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CAPACITANCES FOR NVE Lrrrrererrerererrerererrerererrrrerrrr CeELLS
WTH N A mMﬂHMﬁWHﬁHMWCOOOOZ FI ELD OF THE | NVENTI ON 5 The presen%4| Q&E
relates t chitecture in nenniy integrated circuits m?p
particul arly,~sstdae i nvention relates to terroelectric menory 1Cs having a
series or chained architecture. 10 BACKGROUND OF THE | NVENTI ON

Fer i dYARIARUEC OARPASITTANCES ) RORa MEMORYD zi r conat e

titanat been i nvestigated for wuse in ferroelectric

seni con m&m&w&w devi CesCELLBEWITHENI ReCELL! GrOURt eri al s i ncl udi ng
stronti tantal ate (SBT) can also be used. Fig. 1 shows a
convent i onatco®@rr oel ectric capacitor 101. As shown, the capacitor
conprises a ferroelectric nmetal ceramc |layer 150 sandw ched between first
and second #i@gh " 3+éR- The electrodes typically are formed
froma nobI tinum O her conductive materials, such as
stronti rut hepi um oxi de_ ( e al o useful to formthe electrodes.
The fer oelectrl %aﬁﬁ%??ﬁ? aggén;hgn re ates to chained architecture

in memory integrated circuits (ICs). More particularly,

the invention relates to ferrcelectric memory ICs having a

series or chained architecture.

10 BACKGROUND OF THE INVENTION

Ferroelectric metal oxide ceramic materials such as
lead zirconate titanate (PZT) have been investigated for
use in ferroelectric semiconductor memory devices. Other
ferroelectric materials including strontium bismuth

15 tantalate (SBT) can also be used. Fig. 1 shows a
conventional ferroelectric capacitor 10l1. As shown, the
capacitor comprises a ferroelectric metal ceramic layer 150
sandwiched between first and second electrodes 110 and 120.
The electrodes typically are formed from a noble metal such

20 as platinum. Other conductive materials, such as strontium
ruthenium oxide (SRO), are also useful to form the
electrodes. The ferroelectric capacitor uses the
hysteresis polarization characteristics of the
ferroelectric material for storing information. The logic

25 value stored in the memory cell depends on the polarization



hysteresis.polarization characteristics of the ferroelectric material for
storing information.” The logic 25 value stored in the nenory cell depends
on the polarization 2 4 NOV 2006 2 of the ferroelectric capac2#oNQV Pogs
change the polarization of the capacitor, a voltage which is greater than
the switching voltage (coercive voltagel needs to be applied across its
el ectrodes. The polarization of the capacitor 5 depends on the polarity of

the vol t ageo@ippheederfbeladvaiagapatithe f ermeiReide ¢ HeapRAiakQlaits ohhat
it retains its polarization state after power is rénoved, ‘resulting in a

non- vol al || BEIERRY Kaplbh <obl 02 To30Us AritheTHl L diagr amaal (0T oup of

menory 10 cells 202 which, for exa IS part an -l e group of

IS, ot lural ity of f | ectr] || s .2401- 240X,
each havi ng 4 FrAREFSTBA 295 COREFedst o4 LRSRIoINECH 116 S0rRBS *E8baci t or

244 in parallel. The group of nenn&é cells are coupled in series 15 to
form a menof§ ORI At SCRABRETOPEFor y TREc Foldatigad lion afesdrs Isa@aicitoror
exanpl e, Takashima et al., Synposiumon VLSl Crcuits (1997), which is
her ei n i hcofpBrREEdOPY theebedamisyf of &hle pwlfesres apHidegat edinof t he
transi stors,

advantage of the ferroelectric capacitor is that it retains

its polarization state after power is removed, resulting in
a non-volatile memory cell.
Fig. 2 shows a schematic diagram of a group of memory
10 cells 202 which, for example, is part of an IC. The group
of memory cells comprises a plurality of ferroelectric
memory cells 240:-240x, each having a transistor 242
coupled to a ferroelectric storage capacitor 244 in
parallel. The group of memory cells are coupled in series
15 to form a memory chain. Chained memory architecture is
described in, for example, Takashima et al., Symposium on
VLSI Circuits (1997), which is herein incorporated by
reference for all purposes. The gates of the transistors,

for example, are gate conductors which either serve as

20 wordlines or are coupled to wordlines of the memory array.
A bitline 250 is coupled to a first end of the chain via a
selection transistor 225 and a plateline 260 is coupled to

a second end of the chain.

