WO 2004/ 023488 PCT/ EP2003/ 008894 1 REFERENCE VOLTAGE CGENERATI ON FOR MEMORY
CIRCUTS Field of the Invention The present invention relates to nenory

i nt egr at edoRo0ei/26488t s (1 Cs), and nore particul arly, ferrogirPetasioossaenory

| Cs. Background of the Invention Ferroelectric netal oxide ceramc
materials such as lead 10 zirconate titanate (PZT) have been investi gated
for use in ferroelectric sem conductor; nenory devices. Fig. 1 shows a
conventional ferroelectric nenory cell 105 having a transistor 130 and a

ferroelectric capagl C i | r j dﬁ*ﬁ? ed to a

pl ateline 170 art ﬁ%élgé%tlﬁgPTég%a%&gﬁggt ?gge&%g?kﬁgdcrc?up ed to the
transi stor which selectively couples or decouples the capacitor froma
bitline 160, depending on the state (active or inactive) of a wordline 150
coupled to the transistor gate. A plurality of nenory cells are

i nt er conBéelddofi #heoddivierdsiomd bitlines to 20 forman array. Sense.
anplifiers are coupled to the bitlines to access the nenory cell.

| nf ormati on i $het predant tiierarapasi trefl #tses epanemtorpoiategatted. Wen a
menory cell is read, a read signal is

5 circuits (ICs), and more particularly, ferroelectric memory

ICs.

Background of the Invention

Ferroelectric metal oxide ceramic materials such as lead
10 zirconate titanate (PZT) have been investigated for use in
ferroelectric semiconductor memory devices. Fig. 1 shows a
conventional ferroelectric memory cell 105 having a
transistor 130 and a ferroelectric capacitor 140. A
capacitor electrode'142 is coupled to a plateline 170 ‘and
15 another capacitor electrode 141 is coupled to the transistor
which selectively couples or decouples the capacitor from a
bitline 160, depending on the state (active‘or inactive) of a
wordline 150 coupled to the transistor gate. A plurality of
memory cells are interconnected via wordlines and bitlines to
20 form an array. Sense .amplifiers are coupled to the bitlines
to access the memory cell.
Information is stored in the capacitor as remanent
polarization. When a memory cell is read, a read signal is

produced on the bitline. The read signal voltage is either



produced on the bitline. The read signal voltage is either WD 2004/ 023488
PCT/ EP2003/ 008894 2 VH or VLO depending on whether a logic 1 or logic O
is storeaoizao4tre4ssenory cell. The read signal i s conpaP€d/Bmed3/ 008894
reference voltage by the sense anplifier and anplified. The reference
voltage is set to a | evel between VLO and VH 5 (sensing w ndow).
Typically, VLOis about 0.6V and VH isz about 1.2V for ICs with operating
vol tages of about 2.5V. The reference voltage can be generated through the

use of a referepnce cell sghenme. Typi.cally. eyence L. hS+<provided
for each Wit ?anman e}?reélcg]i%é?fl t‘%Peptrc}ge uce f%%fﬁoir(g?e%éﬁ%g 90 fage. A
reference cell is simlar to a nenory _cell gxcegt aghat itrri%r%%’%'i%%to a
ref er encest@irefl i He HaRl BEMPEYefehée pFatefPRE. SPEE 48 (T FSper f'ormed by,
for exanple, witing a "0" to the reference cell to produce the . reference
char ge wha cteferenbseqobhagy bitatbd apnpet pEP1SEdEFos%e aB}Peiflrfdﬁ‘%-hat
receiving the cell signal (e.g., non- switching read of "0"). The size of

t he ref erensereddtensboublthgechsseatt boprodevelabeitgiemn kbl ardphei t ance
conpared to the regular nenory cell. This is because the reference signal

("0" 5§ 9n?ée@éiﬁ@%iﬁ&@%?ﬂce?}@ktbhl§99UV90 hies Zbdet WeedVt aed " Bar asd " 1"
signals of the actual nenory cell.
about 1.2V for ICs with operating voltages of about 2.5V.

