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10 FIELD
Embodiments described herein relate generally to a
semiconductor mamory device.

BACKGROUND
15 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
20 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.
25 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

30 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

35 resistance of the data transfer line is added one upon another in
the memory cell.
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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
exampie;

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

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 1is a schematic plan view illustrating the

35 configuration of a semiconductor memory device of a second

example;



FI GS. 5A and 58 are schematic cross-sectional views 15 illustrating the
configuration of the sem conductor nenory device of the first exanple;

FIG 6 is a schematic plan view illustrating the configuration of the

sem conductor nenory device of the first exanple; 20FIGS, 7A and 7B are
schematic cross-sectional views illustrating the configuration of the

sem conduct or nenory device of the first exanple; FIGS. 8Ato 8C are
schemati ¢ cross-semtj ondl vé ews kohertiericofpldie Mieaesdbsstrakinest tagi ng a
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of the fouré)?m%)é)a}glf)l e;

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 liiustrating 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 embodiment;

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




FIG 16 is a block diagramillustrating the configuration of a

sem conduct or nenory device according to a third 15 enbodi nent; Fl G
17 is a schematic circuit diagramillustrating the configuration of the
sem conductor nenory devi ce accordi ng tg the third enbodi nent;

FI GS. 18A and 186 are schematic views illustrating the 20 read timng in
the case where read-out is perfornmed when there is a difference in

i nterconnect resiE@NeS iF1& bibek diagfdowihastratingsthatdodid beatieadi ng of

data; FIGS. 20A to 20C are schematic vie i.llustrating the read timng in
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a bl ock di aca Fudt Frbttqrﬁ nﬂ?é:tcr@rﬁi?tgqﬂraq’i on of a sem conductor nenory
devi ce accordi ng RIG.a X8Atis embedhermdtic circuit diagram illustrating 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 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

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




FIG 27A is a schematic view illustrating an arrangenent 5 of sense
anplifier circuits, nenory cell units, and the like, and FIGS. 273 and 27C
are schematic views illustrating the read timng in the case where read-out
is perfornmed when there is a difference in interconnect resistance;

FIG 28A is a schematic circuit di agransl’illustrating a 10 layout of a
menory cell array and a data transfer line, and FIG 286 is a schematic
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15 amplifier circuit, and a second sense amplifier circuit. The
memory cell array includes a plurality of first memory cell units,
a piurality 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
20 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
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



plurality of first interconnects and the plurality of second interconnects
formed adjacent to each other are fornmed of a structure in which a
plurality of pairs are repeated. At |least 5 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 8ach of the plurality of second

i nterconnects along a third direction perpendicular to the first direction
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each of the second memory cell units. The control circuit
outputs data of the plurality of memory cells included in the
25 plurality of first memory cell units earlier than data of the
plurality of memory cells included in the plurality of second

memory cell units.
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
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units includes a plurality of memory cells. The first sense

30 amplifier circuit is connected to the plurality of first

interconnects. The second sense amplifier 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




30anplifier circuit is connected to the plurality of first interconnects.
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sense_amp! YA £ tPshalfiastoBhss Lot 58 @P@%%\?j@ﬁ?ifgpgﬁ ormed
on one 51 dén bhegmepoformeld igagnt Awvata otiher gi ohandgad r@&t a
interconnecb_&?th t he thﬁi sgggg 4 lﬁii%ﬁrjgj 'r% igigad Ng{ﬁﬁﬁ?
chargin?htﬁ L§385ﬁd”tg§ Fhﬁj?t $M?&££€%h§;;§coﬁgigé se{gnﬁl?¥|e% circuit
vary w gepesi amylifodr © = amec Isanda asndlifiepodrauioraréf t he
second nenpry cel |l unit when read-Qut of [ d.
Accordingngyxpgﬁ aHbt REF éﬂggd#ﬁg&ﬁ% §%§£h$§3ngﬁc{gﬁﬁ%%’HLZ%Pgéggggﬁe

i ncl U_dtes $ﬁherrgh}g ciend | ?rsmyntar@cﬁ’[{meciarmlﬁl'f i e clirguisgnsdmpdifiarchi ng
circui e nmory, ce r i I i i [ 1
ani t 5,1 pFUELT @gydoa gg&%@@&@ﬁ@?ﬁw@lﬁ%ﬁf gﬁ%?fﬁioaﬂf}ﬁt Wo;@’ﬂ?'ﬁf*?‘é °

i nt er connegksond I lifigr ofirceitomdry nevet it ht i
plurality ﬁfs??rgteaﬁa anablggrﬁggéa or ;?nm&%gfm?gf?lu?éig x:ﬁf'ggynry
cell's. Eacm%mqrﬂecé ulr”gﬁlngb o% %‘gﬁfd{ ?ermr%/ c(e?ﬁ uni ?s |r71cl Sgeg a
plurality ofhavemeay-ocet!sf tHhencemsey aspl isf perfarimedit is connected to the

The ol tehi ng cf REEPLOTS BB PERt NP CafRaub ehsr g SRARRNAREROTrEr =

The switching cif _ ( bet ween a connectl on of
the serse amphdryedeviceuntivded a meepiamalcelly acfay, assense dm@iiedts and a

e comneclec iAo STERA Srdlter e thBrids BB AL bR,
a H rﬁﬁli ?Laegaiié?lé?n?oie:oﬁilrarctrfa@tmor\pneeﬁndlcti’ti_f:s,eaa:hptﬁraﬁﬁa‘ fOifr §8Cﬁﬁﬁfory_ 30
R e e s e L
coln?:ct eghg?ﬁEy?ﬂﬂ S%Bi‘cmmthnd)émdmeetmanaehooﬁ tded Iplumiﬁi‘f@/. .0,& fﬁrﬁ‘!ftst .
vari 620 t MEmERYot yreRE dhe FAET A SOl o dBeFABRT e FEERTL ot
t he menor ytiselpluiralipgrdfoseedndAnsenary velitagiscirarigdeg ahalurelity of
memory cells. The sense amplifier circuit is connected to the
slurality 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. FEach 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




second interconnect with the sense anplifier circuit varies with a position

of the second nenory cell unit when read-out of the nenory cell is

per f or med. Exenpl ary enbodi ments of the invention will now be 5
described with reference to the draw ngs. The draw ngs are schenmatic
or conceptual; and the relationships b%{ ween the thickness and wi dth of

portions, the proportional coefficients of sizes anbng portions, etc., are

not necessafdond het&ash mect Qﬁt@%téalsew@leuemphﬂéeoéurc&wwﬁres ihigh 10
di mensi ons and proportional coefficients ust ratﬁd dtf rent |y

among the d BASHERN @l &Rer 6@@@@%%@9"}5&?’%{%& when req

speci fi cat irgBndRe) the & gfrﬂgﬁn@a the application, conponents sinmlar to
t hose descrr?bed in reg arg to ng t her ei nabove are ma@l,ked wth |ike

ref erence nuner a|E§<6fﬁ|ﬁ’(ﬂa%y 19633%‘?“”@% s€ |HT‘¢0HW%”BFHH tdl 420%p fi%pri at e.
Fi rst egbo@é&rr‘#bed with refeh;éﬁce]td gha cﬁ@h@ﬂ’ﬁ;s c viewillustrati ng the

configuration of _a sem conduct or rrem?ﬁ/ VI ce accoroédggI o afir 20
enbodi nment . TheasdrawiRgp atég iSFEBAUC Phe CO8R é’uctépdma y
devi ce 510 ré?e?@éﬁl'sﬂq:)é %éﬂ%éaﬁn@féﬂltﬁwnewl ageswidtrstoft pofra@mtsh that a
transfer lines DL1 DL4. I n the sem conductor rre bCHX%z ﬁél ce 510, a first

regi on 25 FRGQP%H‘%@e@@ﬁBc'F@@it%nO &t STHE R For2EarfQte of a
substrat e hr&tws'alrwtmé %@m@nay\’fth@hathﬁaisemm%@trebfﬁemwyh@@vnmae 510 is
provi ded. The first regi is ar ere a firs ma_rmr cel | block
| a dest?i bEdMRANDRNSs %‘F vM’é’tﬂmrE‘tﬁ)@qlhg:ofg&%%nF%g%yRé? F%’iﬁ n where
a 30 Secon@zﬁé?ﬁﬁ&'iycshﬁo%% bba flesgs ] beénbﬁduowerstupabwo@e:@ns Each

of the first to fourth a transfer lines DL1 to DL? IS con ect.ed to one

end of a nenory &8l fhensRegficatiaf ang tthg Gravdpgsy Ot dine @R ?W' to

MCU4) V"h'CQo'n%bH@ﬁ%s”yirhnél-ethQﬁ@%E @%Istssbééwﬁreegardltcecean;ng _
perpendi cul ar to the major surface OEh PEeSUb trate is taken as a axi s

direction (thﬁée'ﬂﬁ!?‘?jv%ll BRtM@yed wi ference numerais, and
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 &
region where a first memory cell block la 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).




3.0 One direction perpendicular to the Z axis direction is taken as an X
axis direction (the first direction). A direction perpendicular to the Z
axis direction and the X axis direction is taken as a Y axis direction (the
second direction). 5The first region R% and the second region R& are

adj acent in the X axis direction. Each of the first to fourth data
transfer lines DL1 to DL4 is extended in the X axis direction.

The first anfesererdicitireideanitalal thethdld and Blrib@ien 1Q pilyhded in the
first region RGL;, and the thjird ingéowt data fra sferdJéln S 3 and DL4
are provi déd' i i<t RXiSecOHEGEY) ol tRER. TS ITeRECM)r st dfat a9t er 1ine
DL1 and thgdiariiidatar toansd o akigieliRk&ioneand Bse dxistipedtidn &5
direction; and the 15 thjrd data transfer line DL3.is. provided on a line
ext endi ng fPERMN A8 & Yy SXIAlE ioihégé‘? 8RO DA ¢ HIPRS X axis direction.
The secgnd data tmansfiest InergoBPLR@Ndahlde theurddested arégrnsf RGA ine DL4 are
adj acent mq[ghe X axi ﬁ%dia{ection; %nd the fourth data transfer line DL4 is
provi ded o HACPAL IBxEE i AY'F ARGEHY 20 second data transfer line DL2 in

the X axis directHzuh ofrtte igEt wor fisurthndela trahigfeanened L { aier Dh4dat a
transfer line DL4 |s postbtl)%ned in a gll agonal direction fromthe first data
transfer Ii‘%@)@@[‘d%‘ﬂ St Xt ¥IBHIERUI@Rra transfer lines DL1 to DL4 are 25

L orm%‘dbbé, bf?r ewaoh k?si&f&rﬁ@\&@gblnﬁﬂaﬁta%n&r@msfg?ﬁﬁ@%!Dlptﬁtazﬁd ][rbng ér%d t
escril pe el OWw. e S ahn | SSes .0 . rs (0] ur al a
CractibsY Mredlaed o there B atan H TS e chnshithiid \and Ry B data
fluctuati onga@éfdrhansisdend lamatbeanhng. pHieviciat ini thd sscéalieregionbe the

| ength al o he Y axis 30 direction. For exanple, while the sem conduct or
menory devi 510 is provided on the mgjor surface of the substrate, the

widths of the finsfe tArdounsty detahdfeansfrey Dinesabdl e Diirgayddta t aken
urth data.transfer |ines DL1

?3’ D[Zroﬁxg%%ﬁéﬂgﬁg\bgfil%ﬁgPéﬁﬁc%{ if&p%ﬁ@z PGS A EGHRY r £ P Phi ckness
is therdenghlrdabens trhasfeXing DiLBers beovided on a line extending 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

tine 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.




11 The width of the second data transfer line DL2 along the Y axis
direction is narrower than the wwdth of the first data transfer |ine DL1
along the Y axis direction. The thickness of the second data transfer line
DL2 along the Z axis direction is 5thipper than the thickness of the first
data transfer line DL1 along the Z axi $1directi on. Here, at | east
one selected fromthe width and the thickness of the first data transfer

line DL1 may be grieatgidthhep thkateebntih@ateagnd saat airig ansd eflohignehdl 2.
Al so, at |east one 10 selected fromt h and.the

. wi dt icknes f,the
third data ¥ raxist &irgGtiRn piss Naky o8 yr é‘@e&h%aW'Q%tO%f %EWF‘EUBPW dat a
Erans]{er : !ﬁﬂ@n%t%k line t!))!_l Tage;tnwg Slhbl ﬁméxtshejm»étab@etssmé t@'@tktrr]a@s][sqoﬁ?tg t
ransfer |ine y substantial |l y_the_sanme as ose of,. cfirs ata
15t r anst ertha SECEE A3k VRONFHINRIRLInalaHS it DHis: HISSREa S dar a
transfes |itpenRef fryh bghesubstrAkEs! by tHee fSaste dasat hesesfefr tihe $Hcond data
transfer 1|i r‘ exanple, the depth of the first data transfer

e DL2. . For
line DL1 i@&é‘&pé?et%éﬁ'st Firefh®R- of the second data transfer |ine DL2. 20
dAlso,h t]be ﬂep]Eh qi%rtdﬂ,e éthiiéds@?b@etrmegﬁedl ifﬁ@nDL&%S\ndﬁeperaﬁdeaffhé heh
epth of the.fourt a transfer Jine . ejn epth is t engt
o ong the. APACKECSs P dhol oY elatentraister Ting Db had P Satat gt
flat a t2 r agifzm_rzatl bﬂQ?eT@%ﬁ@h@iCTEdt@a][traiﬁs?ﬂeﬁ Hnee A2 t heﬁ\ise]gwwlldasa drrlansf Sr
| he .S Nl r t n that,,,of the fir .gata tra er li.n ©an
the el g@t r is&{?c?ee@iépﬁﬁcé"%f Wt'ﬂEhf%UBt ﬁﬁaa?é*&%ﬁ e?PISriITFr’e tﬁliﬁl %ﬁ'ﬁ gher
than that akahbfer hined dd anavanst erebitoe thlah thHerteofi, tHddoeirelot dateal
resistanceirof he fir to fourth data transfer lines DL1 to DL4 are the

resistance anste tine [if-%xi s direction, i.e., 30the so-called interconnect
resi stance. Thd wigtherndahesthicknicke s oheandog tautarermisfeddiiece 510

PR i R g R TR B T
with abi ghraasfet AneeDLNt exg@nimeivibeh awd cihSihaskmess nifetteo fioecth
resistance cpa{t%h%‘ra%s %P itlrrt]eatDE];r tn'?aeyltg)e\zlv sru Ss'tsatn ?gl?ylt%eers%onnaréegts tlﬂcise

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 DL2Z 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.




12 Thus, the sem conductor nenory device 510 includes: nultiple
first interconnects LL1 (the | ow resistance interconnects Li of the first
region RGL) provided in the first region RGlL; second interconnects LL2 (the
hi gh resistance 5 interconnects L2 of ipe first region RGL) provided in the
first region RGL in each space between“the first interconnects LL1, where
the second interconnect LL2 has an el ectrical resistance higher than that

of the first intemipnesk kekidaHdidtos hentbinteseiernert® incdudede | ow
resi stance interconnects L1 of the 10 sec

ond region provi.ded in the
second regiBRITREE adfiagbnt TRERIRNAESIS r'e'g?on %@f i E%‘%‘{e %%%JFEB%@(? ection
to extend iiﬁtéi%r?ﬁ@é@gs | di pecthorigt kegrm extENdiprevided rhehli fistt
interconnects LL1; and fourth interconnects L__té &terge H%g]h resi.sf.ance
i nt er conned€gioR HG1heSEERARY FEGIeMNRESYS phbei d&lSi miBhe P ISEYTd regi on
R&R to gxtgRgefdhimects 29 HFdiRect N regidn RS 19X peadidad f morthiehéirsecond
i nterconnects LL2, where the fourt%| ntercop@ecﬁ@é’, lt_]as an el ecu_ical
r esi st ance 'RigiPRrREHam t BAEN oFPEFR RRFWRSTntREC SRLgeonnerds t he
first to fquRbheithceseenneristdichrirmedildlPsheenaacefsttrizainecdpthode each of
the 20 multiple nmenory cell units

4 respectivel where each of .the
mul tipl e meHBAErcERanuRhas pritrﬂﬁ JH&E migrcpnn fcgngt’p%r]etﬁqm tiple
first i gt e{irﬁ@@ﬁt@fﬁt rfed{!sl L?.Bd (yh@ Wt i‘@éi@féﬁ@@n%ﬂmaﬂm SCLﬁ_ ngti'aer e
arranged alternately in axi.s direction. mul.tip i
i nt er chbAne&ESONGSB *'%élfpfi r?£§rﬁl F?'iob‘l’aegS'r\‘ g‘aﬁﬁ??%’ﬂgr"@&mgc@iéﬂlaﬁf‘%r r anged
al t ernat el yoi fhd st r@gisndRECIA Qhe X axis diRictieasio ereesdliectieel X rom the
wi dth along the Y axis direction and t

_ _ ) | he t ickn%ﬁs ?J ogg. tthe Z_axi Eﬁe _
directi on oigh@ir€sE Yy 9Mt BPESnRSEENEIM | W QR NEr THREN RACOBICFRR first
30 interconnect khy AbulEastineaeceehected Lirom(the whihh atemigtdie Y axis

direction and the thickness along the Z axis dir iion of .the fourt
interconneé’f’tq’_r@ﬂ%e@ﬁall-l%ergf?ﬁ%ﬁgtsﬁétorkﬁ ‘f%%ié@%%t%f’%‘i%@cfn L% one of

]E_he fO_l‘Sthsie'&chP%@ﬁ?S%G;ﬂ ics e@&ht@@]gc_rimathe _SSSaG@Sm@icrégdndm amdirods t he.
irst interconnegts tween the fjrst region and t second region
R&®: and ofX§NdiRg frRiM QL?QM&B&W&@@%@.@ F%I%E?F?E@lq ;?/SHB%hect ed
to one of thekEMELY DLATKOENAT Settchetawienanbe igisdr tieghorhaRGF and the
second regi on R&X. In other words

accordi ng ttBet hﬁ@r‘élnﬁﬁé‘?’ﬁé?ﬂnﬁ%l Hiéget ?\Eg}ci Oggyﬁ%ﬁ%r ;ﬁg%r ?/t(gleileﬁ%ﬂglot ﬁe
second NMEMYAYe&@iinddtackL i kadi acentohaeichedf ta sinaremet wfoed ¢h Wiforte 1 a in
fthe X axis direction, and aéjl ta Itra sfer li ﬁ/ re,ro‘#%ing uni%‘ %EO (ethe
i nt erc%@neéﬁu[téiﬁ'&tmﬁﬁ"%ﬂfﬁ Er‘ém fie E@F%’EE S W PEFE neAbiy OEete bl ock
la and the 58a9p% memory cell units 4 includes multiple memory cells.
The multiple first interconnects LL1 and the multipie second
interconnects LL2 are arranged alternately in the Y axis
direction. The multiple 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 RG1 and the second region RG2; and one of the third



10 menory cell block Ib. The first nenory cell block |la includes
multiple first cell units U, mltiple second cell units U2, the multiple
first interconnects LL1, and the nmultiple second interconnects LL2. Each of
the multiple first cell units Ul inclug s multiple nenory 15 cells; and
each of the multiple second cell units %2 i ncludes nmultiple nenory cells.
Each of the nultiple first interconnects LL1 is connected to one end of

Ieﬁtcgr 21; t Qi?fé{cﬁgm?@éﬂ;oﬂﬂi’){'@ élledctm@mctbmﬂectegaw arie tdfethel séqurad second
_ ts I S ended i n_each gpace. het n e fLr

i nt erconneé‘_ﬂEequ_QLmi%Ct@oHﬁécPeg‘ﬁe@ﬁ‘et%ﬁ It Eggwrbfﬂ@ﬁeaégcgﬂ% %éeqqnduni ts
U2, respectyebd.RERe second interconnect LL2 has an electrical resistance
hi gher than that of t

e first, iliterLui.ll lLed, LL1_ T
bl ock 1b incl udeénnﬁltpﬁﬁl‘élotrﬁ?r o#h@?sceﬁﬂcqmﬁgt%,mﬁuﬂf"ﬁf%?é@?&ﬁ*fﬂq’cé e
T b comne O G Dt D e L e O e
) ch o e multiple ir ' [

mul tiple rrg?r@}‘:{f ta Itg,e %‘ﬁ@o"é‘gcweﬁofﬁec Ibtlpﬁkgf’?o%#ﬁ#eibqugoh %gﬁgﬁ
:_Egl Fgezxmgggé@y @Fwob},)?@@ﬁlas;.n_ a@g?_cram dilnef:tﬁulnt,iamé d ldiatd tnatnesfeionnect s

| in e axi.s direc n on t ing. - [
i nt ercpnnei’ﬂ“q_LIe!'ﬁupﬁ’& X UANE sq(ﬂ eé%ﬁ@n 'ﬂ&%‘&ﬁﬁ@@&r %’é%hgﬂ@%ogqrﬁggc‘;' (r)fSt
the third ggldvigaitsetBechesneclsy ehyembneitedf bidek md ging ehémeadnd
interconnects LL4 is eéﬁ:rk_dﬁ 35 in the X axis direction on a |ine

extendt®g PEMPRE e erconnect LL2 in the X axis direction to
connect to one emheofirstdneasbrpfcaih®lbokria icelldesimultiple first cell

e e iR U b6 ERERER. ol IR uS, *She' i = rpsee
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 LLl is connected
to one end of each of the first cell units U1, respectively.
Each of the multiple second interconnects LLZ s
20 extended in each space between the first interconnects LL1 to
connect to one end of each of the second cell units UZ,
respectively. The second interconnect LL2 has an electrical

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




The data transfer line rerouting unit 100 electrically 5 connects the one
of the fourth interconnects LL4 to the one of the first interconnects LL1
and electrically connects the one of the third interconnects LL3 to the one
of the second interconnects LL2. The nultiple nenory cells MC recited above
are arranged 10 along the X axis di rectfon. Each of the multiple first to
fourth cell units U to W recited above is extended in the X axis

direction. oHg Myftimberdlitht and sgrand 4el kewééﬁviggndwq@ feqrtred above

are arrange t er nat el e Y axis directio t d d
fourth cel Imt@ﬂ'Q@mﬁC%hﬁ‘}Lﬁ%@ teé@CHlb%@/!e"Q%@F@”E?n@ raEU@ tg'lagl glrongn

the Y axisy rﬂ%?ﬁ@%terconnecﬁnE%Of the first cell units Ul is the menory
cell unit | connect ed

Irst data t f DL f th
second cel | unitdh® patenérarsend E%ft@m?‘?'g%{‘%gﬁﬁf‘{“twé@go @i‘ﬁ‘éﬁ% %o tﬁe

second gat %owﬁlﬁfsefhé'&%%#th%mht her@ohhigcdsceld tenithe blﬁel sf the
third nennr% unit connected to,the zﬂ%rd dat a trgﬁsfer Pe DL3.

One of t he theufirat datereainectsslld eRé Fﬂb‘%ﬁttrﬁf ReFYS RFt OB

connect ed tfet henfrour ifrefRbAnidcagsiiers! ite Bhé one oforthm higetorel | units
U3 is a fifth nenory ceII unit MCUS connected to a fifth data transfer line

25 DL5 desd*ﬁt%@"@f’b’é@@'ﬁﬁ Lidhe of the second cell units W2 is a sixth nenmory

cel I unit M6 Cw%gméi@ ﬁwéﬁh@i’? ealaMe ansdigsd |albm@b6ed@ﬁ@mgmﬂ bel ow.
For exanple, for one o he sets o resi st |nt nect L1 and

|
the hif® r&dpBOakle Xn@¥iscaHE&son. 2 gé%gdfgﬁlc@}ﬁ PH Feofi "§t PPFQ} r egi on
RGL, the | oyf ‘gfrh[%éaagetbanwm éboVEYIé‘)eek'@éWcﬂ'e@loirbetﬁéleXf bxag data

transfer |ine

hi gh t te L2
be-the Seceliteadoh. ¢ rEAeT Gl B R 5551 b CUkS WA BAE M
resi stance rbmt%fc?%%‘%@ akd APanbBeE 5!t@hna@éilysew¢g the vnagrscdnmm,z

[ 2 acen(T® HETPI £niTaaea0 ashare units U3 Bhd Thidtitea 'db e onnee!
15 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 iine DL1. One of the
second cell units U2 is the second memory cell unit MCU2
connected to the second data transfer line DL2. One of the
20 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 celt unit MCU5 connected to a fifth data transfer line
25 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
30 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
35 interconnect L2 adjacent thereto in the second region RG2, the

low resistance interconnect L1 adjacent to the first data transfer




15 Iline DL1 in the X axis direction may be taken to be the third data
transfer line DL3; and the high resistance interconnect L2 adjacent to the
second data transfer line DL2 in the X axis direction may be taken to be
the fourth data transfer line DL4. 5 The data transfer line rerouting unit
100 (the interconnect rerouting unit) bat ween the first region RGL and the
second region R& electrically connects, for exanple, the first data

transfer |ijfge %E%tm the B@lasé.@ mﬁﬁf&%‘c‘fd@rﬂ%?r bl RakBRAto! Beotherthied ds, the

second data trans i ne is'one of the second interconnects

LL2, is ad,ch@imrarosfﬂselmer@wda@adtt%shlah |rﬁﬁk,st9me {HiesroNgeShd-of t he
first inte V@%@%Stét% '§%&BﬁﬁYd@ElﬂStﬁbrﬁ§‘éﬁ e theot hrhrﬂwé'akaa&ﬁs&nSfer

| i ne DL3, IS one 0O interconnects LL3, is spgsed on a
line extendlihgClpBr@Yebei Fadtenidpabe thssfurih detetransfend n)‘% s 15

directign, the fotyd h data tfr%rrfsfféF 'hﬂ@ Dl oMt | nene ofot het H@urth

i nterconnects LL4, 1s disposed [ ine extending fromt he con at a
transfer |ilREEMGNNEC WSFWE%QS W’Fb&@%ee‘anah@h rﬂ)lﬂelghoﬁa fer

line DL4 i ghel %%t:b'n%la'rle@&@nﬂeq @e&@*n&é‘l@yftéﬁhe@%a fbf’a@ﬁéﬁfpﬂe' ngheDL 1
between the first reg | n ot her

words, the frsﬂﬁa‘iﬁa*ﬁ?@ﬁﬁfﬁﬁs‘f@ théon‘me %ugﬂé&a&%&awﬁ gl et o t he

fourth data t ran%%thé:ﬂ%% diis@asabnid ddwe dragonal |ifer BEDi ophash vi ewed

fromthe first data transfer 1jne DLI. 25l H—’-%l :&P%CIHC ex%rrpIF each of

the dat@ tranemerof th@ss%‘FO’ﬂﬂe'WtﬁF%‘PnF‘gﬁf% Gseed & W& {ihel dat a

transfer "dhecasiﬂi—érﬁ%ronﬂel DneLi wiike Y e Of eet ifpsti hteheospeensd region
Here, the fifth data transfer

R&X2. he |
resi st ance hhit:ef%otrﬂ?ec\f gisadjradiant &htfhél"f'ﬁﬁ ‘%t%ét@% e‘?r’%ﬁ%ﬁi‘rfﬂ |eneOV[\)IL4

on the si dﬁavﬁfcﬁ rseoh@uw 'ﬂhéaﬁrﬁrérsﬁ@éhﬁtﬁnhé@@ PLA qu@@pb%euoohh@ ltfd rd data
transfer line DL3 t he axlLs direction ata%ransfer | i ne DL6

i s taken t@ﬂ@”ﬁh%@hf"d}mr é@?sf‘éﬁ‘ééj‘?t}ﬁ etrr@BﬁE%rct“rl‘_Q 5(91 adBnthe oXt RIS i r st

data t{ansigreltifg; Pak @@uﬁﬁnﬁd%ltéetr%fnstfée tfmé Slbi_ﬂlatv@hidl'ﬁ"!i}fcﬁfe lofgheDL1 35
opposite to the setond data transfer |ine Be Y axis direction. 16

The data |ifRETHRIGEETGRINAEES LG/ elSefitRess yOBoﬁn BEsCXHRNAE DAt a
transfer |ipg @ééoha EB@aftﬁatrﬁféﬁtE%érBﬂifﬁﬁ ﬂHé‘@( Eébas( garrersred anel t he one

end of the t];1lef fourr{ﬁngéga transtyer Lnl\e/CB?.)-f& s e ectrsaggﬁy cone ectecﬁég 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.