To read data from a memory cell of a memory chain, the

25 selection transistor of the selected memory chain is



for exanple, are gate conductors which either serve as 20 wordlines or are
coupled to wordlines of the nenory array. A bitline 250 is coupled to a
first end of the chain via a selection transistor 225 and a pl,akgy i2006 260
is coupled to a second end of the chain. To read data froma nenory cel

of a nenory chain, the 25 selection transistor of the sel ected nmenory
chain is 2 4 NOv 2006 3 activated or rendered conductive, coupling the

sel ected negeiyaebai Brt @ehferbiit hbﬂ@ucltfiv%qdicbiu lind RWeSSe1BcrROVi ded on

the plateline and all transistors except the oné asSociated wth'the

sel ected negp e e aj.n,.5.1s kept acti.ye. A charge stored in the

sel ect ed nenn&%rgcéhﬁg%skgrgﬁgfg?Fg&n%b tﬁ@ 6%99¥ﬁ89'Tﬁi? ~gnal i s

conpared to_a referencetggggﬁ%Fgé a sense anplifier. However, the charge in
|

the sel ect eB*C4pacHt GP ips ame edm branmd ssoms sxceRSasheance 230
and total 10 parasitic capacitances 248 of the nenory cells between it
and the bitPPReaSEBFiakgRpathi thgessdected meno3yi seddl edt ¢dhe tcheichar ge
in capacitor 2443 is shared by the sum of the bitline capacitance and the
parasi tit capabepinsesive'l oadthashenetmredcel) $h24Q%1ard e Gemolhe | oad
cell is transferred to the bitline. This gignal is
compared to a reference signal by a sense amplifier.
However, the charge in the selected capacitor is
shared by the sum of the bitline capacitance 230 and total
10 parasitic capacitances 248 of the memory cells between it
and the bitline. For example, if memory cell 240, is
selected, the charge in capacitor 244; is shared by the sum
of the bitline capacitance and the parasitic capacitances
(*load”) of memory cells 240, and 240,, The load
15 capacitance for a memory cell varies depending on the
pogition of the memory cell within the chain, creating a
load imbalance. Cells closer to the bitline have smaller
load capacitances compared to those farther away. Such
imbalance causes a variation in the bitline signal
20 depending on the memory cell selected, which is undesirable
as this reduces the sensing window of the sense amplifier.
From the foregoing discussion, it is desgirable to

provide a chained architecture which avoids the adverse

effects of the intrinsic load imbalance.

25



15 capacitance for a nenory cell varies depending on the position of the
menmory cell within the chain, creating a |oad inbalance. Cells closer to
the bitline have smaller |oad capacitances conpared to t hos& % gﬁYh@Eﬁ away.
Such inbal ance causes a variation in the bitline signal 20 dependi ng on
the nenory cell selected, which is undesfrable as this reduces the sensing
w ndow of the sense anplifier. Fromthe foregoing discussion, it is

desirabl e t SUMMBRY JOF ;TEHaINVENRIONI t ect ure whi ch avoi ds the adverse

effects of the intrinsic |oad inbalance. 25 2 4 NOV 2006 4 SUVMMARY OF THE

| NVENTI ON The i nvrst i nvenel ehesel ArbBt 06" ahedqfht di kS Wit Gw&‘@b”ed menory
archi tectures having, for exanple, ferroelec?ric nmenory ceFIs. n

accordance MhibnélemembpVentLat pacitors of the nmegory cells within
a chain have differentP¥a%%%ﬁggﬁ%g§r§§ Q%E%B%SaggrfSFapﬁgg'intrinsic | oad
rent _ menory cells. This enables al

differencesfgffgéiegcedcb% t he difig .