The reference voltage can be generated through the use
of a reference cell scheme. Typically, a reference cell is
provided for each bitline and pre-biased to produce the

10 reference voltage. A feference cell is similar to a memory
cell except that it is coupled to a reference wordline and a
reference plateline. Pre-biasing is performed by, for
example, writing a “0” to the reference cell to produce the
reference charge which is subsequently shared with the

15 opposite BL from that receiving the cell signal (e.g., non-
switching read of “07). The size of the reference cell
should be chosen to produce a higher cell capacitance
compared to the regular memory cell. This is because the
reference'signal (*0" signal of the reference cell) should be

20 between the “0” and “1” signals of the actual memory cell.

The read signal is compared with the reference voltage
produced by the reference cell on the reference bitline.

Generally, the read signals are distributed over a voltage

range (distribution), as shown in Fig. 2. This may be due to



The read signal is conpared with the reference voltage produced by the
reference cell on the reference bitline. Generally, the read signals are
di stri butwo 208023488vol t age range (distribution), as sheem/EP00Bi0gssIL. Thi s
may be due to WO 2004/023488 PCT/ EP2003/008894 3 various reasons, such as
process variations or difference in bitline capacitances experienced by
different cells. The reference voltage3266 is selected to be between the
logic O and logic 1 read signal distributions 204 and 206 to provide 5 the
opt i num s¥agiipyswiredenn294 suchk @st perorermey waaeldts cofs tde @i f fyrehde Thar ge
generated by the reference cells will also be distributed wthin a range

268. Havi bgtainef enpaeetangeal eédp%tﬂllel@llaéd)rb efiffreratd Yed EOWCESTRAE
sensi ng wi ndow. For exanple, the 10 logic 1 S|gnal sensi ng wi ndow 296 is

ef f ecti Ve'r%f"e%@ﬂ%%dVEQtagét ¥88N jihe Rl the Jeher ctgﬂ)lé P&@iél&ut' on

and begi nning of the (e read signal distribution

cause fai e articul,arly.w. t.h_future S haV|n naller
sen5|ng w%ﬁg io ? reaggpﬁ n%lﬁtr¥§ tﬁé?%%?#& ngfé%gg t%bp¥% ® the
vari at betmgen t he dlfferent refegpnce cells, the reference cells

3140- BeoPPEATYP, §5RRAPENY LRAOW

Like the memory cells of the array, the charge generated
by the reference cells will also be distributed within a
range 268. Having a reference signal distribution
effectively reduces the sensing window. For example, the
10 logic 1 signal sensing window 296 is effectively reduced to
between the end of the reference cell distribution and
beginning of the logic 1 read éignal distribution (298).
This may cause failures in sensing, particularly with future
designs having smaller sensing window due to a reduction in
15 operating voltages.
To reduce the variations between the different reference
cells, the reference cells 314,-314,.; of an array having n
number of bitlines BL,-Bly.; are interconnected by a
conductive line 378 between the reference cell transistor 374
20 and capacitor 376, as shown in Fig. 3. Interconnecting all
the reference cells in the array is described in, for example,
Kang et al., “A Pulse-Tuned Charge Controlling Scheme for
Uniform Main and Reference Bitline Voltage Generation on 1T1C

FeRAM”, Symp on VLSI Circuits Digest, p. 125, June 2001,



nunber of bitlines BLo-BLn_1 are interconnected by a conductive |ine 378
between the reference cell transistor 374 20 and capacitor 376, as shown in
Fig. 3. Ilwoeoeconsssting all the reference cells in thePaTrER003908e6Cr i bed
in, for exanple, Kang et al., "A Pulse-Tuned Charge Controlling Schene for
Uni form Main and Reference Bitline Voltage CGeneration on 1T1C FeRAM', Synp

on VLSl Circuits Digest, p. 125, June 2d01, WD 2004/ 023488

PCT/ EP2003/ 008894 4 which is herein incorporated by reference for al

pur poses. whiloheier heireisuthcarpoened dyf aidfgrende doe raflerAneso

£t |

would result in failure of the whole array. Fromthe foregoing discussion,

it is deshpablert0ih BUuEW HesBRchEDI QVed inefer antereeide Sohal Wit

h

reduces the distribution of reference cell charge wi thout. Sumrmary of the

| nvention,,Ih di?ggﬂgkognr@g§&8§et8ang%r¥&kﬂkpgﬁ§%gg_circuits 10 (1Cs), and
Y, 0 g

nore particul ar o reference voltage genération

‘in menory 1Cs. In one

enbodi nment, theg_ne C includes.a nenory hlock havi.n lurality of
nenory cells. $ﬁ8mg§h§r%OrggPFggaaésFHF§ﬁ9 néct & | %%é%glé)Qﬁrection by
wordlines and bitlines in a second direction. A plurality of menory 15
cel | s %ar ePpPYVARea SPPYR¥CHeRBEGLBREEK CoA Ipisahieie whdialgaeduces the

distribution of reference cell charge without.