5The data line rerouting unit 100 electrically connects the third data
transfer line DL3 to the sixth data transfer line DL6 (connected to the one
end of the sixth nmenory cell unit MCUB) of the first region RGL. In other
words, the fifth data transfer |ine DL5, which is 10 one other of the third
i nterconnects LL3, is adjacent to the L8urth data transfer line DL4 on the
side of the fourth data transfer |ine DL4 opposite to the third data

panster e Dgyn hs s dlang!y o 1B il eoatstetnd e

DL6, which is one other o t"he™ secon
15 first dest%cirrdan‘@ftertﬂanﬂfeDI_iine)rDlLBetOsth@ Gifth datei kransdar d“’t@emsrfer li ne

e CPPost (@RI ABIPET UNE SH SRBT e IR, Pmidhy! B Yud! mclisect | on

The third elecrlcal tothe S1 xth
dat a transfadrthe BecDDGI begiggeRGhe first regi on RGL and the second region

RG& whi th ' |

to the Pritn dard T drrel PR ref i Eoy Lot o ge B, o qats e

second regltbwd?@QataThmsﬁafe!isenDchSnﬁacthﬂ %Wr@at@ﬁf@ésﬁmlilﬂﬁlm&es t he

first data Leanslebql {DenB-rlr MISH chl LHRN Hieindi5aLaN At BEUE) connect
PRSP SR ety € ng

to one end ‘ _ I nclu mul tiple rrermry
cells; the cﬁeﬁmdlraavagumari%@ér line DL2 provided in the first region RGL

adj acent to the f hré h%ﬁt\ﬁohﬂ glfu@rf: t'rhnaa trja'hstfem‘@é‘%E? 'CYOSRIH m Lo ol e

connect to one en I ng nu
menory180 e sothetreraf tthe §Té1¢1t£hdﬂ(ﬂat‘©pmiﬂaﬁ§$ eklBi ne pdiapast afd et ri cal

esi stance i gherabban Lhaleeel ihbenlig sin 4@ LAnieruli pBui aste thi1d

data transfeér ded regi o oextend In the X
axi s directiranstar Hnki Bé_ﬁle)@maﬁltfg torgme third data transfer line DL3 in

the Y axis direction. The sixth data transfer line DL6, which is

one other of the second interconnects LL2Z, is adjacent to the

15 first data transfer line DL1 on the side of the first data transfer

line DL1 opposite to the second data transfer line DL2 in the Y

axis direction. The third data transfer line DL3 is electrically

connected to the sixth data transfer line DL6 between the first

region RG1 and the second region RG2 while 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 muitiple memory

30 cells, where the second data transfer line DL2 has an electrical

resistance higher than that of the first data transfer line DLI1;

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




the first data transfer line DL1 in the X axis direction and 35 connect to
one end of the third nenory cell unit MCU3 including nultiple nenory cells;
and the fourth data transfer line DL4 17 provided in the second regi on R&
to extend in the X axis direction on a}tine extending fromthe second data
transfer line DL2 in the X axis directTon and connect to one end of the

fourth menory cell unit MCU4 including multiple nmenory cells, where 5 the

f?ur}]h dﬁ_t @5233%@@ erm| tr}r@ %éorh@sr%@icﬂi Smarzj ctf@! eﬁtﬁarsd aircetHe g)heaxltshan t hat
of the thir ata transfer |ine nd the fourt a tr r. line DL4
is el ectri G&T9GHIRBMRA NG @Xttﬁg%ri’gﬁoﬂ'éttget sy Pitc%et%%%?%ith\%en t he
first regi gL R@E tyed Xt h&i?mmlﬂ]!@e@izwd d@@&‘wedto&?' csu'r;_ieraj mrﬁhegﬁmatﬁmp, t hﬁ
conti nuous I nterconnect o |rst data transfer |line n ourt
dat a transf@fMIMe C@Eﬁuf‘étr &QEQ%H@PH&PML@ ﬁﬁeﬂ%gfg%%yg’ng@é}%

i nt er conneghel foanth td@t&iﬁ:@bﬂl’sﬁ@i strenceLénhersc @medectdcabimasisidnce t he
conti nuous ,i.ntercaonnect, of t secon ata transfer, .lin 2.15 t he
fifth datag ﬁEf@?a{Fi hatyaf g%?nghiégcgﬁ%ﬁng@ﬁe& “pﬁze%?'%i raigq 3?’ nce

i nt er conneg¢pukth @'ﬁa@%dﬁij@h ih‘%mﬁﬁ%elémﬂMaEWm'lméﬁ:ecStMtlhm fiyst t he )
conti nuous jnterconnect of the, thi ata_transfer line t Si xt
dat a t r ansf&@a hﬂa’"%ﬁ% fi5 L caﬁﬁﬁﬁfi{‘i gﬂeo ;rtsher?%\ﬁr} elg?‘it %E]gje the

i nt er connegkcbhdarggi?h R@2hi gh resistance interconnect L2. Thus, in

| nter chnect rooPst SUGE s COrGiAdeR By, cbrneoriiyons GEERCORRREr &) i heq
i n conbi nathengratf deke trawsfesiisicande iamdethenfretthl dasadrenefér ghe
|t er connoBlLt S0 8T oo TRPEIsoY Hacag. ey BEYSCAREE I REt R TSR & ¢ ne
el ectrical anesi shanagig thsistaheecamtectsnnant be Xonpebiatladly, t ae
B T e A e R E R U e LA
devi ce1 ®f angorpar fftih ¢ sexatmeirsfehilife ddES forims relaatabihetidat af tthensf er
one i onoelong. e AR MRl RlahBeh LR ! PEFCT R ikl
the high resiesicaneedtnter cobmabrily? @eaontinuous interconnect of the
third data transfer line DL3 and the sixth data transfer line DL6
forms a combination of the low resistance interconnect L1 and
20 the high resistance interconnect L2,
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 ow
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




35 is extended continuously between the first region RGlL and the second
region R&.I1n other words, such a configuration 18 corresponds to a
configuration in which, for exanple, the first data transfer line DL1 and
the third data transfer line DL3 are cggnected to each other and the second
data transfer line DL2 and the fourth ta transfer line DL4 are connected
to each 5 other. Therefore, for exanple, the interconnect delay of the

da'élat Lrapsf&{rﬁé%g?ngg tdjl%f Q:Qj]‘}ﬂi@@ﬁé}t@dinon‘n Millﬁid'gca?ﬂ aedraplearthkefirst ne DL2
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operating twf?ﬁé’r}eeﬁ?;} 9 FPW%%@%H@ ﬂgrngt?rb%éc?cpoemed%%gﬁ%pgfép
confi gur at ijgfe rech t gddabiey efgurthdebat harndden linanbiler, hiliek are thennect ed
to each other is one exanple, an
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C?nnﬁCti ng Ctﬂlﬁ -a@@éﬁstircé_r@ét@ridﬁatﬁoande:arédlr@tibpgit&d galtei'isratmfi gurations
of the data line rerouting unit are describe QW. .
sem co &uct or rreréﬁ@v%recr\ﬁ[ e 0f &S i%%@‘%@(%ﬁ’dfzéo%cm'ﬁioﬁg YRS 5§rgcmdi nent
v»”l now b%ct@ﬁam@egq ths Féwﬁiscfimﬂph t,eaF_lc@nfggu'usataohl m:lernipacgyammf )
illustrating the configuration of the se uct or. r Vi t he
firot: exampyaich the oot FRs8Leiatt oFfib el “HEEr T e B 3R ti'ng
to the 30| }‘Ibit})vlst rsswh@egsifdman@ﬁ?ﬁ _andh tfive higlst rsisisrmend
nmenmory cel | bl ocks are pLovi in the, sen conduct o y
devi ce 511”a§e*qurlfﬁ$'éﬁgdtq r?qﬁlrﬂoeé?r'Thiﬂ%SPéfng%H?%eﬁ g'rf%&sgsgg{j second
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ively. [ I I [
35RG1 and Ig%azn, breeisrgg%\llé/g. y. As described below, a plurality of

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 exampie
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 RG2, respectively, As described below, a plurality of
the memory cell units 4 are provided in the first and second




the nenory cell units 4 are provided in the first and second 19 nenory
cell blocks la and I b; and the nenory cell unit 4 includes nmultiple

nonvol atil e nmenory cells connected in series. The sem conduct or
menory devi ce 511 further includes a a control line driver 2, a row
decoder 3, a control circuit 40, 5 a'Vpgmgeneration circuit 4la, a Vpass
generation circuit 41b, a Vread generation circuit 41c, a substrate

EOt ent |t al 4g@@h—|§@1 dgjeriplmgc]fkg 1@47aritpu%ibg)uapuit thiaf fmerﬂﬁry sexi$eunitpki fi er
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aisin a e da ansf er
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(t:)o:c ]thrm gscqﬁu;ﬁ&mﬁ@hnpatmuﬁuﬁb%@ 45s sirpmlamphfieronrcihids atur ess
uf fer e inpu u r onnect.egd to the output driver
I/ QO Qdfgﬁﬁéﬁﬂigﬁr 3 %% é%f%”ﬂ@”b (%¥f shg% the first gnd second
”E”}[)ryl cel ![ b: ock#id gem@ Labnpgﬂ[equ tlrcalliﬂsy 46 heetant decadef tte aistiarol s
contro e li escri be el.ow |bed
bel ow.1 QSTH@%#][%U“% &Ucﬁ"daiegl Bof Folﬂr% %HC{) ﬁé{g‘%t ﬁ?@’cﬁﬁé p(!)tentl al
Ofd for egmties 1% Rrrid/ R awzs}reem Clc)% datm ]Ety)pbemlritlenn WHiesemnse fir st
and second ne s.la r N irab to be
able to m@"@@ etrh@”’\%‘l'{ ég dnct e%uﬁsm@eqﬁgﬁﬁnﬁr}ﬂ @oﬂﬁﬁ%% ciltdr%-cwt 42,
gﬁrtbpular@wdd¥ﬁﬁl@ﬁﬁ@hﬂngETvaﬂiage of 10 V or nore when erasing.

e Vpgm genera ncircuit enerate g It V| ed when
Wit ng data to #ﬁ@ K=& eﬁ%h@?? EefFHE Sof%hére Fg)?' ear‘ggge(%%n %em)ry
tcﬁl I 5>ck$%;bat@nl gpdr. bliffe et i ng arad tfagen Wpbioh $npoc/e@atmul kiagheis t han

© source SV? ng 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 ta 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 la and 1b are

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

35 voltage.
The Vpass generation circuit 41b generates an




The Vpass generation circuit 41b generates an 20 internedi ate voltage
Vpass for witing that is provided to unselected nenory cells when witing

dat a. The Vread generation circuit 4l1c generates an internediate
voltage Vread for read-out that is proyided to the 5 unsel ected nenory
cell s when readi ng data. The VpﬁFh generation circuit 4la, the Vpass

generation circuit 41b, and the Vread generation circuit 41c are controlled
by the continpbrifieGatd 481tPr ophds tfoe NEEERRA Yha ol [Agerovidud t® the
data control line driver 2 in each of the witing, erasing, 10and reading
st at es. unselegEedrmMEMG Y Sl lgge PeFyMITEN Gy @?t%xarrpl e, a voltage not |ess
for witing s, Tar examira: QG Tang not I oas t hae 3 X oot pot rr6 th
: g : ot | ess n re than

15V The TREGHTEA ake VEBtae (i@ A Bad G5~ G dadbahusi ROV Ged e, a
vol t ages notyRgectd@ménYoandenst whirerébamg déta. The data control
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to the control gﬁ@; \GRYBT i BHE BRI G B C 4r1yafcéﬁ?s PESSWEEF 'AHAT ng or
rFlegdi gg_ iss c?tgbcmhgﬁ%?,gtmcﬁ(tﬁ_@{Oi'élsdt@ehbf?ﬂu?p@%:c@lﬁt thzec Ea@wf_@l@ﬁndﬁ_red?»- .

[ | i rcui, iagramillustratin e configuration o e
seni conduc%d’r t%rﬁ?’}”@iﬂ@é“%fj'dq g& F?ﬁqvégee&hﬁ”rﬂeé?e%sary voltag OF&PWSt rat ed
in FIG 3, thhehd idstls aBatesicond dEverY2 el ka2h bF epkswirdingd diasamg,
pr ovi menory device 511. The first and

de(gre n the sem conduct or
seco_ndl men\H Eef 'Wﬂ§$§§e$a and I b include nultiple menory cell units 4.
Mil tiple data compeohytitings vél@ige sargecied fop @animoé, tdwmtég?mc@t nmenory

bor ti ons. ofSthethaRory0cey | (WAIS)4 a0 sel Gt MIE ofhhe S0 pl e Te
intermediate voltage Vpass for writing is, for example, a voltage
not less than 3 V and not more than 15 V. The intermediate
15 voltage Vread for read-out is, for example, a voltage 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

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 la and 1b
include muitiple memory cell units 4. Multiple data control
fines 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 BLZn+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,



menory cell units 4 and connect the one nenory cell unit 4 to a data
transfer line BL (data transfer lines BL1 to BL2n+1). 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 resBectiver. The data transfer
lines BL extend in directions nutually 6rthogonal to the data control |ines
7 and are disposed at prescribed spacings in directions nutually orthogonal

to the 5data sﬁ)‘é’& lines 7. The nmenory cells MC included in the
menory cel | 4 a?’e provi ded at intersections between the data Sransfer

line BL and the ddt& @@k toansiafeines Pheetening) FieeehonsnMek@livg, and
readi ng of dr@ﬁo@@rﬁasarts PaﬁéS'd%ltg icR¢apeNdenes Y 7f Qifn@aﬁheof:lt ide genory
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directign ¢f tlt @Fcﬂ |¢,Q?§r7ol line 7 (the Y axis direction). The flrst
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axi s dlrectlon Al t ho two_nenory cell, blocks (the first and

second nemsd dig Qﬂ%@nltémaﬂid‘elsby arghﬁr NATHES i Fﬁtlﬂ"ém@r {18
i nvention ighdQeddiRyt 8¢ theelats- arkhHdudThR! iAteRMIshte! forbkaeksofmy be

three or nore. BecauSe of the address decoding, it is desirable for the
nunber18f tthe FP@WWYC@ISM@cks to be a power-of-two integer. The data

control line drivgfe er(érhérﬁaééllcgﬁ‘%ﬂfoi s' ']T_ﬁu?éll rpvgmé?@ émh bl)hé hat
drive the data control |1 nes are %Non e one end at a

control |isdEeqtipn @f th@aﬁ’ét%&ﬁ@%fe'f (thegX ayis g”@ﬂﬂ‘?%) Em es W11
to Wib an%laﬁpa wta%chbﬂe%f\/\%ﬂet@a’dwébn@e@mem@dﬁqtme qubkisp' e
memory cell dnrectlon)' Tged?atrgt qulrgatrrr}glryl Icg?SbY\Lck %8 \uAr%c u ens ?t;pie
15 memory cell units 4 arranged along at least the Y axis direction;
and the second memory cell 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 1a 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

YN T,

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




30 selection gate line 5 are connected to the data control line driver 2a;
and the data control lines W.21 to W.2b and the selection gate line 5 are
connected to the data control line driver 2b. For the multiple
menory cell units 4 adjacent in the X 35aX|s direction as illustrated in
FIG 3, the data control line driver 22fs subdivided into the two data
control I|ne drivers 2a and 2b 22 provided at the ends of the nenory cel

bl ocks, jﬁwlaée'éfwﬁﬁre@g@'&rt% Wmdﬂgoeeﬂfbrd&sda@;fmwéw kope

driver 2 a ew between thé data control g one
menory cel |eaﬁx@z§|dz(seoglt!0=ﬁrre‘ the datmesenyrellinepfsiien g)an Ttﬁ?ana%q‘ control

line driverngs u{i b?ebtﬁﬁé@n %@%%t%dcbﬁwvw;a@@r oS f SGhECHIQRoRY rEali ts 3a
e

and 3b, res ectl Y, menory II's MC connected to the data control
lines W.11 m@CW(:Ebga,nH’lﬂférSﬁe’ﬁ@WOE\élq edl Mo@ereted to the data control

lines W21 to W2, déﬁét%e r‘?ﬂtﬁﬁe'&‘H@E?@dfé‘téddbz/bbét@lton%ctébtmugh t he

data control |ine ivid into the data contral ine_drivers 2a
and 2b on tB& | eddressl $¢!@I€ﬁQ§f ¢iReUdPaden@ih BRe HRSREFHVE & ed

above, the &n b ovheegs| Tierw emnpleto on
ei ther one rﬂgh%%ﬂpf&éi t or F%H{\bts’flﬁ‘éd%d“%}ﬁe Ftr?% Flr)st ms*rrlt)es cel | ck |a,

t he sel ect |Wh1@a§1@rdl %h@ BemaYoEr!IseMéctGosNg¢es Sy the; égEﬁ cﬁﬁ’?)té%]?at one
end of eachifds Wiea Iy %ﬁ'rhay%é%é}eceéw.hh@pﬁic@rﬁwrb@@f@ckl ne 6 (a

bl ock selectlon ovi de he ot her e cond

menoryl@el | bl ocIA'th)OUQH @%Icﬁﬁal ﬁ”é@te“m?n‘é”ye(azHﬁggllé”@@d '@It@cﬁ]%n line

SG21) s pryiad ﬁ n@tolO ﬁee?ﬁv‘éfrse%ha@ﬁ 2 heoAERs Me@@lalndmgﬁt ‘&mf @ t he
selection gate I'rne 6

selection |i e SGZé% r ovi I t he
ot her end. Craaviggl dethh Cb%ﬁcé'*ﬂ)‘i‘ﬁ@ pegifgd tﬁ Y& e ¢Ocia &N "ﬁ %"eare
provi ded p%{méﬁlztﬁ y“ ?@ﬁe@br ofor ik pic 20N tdikHah oAk bFlthd rat ed

in FIG 3 for easier the draw ng, t he menory cell unit 4 and the
dat a transfrggh{ Dﬁéegl_s(dehe data transfer lines BL1 to BL2n) are connected

to eacpsother. S@ﬁcgﬁé Wétymérh%rvec]ﬁ@l'i)bl%k' 1HNith% éeﬂ’é@tléﬁnzéﬁé ghd 0 the

datatransfer i ne either thée selection g|l e 5 or
6. SThe [eskeselgstion dnechirhi i g providedat 9”@oﬁﬁgc‘f’ gac e end

of the dalantl Astdry! LER BhitsSeUd aHlel velddioncgate afid id i(er brddicui L s
pose lectively o sane si t o] nds of
the data tS&heEEen| ilings %Ghzr‘)stléa@rQB’Qﬁd b@Fth‘@nﬁ’égﬁédei”rJ] olnrbett en the
menory cel lsRleeksnéifisryf ceat bR 18coiHk RRBEMofelht®! I9sks5 (@ Btk b) . I n
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 $G22) is provided at the other end. The selection
gate iine 5 and the selection gate line 6 are provided paraiiei to
the data controi 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 line 5or6.
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 blocks (the
first and second memory cell blocks 1a and 1b). In other




23 words, the sem conductor nenory device 511 includes nmultiple 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 provid on the side of the second nenory
cell- block I'b opposite to the first ry cell block Ia, where the one end
of each of the nultiple third interconnects LL3 is connected to each of the

mul tiple f|w§;d§ef]§@ S%Fﬁhééh@&ct?ds* ?Wéﬁ‘ﬁ) dévrdi@SSJEEtlln\cmdes anditipe one end
of each of t fourth 10 int c nnects 4 is connact eg 0 each of

the nul tipl é’%e‘@:@hﬁes@m*fé%lq'W@FSC ¢ PEOM@ QR 5'08 r eby,
the patter%a%%h'oo%éMerfceqih%l@@MW cﬁpﬂbd}§|tb(0cc§admé3¢nr@@lmte&m0 ;cedhd

i nt erconnects can be concensllfH Lf‘e in one si de of mam)rﬁp(t‘tel cﬁﬁzgcks and
can be shardacnd & edingedUtiBlEpsECARd tﬁ@”ﬁ@u%ﬁﬁ? i%e SERVES

nenmory gevigeyddddoesHpies Bid her nEf@r ¥eeghlds Mernanybeeiindsieaked.b

FIGS. 4A and 46 are schenatic views |Ilugtr§t|ng the Co f|%urat|% Ipf t he

seni conduct@RPaEHdLY s ifgst dnennery icedl A is a

circuit di ag@md 'tHét ALiNeld haried r gitekcohnidies rrengr ¥s C@d)ﬂmaotéd 4oof the
sem conductor nenopry device 511 EIG 46 is a SChf‘.ﬁ&tl c_pla 3%\’1

i |1 ustrati €@ahhe OforiquratitéhRicof fifse SEMSS QEMPIILIRT QT EH!

sem conductag 6@@"3@/ demgerd loné neﬁthof4éachn|o>f the srﬁullt!q:ﬁ}er é@ub;(ﬁ ow t he
25 datatrans¥J |nes BL are illustr

d for ea und andi n f the
struct iPes '6¥e"tqfi’émﬁq¥§r R E sconnecte @I eac h5ﬂ§aﬁbe G t}E %éﬁ&ﬁg\
Cross-sect isahals Vhﬁ‘{ﬁhﬁéku%ﬁf@mtﬁg 416162 COrl‘tfs tavetm of THweregani Ctmmluctor

nmenory device of the first ex s a crgss sectional

30
vi ew al ong PAtERIMB-REriefiq: 0l46 ea‘ﬁ'@rﬁpé‘/ “3%!5 g EF‘BS sHERTOAHICS ew
along |ine AN ibrEbFnetBs can be Agohkkustagi®din noReG sidd, dfhetheenory

Fere, '35 b MEMORd b BIOGRS (40 AT F GBI E0E TS B RGtn TAEEGEY: not
less than 2he r&4o of the semiconductor memory device 511 occupied by
the memory cells MC can be increased.

FIGS. 4A and 4B are schematic 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
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).




The menory cell MCis a nonvolatile nenory cell. The multiple nenory cells
MC are connected in series; and one end of the nmultiple nenory cells MCis
connected to the data transfer line BL via a selection transistor Si. The
other end of 5 the multiple nmenory celii MC is connected to a comoDn source
line SL via a selection transistor 52. The transistors of the
multiple nenory cells MC are fornmed on the sane well. Here, the nunber b of

the nenmory cel | stMa mR¥MEry fanl MC @é”ﬁbﬁvdl@tﬂé&neﬁﬁor%ce!% Th&O or
132. It is deswableforthe nlﬁ& eg o%/ r@@ be
2k+2, or WHRHEIR'S 8n@many; egHs ar%sf@%%%t g e%%nﬁ dHe <€

where the BUMBRE %uwﬁiéremme?l k@nyt:r\ng 2§+%o<mrne2keéi tor rt@@pcnmiato t he
cases where two or four i nes 15 d ng t he

bl ock i ndekransisri dRe; @La\’l‘m%t %‘?g;&‘:t f%@%’ ng;ow_ﬂj? Iqtuhseﬂ’r%?gao in FIG

3, the §0”fthe|wﬁliﬁiqué%%$n9F tdreelwr@ﬁy @ﬁmécﬂf@d to MraEnencnrsmeteed to the
data cont roI lines W.nl t resgcfec§| vely. 20The control el ectrode of

the sel ect 16§ Planisy §t$ﬁ=le§F‘qr§t'@ﬂﬁi§ %0 the block selection line

(referred to as trhe bﬂr@@r‘étﬁ@rgcbfomhbl rauf®le om&Bloryt celld adC ane of the
mul tiple rrermry cell units Eng the data transfer line BL and connect

the one of feHESkAG he&aM @n‘f"? 4 to the data transfer line BL. 25 The
control elect rodeié?fe tiree $RIGkEIroD ¢ff ahsi sicanob? c@ugqmemawj be, fdre bl ock

|Sﬁ| gftr]@)nmg%é @er];e:éﬁg2 =t |éé}nﬁg1055£’sel Ria rre r&? g&%‘fqﬁﬂe%s 301t is
sufficient tharnghither 1 g tsh%emémﬁr akdis| ME t be B¥t @*be,poovitdet, in the
T oL ivia i e 1155t T B BabACa s ESR TRl AEehaind 0
the densit yhdie M entiert kg enaf ng@mnwmafs tMe nmenf ¥ 2celrl 2bmidt 35 4
w il now b%ogregscrgcl)“? dtc\JMt Da r<:eafseerse\r.f]v ee;eo t\'?vlo or I?Ourl&m%‘y %vngrc’:l i%e 25
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 WLn1l to

WbLnb, respectively.