the menory cellecorothe” CREPRYt GShiSe ahlefFERFAGBCEapASHt 5REe which is

about the 10 sane, thereby increasing sensing wi ndow which results in
invention, the capacitors of the memory cells within a
chain have different capacitances to compensate for the
intrinsic load differences experienced by the different
memory cells. This enables all the memory cells of the
chain to have an effective capacitance which is about the

10 mame, thereby increasing sensing window which results in

increased yield and performance.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 shows a conventional ferrcelectric capacitor;
15 Fig. 2 shows a chain of memory cellg in a conventional
chained architecture; and
Fig. 3 shows a chain of memory celle in accordance
with one embodiment of the invention; and

Fig. 4 shows a cross-section view of a memory chain in

20 accordance with one embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Fig., 3 shows a plurality of memory cells 340:-340, in
accordance with one embodiment of the invention. In one

25 embodiment, the memory cells are ferraelectric memory



i ncreased yield and performance. BRI EF DESCRI PTI ON OF DRAW NGS Fig. 1 shows
a conventional ferroelectric capacitor; 15 Fig. 2 shows a chain of nenory
cells in a conventional chained architecture; and Fig. 3 shovwst aoghzgg of
menory cells in accordance w th one errbodl ment of the invention; and Fig.
4 shows a cross-section view of a nenory’chain in 20 accordance with one
enbodi nent of the invention. DETAILED DESCRI PTION OF THE I NVENTION Fig, 3

shows a pl welligy dfthenurypes|ds MeiirB4felin, SGERTE8NEEnYMIE PHSIom
enbodi ment of the invention. in one 25 enbodinent, the nenory cells are

ferroel ect rdcamimugmory ($RAMOGS1 55 ceguLé aﬁ@eﬁlséwfs of menory cells,

such as dynam ¢ random access nenory are al so useful. A

ferroel ect ri Ay, I RSy I a Skstor upl ed t
ferroel ectric capacclsttfol‘r?é i par alhfélﬁ 'I%g %ﬁ?r ahsi%a“g\"ée?o? 'é?% +%t°¥s an
n- FET. Clh £ansi ﬁéors such as !g FETs, are_al so useful. The
nenory are coupﬁ CFI['%O% F5e T CFRFR EOReiBrHaERRI @l 802Thene end of

t he chaln |s coupled to a bitline 250 via a
transistor, for example, is an n-FET. Other types of

trangistors, such as p-FETa, are also useful. The memory
cells are coupled in series to form a memory chain 302.
One end of the chain is coupled to a bitline 250 via a
selection transistor 225, such as an n-FET, while the other
10 end is coupled to a plateline 260. As previously
described, memory cells in different parts of the chain
have different effective capacitances due to different
capacitive loads which result from the intrinsic imbalance
that exists in a chained architecture. As defined herein,
15 effective capacitance is equal to the capacitance of the
selected memory cell divided by the total capacitive load,
where the total capacitive load is equal to sum of the
bitline capacitance and the total parasitic capacitance of
all the memory cells between the melected memory cell and
20 the bitline.
In accordance with one embodiment of the invention,
capacitors of memory cells within the chain have different
capacitances. The capacitances of the different memory

cell capacitors are selected to compensate for the load

25 imbalance of the chain. The capacitance of a cell



sel ection transistor 225, such as an n-FET, while the other 10 end is
coupled to a plateline 260. As previously described, nenory ﬁ%lh@%;ﬁ@
different parts of the chain have different effective capacfta ue to
different capacitive |oads which result fromthe intrinsic inbalance that
exists in a chained architecture. As def®ned herein, 15 effective
capacitance is equal to the capacitance of the selected nenory cel

di vi ded by ddpmdiniat dependsiye 1080hosibebs (Rent At ehe CARAGHL T VEoLOAD 1S
equal to sumof the bitline capacitance and the total parasitic