Summary of the Invention

The invention relates to memory integrated circuits

10 (ICs), and more particularly, to reference voltage generation

in memory ICs. In one embodiment, the memory IC includes a

memory block having a plurality of memory cells. The memory

cells are interconnected in a first direction by wordlines

and bitlines in a second direction. A plurality of memory

15 cells are provided for the memory block. A bitline includes

a reference cell. In one embodiment, the bitlines of the

memory block are separated into groups, wherein at least some

of the reference cells within a group are interconnected to

average out the reference cell charge variations. Averaging

20 out the reference cell charge variations produces a narrower

reference voltage distribution, which increases the sensing

window. This improves reliability and increases

manufacturing yield.



a reference cell. In one enbodinment, the bitlines of the nenory block are
separated into groups, wherein at |east sone of the reference cells within
a group awe 2ewwes4sdnnected to average out the referencecrgiPomshessge

vari ations. Averaging 20 out the reference cell charge variations produces
a narrower reference voltage distribution, which increases the sensing

wi ndow. This inproves reliability and in¢reases manufacturing yield. WO
2004/ 023488 PCT/ EP2003/008894 5 Brief Description of the Drawings Fig. 1
shows a c@Ewndenf iDymdrigtioel eEithe Do@ang®r; Fig. 2 shows read signal
distributions in a conventional Terroelectric nenory array; 5 Fig. 3 shows

a conventional gferenas O%Ics(ngﬁfé%l o éefPBé‘@e@tff eégggggggrlqg schene

in accordance wt one e e invention; vvs a

reference ceII tr n |n ccord c wi th one en‘nod

i nventi on. ng erjr esg{%'? rﬁjsg%af Cﬁjes?ﬁ%lﬁﬂ%ﬂs T™he Pr ‘ég’é%.enf:ﬁf?é‘ﬁtll on
relates t errael ectrlc rrem)ry ICs with inproved reference cell schene.
Fi g. 4 Sh%\% ectric memory array;

5 Fig. 3 shows a conventional reference cell scheme;
Fig. 4 shows a reference cell scheme in accordance with
one embodiment of the invention; and
Fig. 5 shows a reference cell distribution in accordance
with one embodiment of the invention.
10

Preferred Embodiments of the Invention

The present invention relates to ferroelectric memory
ICs with improved reference cell scheme. Fig. 4 shows one
embodiment of the invention. As shown, a memory array 402 is
15 shown. The memory array comprises a plurality of
ferroelectric memory cells, such as those shown in Fig. 1,
interconnected by wordlines, bitlines and platelines.
Wordlines and platelines are in a first direction while
bitlines are in a second direction. In one embodiment, the
20 memory array includes first and second blocks 42la-b. Other
number of memory blocks can also be useful. A bank 475 of
sense amplifier (SA bank) is located between the blocks along
the direction of the wordlines and platelines. The bitlines

of the blocks are coupled to the sense amplifiers of the SA



enbodi nent of the invention. As shown, a nenory array 402 is 15 shown. The
menory array conprises a plurality of ferroelectric nenory cells, such as
t hose showio 2004/ EB4$8 1, interconnected by wordlines, bi PCITEP008/008894
platelines. W rdlines and platelines are in a first direction while
bitlines are in a second direction. In one enbodi nent, the 20 nenory array
includes first and second bl ocks 421a-b.6 ther nunber of nenory bl ocks can
al so be useful. A bank 475 of sense anplifier (SA bank) is |ocated between

t he bl ockbaakongRowheedbtieeti @850k richaomendd res and @ ael tneshldees
bitlines of the blocks are coupled to the sense anplifiers of the SA WD

2004/ 023458RETHER2G3LA088A4 26 chianks R dlecodeles 45 AL dorat ed on a

side of the blocks along the rection of the bitlines w decoders
Fof or ence  BGT FACAT EOko MR IR Ee GNE B ana T tHe Bt At ing A
reference cell _region 432 of the block. The reference cells_are |ocated,
for exanple, on® gﬂ@ @ngdaweﬂﬁe EP@PFE@qﬁpﬁﬁgﬁﬁeaﬁﬁéCEHH*%%%p¢%dO%% the SA
bank. Providing reference cells on the opposite end or other portions of
the bi}|ifes A ctBPSBLELAPER, egeAtapr ofrefieantes cald corpled 432 oEense
anpllflerthg block. The reference cells are located, for example, on

the ends of the bitline opposite the end coupled to the SA

bank. Providing reference cells on the opposite end or other

portions of the bitlines are also useful.