20 The control electrode of the selection transistor S1 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 52 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 fines 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 53, 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 regions by an el enent -separating
insulating film 124. A floatinﬁ gate 126 is provided on the p-type
silicon region 123 via a tunneling gate insulating film 125. In the

p-type silicon regl andegcedan FrQIRIES FIGE Dor aRd FEGTISE, eenAeigalion i

bet ween 1014 cm 0 THe tunnel’ ng gate sulatin f| | m 125
may incl udéjlicon OEHAP| b22aSsProvisiehrnde PrivRe é"é‘FCP"‘ BXeREtT4He film
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exanpl e, ontrol gate 127 |s prOV|ded on the

floating gate 126\ VvilaaltRg make I]a%'@r I§ n_EAICiasy 01 FRes@-TYRe SHISM | ayer
| nsul ating Et;'éfhlﬁﬁ it} A tﬁh%@ttr@ @%Qéh%@u?é’t:ﬁ'g‘ Mef 12551 [icon oxide

f|In15|I|con nitrid [icon oxid nbefstackedfllmof a silicon
d

tride filmsil |180HW%>@ﬂ§Dﬁ BHicn |r@t§!ﬁ0ﬁ| 1 2Bdd o EXRENPIG O SEHON

msilic i, d a of1 @4sidiyco i dgfi L ALO
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m
m st chhebiua@eﬂl.rtwaﬁewéeft@aﬂﬂsﬂirlﬂm‘lgﬁ &Y 1NebH @x T Ble SRR I Ox
msiliceng ﬁ%‘dd’@ c&xb@ﬂﬁm&é 's@l@@oﬁxd)ﬁ'?ntttidé fand, bfaealsm@oﬂihmtrrmeckness

of the inter-layer 1nsul ating or__ex 30 nm
The contr olﬂ|@’b,t @F B 3tagked ﬁdmud@C‘qCéﬂge%laé”epolwq? ah"‘é%'ﬁne‘c‘?%lorpt}lﬁtgst en
silicide), ﬂeiﬁ‘gﬁgﬁiﬁe %éul@tﬁﬁj ﬂthS!12§0rr€éWClK@| f@rleﬁaﬁeme a1 sacked
film of tungsten ySi

i ke t hi ck
control gat(élamﬂ@ﬁ?f)oéo 2%rrl‘%‘§2n5h@ ﬂ@;@t‘ﬁ‘tﬁ Q@tﬁob ntrl‘a%t‘lgg{%mc?rokorgate 127
Is a gpd e ihlhh ‘Pé‘”?%‘lyﬁﬂtbﬂsp@ﬁ‘é'ﬂtﬁa tRidKIRSa R wtmt;hgr@at@ ang the

sel ection gate [ine lustrated in FIG 3. 35It iS desirable to
provi de t hénayepenforsepamPpliagl i3m 53R fNimm 124 up to the position of

the floating gate kg4itPhl gate 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 film/silicon oxide film/silicon nitride film, a stacked film
of a siiicon oxide film/AIO, film/silicon oxide fiim, a stacked fiim
of a silicon oxide film/HfAIO, film/silicon oxide film, a stacked
25  film of a silicon oxide film/HfOy 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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26 each of the elenents as illustrated in FIG 5A to increase the coupling
rati o between the floating gate 126 and the control gate 127. As
illustrated in FIG 46, the control gates 127 are 5 connected to each ot her
bet ween adj acent nenory cell units 4 to be continuous in the Y axis
direction to the boundaries of the mem8fy cell block (the first menory cel
bl ock | a). A sidewal |l insulating film2143 is provided on the X axis

direction sj f o] te.e (L | gat i.ng; 2 0 and
t he control ééglgi? e&‘ﬁ%@)e Eﬁ@%ﬁge%l 1'%2@%& E&gﬁﬁ" mg%4§8n§a@|¥e%§%ugwe% for
exanpl e, a &OUpdog natioi betwidan dihea fioatingn gatiedd 46 | amdabhe t fentrel ckness
of the side imsul ating film 143 may be, for exanple, 5 nmto 200 nm An
n-type difftsion™ayer 128 form ng source/drain 15 el ectrodes is provided

in the p-type silAgoillussgated 128 ohGbotH, sities ofntriod gatesellstfrates (the
ayer 198  CITERSA PR aal YR bARRAIE Stjacent mermol Rl s oot ng
gat e nonvoltat beec@EHROMUEDIrt&hke Yrawisi direction to therihowrdarisswfethdi git al
the channel AT Y g2 plskk RfoRlrat R ELy AP pa k! 0o o neul at [ ng
film 125 to formé sidewdihinbelaténgcbimudder iseporyidad whii dhei X ged@ti on 25
char go. ansu it Sctiohé d%ﬁ%%%@ﬁ%ﬁg?ﬁ%%ﬂ%&?ﬁ%ﬁa@@%éf?ﬂ%@v& dth
of thel®l oaandhgthrateontzeli gatéel X7axi sTher sideva)l ﬁayugﬁ,ingoﬁi@b(alrﬁﬂ e, not
di trusion 1End, PESERG B ORMPI80s, ScdPErftide i o 08 sificol Bxfue Y7
exanpl e, atﬁlln@aﬁnd)rté&sém' s pdnish sspderals inaukdme, fikndl4st Mhy with
i T1us; on 1E5etl58epTer 3 20D hen o= CE00 nm. asThe n-type. 0
diffusion |ayer a8 instypar ediftiysiadj aamr ndddr yfesnisgMGawaeddraiie a NAND
CONNec{k0N.q|actrodes is provided in the p-type 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  ceil transistor.

The cell stores digital bit information by storing a charge
injected as a tunneling current from the channel into the
fioating 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 um (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 e¢cm™ to 102! cm™. The depth of the n-type diffusion
layer 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.



27 Thus, the nenory cell MC (i.e., each of the nmultiple nenory cells
MC included in, e.g., the multiple first cell units), includes: a

sem conductor |ayer of the second conductivity type (e.g., the p-type
silicon region 123) including the first diffusion 5 region of the first
conductivity type and the second di ffudfon region of the first conductivity
type (the n-type diffusion |ayers 128); a menory film (e.g., the floating

gate 126) providgg, an E %f %ﬁgh‘fﬁﬂﬁ%él?ri\ﬂlcayﬁr be W 6fhechfe' r,ﬁmgp[é usi on

regi on and the second usion region, and a con cont rol
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selectlon gage I'i he nd the selecti | ock sel ection
lines) illusgien e the Fﬁﬂ@t gonthetiyate tﬁpecffﬁb@eﬂiwesﬂfféhalqrhéab%ﬁ%

el ectrode LKL ape. e@h?;ﬁ@ %aYﬁ{e%ét?%[gcg)@téohme}tSré%ﬂec?Q)The

resi stance m be reduc Int ortions ate el'ectrode 127ssL and
the gate eltbét s@wcmzmtoru@y@m etwg%éhEnfiést|€a§féﬁi®ﬁsm%&qm&nfd | m 150

Lo connect thBesd AR iy oh? M@ aggb%t?é%?gb%éd(ghezgéﬁtrolag?é‘ceconneCt

e électro gate engt hs of

the floati
the gat@ ellgclg)r evn@a@mnaﬂw traengane férndct ridwe f![\?‘f@[\/afﬂénl"o'}ﬂjépq han t he
gate | endl BaRkn! B A1 ezlrff%%tgge se (1% MoK AR the AReniBry pemset 1o,

for exanpl €, no ot nore thah 1 pm Thereby, a large
ON/ OFF r at ima@yetinsBid@hefor hexan@@le,u 2 3¢hsdigect skPrage wiﬁaheff hefpiddek is

unsel ect ednﬁ?@iaﬁ%@@ﬁl’ﬁ ﬁg,c@gg é’r‘%# étS‘r?tmE’r'?éefﬁfmpr ogrammi ng and readi ng can

be prevente ranster line side_diffusion |layer 128d, i.e.,

one of the n-typésdiigsigasad Bydrié.188 and c6¥@ec5%d5tc9%mj§t‘%cﬁ0§ﬁsfer

\oe, e 27207, 204 21| Btk JeBijolles #3080, At Napno clhrgan ac
connected to the se!ectlon gate line 6 and the selection gate
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 eiectrode 127ss. and connect the fioating gate
126 to the gate electrode 127gs..

25 The gate lengths of the gate electrode 127ss¢ 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 pm and not more than 1 um.
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 130s.

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




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 diffusion |ayer 128d connected to the
data transfer |ine Al t hough the?®nternedi ate interconnect |ayer 133d
may be omtted fromthe connection fromthe data transfer line 136 to the

n-type diffus r‘ayﬂn#&g’ tsm%icﬁ'émg‘?un‘ﬂ ubqndyetive 10 layers can be

prevented fromincreasi provid e ihtermediate inter connect | ayer
133d and usi ng thTahe nfﬁ(élﬁtﬂaﬁi éﬁ& ||$1t3erct§2ﬂﬁ$§€§t beay@enibg deta P@NSTBR of the

data transfigte|%e SREOMH KtchRiddibR ARSPELPARLIClr A3murand e i de

di ffusion Ia , type diffusion ayers 128, is
connect ed t@@r&lqtnl@@néa@t@ﬁtﬂﬁ%rb@cﬁwm th@y@?tefﬁe(ff@tﬁh Wyerhenashton

source 5l NGayervigsa sApl 86k ditfissiolfapermPass Uifitedtete (8l tABYdhts

el ectrically’connec bet ween adj acent " nenory cel ocks in the X axis
direction (agsfet Haefirst and second nenory cell blocks la and 20l b).

The n-type di ffusm@ﬂoh?fﬁrthwnf@rynéesﬁmd;heehr@nﬁ@@mawrb@s%emadl acent

menory cell blocks alo axis direction to be used as a_source line
(the comorb&unider; Fr@rsu;he THTHE G 4608 (8 dadaaiansier i@ dntlact 139,

the contactyyl h t s) | ‘ type of
p-type dOpeg %9@ rﬁ-@?gb %Eﬁﬁtﬁfeﬁj@unlgzs?%nﬁhglr?*g'?,béro&fe)é%lm@rm@ Ti

etc. The cdavm Gy blaearpr@n/@@tteiicaf|roebnmufaﬁﬁslﬂ@g.QM PROWHI Y9 stitdh
material s gheethldfgtd '?ﬁ@er?cﬁ‘%g%cﬁay’@* €33309he uﬁh% ﬁfﬁ@l;ﬂt@rm@o@é@@nnect

| ayer 133d and the internediate I nterconnect |ayer

3
exanpl e, niPYRECUINGCE a¥EHopEAd p3F \&i PPEGAN pun’é'iﬂ eﬁmatqna@ﬁéﬁﬁg@lfu ing CI de
Cu, Al, Ti '}‘er%tlrﬁ ‘Em;i”l (ﬁ@%@g}'lrb%'lﬁb‘é’iow ne 136 may be provided

contlnuously axis direction to be connected between adjacent
menory cel |l bl ocks 3@-”’@3@ e sifeseifinaiodedaigrnbadey ¢l 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 iine {(the common source line
SL).

25 The contacts recited above (the contact 139, the contact
1304, and the contact 130;) 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 1335 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




29 bl ocks la and IDb). As illustrated in FIG 46, either a source
line contact SLC or a data transfer line contact BLC is fornmed between the
menory cell units 4 adjacent in the X axis direction. It is 5 desirable for
t he source line contact SLC and the da%g transfer line contact BLC to be
shared between the nenory cell units 43ddjacent in the X axis direction to
reduce the surface area of the sem conductor nenory device 511. An
inter-layeryiHpgYl £ igMH fiid) n|168 nade of, for exanple, 10 Si02, is provided
bet ween t he common source I and the transi stors of the §a6€F§ cells

MC and between t Hs Hé‘#%’cf’ﬁmﬂs‘ﬂeﬂﬂ 8186 Ngdat $RUTTRALIS P Menory

cells M. o g dAtd Neuglsraet tihkl l&drftét@dBL@ isntf@rre@@@e@@tm@m ofe f or
exanpl e, tungsten, tungsten suicide, alu um  etc. t he sane

direction d9€rReNdatel! cBRitsolt IEICH@C@Dtl é” pti ﬁedixéﬁo%'ec%ﬁ@r&at ;Et Fansf er
line 13 Oraeaglrét@steewaa}ﬁ%r sb&?é‘éaﬁhé‘gchmﬂaf@tlgldf@@ﬁi ehe totaeramefe; 5102
or SIN. G IS a schenmatic an V|eW|IIustrat|nq§UQ

confi gur at ilGIE &prttﬁéts%lﬂgc@n@@cﬁﬁﬁr%n%@&’@@% ke gnearnery; ¢t Bxanpl e.
Namely, Fl Ggi@cehltust thieeX Ehes C@l'i*étﬂ!ebfna‘tbOﬁe@ﬁcéhm@'aé@rﬁafc@naf"@a f ne
rerouting unlt 100 provided in the sem co%é{uct or nmenory device 511 of the

first exanphé& semzconducttrrq’@emcpig/ deyisfemdttc cross-sectional view

illustrati ng theﬁ%tﬁ@@FJISYéﬁtlh%laﬁnghﬁlrﬁemmﬁlw@obfﬂﬁﬁﬁre«m\pl@ﬁ of the
first exa is a cross-sectional V|ewat§ng l'ine

A-A otOF| @IOa,, I5nBr oY e SR s arT BRat Ul omt137Me B of
FIG 6. 30/&?ah§iéﬂé?§abﬁdthé h&m &y RE&lis TMC anadFl ketwBena thier sdatreer out e
i nterconnect 233, a second rég ?‘Fee |nterconng%é 227, a f|r } W(IhOUte
contact 239raBaEmlBEchAl ad dhceti@RH Bars8D threMsBeretih Mhe data
transfer |ine remaﬁbaghumdt 10strabed fidst ingsdrmddt eheenest 233 may

i nclude, for 35 exanplée, the sane, nat eﬁ{.&l as the inter d| te |eterconnect

| ayers 133 SXaMNPi3dtHEgstERedURISTEN NG AGe S HEPUR,
15 the same direction as the data control line WL is prov;ded above

the data transfer line 136 on an inter-layer insulating film 137
made of, for example, 5i0; 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
layers 133 and 1334 described above; and the first reroute



30 interconnect 233 is an interconnect in the sane |ayer as the
internedi ate interconnect |ayers 133 and 133d. The first reroute

i nterconnect 233 may be forned, for exanple, by filling a conductive
material into a trench with a barrier netal such as 5 TaN, TiN, TawW Ti,
etc., interposed therebetween. The fir3® reroute interconnect 233 may

i nclude tungsten, Cu, A, AlICu, etc., having a filmthickness of 30 nmto

300 nm intercdHh (yyijs[rgr Qut "'r’nté}tc%r e?ﬁ %g% é—i’]ﬁgégeasfﬂ{e

exanple, the Same nmaterial as the contro gate 10 second
reroute |nti@t@ﬁﬁﬁédﬂtezzmﬁﬁcaﬁnletfiteﬂ@‘ﬁ@ﬁ?ec 3% and séﬁﬁdl aydrhasfirse
control gaty r i ,Qgé@c i g

configurati %naggaliﬁg%s t re??ﬁﬁl&o@ ??IF aF?féé(gP@P[?]l Ezuﬁnt he Y
axi s directd 6andmesivig matereabm@ @otﬁemh y&idhed 2@ iieametalonueltas t he 15

data transtefy | '13% ?V\F o fiihe, ifd rs{nté?b@?‘é@ 'tﬂfe%ﬁ%"t‘ﬁ@‘ér} 233Thérhﬂr§ﬂ rst

reroute cont adt sd maS/ formed, for exa ling a
conduct i ve rgapete dnNtentenactk e%@ﬁ Ban iachadei é‘#ﬂﬁﬁfi‘aﬂ s@@h Als AHN Ti N,

TaW Ti, eldic, haURIPASEAn! (acrAgLuasn0The second fgfoute contact 230

electrically donnect Irst reroute 1 nterconnect 233 to the second
reroute interconié& SEXpnd reroutehdniRENNeEsi227| MY 1HECIH0Se Ry be

f or med, foréf‘afﬁ%etheysﬁlmér Reedril q’ﬁ’cttl‘ié’ecdfﬁtr%'i' td P72 dfenglr with a

barrier as Ta etc i nt et posed 25 t her ebet ween.
For eabPer seseacsrarailit) iptendenngciniad isnan mtercormed spsBetSaME in t he

XY pl ane ‘%‘é&ésgsuﬁé Uoftrbpigather gat a tHaRd@ind 'r@‘?'o@:%@ inrt?!%:cﬁrﬁrﬁéét reroute

i nt erconnect t he second rer oute | nterconnect Irst reroute
contact 23@27hBYiRE Sechn@ wnf@@m@oaom@hzeasthe reroutn‘r@au@ thige

i nter connegtat?egrgHggc@,g“W@St“{Hqg dahas tleé@Eigh i ne rerouting unit 100)

includes the Tirst reroute | nterconnect £ ., the internedi ate
i nterconnect | ayéhne fastangragtri cemeadt k198 Qﬁ.tﬂ,cafht FnReE hes,

etc.).jghe (gt %%f%'romé%s (i H’edﬁFﬁﬁt:‘é?%dté M tSrripedd g3 bet ween
the first [r%ro?t etl nt ergonnectt taﬁ/% a?igo mae st()aemfggpr?éjé:t %r le?(%errra fe g., the
p-type e first reroute contac y ple

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
exampie, by filling a conductive material into a trench with a
barrier metal such as TaN, TiN, TaW, 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 133,
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




31 silicon region 123) is different fromthe distance along the third
direction between the first interconnect LL1 and the sem conductor | ayer.
One of the multiple fourth interconnects LL4 is electrically connected to
one of the nultiple first 5interconnects LL1 via the first reroute

i nt erconnect | ayer. Wth the suBdtrate (e.g., the p-type silicon
substrate 121) as the reference, the height of the first reroute

i nt er connect; ;S K &h : | | and
hi gher tha(r\lst'!t!%(g%{q{)efd@ﬂeﬁ?gg%t'trso I;{h(i::]éf;{{ég%l ?*hﬁ“%ﬁ@é%@%%g H?%et@?jstance
al ong the tdirectidnr ebatoredet wied t Aest i riskereponeeti nbélcormatt th§er and

th ' : t i LQN; ' N
than'che. i st el ARATE 1ueh i QBT UMPRR U nterpo el onriccy
LL1 and thdldeniscontimdrimallyayepnardtgdedoeronkanot hthai snardpliaal 6Ag t he 15
third dSre‘?hté’r‘Eo‘?ﬁ{é/&%”LEi‘%JﬁiO{Hé fi'rsﬂggfo&&? iABdrddtn e uctor |ayer.

The i ntérconnect reroutrng he a fransfer liné rerouting unit 100)

may i ncl ude the %bﬁbndheer%ﬁﬁﬁrﬁg@el(@@lneéhel aydiypee. GlicONhSWEEHME rer out e
i nt er connegt 7 The.s rer € piaf C e I i

inter conneg_ltzﬁ %aﬁe ﬁ%ﬁ%ﬁ?ggg’t@%oﬁfﬁ%ﬁ ate %? a?‘ﬁétot ﬁ%@mﬁr ds, the
di stance aliptRyaomnadii fayar reclowar dérakdhathefsHrondatartsanefenht®eonnect

| ayer and t s&;;ra’c I I t - i } beon } 123) is
su%st ant i alllr?f;5 equal nghﬁr@%ﬁgﬁgéeg%hn% mﬂ?ﬁwgt%Sig?r ecli.rﬁg!rjl i et vve)en
the coh®rowquis e @isdanse akmaedidudhaid IcHyeetioombesveaie thel firgl e third
int i i-cal d f i d
|t or connecFLottS RePrRRhELE Tayer SMICIHE sctnf¥hducidll LdYel (2.8, secon
i nt er connethereriy@a Agiam regign k3 hés smaligddem fhetdigtenteralonder out e

| nter connegf ol AYEHS 4 H&; ¢ ShafsEea! Ehd fiP@t tiHitéaﬁccf%ﬁéEﬁ hqny by each of

the multiple first reroute interconnec a%ers the sem conductor |ayer
i s smal | er SEFaiRONGRIADOSt EWe d@hggtgatarhitha ndithec diska med velema Heef i r st
i nter neet: le:i\,r%- SEA} uc I nd atep-ih 5 e
di staﬁ%% alﬂtcl)inrjg t he t??@ dlsrg‘é@tgiggn Egtémg%ﬁzzﬁ@g cg%{tfgol ?‘5:3 eaéfz(% atqr?l t he
seni conducsemicayeructondagerthe multiple fourth 32 interconnects LL4 is

el ecttical ly coNMRe! Stird@iifed! b8 T | Bhi: (HAS! dabhekFAgRAL BT via

t
one of the nmultip TSt reroute 1 nterconnect ‘layers. On the other hand,
one of ther@tdetipgeunti i80)nneyvcondadesthe sacond derevtalinyensimetled to

?Rfef’feom: E{v{ﬂ;'&%}@.‘,ett?é’%‘ét‘brid“r%?&ﬂ@@eaﬁttérééﬁnékﬁ 359) seqppd skebaut
reroute interconnect layer is an interconnect in the same layer
as the control gate 127. 1In other words, the distance along the
third direction between the second reroute interconnect layer
and the semiconductor jayer (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




Al so, the interconnect rerouting unit may further include multiple first
reroute contacts 239 and nultiple second reroute contacts 230. One of the
multiple first reroute contacts 239 10 electrically connects one of the
multiple fourth interconnects LL4 to one of the nmultiple first reroute

i nterconnect |layers (e.g., the first ré@oute interconnect 233). One ot her
of the multiple first reroute contacts 239 electrically connects one of the
multiple fi; i t. 0. the Lt LpLe .fi :

feroute | ntBFEBTNBEEC Ay ey s ElEttH 2l osﬁﬂgs?-é?%@“ﬁ bEtRehldbpt

i nt er connedirst33nte@unrofctshd Liul Yiapl @8 ecdnliheemouttép eorfietit ge2a0te

el ectri cal |y gpnipcLer qagepL heropf fheoiiblipbeaqti (5L ber Ayt enlitefonnect
ayers to the second rerodte interconnéct |ayer (e’ d., the Secondreroute
i nt er connedhig@7ntecrenoetks Ldf3 tiheeErtrivally mom rededd toeong ©fctht act s

230 e eal IfRiiE OBRECHE, Sttt aAficptben of Lhe EHLtIBl&ddr slrpgrout e
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Ther eby, oristefcameenulaygil e fourth interconnects LL4 is electrically

connected to one t ' (ALY o] Vi of the
first reroute i nt@%gbﬁﬁggw#éggé?\géq&l é%%d%tﬁéﬁopﬂﬁﬁﬁ%ﬁﬁ%rlﬁbértfhﬁ@?

i nt er connednsllip: ifysél mrotiteatdptacisnecOed nd rondiple skeond tepdet&econd

i nt erconne vhant he cond r i at er a ot her
of the firs rﬁea:c(%)lsjt%%oht e(r)i‘(;%n?ljgc%ﬁ?a@tl‘tr'E?.d!go@ﬁgpggﬁghtt%aﬁgpgg |(r?eBQ3136
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regi on of th t r rAdd r I I éﬁ%r T t fer line
136 i ncl udeLsi'%st ﬁg (?r(‘)(\%/vﬁﬁ%t@%ggﬁienﬁégggﬁﬂg%@ﬂbt an %‘l’é&h?‘%@ﬁe@i@‘ “ance

i nt er connedhel firat trerpatel ntadfaseacti A33he Vnxictiesdiof edie onuliptehough a
pitch py ofg ihe r [ 138 4,5 he .0 |Stance
interconneg{flslgl rgﬂéaﬁeéﬁﬁgﬁ&%gggygltégzggg?frﬁgﬁ%ﬂ%{é%% EEe mie&lwezt hs of
t he | ow r egnstapke finst éntenceenecis add tthethe gbne esf shanceuitipier Eosthect L2

may b iff f; 0 LGKN S : | resi stance
inter gloﬁneggpﬁm%r{h?ﬁ\@ﬁi#%# ragfs?'(sst g%(élgglan% er)génﬁe;?te" gﬂ%zﬁﬁgty r%}éﬁ%ll f erent
from each énteconmie pBB¢h fynefoft tlee davdtiptausscend raeous contatsy

exanpl e, net - t 0 ; i t he
data tr ans?e:srd %ﬁ%é@%’&&% nt ér @@tr?nggps\fvi @?E?él r&m?ﬂgrlggﬁg#bf%f:b%t | ess

t han 10 nmirtRrcostnealr dayfaeh BD e secoedampreyte hint@rgoRnsictt heygrow 10

resi stance Lnter i i i gh i

i nt erconneé?%? gfer%#q‘r{édr er%{f‘gytrc%%n‘gggﬁgrdﬁ%g? hf%mf t%ﬁ%(@{l’ﬂéﬁ?ft%’g& | ow

r esi stzfhce MuttépleoseeondLirersy td qronrbaxitpl 8 3Onefetiwisaliharproeata shidl not
nore than The.fd ESL+r.ar : |y, adj acent
inthe Y 1@91%2?;!18{roéccrtqeorqngﬁzplféo?ﬁ%té,r%{gtrﬂgx@g%'ltcgﬁ‘jmegﬁ??ﬂ%'tésjgbne%r% ni mum
pi tch py asechaddegutcaitgeeconnget 1ager. Because three types of

Dot me.ani £ 100S£90, RIS SUTEp Fydidel Folltp FRGIAISLE LS |
transfer | electrBmilys 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 resistance 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



20 the data transfer lines 136a, 136b, and 136c corresponding to the three
types of interconnect connection patterns. As descri bed bel ow, the
data transfer line 136 is fornmed by sidewall patterning. The | ow resistance
i nterconnect Li of the data transfer lines 136 extending fromthe first
menory cell 25 block la is on the sane3Bine of extension in the X axis
direction as the | ow resistance interconnect Li of the data transfer |ines

135 ext endi g {iRd NAesRGHTe FOTRLY SR Ly ORK 4 el ELAT Fobistdiecd o

resi stance i nt er connect e data tran I nes exten g from
the first rehereoeest bloardl the High resisBNcANBLErERNBECELZeARYPE n the X

axi s di tectdipbranet fohi OBaERSISUAROY 4t SREORREkEESL Fe 1A Aphy ansTer

lines 136 ex i ng romt € secon cel

possi bl e t desislianEea intgyiconnadatonl n@rﬁgutrhemhlgher@@ltséaﬂﬁanw@rcwn@ct136 and
the firgt P g

bet vveengt hé%gﬁgﬂ*%%%?g{eﬁ?ﬁggﬂﬁ?g#ﬁO?ﬁggﬁ’emr y e Cltlﬁhépoéﬁj%h%%ﬂdq

i |l ustratedransfargling, 1816 s ohexdMphe, Natstesetbane 20nnén condetet 233 and

the second perautiesh ”i@pCﬂWeCtT@@vxﬁ@ﬂ? bsr rt?n'eaﬁea‘%gt ?%ﬁQFere%%@'1%6 at

| east twice the width o he data tran l'i ne ereby, |ithography
hayi ng a | diheeddieucponest onidderds cdst Qmﬂ\nlﬁatﬂ@t lers Haa Wa*h@’f er l'i ne

136 can be disediomfilo0endat 30 Al ol ERBBIOULhRGNL O EaBbe

formed with [ ower il'lTustrat
the set@nd resiganeec Bieiconpegt el aed e veidihppt the highstesistangaes 10

that of the, Eéf&)tnr{&ftolﬂg %Fé)'lﬁﬁ“é‘i'e%%gﬁrohﬁ‘ é?éé]?rot‘f’@rdsan&flﬁ:éj'v@i@%heéf of the

second reroute contact | east aneter of the

first rerotibe omtrasistzage rnt@rr@@@naqttucﬂogmﬁm KT BEE aNPEUEFEdERM i on of
| ower costfltdﬁ Tgtém rﬂft Frﬂﬂ'eftﬁéli g@rput e contact 239 can be used; and the
er

data trans rerouting unit can be formed with | ower costs.
It is unnecessar J"tﬁ)ffb‘éhdefﬁ@t@ét%mﬁﬁ%9 Muiaialye addacaBt Xovthg dhe in

the dajq t%%”@;;gh&ﬁbﬂ“éié‘%%éd 104 e%%‘#nbh? Qﬁﬁr@théaé‘éﬁ?é rhif 36 1 n the

regi on of ta transfer rerodti n? uni t can be di sposed densely in
the Y axis P2odh pycesdhesdata drepster tiRe 136st and second menory cell bl ocks

| a and | b. BB e LS &SR i doReoh ERY! deinuBtibnl BBtcels m i mum

wi dt h of theflrst reroute In ni mum spaci ng between
the first B&eoused nbetlendata strzgmfernline rerouting unit 100" in"this

specific example, FIG. 6 illustrates the data transfer line 136 as
20 the data transfer lines 136a, 136b, and 136¢ corresponding to
the three types of interconnect connection patterns.

