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2 7 NGV¥29964—7&66E66* 7.1 |1 MPROVED MEMORY | NTEGRATED CIRCUI T FI ELD OF
I NVENTI ON *co0002* The present invention relates to integrated
CIrCUItS ﬂm\mmHNWUMMMF partlcularly, the invention rel ates % N/ oggl ! CS.
for exanpl ric menory ICs, with series architecture.
BACKGROUND OF TikiiEsst NVENTI ON 10 Ferroel ectric netal oxide ceranic material s

such as lead zirconate titazzate (PZT) thave been investigated for wuse in
ferroelectric sem conductor nenory devices. Qther ferroelectric materials,

for exanple, strontium ﬁﬁﬁéﬁ*a&ﬁTﬁéﬁﬂ}FﬁagagbﬁgTbe used. Fig. 1

shows a 15 conventional terroelectric nmenor aving a transistor
130 and a ferroelectric capacitor 140. A capacitor el ectrode 2 1S

coupled to a plateline 170 and another capacitor el ectrode mm 'mwﬂmmmned
to the transistor 130 which sel ectively couples or decouplg wu
capaci t or EZBEDAOF THFINVENTI®sendi ng on the state (active OLghgactive)

of a wordline 150 coupled to the transistor gate. The ferroelectric nenory
stores informatfhe preskeat invention relates to integrated circuits

5 (ICs). More particularly, the invention relates to memory
ICe, for example, ferroelectric memory ICs, with series

architecture.

BACKGROUND OF THE INVENTION

10 Ferroelectric metal oxide ceramic materials such as
lead zirconate titanate (PZT) have been investigated for
uge in ferrocelectric semiconductor memory devices. Other

;iferroelectric materials, for example, strontium bismuth
tantalate (SBT) can also be used. Fig. 1 shows a

15 conventional ferroelectric memory cell 105 having a
transistor 130 and a ferrcelectric capacitor 140. A
capacitor electrode 142 is coupled to a plateline 170 and_
another capacitor electrode 141 is coupled to the
transistor 130 which selectively couples or decouples the

20 capacitor from a bitline 160, dependiqg on the state
(active or inactive) of a wordline 150 coupled to the
transistor gate.

The ferroelectric memory stores information in the

capacitor as remanent polarization. The logic value stored

25 in the memory cell depends on the polarization of the



7 capacitor as remanent polarization. The logic value stored 25 in the
menory cell depends. on the polarization of the 27 NOV 2006 2 ferroelectric
capacitor. To change the pol arization of the capacitor, a voRTapy ¥§gch is
greater than the switching voltage (coercive voltage) needs to be applied
across its electrodes. An advantage of the ferroelectric capacitor is 5
that it retains its polarization state FHter power is renoved, resulting
in a non-volatile nenory cell. Fig. 2 shows a plurality of ferroelectric
menory cel ferrcedkicgumied dapazxitiai.n 2@2 chiefe & heeprrla w4t e tdf ehes
described in, for exanple, Takashima et al., Synposiumon 10 VLSI Circuits

(1997), whicglpales ter, elah voieaigeonalied B Igfanence o @ld frpases The

menory cells 205 of the chai'n, each conprises a transistor 230 coupled to

Cranal ot or SO RSP HFE R v fiRS e B Bl gy

coupled to rglines. One end 208 of the chain is coupled to a bitline
while the eﬁ‘%ﬁ FOERE 208 SXGIAEE oF :ﬁtﬂ_ SAHAf- 2G4 I UrBRASL AT iBhai ns
are interconnected by wordlines to forma nenory block or array. 20 Fig. 3
shows a’coWédt iien e taisss idec tnmniizas immatat e ledfiteBQRIweAs ishown, the
transistors 330 of the nenory cells 305 are fornmed on a substrate 310.

Adj acent celdmoved, resulting in a non-volatile memory cell,

Fig. 2 shows a plurality of ferroelectric memory cells
configured in a chain 202. Such 2 memory architecture is
described in, for example, Takashima et al., Sympoéium on

10 VLSI Circuits (1997), which is herein incorporated by
reference for all purposes. The memory cells 205 of the
chain, each comprises a transistor 230 coupled to a
capacitor 240 in parallel, are coupled in series. Gates
233 of the cell transistors, for example, are gate

15 conductors which serve as or are c¢oupled to wordlines. One
end 208 of the chain is coupled to a bitlinme while the
other emnd 205 is coupled to a plateline, A plurality of
chains are interconnected by wordlines to form a memory
block or array.