10 A pair of bitlines are coupled to a sense amplifier in
the SA bank, forming a column 415. A cell is selected from
one of the bitlines of the bitline pair. The selected cell
produces a read signal on its respective bitline. The other
bitline of the bitline pair serves as a reference bitline.

15 The reference cell on the reference bitline produces a
reference voltage. The read'signal is compared with the
reference voltage on the reference bitline.

In one embodiment, the memory cells of the array are
arranged in an open bitline architecture. A column 415 of

20 the array is depicted in greater detail. The column includes
a pair of bitlines 450a and 450b, one from each of the memory
blocks 421a and 421b. Each bitline comprises a plurality of

memory cells 405 and one reference cell 414. Providing more

than one reference cell per bitline is also useful. The



the SA bank, formng a colum 415. A cell is selected from one of the
bitlines of the bitline pair. The selected cell produces a read signal on
its respewODi2oer/d@B488i ne. The other bitline of the bitli RETERR003D8889€S as a
reference bitline. 15 The reference cell on the reference bitline produces
a reference voltage. The read signal is conpared with the reference

vol tage on the reference bitline. In on€ enbodi nent, the nenory cells of
the array are arranged in an open bitline architecture. A colum 415 of 20
t he arraymgmodgpacirey icangbeateratetd lin Fitheo|aypes nof waheshi e pairesf
bitlines 450a and 450b, one fromeach of the nenory bl ocks 421a and 421b.

Each bitl snehcagpEbIgeda bikuriale by-cdfi rdenias celis A0 Biel one reference
cell 414. Providing nore than one reference cell per bitline is also

usef ul . TQECM&%QQ%QZ?’%%% BGTHERZQ0J/0Q8EXA 1 5 né“s?g&*%)fl?/ Frd o cﬁﬁ“tﬂ?é‘

arranged in oth er types of archltectures suc

archi tect ﬂb rchitectu t e b tI|ne of a bitline pair
are from ?%ﬁé rsngnnlgr O I 9&?“9& I":i‘grC Sr essuc Uth B2 t%Fies 5
arch|;§cture . are also useful Serles archltectures are described in

np?ECE$EE8§HFﬁ§'ePr§Ia SOLUSR IBdnsi (PTG TR TR S8 i c3Fandom

for e
access Menory (chain FRAM", |EEE
described in, for example, Takashima et al., “High Density

Chain ferroelectric random access Memory (chain FRAM)”, IEEE
Jrnl. of Solid State Circuits, vol.33, pp.787-792, May 1998,
which is herein incorporated by reference for all purposes.

10 In processing of the IC, defects occur which render
memory cells inoperable. To improve yield, a redundant block
490 of memory cells is provided. The redundant block
includes one or more redundant elements 492. The redundant
block is shown as a separate unit of the memory block for

15 purposes of discussion. It is understood that the redundant
block need not necessarily be separate from the memory blocks.
In one embodiment, a redundant element comprises a plurality
of bitlines. The redundant element is facilitates, for
example, column redundancy. The number of bitlines, for

20 example, is between 2-8. Redundant elements of other sizes
are also useful. Generally, the redundant elements have the
same number of bitlines. Providing redundant elements with

different number of bitlines are also useful. The number of



Jrnl. of Solid State Crcuits, vol.33, pp.787-792, May 1998, which is
herein incorporated by reference for all purposes. 10 In processing of the
| C, def ecwe 20e¢ic028488hi ch render nenory cells i noperabl e PCTEPRON3008804 yi el d,
a redundant block 490 of nenory cells is provided. The redundant bl ock

i ncludes one or nore redundant el enents 492. The redundant block is shown
as a separate unit of the nenory block f8or 15 purposes of discussion. It is
understood that the redundant block need not necessarily be separate from

the menoryibhegks. inl B Qe MAherd RHINIAN BBt SONPri ses a
plurality of bitlines. The redundant elenent is facilitates, for exanple,

col um reQHPgﬁHB at&N8e %Hgg nég Jntllnes for 20 exanple, is between 2-8.
0

Redundant enen of Sizes ' are also useful. 'Generally, the

redundant el enments have._t unber of bitlines. Providing redundant
el enents wit hmfal PREr PO %}Wé’%'of‘: MEREY 3 sb° 3Rarat Q%ellﬁ‘il‘ﬁber of