As described below, the data transfer line 136 is formed
by sidewail patterning. The low resistance interconnect L1 of
the data transfer lines 136 extending from the first memory cell

25 biock 1a 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 possible 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.




25 mnimumw dth of the second reroute interconnect 227, and the m ni num
spaci ng 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. 30The data transfer line rerouting
unit 100 can be formed using the inter¥bnnect conponents included in the
first and second nenory cell blocks la and I b and can be fornmed w thout

addi ng new pr oce;z_%e?“u%g}a%;]efn vp[r(gis 6 t I@ﬁenw]t;m,;g] bptt@{é:(fnﬁ%ctreml}t%h 35

necessary in the data l'i'ne réroufing unit he pitch py of
the data tfifcenndaie2336anthéhai se et wiera s m%"ﬂi‘é"%@n?@c?t CaRd t he

m ni mum W gthof, ﬁ{ébe ggé'r'@xé)ﬁ%q’fge%tt&%s‘%oﬂh%é %n@rwm of HE et he

first reroute €O direct connected to data transfer |line 136.

Such val ueérzm@‘e\ralun@siﬁﬁ t REneen il dHRg gy 93 Vi Nt a v piasedyEies f or ni ng
5 the s A gﬁgrcfvléef:g%%ﬂta% irAgk ugedHen dé’t% firepkr@ndisecond waAphye cel |

bl ocks I'S unnecessar formcontacts smaller than those
of convent uUsedl; &nd oihg i detad nt@ﬂ’&ﬁﬁﬁe&@ FREGUEN oY it 15Q% o6 BpRE havi ng
a resol uti eg- i/t h@\ﬂfetrh@és f conventi onal art is unnecessary; and the
10desi red rerout| ng can reali zed. In other words, the first

reroute contact é&QiHuﬁtfﬁ’éeﬁbriﬁefIG orb expl diaietart RE EAfe SBCRBAsi ons as
the contactg.g %I’llt%%tt Q?g%éx E@nsfcﬁ* R §6 410 |khst reoryymeel I's; and
the first réroute contact 239 cah be’'formed w tholt nore 15 cont act
proceskes &hat n@%rﬁlﬁmﬁééfit piesossgesontact 23%ne dat LHEInITRFAS,i f8e
rerouting Wiinet8P of thblsethRe bl gues aBta dinsbudery ¥ hetigagennoct | ayer

in which the data trans |ne516are provi ded to ‘extend;_two | ayers,

i.e., the times ﬁh& @Ha@’ma‘@t afath f(rts’eeretr%&e &rdacs 23Per cUh%@;QYQ%) and
20 the secqng ﬁgOngm | &Yiefw (r@g%zaegﬂn%frgmépecégtt SREANPREE A27)

provided in Ia ers ere fromtha ata transfer lines, 136 and
havi ng a nthe st i’rﬂ*’@ﬂﬁ@nﬁ@ﬁiﬁa@ﬁ 48R &8N kasisedi @d KRE @8ta fKeapaked

transfag 'k@%&ﬁﬁgtuhﬁ { DOSEaf BY FoEmidith BludicEguise contact 239)

sel ectlvely connecting t transter line 136 to the first
i nter connect | ayky ;IS ananeressaeni® dmithdng tdatasdednalferelin@ d Zorbact 230)

connect | ngyhbexty bkt 1R LHRSreOr S, BREONAIE oY come thel ayer.

where t he second second reroute cont as a d| amet er at
| east 1.2 tiph@ds tt‘ﬂh‘&SfQj"f Eﬁ'h@ fi3&t icohPactegine fQfr sihe eﬂ@t@e RNSEARt act

239) . 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 1la 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




As illustrated in FIG 6, the data transfer line 136 extending fromthe
second nenory cell block I'b side is electrically connected to the data
transfer line 136 positioned one line to the right on the first nmenory cel
bl ock la side. 35For exanple, the data transfer line 136a on the second
menory cell block Ib side is eIectrica??y connected to the data 36
transfer line 136b on the first nenory cell block |la side via the first

reroute CO@héCé%ﬁga%taaMbﬁefm%ﬁnaﬁ«s QWicth B?W@B%!ng%?etween thefhe data
transfer line 1 on

he second nenory cell block I'b side 1s ,Iectrlcally
connect ed CONtAEtTATE thanwidh afnkhe fisgcrermyir qurrt@mn%ﬁ%rghr@é‘-tw bl ock

|2 side vidofidibtstd G EatpiraRierdBoynkher 361 St SRIPUWAIUEY ereonnect

233, and the second reroute I nterconnect he data transfer |ine
136¢ on t h¥aseesnaf n?é"rﬂ)r@m&‘éﬂﬁfomso&@qelﬁssalwelﬂst"e\@eﬁf@ﬁi%%‘-?@%/ fe6AHBSt ed to

the dats t"tﬁesfs%fu&m%sl%n%géﬁeﬁ?stnecmure%ﬁ FENHe 6esd @h@c%plc@gglgde via

the first reroute contact and the first reroute | nterconnect
By such a &MYy &&lbdlocke batandr ARsfend ihds UnBeeessalY fior 8 Mnd

second rrerr%yutg@&é klqgker! anamd tﬂ@oéesp@rse@oaivéﬂtw@élyaeltaqgnahm@OSItlons
in the X-Y_ plane can be electrically 15 connect ed to_each other. A

confi gur at iNRrEPEH A& Spos AGY BNINsi AFhodseRianpRYINg hé J&salgtiPat i on

i 11 ustrat eﬁlglﬁ'eF|l§ﬁar$ E%Wc %f%oﬁv@htrm&daatorm@ﬁﬁ@céé@w dinice¢hieon.
Al though the’data transfer |ines 136 di sposed at nutual |y 20 di agonal

posi tidhs dgsingsd Rem%tla@ecanév%r@@hzeéa| |y connected to each other by

shifti ng one "nfhab@ﬁgrt%r}ﬂsaxtﬁedﬁﬁ@@t#é)ﬁbuﬂé tddseaRe@dq ccgxapel e, the
invention is not limted therefo. In ot her words, it is sufficient for the

| ow resi st EidBedntf@rcexAEMR!a i WEh e SaTPst ARBYRSISJOREI 3S BNECKONERHS be
el ectrical l’:Mﬂﬁ@'&Bﬁ@{)Qﬁ@t @a%‘%r%sl’é@hﬁn@%'% 3BCEHd herseppedlid:2apl the

second nenory cel resi stance interconnect L2 of

the first h%%ws%er@rw%ﬁkwataqi b?e3%| é@tﬂu%@ FOrEEshetiidPUto TWES ow
resi stiancechRtSECPPEBEsts o intBecSsRapd preeicyegel | bl ock Ib. For exanple,

the data transftfer line 136 of the first

The data transfer Ime rerouting unit 100 of this specific
example includes: an interconnect layer in which the data
transfer lines 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 illustrated 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 elecirically connected to the data




30 nenory cell block la may be electrically connected to the data transfer
line 136 of the second nenory cell block I'b by shifting an odd nunber of
lines along the Y axis direction. In the case of a configuration to reroute
to an odd nunber of lines of three or nore such as three |lines, five |ines,
etc., it is sufficient, for 35 exanple36to repeat the rerouting of one line
three tines, five tines, etc. Therefore, the data transfer |line rerouting

uni t 100 %?ﬁﬁ@?'@bﬁnrée%b%eepv“cﬁé'f%% rﬁ%rﬁ‘??f‘i”ﬁéqf b%c%aﬁ’ﬁrﬁd ol fife Same

nunber of co sem c evi ce 11 b for
exanpl e, aoﬁrtsaﬁtref@utaeccpfaitacérmafamﬁethra figst r@rwt@lnmw@c% 33 and

t he second rerout-@.,é N S QPREEE 2R fe %é’@d nunb%d %érﬁ@rﬂaf; 4

transfer lines 136 1 ncreases accordi ng l'i nes’s
during the bleﬁauﬁbn@:dem@r@eat@;atIMeC@rnae%fs@ s theedatiabansfer Hinaat a

transfeg | 'i‘?é% Jcﬁ‘f tﬁ%”ﬂfs Oneﬁ]&rﬁ/eé‘em BRI BY s 1481 0% 3HLFPLE ferout

configuration as 1n the sem conductor nenory device
511; 10 ancccmtamczéaséh@fﬂfwergcmv*é@:ena&r@rmewa?s”enaadn&h@tmcmry

device can he gygqu@p&%n 7. The data transfer line rerouting unit 100
can reroute tR a trans |nes 136 without an external signal |nput
Accordingly, it |T§’1@Jrﬁféf@e§§@lﬁ§'fﬁroila@d 1364 ouithe ssfarnd wieneary a8l surface

area can be,pefuepdsi i eQBer Loy IRNLLANSTY thinBats" Qulisher tmﬁ 100

has a structure i n ransfer are electric
connect@d by3&d évt theafirsoRrtrictasyscadl tegk Ui ﬁg‘ﬁ’aV@ﬁﬁ@oﬁdﬁk{@FO%ﬁﬁost rate.

Ther ef or e, li8aka0% Gd Ak MRS PWeLEORYIERE 39 er connect's into the

20 sem conductor substrate even when age between the interconnects
swi ngs bet ween p&y U aaqdrcrrefg@uraﬂéon;rrmes@ata ttragspisdimte 10 tfansnmi t
the potenti r 1 cond
menory cel Itﬁtl?l f)n(; ﬁgjgbgohea%éﬁfoﬂyegélingﬁ%rﬁ&t \g(‘?fgrﬁqjg]t{ C{1§50§§ga€1§ t he
current chdﬂgé@aﬁ‘? dEtdE alapastiiansfiéer LII'!E - 3pagwaicrn b ?IH%C sigallyonduct or

menor y. @Iev'c%‘anhn%]c]ted' {0 e kehe for the nunber of the menory cells MC
i ncl uded e menory cell unit 4 belonging to the first menory cell bl ock

la to be substan#i zﬂqf}fi@lqﬁﬁlloﬂoaf&ﬁb IRUABERIE tive URdREE yf@el®X@MEBIRO

| uded h | " .
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around the X axis d;rectlon
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
words, it is sufficient for the low resistance interconnect L1 of
the first memory cell block 1a to be eiectrically 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 1a to be electrically connected to the low
resistance interconnect L1 of the second memory cell block 1b.
For examplie, 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




axis direction of the data transfer line 136 belonging to the first nenory
cell block la to be substantially equal to the length along the X axis
direction of the data transfer line 136 35 belonging to the second nenory
cell block I'b. The effects of suppressing the interconnect delay and

i nproving the operating 38 characteridfics and the reliability, in
particular, in such a configuration in which the | ow resistance

s he i : ! .
't or nat ey G 5 TepH2Edo b B BRETURBEF MR el i (HEBEREE, ) e
5 by si dewatlimixrn of margatt ko takiscastihe ¢ensiagn@scare Mmemwyr devyge

A | f td hag 9 t f ' ! b
descr 1 bed: T & bao PP SR SR Barbalr I therrsiretblie "o >
order of tHetprewesses235 poslt the iSegonierensauiel imerconseetuéd2ing the data
doubl ¢ Bat torni nd U8y S/ JHET SEHIG e ol GRl ReB e PATERBe)

doubl e patterning Usi'ng Si e terni ng

(SDP) ). according s thiel mstmétesdof dimeGshéfedirduringr thayeerduling402 is
o Tormed o ga0rar She] LRTEaRE, O SB5 HISHARE (i s, ey e T
filmon thel3urdacdeokeptbase minbemmnby UHyer abeg s teh &0 NGIg UrRéiadat a

transfer |ifet difkd 8nB9iGONN GHedseHIEoh BB SRR MAHcaRY, 1 nCl ude
silicon oxide film a Z0 srlicon oxynitrrde film a Sl film etc.” The
i nter-1@yerarfd | an4dncregse nofudbe farfasanprea Dfsitheosemicendectorm a

i fTerent RS THACCTEs KET BEosuPRR s e 0o ™ e base f1m 401 may
i nclude, for exampleedadastransdardiielaerpuming Wiikitoh CHXRICUtEddSilm a
SIONTilm £Le. transfer lines 136 without an external signal input.
Accordingly, 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 ceii biocks 1a and 1b
while keeping the potential changes and the current changes of
25 the data transfer line 136 small.

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 1la to be
substantially equal to the number of the memory celis MC

30 inciuded 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



After formng a core nenber filmformng a core nenber 404 on the major
surface of the insulating film403, a resist is fornmed on the core nenber
filmby 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 exanple, the

m ni mum pitch of the patterning resol ut?’gon of the lithography. The w dth of
the résist nay be set to, for exanple, an interconnect wdth in the range

of 30 nm ! ehd RAHsIRG cang EberefiabMiys gﬁ“rfgéﬁ‘?éhl%ﬁ" NG tBgchesist as a

masktoformthe core ne i ncl ude a
silicon oxidnfigurmeenairsiwhieh tia rpse rﬁﬁvsﬁamtlﬁéercqrhee@brlel tdber 404

may i nclud rﬁlgy@.l Si ar, m he core
menber 404et anf og% W i argt%w Ednlttﬁp ﬁgggn tE% ﬁdeil—% quﬁofﬁgbagslg%ndatel\}_

the data tr{&ngf.ethei ﬁ@nmg@ratwrsuahwdﬂ@asﬁﬂeu tnteaROBpBECiR P & tfé’tm't% cor e
menber 404 4 Hﬁe i ;g sbég@my%%a][ Pﬁfhth@g,&@l ftH e @éﬁgﬁ@d pirt chh@f the

datatransf due to t ctuation of e wdth of the resist.
The assunedltblotgd'ﬁpﬁ?hf)t he data transfer line 136 |s a val ue, for exanple,

between 10 nm an%&“&%m Fé‘so ld YotRlegn| hétHad &F tAeStdenatarfdrbm 405 i's

formed to 10 cover per ace and the side faces of the core nenbe
404. The siltendi36 W“rﬁlQ‘()’Sbﬁrﬁ:ﬂBiﬁéBe@l material different fromthat of the

core member 404. rfhe gh IG. fgt@r@écﬁ@yaaﬂelél%s fset:tz@ham.ewgsmlcon
Al 203, etc. Aslon%éast e sidewall film4 is adifferent filmfromthe

core ntRberorsies, of hBesPHRAESSES IlthSICES'at&{t%th@ym%]%é’Oé SPNEEBIEtEIE de film
or a sili C‘%Henbta"tédﬁ'a{iéfm Tl fcwE rseﬁnh@oﬁﬁee&ﬁ# felnhaw%emé bficl ude

an anor phous silicon I m or car ness of the sidewall
film 405 altbRgfirsle exaarpse diy éiﬁtitaalﬁe petgertmn@ H56U8 Sﬁé.'lel\f\@%éﬂﬁé’ﬂ@ﬁﬁ of the

assumed pi t%“d@frvatlhﬁdi?éi@ pg&@b%%l |g]§ 36. 20Then, anisotropic etching is

performedto expose_a portion o elns atln f|Im403 Ther eby, the

Sideval | fi1m 4088 diusirated on The ShdcHRlRtErTEHEr die 4R%tierotied
15 on a major surface of a base film 401; and an insulating film

403 is formed on the inter-iayer 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 film, 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 SIiON film, etc. The base film 401 may include a material
different from that of the inter-iayer film 402. The base fiim
401 may include, for example, a silicon oxide film, a silicon
25 oxynitride film, 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




The core nmenber 404 is renoved as illustrated in FIG 8C The renoval of
the core nenber 404 nmay be perfornmed 25by etching using, for exanple, a
hydr of | uori ¢ aci d-based etchant or RIE (Reactive lon Etching). As
illustrated in FIG 9A, the insulating film403 and the inter-layer film
402 are etched using the sidewall film205 as a mask. Such etching may be
ani sotropic etchlng In such a 30 case, the base film401 may include a

mat eri al didf %ﬁrﬁinﬁr&”ﬁt%o‘?{ il inter-layer film402 (a material having

an etching rate | ower an that of the inter-layer film402) such that the
et ching stops at Tt qoi€ertepdasetfdeis faemiaft &¥ithagavidtn redogedntP t he

base Tilm 40dhe oFirfe %%%B%éd'ﬁt&%ﬂﬁ'e%%ast bk (A% st ep quaress. As

illustrated 1n FI G he si dewal | ' m 405 that was 40 used as a mask
i s renoved:d & BacAlNeDendpKenabBat stheorGai® dnermaes dBdets J@ﬁ@}ed ace of

the basg f's'h?hdc% 2 gérseh% fh%ﬁte%h@f a%E@Mé@%?ttﬁYGf tthabGQZtra%@,@eﬁ he

upper face a aces e 1nsulatin barrier_netal 406

may i ncl udéfnﬂ‘ 36 dyarke Ehe ThnctuatipnTte! t%,errgﬂ:B ofriBe; Fegishess E t he
barrier meta u‘ﬂﬁéd”th@?  of ¥heX PR Corahshat t And0 1WB is a valieTetrgt film

407 is forrre on the barrier metal 406 to fill the trench; and planarizing
i s perfor méxaypleopeswaen é0 mvPanchd@&AMMechani cal Pol i shing). The net al

filma407 may 10i nG nelgs aH@a%l ﬁiGh%’B N @deﬁﬁwtf@l%%d)g%rfdﬁﬂﬁl@dtﬂﬁt of

the barrier nmetal 406.The netal film 407 i ncl ude, for exa Cu, Al
and W1Ghe caves the Mﬂnﬂﬁqua@m@dtfh@ &lﬁé ﬁ@é&ﬂ'ﬁ ef thet @@r@%wbﬂ é84nto the

trench formhd Redd@iAl 1820 includes a material different from that of
the core member 404. The sidewall film 405 may include, for
example, silicon, Al;Os3, etc. As long as the sidewall film 405 is
a different film from the core member 404, the sidewall film
15 405 may include a silicon oxide film or a silicon nitride film; 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 by 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-fayer 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



| i ne 136. The data transfer line 136 forns 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 dlrectlon) is a reverse-tapered
configuration. The manufacturing met hoi%descri bed above in regard to 20
FIG 8Ato FIG 8C and FIG 9A to FIG 9C can realize a double pitch of the

pitch Constl{]égd & By pide | str@?ﬁbaeay é’b{dué'ﬁ@rﬁ@ie rﬁb@@b"@dG f‘¢ Iy ARy Such

double pitc constructlon technol o Is referred to as ?tternln
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thelnsulatln m 403’ fluctuates with t efluc{ z)téfono e di nensi ons
of the resi 5118 HrH @ ng i€ Oche Th@cbﬁﬁ"t‘?ﬁﬁn&ta MaY tIRCkHRsEOf t he

si dewal & Tidyg J@%" T, fraw T deNt rencheshangh ik orefisdesaaier mde 30
to be arrange | ter nat’el Therefore, as jllustrated in FIG 9C

the wide dangtel 4Réferay |br‘?esfoi'3@<%‘ﬁ'§3’i§v r]aﬁ@éctoallpe‘ﬂﬁ‘ht ely with the narr ow
data transfer |inesnd@f. fn'FHderts RFrhéd W ftﬁ‘iaegal“ﬂeFlrﬁetQpAO@@o\Mlp'e

trenches are 35 deep and the narrow trenches are shall ow due to

m cr ol oadi ﬁﬁeeﬁ@&@ aﬂfbrﬁi@ﬁﬁéiz”ﬂﬁe'sf P QMNEEh &Yz {J@fr exempife Xt

transfer ‘&tHérﬂff‘caﬂJ?»%eéhéméaﬂ P@m&mh )fllnsrﬁ@l pkagss i t Be namizgw dat a
transfer line 136 € data transfer lin 36b COomes

nar r owe? ah@lcw I%v@rateﬁl@ér!éa}/@ga Qr'@ﬁislﬁﬂc@ HOWer &han & nOE of the
metal 5 theRefert q»rf&éqea@% ThepebYmelthe fiagi shancemely tzfmmdastﬁir grain

207 and’t nEGIPPIar bt dhl 40801 Wy cabbe. MSIGH BIMedd cLpsiigignige
differ ence%aqfnéreméttaarwé?]tfh?éu tfH@é%f@@rér@cﬁ'ffofrﬁﬁﬂtﬁ‘ésdgfatt'?rénsfer
cross-sect Ih%%al 1%%?% %he cieair:TaEt %ransfler ]hne 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 fiuctuation 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



Thus, the width and the thickness of the data transfer lines 136 fluctuate
due to the fluctuation of the sidewall patterning; and the effects of the
fluctuation of the crystal grain size is added such that the difference of
the resistance val ues of 15the alternately repeating |ow resistance and

hi gh resistance of the data transfer |fhes 136 is even greater. As
illustrated in FIG 9C, the fluctuation of the width of the insulating film
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si xt h dat athpahataetransferdines L 3hés Avadsgreattnas the width of the second
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The fiuctuatuon of the width of the data transfer line 136
(the fiuctuation 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



20As illustrated in FIG 9C, the width of the data transfer |line 136 can be
defined as to be the top face wwdth (the width sc and the wdth sd) of the
data transfer line 136 along the Y axis direction. Now, "top face" is
defined as the face on the side opposije to the base film401, i.e., the
p-type silicon 25 substrate 121. 42 The thickness of the data transfer
line 136 is the thickness along the Z axis direction (a thickness tc and a

thi ckness ?Q) nlﬂjsﬁrﬁﬁeéatrﬂ transfer thlen%éﬁfireﬂytah@@t mm&ﬁcemrte&ﬁ aBove in

whi ch the fluctuation_ o e insul n t he
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this enbodigeiie aREIME SR ¢RNILRLONNEEIDLY tdeubﬁﬁe&tlto 4haasnd difng to
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rerouting uidfnokyocellae W@@Qﬁ@egtxt@elmacamahsfeszupm@slsee hasdanhe
PP 200, i Tt s AR BoeRbARbLe! KeaRadE A HEHBIT e
i nterconneghel@Lare fornmed due to the fluctuatlon of the sidewal l
Pranrl Tine  LONELWISE) SRoioS0a N RBLS tFAUSFEnDRy BbR SrBbR TN ¢ aken
to be a fi ééhé&éﬁ %h@@ﬁd'ﬁﬂa ofinthet Recbes %itaa:aceralﬁsﬁdrellaecm dafaet r ansf er
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[Ghor, TSR et pato lepsier g i e o o
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wgn;?g'ro['ﬁvﬁ'g?r&s%d) gqgégﬁ%giq)%ﬂ ntgr ?28&% &GTS P%m hrgt fa%%t h data
transfer line DL1 to the sixth data transfer line DL6.
20 As illustrated in FIG. 9C, the width of the data transfer
line 136 can be defined as 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 second capacitance C2 by replacing the capacitances with a | unped
constant. Because the ratio of the resistances of the data transfer |ines
136 adjacent to each other on the line of extension in the X axis direction
is the ratio of the first resistance Rl and the second resistance R2, the
second 30 capacitance C2 can be approx $3nat ed by O x(R2/R1) in the case
where the capacitance between the data transfer lines is domnant. |In such

a case, th%cc%%?ﬁog?‘%e%érﬁrﬁ"é&%@ﬁéi@,\’tﬁéoﬂu@wgtmﬁ ofatiee talarsfieal | i ne
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data tymnsgeindfcpe|ibe? mnd hRe ftAer Secdal ddansirahskéneife4Dare are
taken to be a first capacitance C1 by replacing the capacitances

with a lumped constant.
On the other hand, the resistance of the third data
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



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. O herw se, the sem conductor nenory
device 519 is the same 30 as the semi cbfductor nenory device 511, and a
description is therefore omtted. In the sem conductor nenory device 519 of
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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 circuit 46 is electrically connected to the end of the data transfer
line BL. A delay occurs based on the tine constant of the interconnect

bet ween the nenory cells MC proxinmal to the sense anplifier circuit 46 and
the nenory cells MC nost distal to the sense anplifier circuit 46; and it
is necessary to increase 30 the margi #®f the read-out tine because the
menory cells MC are read at the sane speed.
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entire fluctuation the tine constants can be reduced %r'_ther I n ot her
wor ds, theresisbencef iwseasesry cdnerefere, it becomes ficult to

discriminate between the cut off state and the conducting state

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 included in the first nenory cell unit MCU can be set equal to the
nunber of the nmenory cells MCincluded in the second nenory cell unit MCUZ;
and the nunber of the menory cells MC included in the third nenory cel

unit MCU3 can be set equal to the nunber of the menory cell MC included in
the 35 fourth nenmory cell unit MCU4. TAE 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
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15 operations.
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 reiative fiuctuation 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 ceils MC
30 inciuded 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 celis
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