20 Fig. 3 Bhows a conventional cross-section of a memory
chain 302. As shown, the transistors 330 of the memory
cells 305 are formed on a substrate 310. Adjacent cell
transistors shared a common diffusion region. The
capacitors 340 of the memory chain are grouped in pairs.

25 The bottom electrode 341 serves as a common electrode for



i transistors shared a comnmon diffusion region. The capacitors 340 of the
menory chain are grouped in pairs. 25 The bottom el ectrode 341 serves as a
comon el ectrode for 2 7 NOV 2006 3 adjacent capacitors. The top el ectrode
342 of a capacitor froma capacitor pair is coupled to the uppeygvebggt r ode
of a capacitor of an adjacent pair, thus form ng a daisy chain. The top
.capacitor electrodes are coupled to the35 cell transistors via active area
top el ectrode plugs 386. During standby or when the menory chain is not

sel ected fQfjacEREDENDAGLESSe, t NEnUWOLELi Besc0folibesghabR aakgpacitye tO
render the cell transistors of the chain conductive. The capacitors of the

chain are ted ; tLansi sLo cpnd i o] ' r ead
it or mat | ont T o SaReo oy PRI TErERRRLEATeRTaL UPpetOplBLELGYE BE [
provi ded at the gigtelige. Thg.mordline, corresponding to the row address
of the mendr§>BRCEERT| 8T FBREYIGERY, PBAHsi hEUEhe FMAAEi &t 8R18Y t he
selected cell to 15 be non-conductive. As a result, the pul se prod-aces an
electric frepénacrvse tap capacitor elerhrodesedredcoupled Daethe the
sharing of diffusion regions between adjacent cell transistors and sharing
of top Bandcbdltoranelecdrodesaohcadiracaptacebd edpacirbaesplibe gbectric
field 20 wll be in different directions for adjacent cells. As indicated,

even addressed pe#Rh¥ S§€hh8by bk WA¥R 8He memory chain is not

selected for a memory access, the wordlines of the chain
are active to render the cell trapsistors.of the chain
conductive. The capacitors of the chain are shorted when.
10 transistors are conductive. To retrieve or read
information from one memory cell of the chain, a pulse
(e.g., 2.5V) is provided at the plateline. The wordline
corresponding to the row address of the memory access is
deactivated, causing the transiéﬁor of the selected cell to
15 be non-conductive. As a result, the pulse produces an
electric field across the capacitor of the selected cells
Due to the sharing of diffusion regions between
adjacent cell transistors and sharing of top and bottom
electrodes of adjacent cell capacitors, the electric fiel%d
20 will be in different directions for adjacent cells. As
indicated, even addressed memory cells will have an
electric field applied in a first direction while odd
addressed memory cells have an electric field in a second

Or oppogite direction. Alternating external electric field

25 directions across capacitors for odd and even addresses



electric fiel'd applied in a first direction while odd addressed nenory
cells have an electric field in a second or opposite direction.
Alternating external electric field 25 directions across caﬁgqhhp&& for odd
and even addresses 27 NOV 2006 4 results in an asymetrically shapgd
hysteresis curves for odd and even addresses. As a result, the read signal

for odd and even address locations willK be different. This leads to a

broadeni ng of read signal distributions, as 5 shown in Fig. 4, undesirably

reduci ng sesshlgsWindaw. asknestirheal 0yegnapeddhyeUsseals thrkesdesir able to
provi de an inproved chained architecture ich avoids asymetri cal

PySLeres! Soags LOroddepRdeRUen AIULESSa a0l NS0 SAIRY O T

| NVENTI ON The 1 nvention relates to neno are
arranged i hai n._menmory._havi x menory.cells. .A__nenory c rises a
transistorgﬁgvgﬁg ?VP?tagﬁaefécgﬁﬁaE%OEFf%ﬁgﬁohergjﬁgﬁ§egﬁd a%ggﬁacitor
havi ng dieiec ric layer hetween first and second el ectrodes. One of the
el ect r odes ®f€2atBoft BRPEFERLRTdR aRE2FhE16PRer CaRETLSUS 1086 . eBSCt r ode.
The first electrode is coupled to the first diffusion region and the second
el ectrode BBowBupheHito theusdesnttab2§ diefiringn seagiag. window.
From the foregeing discussion, it is desirable to
provide an improved chained architecture which avoids
- asymmetrical hysteresis curves for odd and even address

locations.