20 the bi T e H A nee by (P B QRO hEREE PR e PR EPon,

20 the bitline. In accordance wt I en n
capaci t ors yfy DT ells. within. the.chain have different capacitances.
The capaciﬁ%ﬁgés of¥?%e$%i??%r€%?lﬂéﬂbig BEEFI96365€Ft6?835%5a§6P§cted to
conmpensate f.or the |oad 25 inbal ance of the chain- The capacitance of a
cel | 2 4 NOVFDOFCHE SHhts t BRatiependslenerts posene oembwdhment hethaain,
For exanple, menory cell capacitors farther away fromthe bitline end of
t he chai'n \FaRaGihaneg caf ez Bepery tembésist Hanethdsed cey | eghhtionr € gEoser.
I n one enbodi ment, the

followg:
Ccellq Cccllq C
C e
CBL + Z Cpl
i=1
Ceellqg: capacitance of ferroelectric capacitor of a
memory cell within the chain, where q

10 defines the location of the cell within the

chain
C: capacitive load of the memory celly, which
is equal to the bitline capacitance (Cg)

15 plus the total sum of the parasitic
capacitance of the memory cell; and all
memory cells between it and the bitline
(e.g., cell; to cellg,).

20 Cx: desired effective capacitance of any memory

cell within the chain



5 capacitance of a nenory cell is determined by equation 1 as follows: C
ceug C= C CK CBL+JCP! 11 i=1 Ccellq: capacitance of ferroelectric
capacitor of a nenory cell within the chain, where q 10 defines the

| ocation of the cell within the chain G capacitive |oad of 2hNGVedi6y
cellg, which is equal to the bitline capacitance (CBL) 15 plus the total
sum of the parasitic capacitance of the nenory cell, and all nenory cells
between it and tlite i tundegstoedy. thatelnat tad lcelHeg nigmary2cedKl  desi r ed
effective capacitance of any nmenory cell within the chain 7 2 4 NOV 2006

I't is undercspaed tidial Jfotthdl IcHdie MG ssL£elly eRacidi geind he chain
necessarily have different capacitances. For exanple, the nenory cells of
the chain capacitances. For example, the memory cells of the chain
can be divided into groups of one or more memory cells. It
5 1s further understood that the different groups do not need
to be of the same size. The different memory cell
capacitors of the different groups can have different
capacitances. For example, the capacitance of the cell
capacitors of each group can be selected such that the
10 effective capacitance of the cell is within a desired range
of effective capacitance C.
Fig. 4 shows a cross-sectional view of a memory chain
201 in accordance with one embodiment of the invention. As
shown, the chain is formed on a semiconductor substrate
15 403. Other types of semiconductor substrates can also be
used. The memory chain comprises, for example, eight
memory cells 440,-440, (i.e., x=8). Memory chains of other
sizes are also useful. Preferably, the number of cells in
@ chain is equal to 2Y, where y is a whole number > 1.

20 Each memory cell comprises a transistor 442 coupled to a
capacitor 444. In one embodiment, the memory cells are
ferroelectric memory cells. Other types of memory cells
are also useful. The ferroelectric memory cell includes,
for example, an n-FET coupled to a stack ferroelectric

25 capacitor with a ferroelectric leyer between top and bottom



can be divided into groups of one or nore nenory cells. It 5 is further
understood that the different groups do not need to be of thegqanyvqmﬁf.
The different nmenory cell capacitors of the different groups can have
different capacitances. For exanple, the capacitance of the cel

capacitors of each group can be sel ected® such that the 10 effective
capacitance of the cell is wthin a desired range of effective capacitance

Ck. Fig. 4ﬂm®w.osﬁmiafpésﬂﬁwﬁn@iéwwa§iﬂ p2BrdN or
accordance with one enbodi nent of the invention. As shown, the chain is

formed on Q;@ﬁﬁiw@C@é)_rg_S’ubﬁéI%m @ré‘%s@&@éf&i’?e%ﬂé gg’gé:cgpuctor

substrates can also be wused. The nenory chaln conprises, for exanpl e,

ei ght ne : : 4 W, .8 x=8)_.. Menp chai ns of ot her

si zes ar enlaﬁr%éoctﬁ{séer%ull% rse?%gar%&?/,f?ﬂ%e%uarﬁ)e%a%? %%Wilic??lrs aa'tqfai nis equal
to 2Y, mhereZ%Iis a whol e nupber Z 1. 20 Each nepory cell conprises a
transistor % ec?mﬁﬁeeoccf‘i?]ae T tFTIRAS | FPThELRAP odi NMRIOUhe menory
cells are ferroelectric nenory cells. Qher types of nenory cells are