In the case where the lengths (the lengths along the X 30 axis direction)
of the data transfer lines BL included in the first nmenory cell block la
and the second nmenory cell block Ib are substantially equal, the

i nterconnect delay can be snmaller than that of the conparative exanple by
an anount of (RLCl)XAR or nore; and a @éfarge/ di scharge tine of the

i nterconnects can be 35 reduced further. Thereby, normal operations of the
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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 iines 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 be 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 ceil block 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




35 sinmultaneously and the witing is perforned sinultaneously on the nenory
cells MC connected to the adjacent data transfer 49 lines BL, the circuit

operation margi n can be reduced by an amount of the difference of the

i nt erconnect resistances between the data transfer |ines BL; and,

therefore, the speed of the circuit op8Bations can be |ncreased Al so, the

difference of 5 the current due to the difference of the interconnect
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dat a transfer Ines BL included Iint and second nenory cell bl ocks
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nore; the interconn resi stance can uced further: and the
current of arﬁ@ffﬁ@frofﬁiycﬁttl & mtbﬁnmorﬁé’r%%’ée@mtsﬁcwte ikl &0 the

fG s eidompifidh alrdievad I reé ! Rdled?@ e ioul i@l a

sem conductor nmenory device of a second exanple %/ FIG 11
i |lustrat eéfo\ﬁé@:cofrﬁr FfAME, ofhendlifarancearst ekhe ﬁérf%ﬁ”bu MRt 100

provi ded '?E)é\?ﬁ'\ Wweﬁ% rarﬁ%rr@rr.rrtaetatcafr‘éﬂe%sqfhé tﬁréﬁe@rtﬂvar@aj@e

accordi ng irst odi nent . configuration
seni cohductdstergnpayiateyreadsagt otdrd ttﬁa"?n $HeIdHTE t*ﬁar@ﬂ‘Vé‘r”tlalgr‘?@UrSer outi ng

unit 100 '%édaruéeathteow&thatj baﬁca@%ﬂd@@%ﬂh@ttm;ﬁ?w ut@\ﬁéwo.%édof the

first exanple a description istherefore omtt relon RGa of
the data trsaabherdua e rreétttﬁmgngﬂarretsfa@nf@ovarlamnwﬁ dakaeapst fenor y
device 512 |gsd | lustrated in FIG 11, one contact set is fornmed of two

first reroute contacts 239 and one cont act I|tho%raphy suppl enent al pattern
339 (not actual | yN@&di& tiRr BIGHEASE EEEcCPMPArakyecBragtRiesEl WRIKE t

first yeroyhe FrPdétréShﬁe%%%@f%ttﬁg P& HeOAG! tHahérRy ARRY BY %Jrrmterrent al
pattern 339 (not actually made thfough to contact) are disposed diagonally
in the X-YPSrfaensdenhthe” interconnect” resistance of the low resistance
interconnect L1 is (R1 + R2) as described above while the
interconnect resistance of the high resistance interconnect L2 is
(R1 + R2)x(1 + AR). Thus, in the comparative example, a
20 difference of the interconnect resistances between the low
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 {R1CIx(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 second memory cell
bilock 1b are substantially equal, the difference of the time
constants recited above of (RiC1L - R2C2)xAR can be
substantiaily 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




50 contact set is nultiply disposed repeatedly along the Y axis direction.
In other words, the two first reroute contacts 239 and the one contact

| i t hography suppl enental pattern 339 (not actually nmade through to contact)
are repeatedly disposed in a 5 staggered configuration (a zigzag
configuration) along the Y axis direct$dn. The contact |ithography
suppl enental pattern 339 (not actually made through to contact) is disposed

Lo 1 nor easgiridie BIEa4hal et bhersashasiargth [ Xo¥ phanecdThy epntact 10

I'i t hography supp €nental” patter (not act ual made t rough to contact)
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contact 239-andahbest id$§ tHey aureréMEL e hré3Bold voftageE%’arﬁW' e,
the second data transfer line DL2 is el ectrlcallxaconnected to’h‘i %flfth
i

data transfi@tected With pefteneracgPn: er bueECRYnithE: "939-aHE & i€ st
reroute i nLERGARNESH 3@3&&1%%860512 %@ﬁ@@e(y@e third data transfer line DL3

is electrically~connecte sixth data transfer |ine DL?| the first

reroutB0cont act PEUeavas, f in sthe ecask eWinfre ihe@natss efndhenelatécond

reroute | nft@éﬁ%meﬁhe%Z@L mgw@@ ih ntHé‘Q‘lr%%Wbﬁ@In@!é@b@nrd mﬁ@rﬁwrw@ence 512
as 30 well, the fluctuation of eeCt“ﬁB reS|staFceo
o]
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pattern 339 (not actually nade ‘through to contact). Thereby, the data
transfer |CAB PeribGieagetnit 100 can be formed with the sane |ithography
conditions as the nmenory cell blocks; and the process nargin

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 through fto
contact) are disposed diagonally in the X-Y plane. Such a




5 can be increased even nore. Third exanple FIG 12 is a
schematic plan view illustrating the configuration of a sem conductor
menory device of a third 10 exanpl e. Nanely, FIG 12 illustrates the
configuration of the data transfer line rerouting unit 100 provided in the
sem conduct or menory device 513 of the3fhird exanple according to the first
enbodi nent. The configuration of the seni conductor menory 15 device 513

ot her than t r (PRI r.er i i 0. i phLak t.Q:& hat of
t he sem concF uc ag:‘;i’ %%trcm%; géﬁléygqlfﬁg%%%g%ﬁﬁ%%ga%ﬁgé gbl Z gg(é%ri ption
i s theref or@reaiioned. In other woidfe §e@i buadlicebrraroviey ceaipets 43 as
illustrated,d I VAN kLR e r f i nes
136 (the 20 1T SRS FOTRECCIXNOLRApRYS shpRleRieitel Patm 2% fA2t 136" n
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to the fourdtisddractientransfer line DL4 via the first reroute contact 239,

the first rerouteydnt eq d rer i r ect
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227. The secon transSter line D s electrically connected to
the fifth dettaallvamsade thiu@istaicontiast}iissdisresed etadonesadset thrso and
the first rer |, nter n e i rg.da ansf [ is
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Thereby, | RntBEGRCFLCRBANGLOY iohiede iore xdinpte SMRblier thfad | wpl uat i on
of the electricdl resistance€ of the interconnectS can be conpensated; the
i nt er connedtiz@ldfathe firstoreradestppiacsdd? M arhamnpenatirmihepgd@édcand t he

rerory. cev s3I (R, As SIS shloRoor e euppgect o
lithography supplemental pattern 339 (not actually made
15 through to contact) is not actually made into a contact hole and
does not perform an electrical connection between the
conductive layers.
As illustrated in FIG. 11, the 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
eiectrically 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



5 according to the first to third exanples) according to this enbodi nent,
the problens of the interconnect delay increasing and the read-out speed
decreasing during the read-out of the nmenory cells MC can be mtigated. In
a structure in which the sense anplifier circuit 46 and 10 the data
transfer line BL (the data transfer |i @& 136) are connected in series to
the menory cell unit 4, the current flowing in the nenory cells MC
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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 Iline DL2 is electrically
connected to the fifth data transfer [ine 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




sem conductor nenory devices 511 to 513 according to the 20 first to third
exanpl es) according to this enbodi nent have the followi ng feature A
Nanely, the relative positions (e.g., the positions along the Y axis
direction) can be nmutually the sanme for the data transfer lines BL of the
first memory cell block la and the dat&225 transfer lines BL of the second
menory cell block I'b; and nodifications to conventional art are
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minimum 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 celis 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




25 menory device 520 differs fromthat of the sem conductor nenory device
510. Ot herwi 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, the third data 30 transfer line DL3 is
electrically connected to the second ddfa transfer |ine DL2 between the
first region RGL (the first nmenory cell block la) and the second regi on R&

(the secong,s Weﬁ%rl gbﬂgkmtb& H"‘Bé%r@@%ef’(tﬁratrhtﬁaﬁ @ftd@fﬁxﬁéﬁ&ohane DL4

is el ectrlcal connecte to the irst "data transter line DLI. 35In such a
confi gur at iagi. as wel |, the interconnect resistance can be uni form by

connecting the | qwd esiid@cr 5Rel ObgERINEESD Locolirihg Th T Bler @aton RCL

to the high resistance I nterconnect t he second regi on R& by
connect i ng tfﬁésfﬁrgﬂl!%s@'stlénﬁéoﬁ)ﬂfféﬁaﬁéhrf@ctth@f%ﬁeﬁcﬁ’é’r\‘qqtsfeﬂ%ﬁﬁﬁeRGl to
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effects sim ose described in regard to the first enbaodi nent can be
obt ai ned. NakerganAee fiarening i e ofatde teanrshan dile r B dEantBi@iMtte

et SoNneGizrb RAGHERRSH afcrdec HntRLEAN AR RiceaRdietaapr essed:

and the operating and the reliabili can be i1 nproved. 10 The
sen conductadrd mm%@@m@@“@@%@b&%ﬁﬁ& @eﬂﬁ@@&’@{@%n@&ﬂ FERES%xhi bi ts
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described in regard to t first’ enmbodi ment. Mbreover are
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performed w thout a nber of the data transf ines BL (the

odd nunber b&f mithgated thﬁﬁﬂﬁ@Feofth@eﬁﬁf—*? eelt| mﬂr&dﬂs@nTE@r ghgatehe
circuit aregaeanig r 8AUGethyeHidioar tirexamp gther, thd! Brobfeirss aof

schematic circuit diagramillustrating the confi guratl on of _a sem conduct or
nmenory deviigeregsed f olmeka exdﬁﬁ?"é:mﬁ?@@t i | Tesistaned i @M G Ingeased

confi gy at '1%:%%rHl?ctdab%léV@”Sfe?écﬂﬁo%:gr%'t%ﬁ' NG i tst#88s of infdifced

semi conduct of nenory devi ce’ 524 according to the fourth exaggl e of the
second enbdRGTBRIOMIGT E10F PEGHE BFaEASHYI% IBHIR SRGEc Ve BeyWHEN ce 511

according i@ fhaepid €aﬁt|n%é?€@ﬁﬁec9§19rn‘4‘fcﬁ%w I r8@wsen conduct or menory
device 524 is si m ar to t sem conduct or ‘menory device 51
semiconductor memory device 510 nd 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 1a 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 celis MC




Nanely, in the sem conductor nenory device 524, the data transfer |ines BL
are rerouted by crossing two fromeach of the first and second nenory cell

blocks la and I b. 35FIG 15 is a schematic plan view illustrating the
configuration of the sem conductor nenory device of the fourth 56 exanple.
Nanely, FIG 15 illustrates the config&4ation of the data transfer |ine

rerouting unit 100 provided in the sem conductor nenory device 524 of the

fourth exa 5k, ) deni.C S ~Lhku ed in
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of the int edisduneansechatweesobpenyareary terlls ier obrime tfirgél ErvARY be
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The formation methods enent -s?‘gara I ng 1 nsul'ating m 124,
the inter-|dgegn paukaletryst cem Dsohaasded heauatlyr Wikheer i wEhiOoatt Hee fil m

168 of any em nde{.p% (o]4 d C C RO i i i st and
second enbo'%lfrr?ettjr%ﬁ\sg’r g??‘l('aed a o?g%%éﬁcﬁ%eﬁ%@r %ﬂﬁ& eé;mn%i@ﬁggs E?hat

i mpl anflOoxygy@videds into a deposited silicon filmand nethods that 25
oxi di ze 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 Terdudtéveddimentde of pol ycrystalline silicon
FIG. 13 is a schematic view illustrating the configuration

of a semiconductor memory device according to a second
15 embodiment.
As illustrated in FIG. 13, the low resistance interconnect
L1 (the first interconnect LL1 and the third interconnect LL3)
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



I's used as the floating gate 126 in the specific exanple recited 30 above,
an insul ative charge storage |ayer may be used as the floating gate 126.
The charge storage |ayer may include, for exanple, a single-layer film of
one selected fromthe group consisting of SiN, SION, Ti02, Al 203, tantalum
oxide film strontiumtitanate, bariumbbitanate, and | ead zirconi um
titanate 35 or a stacked filmincluding at | east two selected fromthe

group. Althoygh the p;type silicen L at ' S
sem conduct‘(g&%%%@f‘?gtel‘ nomh@h??ﬁgq%%@omgt é%ﬁe%smqﬂgﬂdg\éllgl%éalﬁéefor med
in |th§ specirfteecennant ¢ pédhicedeaboderedibe BER cordilot congassinttiee may
I nclude a p-type SO, _substrate in kARG an (S nsul r) and
a substrat em%‘glrl?&i“f@@e éng‘?’ﬁ%ﬁ%&g f?zt %ll)?% ﬂé é%%ggﬂ(%gloftgl g@%r
IAlnclhudl ng SEldw]greeiﬁzameamtar&ﬁsﬂentmmértyet abcondSreiomREd crystal, etc.
t hough a configuration i s.descr.li ipt eclfl anpl cited
above i m which agPR@E§Hﬁé EE%Hﬁg PBB@%E @%‘?ﬁ%igfﬁ§%§%2§ﬁiggd%iﬁgﬁokélzs,
cplmc i gur at i gre rfa‘gtt&nlmﬁﬁdn'it@nt/\h:ia(rh btOohtainggpe FEMMiedyf bhedduoiuation- t ype
silicon regipn,,In ch . ase, .it is sutfi.gjent "N e" cig gd above
to be repl aded tWet hgtéﬁ-tf ‘36@ F%Sbgﬁirb%‘ l#’ cirt(f.leez égégécqﬁgq%%&regégce%gw th
" .n-';]ylpe, " aﬂflﬁln‘tﬁmwhsttﬁd)gthepmﬁetmomytm okiang, can hadssppresped; eph@dced
W t n or B. 15The, fl oati e . n | 27 may include
a Si sem Coﬁﬁgp&rgtiggsgég%% gﬁ@ %%SFgggﬂypyegggi %Ségmngﬁéé\ge%'r ystal, a
Egltsycrétﬁ)t ﬁl of tHEhsaseEmioondustackadniohymdeyicke 5@8macclinding dat thg gate
and the_control gat i.nel : i Si Ge
mixed cryst SFCON SRS EI U PR R RPN 8] th e BRI I o
the same. embodiment excluding the “feature A" described in regard to
the first embodiment. Moreover, compared to the first
embodiment, the rerouting of the data transfer lines BL in the
15 semiconductor memory device 520 according to this
embodiment can be performed without adding the odd number
of the data transfer lines BL (the odd number of lines x the
number of memory cell 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




A nmetal lining | ayer may be provided on the control gate 127 by depositing.
O, for exanple, a silicide |ayer nay be fornmed and used as the netal
lining | ayer by causing the control gate 127 to react with at |east one

sel ected fromthe group 25consisting of Ti, Co, Ni, M, Pd, and Pt.

The nenory cell MC recited above may i PEI ude a sem conductor nenory cell
transi stor having the two values of "0" and "1;" or, a sem conductor nenory
cel | tran5|e§%qt1 ?éorl ng nultiple bits of three values or nmore may be used.
Greater 30 ¥FFCPS can be obtai ned by applying this enbodinent in the case
where a mul ti-| eWNdmsdyi ddkdut bolllusgnoigs 6%3 condigiratinnief teedddetause
the spacin )t £4.pl e S e

narr ow andqfﬁggf%(rﬁ@aesggg kwgotl‘ﬁjr h%@? B}&f dqgl Eﬁ?lﬁuﬁgﬁg‘a gg@f{o
capaci ti ve meapbinngesscodidaf Hut eynth ﬁé@tb’ﬂ? el ls; and problens easily

occur sych as progr @ desh AN nicdPyi dablce B0y b?%ii@%ﬁﬁfecpfn 58

t hreshof'd voltag 1ons ne nenory
power - of - t B G.ntEger far skapipley tthe décddi dgtaf tfew'esfaﬁ dimat iRIat d a.

A 1 hough 1 N8aaen ggnf‘”&#hﬁkﬂe&' & hle $6ulth PESM d98ngfef Nt BeAOH memory

cell bl ock S eC| I C exanp es recited above, the sense
anplifier (thlecfursE raeo ks mﬂtﬁ@vﬂaéd aonl the firskirenprbeyinterconnsek | a
side and t econd nmenory cell block Ib SI de with the functions thereof
di spersed tHerebetween. 10 Third enbodi nen FIG 16 is a bl ock
di agr at®i | | ust ratThEg tSeEQihf | Gakdat |t6&31ﬂ‘é'ffera 618 codbidct br  RERETYCAI ce

accor ding ey A0 enbadi TRgkq1 S AND REREMng ysed 9usi maspiae exanpl e

to descri bea sem co menor evi ce 530 accor to the third

enbodi ment reroute contasio2§9edhe Hrstayenoute pﬁtﬁf’WQﬁ 2138 seifl cé¥duct or
menory devi % g%%o ,&é yﬁgé %&éﬁ ﬁ@ 16. The first and 20 second nmenory
I i

cell bl ocks prov n the memory cell array 1. The regions
where the first éﬁiitﬁr@éxybnm nEh®r §eEEEPNBLEERE MEE R Y| tﬁjfaﬁéepﬁ(;\ﬂi R are

the fiyst qpdyseqpd RECHABEIFCL ANGHE2 o EeERES] | VBIstattalensr ifmd bel ow,
pl nenory cel | "uni are provide e first and
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 inciude, 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, SIiON, TiO,, AlOs;, 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 second nmenory cell blocks la and |Ib; and the nenory cell unit 4 includes
mul tiple nonvolatile nenory cells connected in series. The

sem conductor nenory device 530 further includes the data control |ine
driver 2, the row decoder 3, the control 30 circuit 40, the Vpgm generation
circuit 4la, the Vpass generation circ®” 41b, the Vread generation circuit
41c, the substrate potential control circuit 42, the input/output buffer

aonse SensesARLORLELLSr st dbe R Whia] BasCe@TBbhLLRECP ffathbly 2
sense anpliTier "Circui a second sense anplifier circuit), 35 the
address bufdevice7 isafermed ¢ol ther seecidr erqampiesetordedornaydetdler 482,
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the sense anplifier circui 'S connect e e control circuit 40, and
the sense agpiiiples raxited ehwove iwavhichcannBebyee it he fesmedontth@uit 40.
The control .Gl (1T ol h r pyLS t isgnse
anplifier C|ﬁ§@%¥gyg%953%@?ﬁg:E%%%g g%ﬁlg#ﬁ%?kﬂf;@ﬁ?t526%§éemh hﬁ”%urther,
the sehBe anptityper FET Eiifera@d ioh @onmetyRd $dicore ragian swilf'chHAG Zircuit
447, and t N$e ; |, ef s ofi-C ik I 462 h Y tHe thaey | Sad @

swi t chi ng (t}'learssce‘ﬁl ﬁﬁ%%?&é'égg?g:swhttq I ng@(’é:)icr[t(%ucft 447 ?% c%nn%%t ed to the

i nput / out puithuf tertys®," t GPaiPe T ofeGiieeh abpve/ dot e daptasedi MptR and
out put . Mo en j Is } i } spt j put

bet ween t he nséxég'arrp @fﬁﬂgr B?:b'ri@%l ?hggki”qngﬁ[zﬁgvétﬁgz %rr%ﬁci‘ iggjrntgg?:% rcuit
462. The daweplaartchitiyIBiaricBit 447 includes a switching control circuit,

i n whi addr ess afALei AP Jdhergol cofile 4B171 efa

desi gng?i ng the aﬁg%eg?ag%d_dtjhgétseenégfsanaﬁ@f?g? g?ﬁgﬁlﬁt 46i3 and the \(/:ol um
decoder 482nthedeedi GhaAGMICAMBUGHTY edsSHFe t REXednseyakdl i o7 & 2iGekit 462
are 25 provj sgf I | t d Hsfidashgnat ed
by the col udprn%?%%c%_ﬁgsr%%I’a%d%%}’%r%qg?r%c*u%e\ggggggh@ %or@t%gg?grr;i ng the
read-out ardhensptmeg diheldlcating 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 metai 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



Therefore, the data transfer fromthe sense anplifier circuit 461 to the
i nput/out put buffer 45 can be controlled by 30 the output of the colum
decoder 481 that receives the address signal 47a fromthe address buffer
47. The data transfer fromthe sense anplifier circuit 462 to the

i nput/out put buffer 45 can be control | & by the output of the col um
decoder 482 that receives the address signal 47a fromthe address buffer

47. 35The 'ﬂﬁ%%p%j&%%ltgﬁéf&zgéﬁ%dtﬁ%ﬁ%%ﬁéadxrF B richen Ot celli mer té/ O and

t he address ress t&% cgnneét ed tgnkhe col um
decoder 481bea@d pOWesHRfrEwe CJOLEEET 470i $IMGHHYCt CEREINGD| BfmtRcoder

482. ﬁ% qj;&g%er 3 selects nenory cells in the rrem)ry cell array
1. Speci fi calnl Y, e row decoder 3 controls the 5control Q&! ine, 7 and the
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each of

merory cel [C&lhi togk Mibt i $ide dutith cdtd ofUNchidNs; APereehnelisRErs

the mul tiplig, é@@g}/,\,é%gell units 4. A selection transistor is
dlsposed at eac e end portions of the multiple menory cell units 4 to
sel ect 18ne of the nultiple menory cell units 4 and connect the one menory

cell unit 4rted t@ﬁ1 Kadigndépansfer line BL (the data transfer lines BL1 to 20
ectr

BL2n). The gate e ode of each of the ses ection tr nS| st i §. connected
to the selection Fféie 16 he & RlgKt A2 G Bl eptrghing I4 ﬁec@” P%’EZ&Q’? vely.

The data ”cﬁ“séefséﬂrﬂ@én%c@ﬁi eRskidb i I geti@ns areoraihy ait hagamakdto the

data contr | 1 nes and are di sposed 'at 25 prescribed spacings in
di recti ons ARDRAIMEDY t hogonal to the data control |ines 7.

15 A NAND EEPROM 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 la 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 beiow,
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 inciudes
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.



The nenory cell MCincluded in the nenory cell unit 4 is provided at the

intersection of the data transfer line BL and the data control line 7. The
witing, retention, erasing, and 30 reading of the data are possible
i ndependent |y for each of the menory cells MC The menory cell unit

4 is plurally provided along the stret®% ng direction of the data transfer
line BL (the X axis direction) and the stretching direction of the data

control [ine 7 35]‘55'%%%'%@ f‘i"%rt IC.erl}ltTJi'Slfl gﬁ} trﬁ%m%:’é\"us%elé ﬁ'&iﬂ%\‘ Ia
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The data switching circuit 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 ampiifier 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 controlled 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/0O and the address buffer 47. The address buffer 47 is



30 selection gate line 5 are connected to the data control line driver 2b.
For the multiple nenory 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
menory cell blocks, respectively, for E8fsier disposition of the data
control line driver 62 2 and to match the skew between the data control
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oo the ydelayy YN L HETRANIERE rHERAYy N RATRDE TRAALIIL @418 in each
control lines 7 are connected to each of the multiple memory
15 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 memaory 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 celis 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 la includes
multiple memory cell units 4 arranged along at least the Y axis




25 than in the case where the odd-nunbered (odd i ndex) data transfer |ines
and the even-nunbered (even index) data transfer |ines are m xed together.
Therefore, the fluctuation of the delay tinme (interconnect delay) between
the data transfer lines connected to each of the 30 sense anplifier circuit
461 and the sense anplifier circuit 46%Ican be nade smaller than the
fluctuation of the delay tinme (interconnect delay) between all the data
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read-out is perforned Sinu usl data transfer I1nes,
capaci flilve dotpiti A§2d@eet coaneat@@g‘:@ furtﬁ:temﬂu @f’n tb@c@@ﬁﬁn‘g“aﬂﬁfﬁﬁe“fl% dat a
transfer liges influences both the adjacent data transfer lines. That is,

capacitive coupling noise is a problem In this specific exanple, the
read-out is perfdrméﬂ!S@’alb@tcbwewﬁ,tW@l&&rﬁ%mmﬂ[iﬂ&fgﬂrcah‘d thbrat@re the

capaci tive Goupliag Eﬁ‘éﬁﬁﬂ@?’}:;{)&zf% ed-o %@é}t%ogeac e odg?ﬁé/%ere (eoggere

is adfferencé’in 1nterconnec reS|s ance WwWeen
i ndex) dat aha a:h’stTEerti’Bhﬁéeraﬁd?Q&\&le\ﬁ@rsiﬁadb@rfebe(@eﬁm PrIéstgddin a1 ¢ ansf er

line, d' ftﬂ&v&?ﬁﬁ Elfre?rg‘h%rhl?]rﬁ'eii1 VbtleEs thtee Fr%f‘%’ﬁ%] 9@& éi mRGREFdI naly,
at the e rea 'S specl exanpl e e read-out is
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In this case he Sense anp ér cir or the sense
anplifier cdcrm&mtmﬁedctﬁhr@etﬁ side ofdtha muemgrércelf oncks 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 Z2a 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.qg. 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



30 lines with a |l ow interconnect resistance and capabl e of making a

read- out speed higher may be selectively allotted to, for exanple, an even
physi cal address. For exanple, in the case where the interconnect
resi stance of the data transfer line connected to the sense 35anplifier
circuit 461 is lower than the interconf&ct resistance of the data transfer
| ine connected to the sense anplifier circuit 64 462, the output of the

sense anplifier ,cjrcui 6 |l Lotted re B Ce
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2, I4_, f 6, ..circ@it @62bei ﬁl'geac#ata: tramsiant dges) (capd Bha, ditdutBldd, the sense
anplifier ¢ ity 4 e d e 1 7 v 2n+1
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case where the d esses 1772, 3, 7. i nuously read
out, i 00t hereaséerlinehisr Eoitrhedday ssidevaltipedsesning, Bie dpwrresistaneg e
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odd-numbered (odd index) data transfer {ines and among the
even-numbered (even index) data transfer lines. 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 deiay 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 smaller than the fluctuation of the delay time
(interconnect delay) between all the data transfer lines.
Conseguently, in the case where the read-out is
performed simultaneously and the writing Iis performed
35 simultaneously on the memory cell units 4 connected to either
the odd-numbered (odd index) data transfer lines or the