WO 2004/ 023488 PCT/ EP2003/008894 8 bitlines in a redundant el enent can be
sel ect ed FEIVUBERBENBBALE &SI Tepdaseabd kY enyrAvRIAnt tekenenbry &fr ay

is separated into redundant units, each replaceable by a redundant
el emeni. pPRe gromerer defectdofectelle oelcus detw redundatundaint ofithef the

memory array, the defective redundant unit can be repaired by
replacing it with a redundant element. The number of
defective redundant units that can be repaired is equal to
the number of redundant elements in the redundant block.

10 Redundancy can be effected through conventional techniques,
such as fuses.

In accordance with one embodiment of the invention, at
least some of the reference cells within a redundant unit of
the memory array are interconnected to average out reference

15 cell charge variations. Preferably, all the reference cells
within a redundant unit are interconnected.

As described, the present invention enables averéging
out of reference cell distribution without the adverse impact
of conventional reference cell schemes. Fig. 5 shows a

20 reference cell distribution in accordance with one embodiment
of the invention. As shown, the reference cell distribution
568 is more narrow compared to conventional reference cell
schemes of Fig. 2. Narrowing of the reference cell

distribution results in a larger sensing window (e.g., 298



menory array, the defective redundant unit can be repaired by replacing it
with a redundant el enent. The nunber of defective redundant units that can
be repai rwo 208/easal to the nunber of redundant el emenPETiEP2003m0880dundant
bl ock. 10 Redundancy can be effected through conventional techniques, such
as fuses. In accordance with one enbodi nent of the invention, at |east
sone of the reference cells within a redundant unit of the nenory array
are interconnected to average out reference 15 cell charge variations.
Pref er abl oralllodtike 17 eleRiensiggeel d)s, A i Shd EDHNAERt oHDt are
i nterconnected. As described, the present invention enables averagi ng out
of refere I Str |0 1 t V, o nventi onal
ref er encqulg:ﬁ%@g kﬁ%ﬁ%&ﬂﬁ%ﬂe % %&%ﬁv.:efs%éae cheelrﬁevr?{e%‘gleﬁggffé%}lg{i?lﬁggt }’IBFI%i’n
accordance_w th one egb%di nt of shown, .the reference
S

the i j ) ,
cel | di st A"ButFoffCrSs '3 ﬁ%ﬁq%f% Otn%o‘giﬁv%‘ﬁ?i BUPTFEL¥r ence

cell schenmes of Fig. 2. Narrowing of the reference cell distribution

resul ts i PTR3CEr §&F Eieh @THFtow Marepvenos-ivp dobagpdraggedundant

PCT/ EP2003/ 008894 9 for logic 1 read signals). Additionally, by only

i nt er cdnnEetlilngrt ke ldsf drende cedduwndandy nlt ecamdemcyepaited with a
redundancy element.

While the invention has been particularly shown and
described with reference to various embodiments, it will be
recognized by those skilled in the art that modifications and

10 changes may be made to the present invention without
departing from the spirit and scope thereof. The scope of
the invention should therefore be determined not with
reference to the above description but with reference to the

appended claims alohg with their full scope of equivalents.