al so uséf ulShaiE 1 ke addressridry e Ivordlines, féonimxamphemomn n- FET
coupled to a stack ferroelectric 25 capacitor with a ferroelectric |ayer

bet ween t oppl@wk st tastmay 4 NOV 2GU6

in one embodiment, the transistors of the memory cells
within the chain share a diffusion region. Sharing of the
diffusion region advantageously reduces surface area
10 required. The capacitors of adjacent memory cells are
intercohnected. As shown, the two adjacent capacitors
share a common electrode 410 to form a capacitor pair. Two
non-common electrodes 420 of adjacent capacitors from
adjacent capacitor pairs are coupled to a coupling
15  interconnect 467 via studs 463. Preferably, the common
electrode is the lower electrode while the non-common
electrode is thelupper electrode. A first common diffusion
region 448 of a memory cell transistor is coupled to the
common electrode of a capacitor pair via a contact stud 470
20 and the coupling interconnect is coupled to a second common
diffusion region 449 via contact stud 474.
A selection trangistor 225 is provided at a first end
of the chain. In one embodiment, the selection transistor
shares a common diffusion region with the transistor 442,

25 of memory cell 440;. The non-common diffusion region of



8 el ectrodes. Other types of transistors (e.g., p-FETs) or capacitors
(e.g., trench) are also useful. The gates of the transistors %ﬁQ@@e f or med
as gate conductors that either are coupled to or serve as wordl vV 206
Nunerous 5 chains can be addressed by the wordlines, formng a nenory

bl ock or array. In one enbodiment, the tPansistors of the nenory cells
within the chain share a diffusion region. Sharing of the diffusion region

advant ageousity seleresosuttangisten 18 ceaple@dtoThebsapankt 966 ¢faagi acent
menory cells are interconnected. As shown, the two adjacent capacitors

share a coramix£ecd TR 410 EHeTeérﬂaxé?cé‘?i‘fhg%np%giog"‘?s”88&%?@8“93r o

el ectrodes 420 of adjacent capacitors from adjacent~capacCitor parrs

coupled to i [ onpect _467_via_stu 463, Preferably, the
common el e@%&rcolcrje i%‘ﬁenl g%gégg?e%t?Bd‘éaﬁﬁFP‘EOthiﬁanfco‘PﬁW &kt rode is
t he upper e]ectrode. /A first common diffusion region 448 of a nmenory cel
transi st or ‘%‘g&‘(fou%l é’c}‘ﬁtoejt"ffée THhmidh RIS DRP othe *ehrriendt Phitheia a
contact stud 470 20_and the coupling interconnect is coupled to a second
common °di fTRAON rEYi eRe48Ubodamenhit athesplata¥ineAisetoupled toankest or
225 is provided at a first end
non-common diffusion region of the transistor of the last

memory cell 440, of the chain via a contact 477.

Illustratively, the taller studs (e.g., 474, 476, and

477) are formed in two process steps. The first step forms

10 lower portion (e.g., 474a, 476a, and 477a) and a second
process step forms the upper portion (e.g., 474b, 4¢76b, and
477b) . Forming such studs using a single process step is
also useful. Additionally, contact studs 470 and 474 can
be formed using two separate processes. This enables the

15 different contacts to be optimized individually.
Alternatively, the lower portion 474a of contact studs 474
can be formed with contact studs 470. Other integration
schemes for forming the contact studs are also useful.

in accordance with the invention, the capacitors of

20 the memory cell have different Capacitances, depending on
the position of the memory cell within the chain, to
compensate for load imbalance of the chain. 1In one
embodiment, the capacitance of a memory cell is determined
by equation 1 described above. The different capacitances

25 can be achieved by varying the size of the capaciteor (e.g.,



of the chai.n. In one enbodiment, the selection transistor shares a comon
diffusion region with the transistor 4421 25 of menory cell 440}, NDRe7
non- common di ffusion region of 2 4 NOV 2006 9 the selection transistor is
coupled to a bitline 250 via a contact 476 while the conmmon diffusion
region is coupled to the non-comon el et rode of capacitor 4441 of nenory
cell 4401. A plateline 260 is coupled to the other end of the 5 chain. In

one enbodi namtfatdeaptal el i Tikei Baggep! eHet 8aphO i +BON- ERATMRAHLLS HRELON
region of the transistor of the |ast nennrybcell 440,EggP ?ﬂe}c g%n via a

are Tormed T tuh e caga{yibOeviRonr]  BHHER b Eplnigtlsy coh e Hipel on

are formed in two process steps.