10

SUMMARY OF THE INVENTION

The invention relates to memory ICs. The memory cells
are arranged in a chain memory having x memory cells. &
memory comprises a transistor having first and second

15 diffusion regions and a capacitor having dielectric layer
between first and second electrodes. One of the electrodes
is a bottom electrode and the other one is a top electrode.
The first electrode is coupled to the first diffusion
region and the second electrode is coupled to the second

20 diffusion region.

In one embodiment, the memory cells are ferroelectric
memory cellg in which the ferroelectric capacitors each
comprises a ferroelectrié layer.between the first and

second electrodes. The cell transistors, for example, are

25 N-FETg,



I n 'one enbodi'nent, the nmenory cells are ferroelectric nenory cells in
which the ferroelectric capacitors each conprises a ferroelectric |ayer
between the first and second el ectrodes. The cell transistors,2f&Nov 2006
exanple, are 25 |1-FETs, 2 7 NOV 2006 5 In one enbodi nent, the nmenory
cells are interconnected by having the second el ectrode of the kth nenory-
cell of the chain coupled to the first-el ectrode of the kth+l nenory cel
of the chain. By interconnecting the nmenory 5 cells of the chain in such a

manner, the el eéfrpoef ewbddimapp| i tHeacransyarelll bhe dapesideiwcekd he
chain by a plateline pulse are in the sane direction. As a result, the

nmenory celbg hbvihg ¢hei BepbRdUEB=BBEBARY HFELHieC jFb ' ves,
t hereby i nproving the sensing wi ndow. 10 BRIEE DES&%%@#%%&? W NGS

o hon pouhe SSRESNCELLTES Lo eqel BELERS TRIRLLAEELI i o 51 °
of " convenPBREY BRAEnBE FBRoFyabich BécidrercprgeceismonbeoneTenbod ment
of {he § Pvepiign for, reducing asymret i cal hysteresis curves for odd and
applied across any of the capacitors of the chain by a
plateline pulse are in the same direction. As a regult,
the memory cells of the chain produce more symmetrical
hysteresis curves, thereby improving the sensing window.
10 |
.+ BRIEF DESCRIPTION OF DRAWINGS
F;g. 1 shows a conventional ferroelectric memory cell;
Fig. 2 shows a conventional memory chain;
Fig. 3 shows a cross-sectional view of a conventional
15 memory. chain; |
Fig. 4 shows the read signal distribution of
conventional chained memory architecture;
Fig. 5 shows one embodiment of the invention for
reducing asymmetrical hysteresis curves for odd and even
20 address locations;
Fig. € shows a cross-sectional view of a memory chain
in accordance with one embodiment of the invertion; and
Eigs. 7-10 show a procéss %or forming a memory chain

in accordance with one embodiment of the inventicn.

25



20 'addreSs | ocations; Fig. 6 shows a cross-sectional view of a nenory chain
I n accordance wth one enbodi nent of the invention; and Figs. 7-10 show a
process for formng a nenory chain in accordance with one embodi nent of the
invention. 25 2 7 NOV 2006 6 DETAI LED DESCRI PTI ON OF THE | NVENYOVORIOBi g. 5
shows a nenory chain 502 in accordance with one enbodi nent of the

i nvention. As shown, the chain conprise$ a plurality of menory cells
5051-505,,, each having a 5 transistor 530 and a capacitor 540. In one

enbodi ment pETASLEDNDESCREPPTORCOFETHR! THORERTYORE! | S (€. 9., x=8). Providing

menory cha|ns'6T_‘Tﬁ'“§T7§§‘T§“3T§6‘“§€TUF“Preferably, t he nunber of
menory ceIIs I n e ¢h Sg€ Y r n er
(e.g., x = Fi&tr%n%h@?ér ﬁ%rfgéégfﬁpgrgﬁ c?@%@ﬁ% gh%#ggiggg