15



one or nore defective redundant cells would not adversely inpact the whole
array. Moreover, the defective redundant 5 cell or cells in the redundancy
unit can we wepad488d with a redundancy el enent. Wil e Pla/EPaw300$89n has
been particularly shown and described with reference to various

enbodi nents, it will be recognized by H@ose skilled in the art that
nodi fi cati ons and 10 changes nmay be nadé to the present invention w thout
departing fromthe spirit and scope thereof. The scope of the invention
shoul d t h&héftorie Béadeeer dised not with reference to the above description
but with reference to the appended clains along with their full scope of
equi val entls. Bh WO:20R4Lt@ZB3483REY HRAQAI/AGRAO4 10 What is clained is:
1. An integrated circuit conprising: a menory block having a plurality of

menory cell's; awaedbi-pes1eRUD HAL IR LGy bR watond dhresiion; 5
bitlines coupling nenory cells in a first direction; a plurality of

reference cell %orm?casisnc&ﬁltiﬂg%eda}fi}v;%ggaﬁ el LTRSS FRFPEY£8LL; and

the bitlines of the nmenory ock are nto groups

5 bitlines coupling memory cells in a first direction;
a plurality of reference cells, wherein a bitline
includes a reference memory cell; and
the bitlines of the memory block are divided into groups
of bitlines, wherein at least some of the reference cells
10 within a group are interconnected to average out the
reference cell charge wvariations.
2. The integrated circuit of claim 1 whereln the memory
cells are arranged in a series architecture.
15
3. The integrated circuit of claim 1 wherein the memory

cells are arranged in a folded bitline architecture.

4. The integrated circuit of claim 1 wherein the memory

20 cells are arranged in an open bitline architecture.

5. The integrated circuit of claim 1 wherein the memory

cells are ferroelectric memory cells.



of bitlines, wherein at |east sone of the reference cells 10 within a group
are interconnected to average out the reference cell charge variations. 2.
The i nt egweted/eB4s8uit of claim 1l wherein the nmenory celCirgrass/oesseanged in
a series architecture. 15 3. The integrated circuit of claim1 wherein the
menory cells are arranged in a folded bitline architecture. 4. The
integrated circuit of claim1 wherein tHé nenory 20 cells are arranged in
an open bitline architecture. 5. The integrated circuit of claiml wherein
the nmenorg. cellhe dnheechertes ettddt ITRIDIYL Lih | 5. whi2004£ R23d8RBory

PCT/ EP2003/ 008894 11 6. The integrated circuit of claim5 wherein the

menory  cellly 28 cALh3Ree0d N SYd SR LUK ALM Bre /- The integrated
circuit of claim5 wherein the nmenory 5 cells are arranged in a fol ded

bitline architecture. 8. The integrated circuit of claim5 wherein the
menory cells are arranged in an open bitline architecture. 10 9. The

integrated cirguit ,of claiml wherein the reference nenory cells within a
group at east H&thrﬁ‘é?eﬁ’rl G e of A b rmdtterr o e “Rendry

5 cells are arranged in a folded bitline architecture.

8. The integrated circuit of claim 5 wherein the memory

cells are arranged in an open bitline architecture.

10 9. The integrated circuit of claim 1 wherein the reference
memory cells within a group at least some of the groups are

interconnected.

10. The integrated circuit of claim 9 wherein the
15 interconnected reference cells are interconnected between a

capacitor and a transistor of the reference memory cell.

11. The integrated circuit of claim 9 further comprises a
redundancy block having at least one redundancy element,

20 wherein a redundant element comprises n redundant bitlines to
repair defective bitlines in the memory block, where n is a

whole number greater to or equal to 2.



10. The integrated circuit of claim9 wherein the 15 interconnected
reference cells are interconnected between a capacitor and a transistor of
t he ref erwpceoaessssy cell. 11. The integrated circuit @CTaEPal0300888burt her
conprises a redundancy bl ock having at | east one redundancy el enment, 20
wherein a redundant el ement conprises n redundant bitlines to repair
defective bitlines in the nenory bl ock, imhere n is a whole nunber greater
to or equal to 2. WO 2004/ 023488 PCT/ EP2003/008894 12 12. The integrated

circuit of,clakml i he _inter : ref | s are
interconnggfedwg%té@gggg%tggéé%f?%Fiéﬁgpgﬁggéﬁgﬁésgﬁé%$£§hgﬁ%eference
nmenory ce 5 13. The . jintegrated circuit of claiml wherein the reference

[
menory cefPSSRCPRPRCHSEr 565 SHEGh S dohdd dEFLOFRRCF At eBPEYERR cPr cui t

of claim 13 wherein the interconnected reference cells are interconnected
bet ween aCapacéhpicrier aatdaasticdiny forths teferenes sperorenseyleel | . 15.
The integrated circuit of claim13 further conprises a redundancy bl ock
havi ng at | east one redundancy el enent, wherein a redundant el enent
conprises n redundant bitlines to 15 repair defective bitlines in the
menorys bl agk, wher énBegFakedVigl@uiThe! reiat & WiteosigquAe teflrence

memory cells within a group are interconnected.