(e.qg., 474a,..47 a)-and a_secon rocess step fornms the upper
portion (e?%?? g@%%sygﬁéég éﬁdggﬁ79%?§cﬁg957nﬁugﬁcﬁssgéﬁ¥lﬂgiﬁbea si ngl e
process stqg.is al so_useful . Additionally, contact studs 470 and 474 can
be formed USTHPEWO [ephlatelerbredess. ushpg dafbrosnthmatesiailf f er ent
contacts to be optimzed individually. Alternatively, the [ower portion
474a of *corf¥RROL hiy_nafer dahferentr aadanithreontaat cotbdaadibn GEher
integration schemes for formng the contact studs are al so useful.
different techniques, are also useful.

In one embodiment, the capacitors towards the
plateline end of the chain are larger than those closer to
the bitline end of the chain since the load is larger at

10 the plateline end than at the bitline end. Preferably, the
sizes of the capacitors produce an effective capacitance
which is the same for all capacitors. Alternatively, the
cells can be grouped into one or more cells, wherein the
cell capacitors of each group having different

13 capacitances. The capacitance of the cell capacitors
within each group is selected such that the effective
capacitance of the cell is within a desired range of Cg.
The IC may include additional features (not shown), such as
support logic, passivation layers, and package.

20 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 changes may be made to the present invention without
departing from the spirit and scope thereof. The scope of

25 the invention should therefore be determined not with



In accordance with the invention, the capacitors of 20 the nenory cel
have different capacitances, depending on the position of t 4WRWD#M cel
within the chain, to conpensate for |oad inbal ance of the charn. | %ne
enbodi nent, the capacitance of a nmenory cell is determined by equation 1
descri bed above. The different capacitaﬂées 25 can be achi eved by varying
the size of the capacitor (e.g., 2 4 NOV 2006 10 surface area). The |arger
t he capaci ttafendmeehitgherthet dboveapdes ¢ abhptei aindowt oeidier sefefkhies t®chni ques
for varying the capacitance of the capacitor, such as varying the distance
of the el e@ﬂ@%emﬁm&mﬂﬂ#rﬂﬁnwfﬁﬁa&h&ﬁmiéé:@;@efef different
capacitors or a conbination of different techniques, are also useful. In
one enbodi ivdigGapacitors towards the plateline end of the chain are
| arger than ose closer to the bitline end of the chain since the load is
| arger at 10 the plateline end than at the bitline end. Preferably, the
sizes of the capacitors produce an effective capacitance which is the sane
for all capacitors. Alternatively, the cells can be grouped into one or
nore cells, wherein the cell capacitors of each group having different



15 capacitances. The capacitance of the cell capacitors w thin each group
i s'selected such that the effective capacitance of the cell is within a
desired range of CK. The IC may include additional features (not shown),
such as support |ogic, passivation layers, and package. 20 VWi N8V 28

i nvention has been particularly shown and escribed with reference to
various enbodinents, it will be recognizeﬁ by those skilled in the art

that nodi fi catians s aNd iGhanges, my be nmade to the present invention
wi thout departing fromthe spirit and scope thereof. The scope of 25 the

invention shqul d theref e determned not with 2 4 NOV 2006 reference
to the above desc??b%ﬁgﬁqaé£%én FrEter HUBPY L8 1PHE appended cl ai ms al ong

