim 19, the first voltage is the
same as the second voltage.

23. The device according to claim 19, the first voltage is
different from the second voltage.