30 line and the even-nunbered (even index) data transfer line has the

| arger interconnect resistance may fluctuate with process fluctuations and
the like. Therefore, a configuration may be enployed in which alteration of
the allotnment of address is ready to be stored in, for exanple, a fuse, a
ROM (read only 35 nenory), or the like&nd determned in a test process
after lot trial manufacture or the like. In this case, the allotnment of 65

address is preferably ready to be.altered,in a.t rogess. af t.he waf er
process. Thgﬁ?nf%'r' rrﬁﬂae,(etvﬁ@ dé?ge§§or% 9 n tt'ﬁgtsfgrseqﬁ-i%vl (b%@agm y
rfrv‘lrm: y). t Or?phgzﬁibhs @f6tl:16putrd(ngtpa;@egbaghhléoﬂw:ﬁn Wwifefrert s, clangitt he
allotment of address is altere W th, t ta switchi j . 44%F.
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Vi e}/vs illjuaiﬂ' atilllngigher iﬁegd??anme teailimgdin the case where the read-out is
per f or e en there,is a difference in _interco t_ resjst en the
odd- nunber ed (odgler] nHaR) SR G a%éggi&fai’ nzﬁgndpﬁ%%@gnliuﬁgg&e@%%\een
:ln?ﬁ;(% rlgﬁtlt ﬁsémarwtf&vn ety {éugmn?tfg%ae@megmﬁh@s 1%1'&\;*@'@@@ bloh e paidi-o wnbered ¥
. n ifier cir e
units, and € ESXWzES, tehstee: FEESAM kheeygi-RilrhRecRiPEYer
arrangemdsntintctewaﬁa't@ itkdaus?er;at Bdebn Fl Bere7. vahmenothe cekbduniut 48 is
connected to the sense.a ifier circuit r es ey ry cell
unit farthede’ Pm?ﬁ‘? hé'ggﬁt%ngﬁﬂﬁﬁfi g’ cFéﬁ%??HQGf%Q%S %@%Ey“@%{gﬁ ﬁni t
frténi)?ycoglrlﬁ;&‘iﬁkt:it?g hﬁg&?im?_:,reodarmm nga erottageuﬁkpg%@tiandcce@ﬂéggnmtm@e
e Ifier. rGul ey
repr eséﬁts qffﬁga o%?as%%ﬁg}%% ilnifbrée%tﬁ%y?[gqtﬁhe € far[@r?\%lteﬁ géﬁéegraarppﬁcfﬁi er
;:ihr cuit 46%1(;')n@$1.d. ]j!bfatrmreapatﬁiWé]e:aimlmg rraoksfeeis |8 mperodnent.ar Thedtisf rom
e sense amplifier circuit 462 . i | t he .
odd- number e%o?n(g § ERRRP a0 G ¢ HRY QU i'ﬁeé_%f%#%é, %ﬁ%%gw %ﬂmn 1)
are connectgidfdrertheimange, anpd | fhareforectihe d48paditawn onuphagupdse si de.
Furthernore,_the even-nynbered (even index) data transfer 35lines BL2, BL4,

n
BL6, ..., ﬁ%ba?rée Bﬁﬁécted to the sense anplifier circuit 461 drawn on
the loper side. IAsthiescedmed iabdwe, 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



66 assuned that the interconnect resistance of the odd-nunbered (odd index)
data transfer line is |lower than the interconnect resistance of the

even- nunbered (even index) data transfer line. In the case where the

i nt erconnect resistance of the 5 odd-nunbered (odd i ndex) data transfer
line is higher than the interconnect ré4i stance of the even-nunbered (even
i ndex) data transfer line, a discussion can be provided on the supposition

that the od u e i.pd tr f, i s Iaﬁ,ﬁg, ith the
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anplifié&r ci 462 fromG\D to VBL in a period fromto to tl. That is,
charging is carri@d the btberGnantp aBOverselye pertihed dassmwoere the | n
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i nes may reagc S I t t dat
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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 ceils aliotted to the even addresses are output eariier.
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 allotted to an
even address allowing high-speed reading are output earlier
when outputting one byte as a unit at a time via the I/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 |ot
trial manufacture or the like. In this case, the allotment of



order to prevent msreading 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 fromU to t2, which is longer than the tine
constant for stabilizing the 5voltage fluctuation by the capacitive

coupl i ng. Here, for exanple, duming the period fromtOto tl, the
vol tage of the data control line involved in the reading is taken to be,

for exanple .1 he e the.other data contrpl |ines e taken
to be v et ddfies e 1Bt P Fefan ol st Sl tRh M 7 tE5E e R BtRre " and
t he sel ectifdre twafesi sirocees. t fidvalr afor séxiemarle, direngkrtal sbordédhenc b of f
state to t con Lion ate. tao increase t electric potential of the
data t ranspg“’sq’i %gﬁwcg%%%ﬁ]u%'ﬁtyl ;ﬁﬁéméryml\ﬁ I';ﬁ’}e? r@(q /& \}aauitnmc%ﬁe%?%adi ng
is turned iimputy/betpobductfeom St atnel tthei atoeasent loé atidetéss dspalterddal , and
15 t her gby t f . at. nirgl line involved in the reading can
be i ncr ase\&ﬂga}[}ﬁ%ecfgfangwi#ﬂﬁngo@?ga@sgg?‘t he other data control I|ines,
Therefore, a vol tldget, nar edsscriipdono whié cepaci be vegivenpl imgwdiichhea channel
portion of I ed. 0 i.ner es of the her
dat a controﬁgﬁ?%@gzg}#wéﬁgr@%éﬁcgﬁgméE?Q&emg%?urm& Fﬁéh@ﬁqﬁogﬁr?% t he
period fromufirend 82, thaetiset eof immadinansi.st.orthon tihee seetrtéeg) iisesstde or
the sel ecti t i S t dr aj i iS..cha g t opduct i on
state to tHoTaTesRD ShabuBRa deClisg) I aipEheRE bePPod MEnlte to T
t he chabBgesestaw ednplifieecidatib 462rnsf epekdnep ahee désdhaeg.ged by, for
exanpl e, changin cton ansLs the source Line.sidg or the
sel ection transi gstlg%ﬁorsﬁll;ﬁeéwa]r%ésgg% %%ﬂﬁ%tégcw{%&f% @Fg%"ea%t”agtﬁ?se
conduct i on retat-eut30khindiis theesatbe wiegm thide refad-beitcharpgerfornmdwe nenory
cell is ev e it h, I f i, I I cui . t he e
anplifier g“j%hl Shgéé "Ir‘t:rc:‘?'e @@g%%lng{g)t'he 'ﬁéﬁfﬁqrﬁﬁ%&oﬁ%hﬂ%&?frg;@&% he
menory cel IspeciBeallyatidte Wraveasr iarg tsodemaghict wiewsf itlbstraltaeg rihe
potentjal of _the da f I ' ot ] [filer circuit 461
and th%gseﬁggogﬁbﬂqi ?ﬁaf@pf‘cﬁf‘? gggew&%paqﬁ%ngg\%%teﬁﬁgpiéef @rgﬂgg\ | ue
(for exanplveheBthehe i68ai Hiffisteratedn nnEGoMER)L rékistanati beltwedrhe
magni t ude th h h | eval uat ed suring
the curr engklel o@?ﬁgﬁ@ﬁ?%%rgq# t ﬁ%gggﬁé&te%jnsqéwl Fr%@%%{h?m?e géﬁjrstt lifier
circuit 46%vard riureberpse(anph iifidex) dazuitadd2r 5héleror mbeealy, al t hough
the two val ues of-,~1" d. Q" . er ' e i e are
used as an exanpl %Glt %55 @ngo%ﬁ‘%m%%&(grﬁ%@ QL‘E’J}E‘?@@% tsa(?‘ @ﬁf‘%&;ﬁ%&t val ues
as a n#dt eofokecser sanplifierhaircedts, raenhoeshotd adjEgertnd offen igkase state
and a wri CovRLRLR ?ﬁMSB%tEékﬁﬁ‘ Sich %Ahﬁgihgl %i%filatrh%r%\ﬁgement 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
fine 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 BLZ2, BL4, BL6, ..., BL2n are connected to the sense
amplifier circuit 461 drawn on the lower side. In this case, itis




10val ues. Here, it is assuned that the interconnect resistance of

t he odd-nunbered (odd index) data transfer line is |ower than the

i nt erconnect resistance of the even-nunbered (even index) data transfer
line. Accordingly, a larger discharge current can 15 be passed through the
menory cell 4b connected to the odd-nusiéered (odd i ndex) data transfer |ine
than that through the nenory cell 4c connected to the even-nunbered (even
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of VBL is keperdanmechresistanoergf thet leveonmactdxtrned (becavienen)ntbeted (even
o ot AR Td 8 P BTN ke By ARG SBhethe g Toe o
| ogi cal valtiatoftheheoielroynberedi odd imdEkE dB® tremsfes, limet e case
bei ng_srml | ePIERae OrEh) e pe e RS L s M ERE Teidnt BB ot ase
t hreshdld Joleaged a kieswiptignoel the wasenis therafanedothittaml t age of the
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i nt er connestoltage strarfde’ ahd He'din dhe aesieerwhene theesensanantpifief the
T e 1 o B0 s BB 80, FE e 90 o RS
menory cel Isigitaneously.

15 As illustrated in FIG. 18B, a voltage is appilied to the data
transfer line by the sense amplifier circuit 461 and the sense
amplifier circuit 462 from GND to VBL in a period from t0 to ti.

That is, charging is carried out from GND to VBL in the period
from t0 to t1. In this case, charging 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 voitage 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 voltage 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




Therefore, in the case where, for exanple, the |ogical value is evaluated

t hrough the threshold voltage of VBL th, in regard to a nenory cell that is
connected to the odd-nunbered 10 (odd index) data transfer line with a

| ower interconnect resistance and has the nenory cell data of "1", the data
transfer line voltage becomes lower th&i VBL th at the time of t3';
therefore, the evaluation of read data is possible on and after t3'. On the
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data. 10 souxed lingstSiée eandntire @elegtt%éreeﬁe‘éoan@m therd@incaide 461 and
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nmenory cel | connec | ne | ow I’ nt erconnect
resi st ance.inErease ithest efeSEL, phécobicd off t beenethty ceamsiar thee. 70
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capacitive couphng of the channel portion of the NAND string
caused by the voltage increases of the other data control lines

20 to Vread can be prevented, _

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




performed in steps SE1 and SE2 is perforned with the sane read-out tim ng.
Therefore, the read tinme is the sane between the sense anplifier circuit
461 and the sense anplifier circuit 462. In other words, the read-out
performed in steps SE1 and 15 SE2 are in accord with the |onger read tine.
Next, in step SE3, the data stored in t% data |l atch of the sense anplifier
circuit 461 and the data stored in the data |atch of the sense anplifier

circuit 462 t u e i ; f 4
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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 ceil 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,



Also in the case where the nenory cell connected to the 15 even-nunbered

(even index) data transfer line is replaced with the nenory cell connected
to the odd-nunbered (odd index) data transfer line in the above case, the
| ogi cal address as a nenory is allotted in advance in a prescribed way. In
this case, in the conventional technol d, the read-out perforned in steps
20 SE1 and SE2 is perfornmed with the sane read-out timng. Therefore, the
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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.
FI1G. 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




Furthernore, the even-nunbered (even index) data transfer |ines BL2, BL4,
BL6, BL2n are connected to the sense 20anplifier circuit 461 drawn on the

| ower side. In this case, it is assumed that the interconnect resistance of
t he odd- nunbered (odd index) data transfer line is | ower than the

i nterconnect resistance of the even-numfered (even index) data transfer
line. In the case where the interconnect resistance of the 25 odd-nunbered
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to the odd-juyenad,(Add LPAeX)482tan L S Hta 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 ceil 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
ampiifier 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 deiay 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




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 and the 25 voltage of the data
transfer |line decreases. In particul ar,7because the nenory cell 4b
connected to the odd- nunbered (odd i ndex) data transfer |line has an

i nt t f th ta t f I that of th

mery ool | HATSRReLIES 15 TNECBl SAIRIABE! Gt e OREHER) PadE SPARST or

line, 30 tham/pl,f;@ge decrease of the data transfer I|ne is larger in the
| f t he_|

Varoe) i o eval wat od ERPOGh Ihihereeses  WReEE: i remchmuit Is. DeRToRHERd (o a

menory cel I s;trhautamemmve@tre@hé owirftengdes rpmrtf@mob@Sszmdttalnms)lydaha
transfer Si stg_,n(gégand has t he meno cel l

e 1 I i.nterconnect
Har s or 5 1 e M b0 e i D P e e B8 R S SRo™s Snen e relb, o
at OIt hfettl n?zénitsta att%hhe;:ﬁé@rtﬁ, e'&th@remaé Ltﬁidé@@fbé:@&:ﬂ(dd@alm@exapmlttbl S ;)n
an arter ' e 0 e an ar 0O a he C onn e (0]
The aven nuirEIsar (5528 Ol el N u Y R B TRRGK fiate ERAsTer
inter conneCiﬁnesﬁlrs@:an@e o;semeom@eoftlth@emrcfu;t)vam dd’srs@bw d\m dahen
IS necessar ntil the tinme 3 | onger

transfer e is s

than’ts i it (S onasatioh AReranar i MRl e Phgn ra ot & théer °Than
VBL thloHeren,ffa@rm&eof heharedelay ceihhes néatercbanthe s!emav) 18ndnmphefier
circuit 461 and.t sen lifi,er circuit .462 hav e er connect
Tt i ot ance OTCHite GREEREPRnCEReCl TTeAh [ b | ifefedSE 2 LEhRLEhy, [ HEE The

r ead- out VO&ém-somf arfte thet eritipgséen bhé neatode spostieadstivighdareditaout
signal ano reater.. .For exgnple as illustrated in FIG 20C, even for

i
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time t3 of #Hwe membyycetll eddbectddisto ahed dddfl@nbdBd (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 SEZ is performed with the same read-out timing.
Therefore, the read time is the same between the sense
amplifier circuit 461 and the sense ampilifier 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 specificailly, these are schematic views
ilustrating 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



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 cell nearer to the sense anplifier
circuit out of the nmenory cells connect™ to the data transfer line with a
| ow i nt erconnect resistance. First, in step SE4, it is evaluated
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Furthermore, the even-numbered (even index) data transfer
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.
F1G. 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




Subsequently, in step SE6, the data of a nenory cell 25 connected to the
sane data control line as that read out in step 5E5 are read out to the
data latch of the sense anplifier circuit 462 with the read-out timngs of
ti, t2, t3, and t4. Subsequently, in step SE7, the data stored in
the data latch of the sense anplifier Gi3rcuit 461 are firstly output
through 30 the input/output buffer 45. Subsequently, in step SE8,
the data stgred in the data, Kl atch of theigﬁgse anplifier circuit 462 are
out put thro Pﬁém¥ﬁﬁﬂ?Fgﬁﬁﬁﬁfn%PWQQﬁcﬁé Thereby, the data read
out at the sense Empl iddser ﬁlustuatecBS%lHMih 20Aeagssemds ntingt t la@ at the
sense anpllfler circuit 4
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resistance of the data transfer !me.

Accordingly, in the case where the logical value of the

memory cell is "0" in FIG. 208, that is, in the write state, since
15 the Vref value is lower than the write threshold voitage, 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 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 celil 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



t he input/output buffer 45. Subsequently, in step 5E12, the data
stored in the data latch of the sense anplifier circuit 461 are out put

t hrough the input/output buffer 45. 20Thereby, the data read out at the
sense anplifier circuit 462 with an earlier tinmng than at the sense
anplifier circuit 461 can be output earBier in step SE11l. Therefore, faster
data output can be perforned. By using step SE4 to step SE12 descri bed
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the read time t3' of the memory cell 4d fi!ustrated 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.

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.




20 transistor on the source line side or the selection transistor on the
drain side is changed fromthe conduction state to the cutoff state.

Then, for exanple, during the period fromt2 to t3" in step SE5 or step
5E9, the selection transistor on the source line 25 side or the selection
transistor on the drain side is changed®fromthe cutoff state to the
conduction state to read out the data of the nenory cell to the sense
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(i nterconnect 5 del he “data transfer 1 nes connected to each of
t he sense aﬁ!pt|¢|S@W@W'&Hﬁt046?€&ﬁ§fvr@e\§éﬁs@rﬁaﬁlar staetin cuf¥se62 can be

made smal | er thanpy, esﬁéérr’fcue Pin@l Hdel éIWetatm%e(rnnwse%naeﬁérme@w in the

case where all the gata trans i?rnes are m xe ether to be connected
to thel@enséetampniningr thr@cfcrrem@ of the read attﬁ'tﬁ'rs%grf@rﬂ:e'“eirﬂof‘ﬁec ses

where the f&?%@&e %op%ﬁé%@ﬁnge%ﬁﬁeewwsm@1t Rehavr &t haearneteer f or med

si mul t aneo e nmenor units 4 connected to either the
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even when t e circurt operation margin is reduced by an anount of the
di f f er ence reftaimed delaR@Vnes & fw$@r connect delay); and the circuit

operatign speed qanthe LHSECEEGHe THIGHYYdd e ik eq&PUEEANG, thembi | ng
cell of a memory cell unit 4 connected to one data contro!l 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 SES.

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
SES 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 ampilifier 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 can be realized at speeds higher than those of conventional art.
Furthernore, the output fromthe sense anplifier circuit 461 and the out put
fromthe sense anplifier circuit 462 are perfornmed with different timngs
by the control circuit 40. Thus, the circuit operation speed can be

i ncreased, and therefore the 25 read- ott® and t he witing can be realized at
speeds hi gher than those of conventional art. Furthernore, the data

of the mam)bg,tﬁgt lca¢opBestEdrhvedhe data transfer line with a |ow
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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 [atch of the sense amplifier
circuit 462. Thereby, the data of the memory cell connected to
30 the data transfer tine 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, t1,
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




provi ded. Next, a variation of the sem conductor nmenory device
according to the third enbodinent will now be described. FIG 22 is a
schematic circuit diagramillustrating a 25 | ayout of the nenory cell array
and the data transfer |ine. As illustrated in FIG 22, in a

sem conductor menory device 531, the sdrse anplifier circuit 461 and the
sense anplifier circuit 462 are not provided to face each other across the
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menory cell array ense a fier circuit 46
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in this vardgid em, th@?e§§"5~°e@q@éﬁ% fier circuit 461 connected to one
end of the even-nunbered (even 35| ndex) data transfer |line and the sense

amplifier circui tFraeXasnhkot@dring bue rerdosk fiamn WHdonuhhEre v qIB8E i ndex)
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respect to the mem)r’y array 1. Therefore, peri’pheral ci rcwt "and a
power sour d8ri ﬂx@n&@maew%aﬂ"%evqﬁ@ss§eafct&féémﬂﬁateam CoREihelin®s e, by
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462 col l ectively |n thi s way ' engths of the data transfer |ines
connect ed tS9W4éEnligre tﬂﬁ@es@ﬂget%‘pﬁiﬁﬁ@r@%|t|r§ﬁi5t5t@61oan§ﬁ@h@r%‘é‘ns?éde
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effect in which the f Iuctuatlon between the data transfer lines 10 for the
meror y1@el IBCERAFRCIEE t 6N oPOLRBLIGAN afpei d2F ctFeUsterasingnd the

sense anpl 'dd@ée@uéﬁ@!‘% tHE2 NGNID b rivRg Qn%%é? in the rea’&hﬁ | 1§ g@fag Since
the even-nunbered (even index) data transfer [ine connected to the sense
anplifier dnfedine gemduction state to increase the electric potential, and
thereby the voltage of the data control line involved in the
reading can be increased earlier than the voltages 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 the voltage increases of the other data control lines
to Vread can be prevented.
Next, during the period from t1 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 exampie, during the period from t2 to t3' in
step SES 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 ampilifier 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




15 crosses over the sense anplifier circuit 461, the length of the

even- nunbered (even index) data transfer line is |onger than the | ength of
t he odd-nunbered (odd index) data transfer |ine. Accordingly, in
regard to the sense anplifier circuit, the sense anplifier circuit 462 has
a larger CRtinme constant and 20 reqU|ﬁ§s a longer read tine than the sense
anplifier CIrCUIt 461. Therefore, the read tinme is neasured in the nenory
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20 sense anmplifier circu rdduce e fluctuation anon he
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anplifier circui FdbRermore, 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
cutput 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



Fourth enbodi nent 25FIG 23 is a block diagramillustrating the
configuration of a sem conductor nenory device according to a fourth

enbodi nment . A NAND EEPROM i s used again as an exanple to descri be
a sem conductor nmenory device 540 according to the fourth 30 enbodi nent.
What -is illustrated in FIG 23 is the J&he as what is illustrated in FIG
16 except that the even-nunbered (even index) data transfer |ine and the

odd- nunber e dd. ) 1idat fer +hipean on e n epse
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first ard s n } 0 , S Lvel | be ow, the
pl ural %mg‘g@cgfjl&ﬁg%l tﬁ? é?g;irrg@g?@&izdg%ﬁi @?Eg&f i#%?'%z‘nﬁiHo%dgﬁ%ry cell
bl ocks | a addnRlifierastrcitie 4fehty thel datmitransier lingesanubei peEfoisIRG| ati | e
memory cel | gaARANEARAE BBEDER: (HOTNERTSE 2Bl [ SiaecCin CHi fartfigris -
provi ded on one side of the nenory cell array 1 via the data transfer |ine
swi t chi ng cP®&iliian.491 to detect data fromthe data transfer |ine provided
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10  multiple memory cells included in the muitiple first memory cell

units connected to the multiple first interconnects is shorter

than the data read time of the multiple memory cells included in

the multiple second memory cell units connected to the multiple

second interconnects, the control circuit 40 allows the data of

15  the multiple memory cells included in the multiple first memory

cell units to be output earlier than the data of the multiple

memory cells included in the multiple second memory celi 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 wvariation of the semiconductor memory device
according to the third embodiment wili 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 ftransfer line and the sense amplifier circuit 462
connected to one end of the odd-numbered (odd index) data




15for exanple, a flip-flop circuit. The sense amplifier circuit 463
I's connected to the input/output buffer 45. A col um decoder 483 for
designating the address of the sense anplifier circuit 463 is provided.
These sel ect a colum of which the address is designated by the 20 col umm
decoder 483, and forma circuit necess%?y for performng the read-out and

witing of data. Accordingly, the data transfer fromthe sense
anplifier q:héﬁé'f r 4o tord hk?oi'%é‘t&‘f‘&%lgmdf?géo@éﬂf I 4c5le' Ssacm@t i egitry the
out put of the colum decoder
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cont rol gatecilne e selection %ate ines 5 and 6. FIG 24 is a
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descri bed ove e nmenory array OV|ded I n t$e sem uct or
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are provi degel @ehgé éﬁﬁﬁﬁf@"rycﬁ@b’t aaynd tHe Jdrisd m%iﬁf@oadcmmry

cell blocks l'a an include multiple mempry cell units 4. tiple data
83 control 4Ghezary Q@enmﬂeéiféﬂsfoe@%h of! W@fﬁ‘ﬁ”ﬁtltﬁ'leé'erré%o@ %C@N units
4. fﬁf‘(}te?ﬁ '\Qﬂlé!’ﬁaﬂﬁé S?f!@cftdaf’clc% %@@@éeﬁt tﬁ@cba@é tra@sead [pad i ons of
the nenory ce uni t to select one of the nult

10 ~ for the memory cells connected to each oPthe sense amplifier
circuit 461 and the sense amplifier circuit 462 can be made
small. _

In this case, since the even-numbered (even index) data
transfer line connected to the sense amplifier circuit 462

15 crosses over the sense amplifier 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




5 nmenory cell units 4 and connect the one menory cell unit 4 to the data
transfer line BL (the data transfer lines BL1 to 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. 10The data transfer
lines BL extend in directions nutuallyearthogonal to the data control Iline
7 and are di sposed at prescribed spacings in directions nutually orthogonal
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sense anpl 'ti‘\'eerséﬁééugﬁ'\ plifeér circuit Wep dabackeidrsyein| thr suh Chtmg
circuit 491 switches between the connection of tae sense @pgh ier Sireuit
i

463 with tHengies-ofutiredada Beasfendees aanaactadsiceac
connecyson am'\rp ;%rsg;m&e;taﬁe'y ELRThEIrhaHiet aftBd e ddusheahdogik m@ﬁfgmﬁd (odd
i ndex) data t ansfer line. In this enbodi rrentd t he daka tfr a}:rr\‘séf esferlmslene
switching of the data transfer lines connected to eac

amplifier circuit 462 can be made 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 iliustrated in FIG. 16 and the like




circuit 491 is conposed of the transistors QL and Q2 illustrated in FIG
24. The data transfer line switching circuit 491 forned of the transistors
QL and @ forms a circuit for connecting the 10 even-nunbered (even i ndex)
data transfer line (e.g. BL2, BL4, BL6,BL2n-2, BL2n) and the odd-nunbered
(odd index) data transfer line (e g. BEf BL3, BLS,BL2n-3, BL2n-1)
selectively to the sense anplifier circuit 463. The control circuit 40

controls t &9 | 15 gate terminals SEN1 and SEN2 of the
transi storg%d? %ngg éﬁl t ot

0Ssl1 ng t he datatransfer i ne svvltcg circuit
491. Ther eby, theTb@ofJFﬁInﬁéhdeéeG@@@ iMEBANYd4ed! trarkeetal PR af‘ﬁe
even- nunberg lhnﬁ%)m@%an}r@@ﬁf@fraly' ne ampeswelktHRg- wﬁ@te tige by a
control CIrCUIt a output of the nmenory cell 20 unit connected to the

odd- nunber ddrgtodadi mr)ddate@wr\ar@!bbl@%% @ntthe b puPreYidekeaiemr y
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can be perfornmed with different timngs. As illustrated in FIG 24, the

data cont rmie$¢rﬁaedrb@@w,2tbs i?‘t‘—if@'d“éteén@@ht%' Unike d@AreePsovKledhin o)
that dri vestH@q:,@%t an%io'%bﬁghd 'rﬁ@rﬂcff\? &PV RK sal P @Ndbof ahetiiat a

control line 7 to which nulti menory cell units 4 are connect ed,
Here, for tMEMROryi ‘f?ﬁ?ié %@ﬁoﬂyfflﬁpﬁ@@nmﬁltm'ﬁdj%ﬁ atier REeRoRYi SeU$ recti on

as illustratedbhtdd & 2fied he data control line 30 driver 2 is subdivided
into the two data_control ?lne drivers 2a and 2b rowcged at the bo%h ends
of thelRemory cel TheIssriee areBbEef iGEFYIL 407 ‘éa@f 965 PiCodidE Of he dat a

control |l%éjrﬁn\é%g\—oc§é‘1§ éﬁ’raﬂ}atlch\/‘tathék%tlaettM@ﬁﬁféiﬁtim@%WrtQh;dg nes 7

of one nenory cell HS% rra cell block |a %‘ i
i |l ustrat eoPH‘ﬁUFI@l to dg ‘?%fedé‘&@écrﬂﬁér €t @t%lattrﬁnﬁf%‘hgﬂ@r PrEVEIeS iR or med

by si dewal I¢rpat &RIRLPY. cblie drp¥yr @si §f ap&@in write data. The sense
amplifier circuit 463 functions also as a data latch and includes,
15 for example, a flip-flop circuit.