with their full SCOE@ of . .equivalents. 2 4 NOV 2006 12 Wat is clainmed is:
1. An integrated & PCUTEIddnprafsimRmomy predhei (54061 medbdy celds- (840 -
340x; 4401 - 440x). , wherein a menory cell includes a capacitor (3441 -
344x: 5 4441WheEEAR)a¢&@@Q§YtQﬁkﬂtlmﬂﬁﬂdﬂmra(ad@&cit342xs44§21-34ﬂﬂ4x) in
parallel, the plurality of menory cells coupled in ' '
5 4445 - 444,) coupled to a transistor (242; - 2424; 442 -
4444) in parallel, the plurality of memory cells coupled in
series to form a chain group (302; 201) having first and
_second-ends;
a bitline (250) coupled to the first end of the chain
10 group; and
wherein the capacitors (344; - 344,; 444, - 444,) of
the different memory cells in a chain group have different
capacitances to compensate for the different capacitive.

intrinsic loads experienced by different memory cells when

15 selected within the group chain.

2. The integrated circuit of claim 1 wherein the
capacitances of the memory cells (3401 - 3404; 440, - 440,)
depend on the location of the memory cell within the chain

20 (302; 201).

3. The integrated circuit of claim 1 or 2 wherein the
capacitors (344; - 344,; 444, - 4444) located farther away
from the first end are greater than those capacitors that

25 are closer.



series: to -forma chain group (302; 201) having first and second ends; a
bitline (250) coupled to the first end of the chain 10 group; and wherein
the capacitors (3441 - 344x; 4441 - 444x) of the different npoyoy ggh!s in
a chain group have di f f er ent capaci tances to conpensate for the different
capacitive intrinsic |oads experienced by different nenory cells when 15
selected within the group chain. 2. The |H%egrated circuit of claim1l
wherein the capacitances of the nenory cells (3401 - 340x; 4401 - 440x)
depend on the | ocation of the nmenory ceII within the chain 20 (302; 201).

3. The integjated r f..cl T apacitors (3441 - -
344X; 4I441 94444X)Tﬁ’fo§§;t%89?§%t°ﬂwr;°\ﬁgly %Cﬁqf%m #ﬁ?%tf A %‘?Jeng'fls-.\%ter

t han those c s_that 25 are_clos NOV 2006 13_4. The
i nt egr at ed c??%ﬁ%%g%?rgl Fire or4§2m%e?glﬂdﬂﬁEenPr@ﬁ@P§YoF§1%H4§Eare4§2 )
of adjacent nenDr% gells share a -.common diffusion region (448)..
mo iffusion region (448).
»
5.  The integrated circuit of claim 1 or 2 wherein the

group comprises 2* memory cells wherein x is a whole number

greater than or equal to 1.

10 &, The integrated circuit of claim 1 or 2 wherein the
capacitances is determined by the equation Cce11q/C =
Cee11q/Ch. + sum of Cpi (where i = 1 to gq) = Cx, wherein Cy is

equal to the desired effective capacitance.

1s 7. The integrated circuit of claim 1 or 2 wherein the

capacitors are stacked capacitors.

8. The integrated circuit of claim 1 or 2 wherein the

capacitances are varied by changing the surface area of the

20 capacitors.

9. The integrated circuit of claim 1 or 2 further

comprises a plateline (260) coupled to the second end,



5.  The: |ntegrated circuit of claim1l or 2 wherein the group conprises 2"
menory cells wherein x is a whole number greater than or equal to 1. 10
6.. The integrated circuit of claimi1 or 2 wherein the capa0|5 aﬁéféhﬁ
deternlned by the equation Ccellg/C = Ccellg/CBL + sum of CPi ? =1
to q) = CK wherein CKis equal to the degjred effective capacitance. 15
7. The |ntegrated circuit of claiml or 2 wherein the <capacitors are

st acked capaéPtor £he8 irbegyrateeratesh Tt réfi ¢19imcl abm 4 WheZeVReEghn the
capaci tances are varied by changing the surface area of the 20 capacitors.
9. The i nt egtapaditior@Uidreof onprises a plateline
(260) coupl ed Fo t he secoﬁg%S%fa%?éc%%iﬁz%%%égﬁélT%' The integrated
circuit of claiml1 or 2 wherein the capacitors are ferroelectric
capacitors. '