regi ons 53% a 532 . a aC|§or co s fir b %@ second Iates 541
and 542 Wg FF?PtpPgtEgef SRVERLAPRe, nR? QWBOtS &FrSH@P 488Sthe
second pl ate |s the top _electrode. The transistors, for exanple, are
n- FETs. O RePLiuypédtyr ofsmemaryi seals, 59GchS @%x p-aaels AV Gbi nati on of n
and p- FETs, can also be used. The first transistor diffusion region is
coupl ed t otrhpsister 6dpaantion pkpeeivbirl §40he Incomedetibadimeher, dhéf usion
region is coupled to the second _
chain comprises eight memory cells (e.g., x=8). Providing
memory chains of other sizes is also useful. Preferably,
the number of memory cells in the chain is equal to by 27,
where y is a whole number (e.g., x = 2Y). A transistor
10 comprises first and second diffusion regicns 531 and 532
and a capacitor comprises first and second plates 541 and
' 542, The first plate, for example, is the bottom electrode
and the second plate is the top electrode. The
transistors, for example, are n-FETs. .Other types of
15 transistors, such as p-FETs or a combination of n and p-
FETs, can also be used.. The first transistor diffusion
~ region is coupled to the first capacitor plate while the
second transistor diffusion region is coupled to the second
capacitor plate.
20 The memory cellg are coupled in series to form the
chainil In accordance with one embodiment of the invention,
the same side of each cell trangistor (e.g., first or
second diffusion region 531 or 532) is coupled to the same

type of capacitor electrode (first or second electrode 541

25 Or 542). For example, the source (e.g., first diffusion



capacitor pldte. 20. The nenory cells are coupled in series to formthe
chain. in accordance with one enbodi nent of the invention, the sane side
of each cell transistor (e.g., first or second diffusion region 531 or

532) is coupled to the same type of capacitor el ectrode (fi&&N0¥ 28 cond
el.ectrode 541 25 or 542). For exanple, the source (e,g., first diffusion 2
7 NOV 2006 7 region 531) of each cell ffransistor is coupled to the bottom
capacitor electrode BE and the drain (e.g., second diffusion region 532)

of each cellghbanshslobyl %a%?luléleqq ‘t%anfs%tb%p 1BARRRIHIV %'oe%thf ode TE.
Alternatlvely, t he source each cell transistor I's coupled to the top

capacitor [ t I t botton1 ca itor
el ectrode. Lﬂ[ 8\#2&?% oerq%c%e%ld%t g%t %gL r%%ehéj%al&e S fpé 5F° O(% paci t or
el ectrode fo%ne ceII I's coupled to an t her, .t 10 of electroqgiof an
adj acent c&f; uPﬂonfaﬁgéfﬁhﬁﬁé Pﬁeeéﬁ F§l&o§ﬁ@§?%ﬁ§qquaq & f£8si on
region and the TE is coupled to the second diffusion region in each cel
the top elt&Et toBe coPaci&ragdciataoden TEhe Ailtsrnedlived051 thie sovEashain i s
coupled to BE of the capacitor of second cell 15 5052. Alternatively, the
first capacit eact eslloderarsisteor tep coupiedods aik ttup saperd teapacitor is
the bottom el ectrode,
electrode while the drain is coupled to the bottom
capacitor electrode,
To interconnect one cell to the another, one type of
capacitor electrode of one cell is coupled to another type
10 of electrode of an adjacent cell. 1If, for example, the BE
is coupled to the first diffusion region and the TE is
coupled to the second diffusion region in each cell, the
top electrode of the capacitor in the first cell 505; of
the chain is coupled to BE of the capacitor of second cell
15 505;. Alternatively, the first capacitor electrode is the

top electrode and the second capacitor is the bottom
electrode,

Gates 533 of the cell transistors can be gate
conductors which serve as or are coupled to wordlines.

20 A first end of 508 of the chain is coupled to a bitline
560. In one embodiment, a selection transistor 504 is
coupled between the first end of the chain andé the bitline
560. The selecticn tranéistor is controlled by a block
select signal to selectively couple or decouple the chain

25  from the bitline. A second end 509 of the chain is coupled



Gat'es 533 of ‘the cell transistors can be gate conductors which serve as or
are coupled to wordlines. 20 Afirst end of 508 of the chain is coupled to
a bitline 560. In one enbodiment, a selection transistor 504 is_c | ed
between the first end of the chain and the bitline 560. Thé7%§p$é§ﬁ£n
transistor is controlled by a block selgect signal to selectively couple or
decouple the chain 25 fromthe bitline. A second end 509 of the chain is
coupled 27 NOV 2006 _8 to _a plateline 570. For chains with an even nunber
of  nenorytCef| B12ERS 1REr §70i f FOEi shaidgi washorn Kyegepumbera i st ors at
the end of the chain are coupled to either the bitline or plateline,
dependi ng BamAkYchedad, othehdiFstcRaffusAopl mealiicty 'ofhaihes cald

i nterconnected by wordlines to forma nmenory block or array. By coupling

the menory teehkistbreeticeshan cagCcordahee chdilh alrfke dotiyarld @ dift@edl ectric
field applied across any capacitor of the chain during a read operation