The sense amplifier circuit 463 is connected to the
input/output buffer 45. A column decoder 483 for designating
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 controiled 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
contro! 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 la and 1b are provided in the

35 memory cell array 1. The first and second memory cell blocks
la and 1b include multiple memory cell units 4. Multiple data




85 interconnect L1, which has a |low interconnect resistance, is arranged
alternately in the Y axis direction with the high resistance interconnect
L2, which has an interconnect resistance higher than that of the |ow

resi stance interconnect LI. As a 5 consequence, the interconnect resistance
can -be made uni form anong the odd- numb&rPed (odd index) data transfer I|ines,
and anong the even-nunbered (even index) data transfer |ines. Consequently,

the delay ti b d
y éﬂ:?t g'l n r?édsg%“bﬁre{ ORIk et @aﬂ‘ﬁ 8f UHd thlaﬁwgﬂ@hﬁory
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t he odd- nunbere |n ex) data transfer |ines or nunbe{; ed (even

i ndex) dat ac:qrrrzﬂrsfm tpi e é@l@@&fﬁe@@@l i%etﬁeaﬁ‘@n§éeaﬁﬁr‘?qui‘%? eftcuit 463

by the datajid ahsihddiRgeigWi tching circuit 491 than in the case where all
the data 23'trar’1 er |nes§are m xed together to. be conn ected to t&e sense

ampl i f1@r circui tTh@Asﬁ%Fac@)%@%ﬁ%nHQesl RL: Retendedn v%'é% IoRS Yt

per f or med ushy tARd Wahtrag iiseper f anredasd ndldpnealisay on the
menory cel ﬁjﬁgﬁ?g"%&%{?cg&r}mggt@eddét% el t her 30! t he oﬁd nu ered godd |ndex)

data transfroiesicries osP2@eas dn- FlfdeHels( E0BRUP ey %99”@ arist €€ 1 i nes,

nor mal Operc?ét'aOEénE’rfoltig?e@' rcuit are possible even when the circuit

operation margin i s reduced by an am)uné“%?f the difference of the d4el ay
‘F’c‘ﬂ‘l fhe

times (interconnddite cﬂ‘ﬂﬁfré@réh@@)‘ S Nitd DR memory cell unit
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
f

P TR

data transfer iine 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 blocks 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 simpler than that of the

sense amplifier circuit.




35 operation speed can be increased. Thereby, the read-out and the witing
can be realized at speeds higher than those of 86 conventional art.

Here, simlarly to what is illustrated in the third enbodi ment, the timngs
allowing the reading may be set different between the even-nunbered (even

i ndex) data 5 transfer line and the od8%nunber ed (odd index) data transfer
line, i.e., set to tl t2, t3', or t4" and tl, t2, t3, and t4,

respectl vely. Th a};?etf@ﬁé*etr' VB & QBWREC15i téﬁﬁé’@it 491 swhtehéarly to
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separ at @ y ev@raineabares I@@(@Brf(@@ gatas lﬁf"ﬂ @r”n@ SEE?rQ th’lg Zérjo%dl nent ,

the | ogi calgjagddress B ¥ niyS aneP! e h et Maatbéied dat@d ofndde) menory
cel l connect?cj( to tk%%ofgagﬁunbepgdagodd i ndex) data transter Lh&" )d t he
ex

data of theélatnbrgnee@n lieghiededPtd the3evidhonunbefde 1 avent dat a
transfer i 'é?eg“?@ﬁ?'% tﬁé‘geﬁged&h%iﬂfert Becommags . cel | connect ed to the

dat a transfse I ne | ow i nterconnect resjistance can OUt Ut earlier

than the data of Ti¥e Cr‘i’é’t%?)i/ QR cHRneenEP B0t hReSi@R ¢ 4 Ak with a
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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



data transfer line and the odd-nunbered (odd index) data 87 transfer line,
the read-out may be perforned sinultaneously for the even-nunbered (even

i ndex) data transfer |line and the odd-nunbered (odd index) data transfer
line to shorten the tine of the read sequence. 5For exanple, during the
period fromtOto tl, the voltage of tB& data control line involved in the
reading is taken to be, for exanple, Vref, the voltages of the other data
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described dinmss,anteamarar therevermigtiagrash (Evensoutex) diatg easfer the
sel ection tlirnaé%si stor on the drain side is changed fromthe cutoff state to

the conductiofi'state to read out the data of the nmenory cell to the sense
anplifier circuifTha&80FAS;t hehedr efhaluoidsty nuve besedod(dd@mingexg tdatian step
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dat a 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 ampiifier 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 conseguence, in the cases where the read-out is
performed simuitaneously 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 Ilines, 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



88 transfer lines and the even-nunbered (even index) data transfer |ines
each are regearded as a group and can thereby nake the delay tine
(interconnect delay) nmore uniformthan in the case where all the data
transfer lines are m xed together. 5 Therefore, the fluctuation of the
delay time (interconnect delay) betweef6data transfer |ines can be made
smaller in the case where either the odd-nunbered (odd i ndex) data transfer
lines or th . d (even index) data transfer |ines are connected
to the senséorgyn%ﬁ?'ﬁﬁg?%cr?'rquit 463 by the data transfer 10 |ine swtching
circuit 491 than larehesoas@rihete amhatheisdailtustraieterini f86 alférehi xed
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to the data transfer Ti v T h ow I nterconnect resistance can be out put
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of & menory e ek by e L o R By B e e ot el tho |
menor y20el improeidae heararegted ke Hwmsxddmpunthenedi(osld tnde3) odihe data
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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



10 output of a menory cell provided in a farther position. That is, in the
case where the data read tine of the nenory cells included in the first
menory cell units |b connected to the first interconnects is shorter than
the data read tinme of the nmenory cells included in the second nenory cel
units la connected to 15 the second infdrconnects, the control circuit 40a
allows the data of the nennry cells included in the first menory cell units
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data contro! lines. Therefore, a voltage increase due to the
capacitive coupling of the channe! 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 memaory 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



The solidline inthe drawi ngrepresents the current-voltage characteristics
of a nmenory cell having a typical threshold voltage. In the case where the

drain current of the 15 nmenory cell is sufficiently |low as conpared to the
pent ode threshold vol tage, subthreshold characteristics depending on the
gate vol tage |ogarithnically are exhi bffed. The broken line in the

drawi ng represents the current-voltage characteristics of a nenory cell
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characteristics 'Ags SArtd ede d ha@Rce hmmaz t&t@e?a’ﬁ@n@“ of edTeiTREYitCete having

a normal threshold voltage Here, the variation in the threshold
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is threshol hres vol tage W d in the case where the
current is figher than &hgee Qﬁw@ﬁﬂVﬂF‘Em Bfol tage width 1. Such a variation

in the S“bthreSh%ﬁtﬁE?Hd ﬁe% tﬂfe &Bﬁtmr@wu&ehbal Neleeas@put gF trag i ati on

in threshold volta I's in the caSe where the current
f1 owi ng0t hm@@hom\,h@e&bm%wm |m|té1a cmlémor\/ 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 Iindex; 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 eartier. 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




20 On the other hand, if it is attenpted to make | arge the voltage
anplitude AV of the data transfer line end connected to the sense anplifier
circuit, the problemoccurs in which a sufficient memory cell current
cannot be obtained in the menory cell farthest fromthe sense anplifier
circuit. 25Furthernore, what influence&%he tine until the current of the
data transfer line is stabilized include a conponent proportional to (Data
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mattersS sim at are 1l lustrafe ke I's omtted
as appr opri@ft she memory cells included in the first memory cell units to be
output earlier than the data of the memory celis included in the
second memory 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



The interconnect resistance value up to each of the nenory cell units 4
connected to the odd-nunbered (odd index) data transfer |line and the

even- nunbered (even index) 25 data transfer line is nmeasured in advance and
stored in the registers 471 and 472. These i nterconnect resistance
val ues are measured in advance by, for 98xanmpl e, a test before the product
shipment or the like and stored in the registers 471 and 472. 30What are

stored int L 4 il jthe interconnect

resi stance %r&@? \?(Ei%éﬁe gﬁa'ad}#t?g!e&'(ﬁsregg?f tfa'er ence EAR? obt ai ned by
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ata trans

(even inde l'ine. Furthernore, a vo e near AR x Icell may
be stored iGlechOdegi dihe horfaontal axs nesresends ﬂ&@l@aﬁ%nvcﬂéaﬁ’éa%r ed by,

for exagpl anea &8t é)ebegggt;heoﬂorwcwé@w Nteipr tidisisiée. and the That

is, the'registers A7 tore the int connect resi stance val ue
measur ed i veidiGR cexiBoFe BERFE MEbh§ @rlmicﬁxﬁﬁ%ﬁftfﬁé’ pfde drain  The

sem conductQ[y Wﬁtk@\ﬁhéﬁwoﬁ@céf}cor ding to the fifth enbodi nent changes
the data trans l'i ne voltage durin gthe readi ng between nenory cell units
near to the sensé\i’ar'ﬂ]biliﬁﬁaéﬁdcfﬂ €l s2ap thendangtiamdviftioly t@éﬁﬁhgﬂts far

from 10t he zps§e 2Rl fthehnel rtilthtedBbi@N€odficient increases as the
10 current (drain current) flowing through the memory cell
decreases.

The solid line in the drawing represents the
current-voltage characteristics of a memory cell having a typical
threshold voltage. In the case where the drain current of the

15 memory cell is sufficiently low as compared to the pentode
threshold voltage, subthreshold characteristics depending on
the gate voltage logarithmically are exhibited.

The broken line in the drawing represents the
current-voltage characteristics of a memory cell with a low

20 threshold voltage. Here, in the memory cell with a low
threshold voltage, for example, the effective gate length is
shorter than that in the memory cell with a normal threshoid
voitage. When a constant voitage 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 iength is longer than in the memory cell with a
normal threshold voltage. When a constant voltage between




That is, when the read-out is performed on the nmenory cell, the voltage
charging the data transfer line with the sense anplifier circuit 461 and
the voltage charging the data transfer line with the sense anplifier
circuit 462 vary with the position of 15 the menory cell unit. In
other words, the sense anplifier circuPt 461 changes the voltage applied to
the data transfer | ine based on the position of the nenory cell unrt and
the interc i stapc t r 4
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odd- nunber ed (oddierrﬂ?dext)hajavarta’cmmr thee HweshtddcurelEager 1w FE t hr ough
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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 probiem 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

proportional 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




FIG 27A is a schematic view illustrating an arrangenent of sense anplifier
circuits, nenory cell units, and the like. What is illustrated in FIG 27A
has a simlar arrangenent to 15what is illustrated in FIG 18A. The
menory cell unit 4c is connected to the sense anplifier circuit 461 and
represents the menory cell unit farthe82 fromthe sense anplifier circuit
461. The nenory cell unit 4b is connected to the sense anplifier circuit

402 and 20 5 o 1 LY, 98H cHANIpfar e’ Junhy Rpe

anplifier circui repr'ésents t at'a tran T end,
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connected to the sense anplifier circul awn on ower side. FIG
273 is a sdherease thewnemesyr ellngurrent dad-BRPE5e idee@datieReCtase of
per form ng Sipuht qread-out when there is a difference in interconnect
resi stance. ‘?hat i's, the' 95 drawing is a schematic viewillustrating the
read-ol® timng MG hbcisea drlopkrd@matiang Blughrebifebdber 6adf@Hraiivsh t here
is a differgn LRk rragct LSk a ibet he~0dg- ek (odd

i ndex) datéﬁt%gngggp%F?Le aﬁg Jngﬁigik-ggﬁ%§§e (e&gﬁﬁgiﬁg%x dafgg}ransfer
l'i ne. embedigetpl e, the drawing is a schematic graph illustrating the

change in vol tagg NAWDEEERRRIM, fellcdCada HheaMRgREM ol to dibdamtide case

where the sense anp rer circuit ) e sense a ler circult 462

are simul t @nesUFIgONGuUCHPr vBEMPIYt 66y icas8 58 hacapsding 12 | e r bfteés the

vol t agez and 4 R4t ivE 19 of the data transfer line in the case of perform ng
a

the read-out on a nenory cell nearer to the sense anplifier circuit
What is illustrated in FIG. 26 is different from what is

iflustrated in FIG. 16 in respect of further including a register
471 (first register) connected to the sense amplifier circuit 461
and a register 472 (second register) connected to the sense

20 amplifier circuit 462. A description of matters similar to what
are illustrated in FIG. 16 and the like is omitted as appropriate.

The interconnect resistance value up to each of the
memory cell units 4 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
ine 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,



462 than to the sense anplifier circuit 461. As illustrated in FIG 27B, a
voltage is applied to the 15 even-nunbered (even index) data transfer |ine
by the sense anplifier circuit 461 from G\D to VBL1-e during the period
fromto to tl. On the other hand, a voé age is applied to the odd-nunbered
(odd index) data transfer line by the nse anplifier circuit 462 from G\D
to VBL2-0 during the period from20 tOto ti. That is, the even-nunbered

(even indexkeflatsnt é?"rﬁéﬁéurécﬂ‘ éalrfd,rt@@a entarb@stede(fodd thedpro d et a

transfer line are c fromG\D to VBL1-e and VBL2-0, respectively,
during the shdpineeNt ﬁérh '{<8 U. Here, the voltage applied to the

even- nunber ed (evigih2f;, Iﬂrrb_er)a feegst 4 ansied 470esterd akenirterbenvBtil-e and
VBL2-e, and the voltage I|ed t8 t he odd- nu ered (odd mdeg%ga@g
transfer Irf@élﬁt@f‘t@&éﬁfl{% rggagg[q dNaRdVIBES- fBVEEMBSY

col | ectsvelﬁyl rngj greedd o as sinply VBL1 and VBL2 VBL1-e and VBL1l-o0, or
VBL2- e and g o may be the same 30val u (F)jr di fIﬁ%ﬁm vaﬁg h
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to the Sens’rﬁ‘tﬁ”@hﬂtﬁécﬁhﬂéhf%ﬁéng‘@@ trkapate ﬁﬂa&rﬁemsmen@bitager doiingui t 461,
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line has atéortea@bagt HeedaReMEMR Y el h UitE o"ERE

circuit 462 rﬁ’b‘i’rfﬁer‘ eWCBRid A% 1T eFiStaGZeand rhemdatackllansier far ffeorn ¢ he
96 ot her han msrmr cel | conn&g;ed to é?e even- nunbered (even index)

dat a tl@nsftéire $ﬁ3ﬂ§erﬁ5{§‘Da’ i&ngradtia eRer*®¥ne Iength up to the sense

anpl i fier circuitrffljangreditaeeresgrbes isesesfoansedobnt tree dacanomansf er
line. 5In this case, in the case ere

d-out f
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resi 5t anoe 157e HHiEh 1610 BRDARIEAE ¢ o8l CUAIERY HaLY W REnLREP TS HET OB ¢ ne
seri esy EesiplAptSRIryl 18| eNR- nurrber ed (even |ndex) data transfer |ine and
I cell |sthe current flowrngthr th% meno }{r rr r|4 th r({iqe%mg
Thereby, the cur d8nOtBEESWATERr J6igh SERS n@ﬁ%P[) @5”: EHh Ehmfdga
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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




For exanple, it is preferable that VBL1-e is set to a voltage that results
in a current flowng through a nenory 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 di fference obt ai ned by4subtracting the series resistance
of the nearest position of the data transfer |line connected to the sense
anplifier cui t r 25re
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suppr essed scC EITB.tI Cc graph |Ilustrat| ng .t he change in
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, BLS, ..., 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



voltage in the nenory cell 4a and the nenory cell 4b in the case where the
sense anplifier circuit 461 and the sense anplifier circuit 462 are driven
simul taneously. That is, the drawing illustrates the voltage and the tim ng
of the data 35 transfer line in the case of performng the read-out on a
menory cell nearer to the sense anplifi%r circuit 461 than to 98 the sense
anplifier circuit 462. As illustrated in FIG 27C, a voltage is
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amplifier circuit 461 from GND to VBL1-e during the period from

t0 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 t0 to ti. 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 VBL1I 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 iength up to the sense amplifier circuit 462
and a low series resistance of the data transfer line. On the




30 the reading. To derive AR the series resistance of the data transfer
line is taken as the resistance between the sense anplifier and the nenory
cell. Thereby, the current passed through the nmenory cell can be nade

al nost equal between a nenory cell placed far fromthe sense anplifier
circuit 462 and 35 a nenory cell place86near to the sense anplifier circuit
461. Furthernore, by this way, the current flow ng through the 99 nenory
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Here, for exanpl dur e ;pey it vl t f 4 he data
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to 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 vaiue obtained by
substracting (1/2) x ARl 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 ARl is
sufficiently smalier than the series resistance component of the




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

vol tage of the data control line involved in the 5 reading can be increased
earlier than the voltages of the other9data control |lines. Therefore, a

vol tage increase due to the capacitive coupling of the channel portion of

the NAND string cau vol t age Lncreases t t t
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the el ectrlal‘: Yt Fiafu CHIRNFIECES (0dd i ndex) data transfer Iine
is kept VBL2-0. Furthermore, by this way, the current flowing through the

memory cell connected to the odd-numbered (odd index) data

20 transfer 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 line 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 amplifier circuit 461 than to




50n the other hand, in the case where the |ogical value of the nenory cel
is "1" in FIG 27B, that is, in the case of, for exanple, the erase state
(the threshold voltage of the nmenory cell being snmaller than Vref), since
the evaluation is nmade through the Vref value higher than the erase
threshold voltage, 10 the nenory cell &@&rrent flows and the electric
potentials of the even-nunbered (even index) data transfer line and the

odd-nunberﬁgﬁ(odd inq%ﬁhfdata.trgaﬁgﬁr | i ne decrease. The above
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| ogi cal state of the nenpry.cell. nnect o] - e i ndex)
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with a referenceHealgjeir( fthe eraapivbereBtizettead ast riat perfonnf@ds o zC) .
Here, int i e 3 l],.Ls +0" in
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the erase %%tde E%Q?()“&lraetﬁh(fl'gn%[%rt e cﬂa& hg %Har%ata 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 VBL2Z2-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



10 cell being smaller than Vref), since the evaluation is made through the
Vref val ue higher than the erase threshold voltage, the nenory cell current
flows and the electric potentials of the even-nunbered (even index) data
transfer line and the odd-nunbered (odd index) data transfer |ine decrease.
15 .Here, as described above, since th&%ifference in cell current Icell
between nenory cells far fromthe sense anplifier circuits 461 and 462 and
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tinmng of v®leme heftithe ofiata 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 tl 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 tl1, 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



25 di scharging the charges stored in the data transfer line in order to
performthe read-out with the sane timng between the nenory cell connected
to the even-nunbered (even index) data transfer |line and the nenory cel
connected to the odd-nunbered (odd index) data transfer |ine. Then, during
the 30 period fromt3 to t4, the charge®0stored in the data transfer line
are further discharged into the G\D potential to prepare the next reading.
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regi sters z&é nd 472, at |east two kinds of voltages may be switched or 20
t he vol tage 6%[ ied to the data transfer |ine may be changed based on the

i nterconnect resiSthesegueatlye siwird. the perigd hbogh @i stenbddi Himt
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transfer |iasmade, 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.

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 iine 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 volitage 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



25 bel ow. Thereby, the effects of this enbodi nent can be nmade nore

ef fective. For exanple, in the case where the difference between the
| engt h of the even-nunbered (even index) data transfer line and the | ength
of the odd-nunbered (odd index) data transfer 30 line is small, that is,

the difference between the distance frb®dithe sense anplifier circuit 461 to
the menory cell unit and the distance fromthe sense anplifier circuit 462
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cell can be hore cons ant regar d t he"interconnect l'ength of the
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vol t age dudotgicalhe stabe hr @$holthecoehiimnbent icetlur taprazectss! cuke enthd | owi ng
throughst he, MBIml ¥ Gl e 086 (8RS 85dek data transfer line and the logical
state of the memory cell connected to the odd-numbered (odd
index) data transfer line 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 illustrated 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 amplifier 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 larger than Vref),




25 particular, this is significant in a nenory cell belonging to a nenory
cell block located far fromthe sense anplifier circuit. According to this
enbodi ment, since the mninmumvalue of the current flow ng through the
menory cell can be made | arge, the sense current of the sense anplifier
circuit can be nade 30 constant and tHelZariation width of the threshold
vol tage can be made smaller. In this case, when the sense current of the
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current Icell between memory cells far from the sense ampilifier
circuits 461 and 462 and memory cells near to the sense
amplifier circuits 461 and 462 can be reduced, the difference
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 cefl may be
evaluated by measuring the current flowing through the data
25 transfer line with the sense amplifier 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 magnitude of the charge
of the memory cell with the sense amplifier circuit 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




25 sensitivity is needed. To obtain a sense anplifier circuit with a high
sense anplifier sensitivity, for exanple, it is necessary for the
transistor used for the input of the sense anplifier circuit to have a

| arge gate area, which results in an increase in the sense anplifier
circuit area. 30According to this enbddidrent, since the difference between
t he maxi nrum val ue and the m ni mum val ue of the menory cell current lcell at
the time of a ma _§r@all t [ eagsgdof+ide sense
anplifier (ﬁ\}régﬁlr{f@gjé]%oc Zgggﬂt e@’F\d er (%:rae Pﬁﬁf%z‘nbgﬁlérre%?dal ovvs t he
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t he | engt hsnoftipkee values. In such a case, for example, it is possH:;le to
provide the threshold of a state adjacent to an erase state and
20 a write state.

Here, in the case where the sense amplifier circuit 461
and the sense amplifier circuit 462 are simultaneously driven
with the same timing (the case illustrated in FIGS. 18A and
18B), it is necessary to wait until the timing of t3 as the time of

25 discharging 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.

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 ampilifier circuit) of each memory



30 data transfer lines connected to each of the sense anplifier circuit 461
and the sense anplifier circuit 462 can be nmade al nost equal. Therefore,
there is also an effect in which the fluctuations between the data transfer
lines for the nmenory cells connected to each of the sense anplifier circuit
461 and 35 the sense anplifier circui tl®62 can be nade snmall. Furthernore,
unl i ke an enbodi nent in which the sense 108 anplifier circuits are forned
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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

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 fength 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 VBLZ
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



are read, the voltages of adjacent data transfer |ines can be 109 nade

al nost uni form Consequently, the | eak current between the contacts between
the data transfer lines can be suppressed nore. Also in this enbodi nent,
when performng the read-out 5 on the nenory cell, the sense amplifier
circuit 461 changes the voltage appliédfto the data transfer |ine based on
the position of the nenory cell unit and the interconnect resistance val ue

stored int S 4 her more, when perform ng the read-out on
t he nenory Q%Irﬁsgkh@%{srgnééng%ﬁ'fi er circuit 462 10 changes the vol tage

applied to the ddturtheanying, ldppybuged yoltage ppyiarmonadste: metwaity cel |
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denoted by R fddbhg through the memory cell can be kept more

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
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



Furthernore, the current flow ng through a nmenory cell to which the series
resi stance of an interconnect corresponding to 1/4 of the length of the
data transfer line is connected during the reading is denoted by Icell. 5HAt
this tinme, VBL2 may be set to a val ue obtained by substracting (1/2) x ARl
x lcell fromVBL1. Thereby, the current0low ng through a nenory cell

di sposed in a position far fromthe sense anplifier circuit 461 and the
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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. 1In the case
where the voitage amplitude AV of the data transfer iine 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



5 current flow ng through a nenory cell near to the sense anplifier circuit
461 and the sense anplifier circuit 462 can be nade snmall as conpared to
the case where the voltage of VBL1 is applied constantly to the data
transfer line. Accordingly, the power consunption of the sem conductor
menory device can be 10 reduced nore, BAd a degradation of the reliability
of the interconnect due to a large current flow ng through the data
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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 ampiifier circuit 462 connected o
one end of the odd-numbered (odd index) data transfer line are
25 collectively disposed on the same side of the memory cell array
i. 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



Next, a sem conductor nenory device according to a 15 sixth enbodi nent wl|
now be descri bed. A sem conductor nenory device 560 according to the
si xt h enbodi nent has a configuration alnost simlar to the sem conduct or
menory devi ce 540 according to the fourth enbodi nent descri bed above.
However, there is a difference in 20 th3® the data transfer line voltage at
the time of the reading is changed between a nenory cell unit near to the
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connected to a memory celi near to the sense amplifier circuit is
VBL1 higher than VBL2. Accordingly, in the case where the
fogical value of the memory cell is "0", the problem is caused
that the electric potential of the data transfer line connected to

20 a memory cell for which the current is measured increases more
due to the capacitive coupling from the channel of the adjacent
memory cell.