14. The integrated circuit of claim 13 wherein the
interconnected reference cells are interconnected between a

10 capacitor and a transistor of the reference memory cell.

15. The integrated circuit of claim 13 further comprises a

redundancy block having at least one redundancy element,

wherein a redundant element comprises n redundant bitlines to
15 repair defective bitlines in the memory block, where n is a

whole number greater to or egual to 2.

16. The integrated circuit of claim 15 wherein the groups
comprise n bitlines.

20
17. The integrated circuit of claim 16 wherein the
interconnected reference cells are interconnected between a

capacitor and a transistor of the reference memory cell.



16. The integrated circuit of claim15 wherein the groups conprise n
bitlines. 20 17. The integrated circuit of claim 16 wherein the

i nt er conn@ot2ed/n2efs8r ence cel ls are interconnected bet we@eaTEP2a8possp4 or and
a transistor of the reference nenory cell. WD 2004/ 023488 PCT/ EP2003/ 008894
13 18. The integrated circuit of clain1ﬁ wherein bitlines of the nenory
bl ock are forned into colums having fi 2t and second bitlines coupled to
a sense anplifier. 5 19. The integrated circuit of claim 18 wherein the

i nt'er connédt-ed Thef dnérsxratald s igrauitntad cokamibnt bowhetrekenbatléapacofor and
a transistor of the reference nenory cell. 20. The integrated circuit of
claim 18 fuinet memorgnpilioads ak® riedhmdbnat ol askuhay i hgvahgl easktonad
redundancy el ement, wherein a redundant el enent conprises n redundant

bitline egekomasbielieRa AR it Diddidess %Fib@eﬂ?”ﬂfy bl ock, where n
is a whole nunber greater to or equal to 2. 15 21. The integrated circuit

of claim 20 wherein the groups conprise n bitlines. 22. The integrated
circuit of claim?21 wherein the interconnected reference cells are

'nterC9nn§§pedTR8t%§%gg%ated circuit of claim 18 wherein the
interconnected reference cells are interconnected between a

capacitor and a transistor of the reference memory cell.

20. The integrated circuit of claim 18 further comprises
10 redundancy block having at least one redundancy element,

wherein a redundant element comprises n redundant bitline

columns to repair defective bitlines in the memory block,

where n is a whole number greater to or equal to 2.

15 21. The integrated circuit of claim 20 wherein the groups

comprise n bitlines.

22. The integrated circuit of claim 21 wherein the
interconnected reference cells are interconnected between a

20 capacitor and a transistor of the reference memory cell.

23. The integrated circuit of claim 17 wherein the reference

memory cells within a group are interconnected.



20 capacitor and a transistor of the reference nmenory cell. 23. The
integrated circuit of claim1l7 wherein the reference nenory cells within a
group ar eworheresssect ed. WO 2004/ 023488 PCT/ EP2003/ 008®e4/EP2603D4389T he
integrated circuit of claim23 wherein the interconnected reference cells
are interconnected between a capacitor and a transistor of the reference
menory cell. 5 25. The integrated circult of claim23 further conprises
redundancy bl ock having at |east one redundancy el enent, wherein a

redundant 2el.engné ¢aBRGraesdn ciedwidaRdf Rildimes atldiramsn tehs epair
defective bitlines in the nenory block, where n is a whole nunber greater

to or equ@htE?cgnnéthé'rg?égg%E%ﬁEéﬁﬁg GidLcyl téchﬂﬁﬂéﬁéézwéﬁ&ééﬁm%he

groups conprise n col ums. e integrated circuit of claim 26 wherein

(he 35, LgkeaIDeg! i praned 5oLl 5.t DS oGP paobe) et

5 25. The integrated circuit of claim 23 further comprises
redundancy block having at least one redundancy element,
wherein a redundant element comprises n redundant bitline
columns to repair defectivé bitlines in the memory block,
where n is a whole number greater to or equal to 2.

10
26. The integrated circuit of claim 25 wherein the groups

comprise n columns.

27. The integrated circuit of claim 26 wherein the
15 interconnected reference cells are interconnected between a

capacitor and a transistor of the reference memory cell.