| rrespect! ¥aelBicohnkher AdlEesne) 08LEANIIS I WS BATRLI e on. As a
result, the hysteresis | o06ps of the nmeffory c€ll's of the <chain are

subst ant.i al .symret (i.cal_- .Thi s.reduces or. _.avoids different read signals

f or oddganghé&éhnggdkgggalﬁé’a%PSﬁE? BEr B\ STROPRRS RS P¥a ¥ OF & Sar gi n
15 Fig. 6 sho&g a cross section of a nenory chain 602 in accordance with

one enbodi MENEOST EhEEMRFANBlOSK PReaTTRY -

By coupling the memory cells in series in accordance
with the invention, the electric field applied acrose any
- capacitor of the chain during a read operation irrespective

10, of the address location is in the same direction. As a
result, the hysteresis loops of the memory cells of the
chain ére substantially symmetrical. This reduces or
avolds different read signals for odd and even address
locations, thereby increasing read signal margin.

15 Fig. 6 shows a croes section of a memory chain 602 in
aqcordénce with one embodiment of the invention. The
memory' chain comprises a plurality of memory cells 605;-
605z formed on a substrate 610. Illustratively, the chain
comprises four memory cells (e.g., x=4). The memory cells

20 each comprises a cell transistor 630 and a capacitor 640.
The transistors of the memory, in cne embodiment, are n-
FETs. Each cell transis;or includes first and second
diffusion regions 631 and 632. :In one embodiment, adjacent
transistors share z common diffusion region €32/631.

25 Sharing of diffusion regicne between adjacent transistors



merrory chain ‘conprises a plurality of nmenory cells 6051- 605X formed on a
substrate 610. Illustratively, the chain conprises four nenory cells
(e.g., x=4) The nenory cells 20 each conprises a cell transistor 630 and a
capacitor 640. The transistors of the nenory, in one enbodigfgt va n-
FETs.. Each cell transistor includes first and second diffu Amregﬁ%ns
631 and 632. In one enbodi nent, adjacent® transistors share a conmon

di ffusion region 632/631. 25 5har'in5 of diffusion regions between adjacent

Lransistor sadaftbGdoealy rddadeantensousize reducas raelde U orieia [ 1St

end of the chain’is a Selection transistor 604 having a firs di ffusion

regi on cou toa bithi : _Th r_.dif fusi . i_on,. i § a conmon
di ffusion ?ggggngﬁiFhs%EgQ?FP§t%EgbgqgtgFgﬁgﬁs %F? %g& ﬁﬁéﬁm&is coupl ed
to a secon d 6 of .the cha

. 09 of Ln., | . di , th ' ., of
menory ceIgl?guﬁloFeFF@&P@cFPFP&ggpén|%ggpﬁiﬁgekg$&%§lzﬁﬁﬁﬁgp Cltoapgr.a

includes a ferroelectric |ayer 643 between first and second, 10 el ectrodes
641 and 647S9eRRdudBi e cREFER 81 fSusi oas negiion withalthearf irstused 1t o form
the el ectrodes. other types of conductive nmaterials such as SROor Iro are
al so uskf ukrahsissomot RAepdssedjinehdls tdempliedstoand seeerid ezl @omodds be
formed fromthe sane type of material. The ferroelectric 15 material, in
one enbodi gRBt cheempri ses PZT. SBT or ot her

In one embodiment, the capacitor of a memory cell is a
ferroelectric capacitor. The ferroelectric capacitor.
] _
includes a ferroelectric layer 643 between first and second
10 eléctrpdes 641 and 642. Conductive material such as ndble
metal can be used to form the electrodes.. Other types of
conductive matefials such as SRO or Ir0 are also useful.
It is not necessary that the first andlsecond electrodes be
formed from the same type of material. The ferroelectric
15 material, in one embodiment, comprises PZT. SBT or other
types.of ferroelectric material:can also be used. As
shown, the first electrode is the bottom electrode and the
second electrode is the top electrode. The bottom and top
electrodes are respectively coupled to firstland second
20 diffusion regions of a cell transistor, forming a parallel
coﬁpling between the transistor and capacitor of a memory
cell. An'encapsulationilayer can cover the capacitors to
serve as a barrier against contaminants, such as hydrogen.