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
fogical 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



15 layout of the menory cell array and the data transfer line. FIG 29B is
a schematic graph illustrating the voltage of the data transfer |ine at the
time of the reading. As illustrated in FIG 29A, in this enbodi nent,
the sense anplifier circuit 463 is collectively di sposed on one side of one
20 end of the data transfer Iine. TheXH-nunbered (odd i ndex) data
transfer line is connected to the sense anplifier circuit 463 via the
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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 provrded in the second memory cell block 1b
25 Jocated near to the sense amplifier circuit 461 and the sense
amplifier circuit 462 is denoted by VBLZ 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 ARL,



20l n this case, for exanple, VBL1 is set to a voltage that results in a
current flowing through a nenory cell to which the series resistance of an
i nt erconnect corresponding to 3/4 of the length of the data transfer |ine
is connected, and VBL2 is set to a va%&%ge that results in a current
flow ng through a nmenory 25 cell to ich the series resistance of an

i nterconnect corresponding to 1/4 of the length of the data transfer |ine
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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 VBLZ 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




30 to the bit line contact of the nenory cell unit can be nade nore

uni form Consequently, the threshold voltage variation (read disturbance)
due to the potential difference between the voltage Vread at the tine of

t he readi ng and the channel can be nmade uniform between a nmenory cell far
fromthe sense 35 anplifier circuit 463t%and a nenory cell near to the sense
amplifier circuit 463 to pI’OVI de a sem conductor nenory device 116 with
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between memory cells far from the sense amplifier circuits 461

15 and 462 and memory cells near to the sense amplifier circuits
461 and 462 can be reduced, the difference between VBL1 and
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 fine 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



25i ncl uded. Furthernore, although an exanple in which the register
472 is connected to the sense anplifier circuit 462 is illustrated in the
fifth enbodi ment, they may not be directly connected. For exanple, a
circuit configuration is possible in which the 30 register 472 is
electrically connected to the sense apldfier circuit 462 via a
digital/anal og conversion circuit and the data transfer |ine voltage can be
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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 data transfer line to increase
the current flowing through the memory cell than in the case



MCSI _LP 118 CLAIMS: 1. A sem conductor nenory device conprising: a nenory
cell array including: 5a plurality of first nenory cell units, each of the
plurality of first menmory cell units including a plurality of nenory cells;
a plurality of second nmenory cell units, each of the plurality of second
menory cell units including a pluralitdldf nenory cells; a plurality of
first interconnects, each of the plurality of first tQ nterconnects
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of second described, but operations during the verifying of writing are
similar. Therefore, a description of the operations during the
writing is omitted. Furthermore, since the semiconductor
memory device 560 according to this embodiment has a
10 configuration similar to the semiconductor memory device 540
according to the fourth embodiment described above, a
description of matters similar to what are illustrated in FIG. 24
and the like is omitted as appropriate.
FIG. 29A is a schematic circuit diagram iliustrating 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 amplifier 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 current terminal of the

25 transistor Q2.
The register 473 is connected to the sense amplifier

circuit 463.
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,
In this embodiment, since the sense amplifier circuit 463



20i nt er connect s, the plurality of first interconnects and the
plurality of second interconnects forned adjacent to each other being
formed of a structure in which a plurality of pairs are repeated, and at

| east one of a width of each of the plurality of second interconnects 25
along a second direction perpendicul arlié the first direction and a

t hi ckness of each of the plurality of second interconnects along a third

oy oct Lor DR RSELEULE ohSadley dr SherksBm LR Sk theyaeSpthaly e or
i nt er connectisayara pérephierat censte aanpla focevecisowiae antendes rsaondnsense
P ob e HidnRB A iRRE sy Lo R N, 35 et Re o'
plurality ofemssoaypdildrscinaliudésd iin tiis play,athe yeofgthsref themdeyacel |
O b B BPhEet et SAbALTE bol preChuni ! il aEToFARAES L6 beoe,
of the plurityadé egualy cEhésefarel,utiedrée nis han peffieati ity whithr Shenenory
e pror oo TOEbIAEEETR JBRD ek Sl Lindetn RRr methbny pefiuded T
accor di ng tmmrhacted, tohehei senaei anveldlem dirheitof46 ks biedwer f dahs
e e condaBhiFeL ibetabtatmbabacpIec s ard Lhe PLuaTLY of second
plural L0y of fir$AIGntAIBohetrates £heA walthgendunct dhandimingdefi tee
conpri sing: 4 a ROPLYr Gl e Bhe RGLHAUWMEre the sense amplifier circuit
463 is driven to perform the read-out on the memory celil.
Here, for example, the data transfer line voltage in the
case of the memory cell unit provided in the first memory cell
15 block 1a located far from the sense amplifier circuit 463 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 located near to the sense amplifier
circuit 463 is denoted by VBLZ2 lower than VBL1.
20 In this case, for example, VBL1 is set to a voitage 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 iine is connected, and VBLZ 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.



20a plurality of first nmenory cell units, each of the plurality of st
menory cell units including a plurality of nenory cells; a plurality
of second nenory cell units, each of the plurality of second nenory cel
units including a plurality of nenory ceIIs a plurality of first

I nterconnects, each of the plurality oft 5|rst I nt erconnects extendi ng 25in
a first directlon and being connected to one end of each of the first
menmory cell unitss 2 u oty

I nt er connects, eaéﬁ Hg t ﬁlu?él??@“”ngsé?%ﬁt Fﬁ%ﬁ&cgﬁ%gisggggfeﬂy?ng in
the first dﬁuré@ﬂtorﬂ@hw%etm@l&@iﬁn@ctﬁtﬁm@rﬁnéeéhdnﬁﬁreé@h e t$R"%%cond

remory cel L gicr REFIE 5488 UBRCSUrEaRES AL b YeRAD LA eocgnacc s

bei ng equal er surfaces of first |nterc% cts;

a first serﬁsaeswmerfa éiaew age @oMBdd: &dap@itarécamrtanﬁtyyt%ft gta

I nt er co ”ectg'éns?é%d line, SS5ARY ng e P@Wér‘re&oﬁ%%‘bﬁo@\on@ﬁctt@ to the
pIurall second |nterconnects ‘ot urality of first interconnects

and t he pI HEN EN @ Chc JAE MO RY e@@b’r‘ﬁ%c@%nf@ﬁwé’@%%emo% &8¢h &t her
being f Of%gﬁa&aﬁéglﬁﬁ 4ne #é!:é@n't&? 8f Qh@rﬁiﬂérxo@fneml H6eaf® & epemd ed,

at | east one each plurality of secaond intercannects
al ong a sedwifdedtr edevondpetipeHistul H?etdj‘iﬂﬁfb firag6f el r 461§ orf&hd B

t hi ckness ¢f £agh of the plurality of second interconnects along a
third directidn perpendicular to the first direction a d the sec? 01
direct1@n being JatrtBpamasie, 1 siceatihe offifaEeprar i £¢llorcuryegt [cell

| nter conneeyeen a m%lﬁ%if\} rc%‘]l ?@r“??oﬂf@hé%@ﬁsé'éﬁ'!-!jﬂﬂé‘r"“éiﬁchiﬁt sggpnd
sense anplifier circuit being formed on one si nor eII array,
and a memory cell near to the sense amp?:ﬁer c:rcwt 4?/63? y
be reduced, the difference between VBL1 and VBL1_th of the
data transfer iine and the difference between VBL2 and VBL2_th
15 can be made smalil. 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 ceill 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 Jine'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 memory cell near to the sense
amplifier circuit 463 to provide a semiconductor memory device



90t he first sense anplifier circuit being formed nearer to the nenory cel
array than the second sense anplifier circuit, and data of the
plurality of menory cells included in the plurality of first menory cel
units being output earlier than data of éhe plurality of menory cells

I ncluded in the plurality of second y cell units. 25 MCSLLP 121

I nterconnects is snmaller than variance of w dths of upper surface of the

plurality afith R hér“?’@ﬁﬁ@ﬂ Rects. 6. A sem conductor rrermry devi ce
conpri si ng: lE. nmor i ncl udi plurality,.of

arra : fi
menory cell unitdn daén &ﬁeqtﬁéag’laﬁr i ttb‘ %faPP '§?t'r%'fmr§?e6@ﬁlndu%”la§
i ncluding & pd U'E)%'r?%l'ofrer@rr%m*@bhw s’crlctly p@r@lewcﬂtutafr ghdsegardy menor y

cell units, eac

plurality of secon t I d
plurality diaftedr puseplso '“f@—'@epl @r"a??‘taymB;mf |t|h§t fﬁi’ﬁté#agiﬁf?le‘ggé %;2% gf

the plugal 'ﬁﬂ‘éngffaf:tuﬁhg' nigriaRgest s sxtending i s a $iffRdicdltr egd i apeand
bei ng connected to one~“end of each of the first ﬂfjnﬁéél eII units; and
I

a plural i t PuWIstesdtlly inqreesvlinsarsandagwbetantia gl of second

i nterconnects extieadiingddvd,hexdrhslarm rmtbmna@ﬁlweoﬂgtwemm@m@brﬁo one
15end of each of the second nmenory cell unit ghts of u er

surfaces ofaréndlessctird i Wit digeensenke n@p‘éﬁlﬂﬂ ‘%%a'ﬁkﬂq@ﬁts BPYR

surfaces Ofthté“?n{/@hﬁfocrprl@e%fo% ligided to theskhepeluial @kanﬂilefsl rSFor
i nterconnects and the plurality of second int erconnecﬁs f?eggsp Céji cent to

each olfler Q?@rﬁéﬂ'fﬁoﬁr'?@d%f”%d §f‘rm§ Gk MRy appropriately se
configurations of components included in semiconductor

memory devices such as first to fourth interconnects, low
resistance interconnects, high resistance interconnects, first to
sixth data transfer interconnects, memory cells, memory cell
15 units, memory cell biocks, first and second regions, first and
second insulating regions, data transfer line reroute units,
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 possibie 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



20whi ch a plurality of pairs are repeated, a sense anplifier circuit
connected to the plurality of first interconnects and the plurality of
second interconnects; and a switching circuit configured to switch
bet ween a connection of a sense anplifier circuit with the plurality of
first interconnects and a connection dflthe 25sense anplifier circuit with
the plurality of second interconnects; at |l east one of a wdth of

each of th : | 4t: y . Of, ¥ .anngct S.-al: e '
per pendi cu%ﬁﬁ%#&g?i irss?‘a%lg[%gtiﬁﬁftggg g%hﬁ%ggggrsgof?fqﬁ%fﬁg@%gyggch of
the pl ural iagnmgctest badhasensenastriifiar shecwitihbldvia peeidibal/peayRadi cul ar
tothe IirlaflidiRfdh ORiRNA: L IR SEGRNAALLT SFAMSRIOAINY F8ltadEAldAH Bdan each
of the plurality of first Interconnects, and . a control circuit

o]tht ]E)ytti ng afusted bndhs avaput pfohenBRgl9d cedn¥ersieNuaéguin the plurality
o] I rSkE menory nLt s (N h d t i ' r
cells i %cl uded i g@{)t%é‘\f)ﬁjr%ﬁtrjﬁlgo tétsre%Z%dshgjngfrl? iée‘?{{%kﬁf]ﬁjg M'n‘%fy q’ﬁgndgvi ce
accor di ng ts§oce athe sint@mepaneciaresiftenet vAtidsitse!fi i aNGess iane

bet ween th%t@ké‘rﬁlei L% Sﬁ'ﬁﬁf{}%’ 9§§-I_rtgp|a%§gts and the plurality of second

10i nterconnectsS 15 snal ari ance of widths of upper surface of the
plurality of firdturtheesmoithestthough armexavide HtdwPHmMEheoreBiptar 1,

}"’r‘regte' N 73 ngfic%q@éé:fe% YO AR ERARGH BGFia T diF8liit AbSM @ONNeRtavdd h the
10 in the sixth embodiment, they may not be directly connected.
For example, a circuit configuration is possible in which the
register 473 is electrically connected to the sense amplifier
circuit 463 via a digital/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 example 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 0Mmissions,
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



15circuit varies with a position of the first nenory cell unit when
read-out of the nenory cell is perfornmed, and a SﬁﬁﬁﬂngO|tage
chargi ng a second interconnect with the second sense anpFifi€r circuit
varies with a position of the second nenory cell unit when readout of the
menory cell is perfornmed. 20 9. The deM ce according to claim8, wherein
the first voltage increases as the position of the first nmenory cell unit
beconmes farther fromthe first sense anplifier circuit, and the second
vol t age i ncka@d®es as the position of the second nenory cell unit becones
farther fromthe second sense anplifier circuit. 25 MOSLLP 123 changes a
vol tage applied to the first interconnect based on the position of the
first menory cell wunit anguan i nt ercannect resi stance val ue stored in the
first regibter ARBRIGAHCIIMENODLECHEHEPYPESNY i s performed; and a second
regi ster connected to th second;aense anplifier circuit, 5 the second
sense anplifier® CEP&IY CCERAIRYEE“Y VSt t age applied to the second

i nt t b d . d | i
|t or connect resi st anBbgIT I pE ety IEGERECARTRE tnE Bbraty b1 885 50,
of the menmory Qﬁé%og‘c@?aﬁg Imﬁjdiﬂégléj@é&aﬁcy%%%o gofiding to claim9,

wherein the first sense anplifier ur't “changes the first voltage applied

to the first interconpREhliQNek sbeorreartbyeRse ual®] ehbRTofctheCHuFalighanges
the second voltage applied’to the second interconnect when read-out of the

menory cell is geeph@mm@dosocdinatitstinelutiingd pfuratyng riémengbeitshe plurality of
menory cells included in the first nmenory cell unit and a current 15fl] ow ng

t hrough the plurali tay phiraiiynof yfirselihterconriestie deaoh t bife tise coladlibe rddr frstel |
unit becone equal .
10 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
15 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 of second
20 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, and
at least one of a width of each of the plurality of second interconnects
25 along a second direction perpendicuiar 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



12. A sem conduct or nmenory device conprising: a nenory cell array including:
20a plurality of first nmenory cell units, each of the plurality of first
menory cell units including a plurality of nenmory cells;igsSplLberality of
second nmenory cell units, each of the plurality of second nenory cell units
including a plurality of nmenory cells;41mplurality of first interconnects,
each of the plurality of first 25interconnects extending in a first
direction and being connected to one end of each of the first nenory cel
units; andhavesidbPolildze plurality af frairiateregnneicts esontdhenfirst sensecrspiifieach of
the plurality of second interconnects extending in the first direction in
each spacecitseitientherfecond sensataspeldiensgedit Beinbeisrgsedinéatcedatoobre end
of each of the second nmenory cell units, heights of upper surfaces of the
secondirﬂ%ﬁ%%%ﬁ@%ﬁ@”ﬁﬁépﬁ ad§¥al to heights of upper surfaces of the first
I nterconnects; a first sense anplifier circuit connected to the plurality
of first interconnects; a second sense anplifier circuit connected

to thespl Lﬂ.al | t%eortieﬁggOﬁ&oir&hgrtgo&gﬁﬁtﬁ;Wherein read time of the plurality of
memory cells included in the plurality of first memory cell units is shorter than
read time of the plurality of memory cells included in the plurality of second
memory cell units, and a mode of outputting data of the plurality of memory cells
included in the plurality of first memory cell units earlier than data of the plurality

10 of memory cells included in the plurality of second memory cell units is

provided.

3. The device according to claim 1, wherein variance of widths of insulating
films between the plurality of first interconnects and the plurality of second

15 interconnects is smaller than variance of widths of upper surface of the plurality

of first interconnects.
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a memory cell array including:
20 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 pluraiity of
second memory cell units including a plurality of memory cells; a plurality
of first interconnects, each of the plurality of first interconnects extending

25 in a first direction and being connected to one end of each of the first

memory cell units; and



10t he plurality of first interconnects and the plurality of second

i nterconnects fornmed adjacent to each other being fornmed of a structure in
which a plurality of pairs are repeated, at | east \nellgt a width of
each of the plurality of second interconnects along a second direction
perpendicular to the first direction apsha thickness of 15 each of the
plurality of second interconnects along a third direction perpendicular to
the first direction and the second direction being set snmaller than each of
the plurality of firspliralitgrafeerend snterconnectd, leachi gfshe Smaétyadfddcoher
circuit and the second sense anplifier circuit being fornmed on one side of
the menmory cel lintercannec@9axfeindgtg volhedget dinectipmgnd ieirg cetnéateeteconaect
with the first sense anplifier circuit varying with a position of the first
menory cel | uniéndvabaaelsfthrisesdnd neemenoesl! eaits, heighlsr elovpral, susfages

a second voltage chargi ng the second interconnect with the second sense
amplifier circfith @aﬁ%ﬂoﬁa ' et“PP'H‘ 866% PEINgne Wl lRdhaighisnef lh%“?ﬁfr%”'"f?é?ﬁ Qhini t
25when read- out,, of. t he ne ceII is perforned. MCSLLP 125 is forned
nearer *to the H@ﬁJVv:E%ﬁ than the second sense a plifie circuit. 14.

the posi ¢ on of N8 pPage nafaffer ARURehBBelakL 36, 1Pe 1 Bl SRR, 7S,

sense a”plfh{ér@cgnr%c@lﬁntd and the second voI tage i ncreases as the position
of the second nenory cell unit becones farther fromthe second sense

anpl i fier circy tsecaéd sEMR e 8 Mbfifie @86 AUIF IcBAN kBt & '{‘P\rfl?plutfa%fyt B?rseeeﬁapr' S' ng

a first register 10 connected to the flrst sense frer circuit,
first sensgteadgirdcier circuit changes a vol tage applled to the first
i nterconnect based on the position of the first nmenory cell unit and an
i nt erggnnect r eBé s tpnadtyv adfuefirst oimgerconnédte fandt theegpRirglity Wagn seeask out  of
the nmenory cell is perforned; and
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
15 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,
the first sense amplifier circuit and the secend sense amplifier circuit
being formed on one side of the memory cell array,
20 the first sense amplifier circuit being formed nearer to the memory cell
array than the second sense amplifier circuit, and
data of the plurality of memory cells included in the plurality of first
memory cell units being output earlier than data of the plurality of memory cells
included in the plurality of second memory ceil units.
25

5 The device according to claim 4, wherein variance of widths of insulating

films between the plurality of first interconnects and the plurality of second



a second register connected to the second sense anplifier circuit, 15 the
second sense anplifier circuit changes a vol tage applie%ﬂfqﬁ%he second

i nt erconnect based on the position of the second nenory cé? unit and an

i nt erconnect resistance value stored in the second regi ster when read- out
of the menory (-all is perforned. 20161Jhe device according to claim 12,
wherein the first sense anplifier circuit changes the first voltage applied
to the first interconnect and the second sense anplifier circuit changes

t he secondnigsteripsts spsmaterttbanvariesed od widtherafampestsuiinen of dael pbualitpf t he
menory cell is perfornmed so that a current flow ng through the plurality of
nmenory cel@fdirstiplenenacts -t he first nenory cell unit and a current 25fl ow ng
through the plurality of menory cells included in the second nenory cel

unit becone equal. MCSLLP 126 17. A sem conductor nenory device conpri sing:

a menory | ray.inc i ng; . ... a plurality of first
menory celT un?}{’gg%éé%#ug?or?ﬁ%ms{yu?%\fi??§0@Pr§s'%mry cell units including
a plurality of |.Spavs i ..a plurality of second nmenory cell
uni ts,%each of [Ee pc?'rxfc%}lia?g/ayd?cigcehgghd menory cell units including a

plurality of menory aC?Mréi'it?/ of first n?erﬁ&rgr@él! h}ﬁgQ,f chéd oF t@?tr;gtt&r“aglyf‘s{:ﬁét each

of the plurality of first Interconnects extending In a rection and

bei ng connect ednéMoppeeilOrindinefludeass pqﬁraﬁﬂy%ffméﬁfonfn@@m;y cell units; and
a plurality of second interconnects, each of the plurality of second

i nterconnects extendi pirality tdfesddonst mdini@gt ¢eih uinits eagth sHape Petatgenft he
first interconnects and bel ng connected to one end of each of the second
menory cel | unisespnd memory cell units including a plurality of memory cells;

10 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 celi units; and

a plurality of second interconnects, each of the plurality of second
interconnects extending in the first direction and being connected to one

15 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 interconnects, and
the plurality of first interconnects and the plurality of second
interconnects formed adjacent to each other being formed of a structure in
20 which a plurality of pairs are repeated,
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 a sense
amplifier circuit with the plurality of first interconnects and a connection of the
25  sense amplifier circuit with the plurality of second interconnects;

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



15a sense anplifier circuit connected to the plurality of first
interconnects and the plurality of second interconnects; MidLP a
switching circuit configured to switch between a connection of the sense
anplifier circuit with the plurality of first interconnects and a
connection of the sense anplifier circlgda with the plurality of second

i nterconnects, 20 at |east one of a wwdth of each of the plurality of
second i nterconnects alon? a second direction perpendicular to the first

di recti on &atl 0ft Hhekmiwaliys dasgcondt fEemomngcis yaleng s dcofiidi fiectomnect s
along a third direction, perpendi cul ar the first direction and the second
direction H%P%@d*%‘@ré%hg&&t ‘i%é??@&cﬁ”%gh? ﬁ@%ﬂﬁréﬂ@@?”o@e"ﬁﬁ (5§t Smame"
interconn%ﬁts, 2€a irs} %ﬁltﬂ e cQar in% the first interconnect with the
sense anplfPEACROT L PrUralfy P %g“qucr% &%t PBH of the first menory cell
unit when read-po he. - i r d P

a second vol tagaeHé'ﬁgéigﬁ&%g"tﬁglgé%ggﬁdc#t?r?'?eﬂ‘r?gc; r%L(ril)'rg(l: 9\; .{%%ﬂ%% séjf'\si%&é{r?r% ifier
circuit varw e i 4 f GO meRy I i

read-oét g§tbﬁgﬂg%@§§3fgg§qh#§ﬂ% r?%?§3§$ 518?The d?&?ﬁé*é@%é?é*@ﬁ”?é claim
17, wher eifehbe EdifsShc@bladgehd PRFaas 88 séSorddimePasiidefinp. the first menory
cell unit becones farther fromthe sense anplifier circuit, and the second
voltage increases as the position of the second nenory cell unit becones
farther fromthe sense anplifier circuit. 1019. The device according to
claim 17, 7 urtlidre dorps ascogirg egaist 6 whenmiectsgthnte df vdddbensansutpling i er
circuit; wherein the sense anplifier circuit changes the first voltage

appl i ed t dimbheddtiveen thet phealiinevt filshgelgramndus pogi theoplwhlityhef seestd nenory
cell unit and an interconnect resistance value stored in the register when
read- 0t otterapangsifoisysrealiar than yariaeemebwiding of sper semaee ahihe pluealii r cui t
changes the second voltage applied to the second interconnect based on the
position &f iREBECENE Herory cell unit and an interconnect resistance

val ue stored in the register when read-out of the nenory cell if;
perforrned. 2020. The device according to claim17, the first voltage is the

same as the  ype gevice according to claim 1, wherein:

a first voltage charging a first interconnect with the first sense amplifier

15 circuit varies with a position of the first memory cell unit when read-out of the
memory cell is performed, and

a second voltage charging a second interconnect with the second sense

amplifier circuit varies with a position of the second memory cell unit when read-

out of the memory cell is performed.

20
9. The device according to claim 8, wherein the first voltage increases as
the position of the first memory cell unit becomes farther from the first sense
amplifier circuit, and the second voltage increases as the position of the second
memory cell unit becomes farther from the second sense amplifier circuit.

25

10. The device according to claim 9, further comprising a first register

connected to the first sense amplifier circuit, the first sense amplifier circuit



second voltage. 21. The device according to claim17, the first voltage is
different fromthe second voltage, 25 22. A sem conductor M@%{Py devi ce

conprising: a nenory cell array including: MCSLLP 128 a plurality
of first menory cell units, each of the plurality of first nenory cell
units including a plurality of nmenoryi1&8l|s; a plurality of second

menory cell units, each of the plurality of second nenory cell units
including a pluralit urality of first

f ll's;. 5 | 3
i nter co_nné@?Qge%ac‘f?“éﬂgtqu’%gg&%dﬁ@eﬁ‘&&d?tq?cﬁ%&qtrﬁaé;'regd?mg@ BO%W’_@HEI?% in a
(150 50 Y 9, R 8 B0 e S A e
| it f. ' I ' Elpst di ti [ h
bace. bet dedntl RO R R REE b Ea TS Rl Brhad 3 S et e to one end of

each of the secand fBIBE K Sldnniibictto tEGBbRY SbndBRIpIRLF LAGRS Of the

second interconnects berng equal to heights of upper aces of the first
i nterconnects; y fdelcBhd SEaRR amYifibt @ircGi rHHrigeR0BNe6k&E R plibe Bl tHeal ity
of first interconnects; and 15a second sense anplifier circuit connected to
the plurakbtyn®inteReaREct 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.

i0  11.  The device according to claim 9, 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
15  flowing through the plurality of memory cells included in the second memory cell

unit become equal.

12. A semiconductor memory device comprising:
a memory cell array including:
20 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
25 interconnects extending in a first direction and being connected to one

end of each of the first memory cell units; and




i nt er connects; the plurality of first interconnects and the
plurality of second i nterconnects formed adjacent to eacfjzether being
formed of a structure in which a plurality of pairs are repeated, 20at

| east one of a width of each of the plurality of second interconnects al ong
a second direction perpendicular to the4first 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

smal | er than each ofa plealjly of ae¢erd wtertprrectsneaci oh e phiralitpof seeerd r ead
time until reading out data of the first nenory cell unit to the first
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the second sense anplifier circuit are formed on one side menory
10cel | ar h@¥rconnects:

a second sense amplifier circuit connected to the plurality of second
interconnects;

10 the plurality of first interconnects and the plurality of second
interconnects formed adjacent {o each other being formed of a siructure 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

15 each of the plurality of second interconnects along a third direction
perpendicuiar to the first direction and the second direction being set smaller
than each of the plurality of first interconnects,

the first sense amplifier circuit and the second sense amplifier circuit
being formed on one side of the memory cell array,

20 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, and

a second voltage charging the second interconnect with the second
sense amplifier circuit varying with a position of the second memory cell unit

25 when read-out of the memory cell is performed.

13.  The device according to claim 12, wherein the first sense amplifier circuit
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is formed nearer to the memory cell array than the second sense amplifier

circuit.

14.  The device according to claim 12, wherein the first voltage increases as
the position of the first memory cell unit becomes farther from the first sense
amplifier circuit, and the second voltage increases as the position of the second

memory cell unit becomes farther from the second sense amplifier circuit.

15. The device according to claim 12, further comprising a first register
connected fo 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 ampilifier circuit,

the second sense amplifier 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

16.  The device according to claim 12, wherein the first sense ampilifier 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.
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17. 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 celis;

a plurality of second memory ceil 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,

at feast 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,

a first voltage charging the first interconnect with the sense ampiifier
circuit varying with a position of the first memory cell unif when read-out of the

memory cell is performed, and
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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.

18.  The device according to claim 17, wherein the first voltage increases as
the position of the first memory cell unit becomes farther from the sense
amplifier circuit, and the second voltage increases as the position of the second

memory cell unit becomes farther from the sense amplifier circuit.

19. The device according to claim 17, further comprising a register
connected to the sense ampilifier circuit; wherein the sense amplifier circuit
changes the first voliage 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, and

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

20.  The device according to claim 17, the first voltage is the same as the

second voltage.

21.  The device according to claim 17, the first voltage is different from the

second voltage.,

22. A semiconductor memory device comprising:

a memory cell array including:
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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, 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 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,

a first read time until reading out data of the first memory ceil unit

to the first sense amplifier circuit after charging the first interconnect
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varying with a position of the first memory cell unit in the first direction
when read-out of the memory celi is performed, and
a second read time until reading out data of the second memory
cell unit to the second sense amplifier circuit after charging the second
5 interconnect varying with a position of the second memory cell unit in the

first direction when read-out of the memory cell is performed.

23.  The device according to claim 22, wherein the first sense amplifier circuit

and the second sense amplifier circuit are formed on one side of the memory

10 cell array.