The encapsulation layer can be formed from, for example,



types of ferroelectric material can al so be used. As shown, the first

el ectrode is the bottomel ectrode and the second electrode is the top

el ectrode. The bottom and top electrodes are respectively c gph@ﬁggﬁ first
and second 20 di ffusion regions of a cell transistor, forning a pararl el
coupling between the transistor and capacitor of a nmenory cell. An
encapsul ation | ayer can cover the capactftors to serve as a barrier agai nst
contam nants, such as hydrogen. The encapsul ation | ayer can be forned
from for elamphe,. 20thNeY 20fes bl ehndpsalabiber llayees ofn aleapdd ation
| ayer can al so be wused. In one enbodinment, the top capacitor el ectrode of
a nenory Qekl.is coupled to the bottom capacitor electrode 5 from an

adj acent nmenory cell. Illustratively, top capacitor el ectrode of nenory

cell 605, is coypl t . to a I tQr _el.ectraode of mory _Cel

505, 111, wher o B0 Sher BptfiipgRy! " THE G CBpa®i TR RIS of (he
chain, the_top electrode is only coupled to the second 10 transi stor

di ffusi on FEJPEY. Rird BS: COMPHEECECoFPS POESHR £3PRS 1TRF MLaqEX RIS usi on

region of a cell transistor or common diffusion region of adjacent
transi sf or §¥PMa2a pefesertapesioror osildg 638 1uprgatiiontlom dmmci tor pl ug,
for exanple, conprises a conductive 15 material such as tungsten X -Qher
types of ceoapactitwe electrode of memory cell 605¢ is coupled to the

bottom capacitor electrode of memory cell 605g,;, where k is

from1 to x - 1. For the last memory cell 605 of the

chain, the top electrode is only coupled to the second

10 transistor diffusion region.

The bottom electrode is coupled to the first diffusion
region of a cell transistor or common diffusion region of
adjacent transistors via a bottom capacitor plug 688. The
bottom capacitor plug, for example, comprises a conductive

15 material such as tungsten (W). Other types of conductive
materials, including fo; example polysilicon, or aluminum,
are aléo-useful. A barrier layer, such as iridium, c¢an be
provided to inhibit diffu:ién of oxygen to reduce or
pfevent oxidation of the plug. An adhesion layer (not

20 shown) may also be provided between the barrier and plug to
promote adhesion between the barrier and interlevel
dielectric (ILD) layer 683.

Ihe bottom electrodé extends beyond the upper portion
of the capacitor (e.g., ferroelectric and top electrode

25" layers) to provide a contact area for coupling to the top



materials, ircluding for exanple polysilicon, or alumnum are also
useful. A barrier layer, such as iridium can be provided to inhibit

di ffusion of oxygen to reduce or prevent oxidation of the plug%1 adhesi on
| ayer (not 20 shown) may al so be provided between the barrier h | 488t o
pronot e adhesi on between the barrier and inteTlevel dielectric (I1LD) |ayer
683. The bottom el ectrode extends beyonH'the upper portion of the
capacitor (e.g., ferroelectric and top electrode 25 layers) to provide a
contact areked¢trodeupfiag adjabentopapaditioy.20@@lustrakeveigdetnt an

adj acent capacitor. Illustratively, the bottom electrode extends at | east

on one si deot &M éNect PbUE, et bAVENGLt NBaHBPBE BAE! 5BcOk bhechapaci tor to
be offset fromthe plug. The capacitor, for exanple, is 5 forned over the

gate of t | 1 LSt naLl , teh ppet Lopn_of the
capacitorh?%ﬁ§br%%%aw%$%rQ%ﬁeé%#gg,Bé%%?éxtﬁg gg%tggpaggg%rtgotkg upper

el ectrode adjacent capacitor, is offset fromthe plug. Oher |ayouts
for provid?%%gg%eg%%ﬁt ke %?8%' O&PﬁeCFBBCi%OEVengoﬁégﬂpqﬁn adj acent
capaci tor gre al so useful. The top electrode of a capacitor, in one

enbodi ment TOTTRA cBVIRY cBNe oIRRE BEt ERf E8pacFEERSaBESEr0de of an adj acent
menory cell via top capacitor plug 648, upper portion of bottom capacitor
pl ug 689 ahitevmativele,|the 8fger portion of the capacitor is formed

over the plug, while the contact area to the upper
electrode of an adjacent capacitor is offset from the plug.
Other iayouts for proviéing the contact area to the top
10 electrode of an adjacent capacitor are also useful.
The top electrode of a capacitor, in one embodiment,
ie coupled to the bottom capacitor electrode of an adjacent
‘memory cell via top capacitor plug 648, upper portion of
bottom capacitor plug 689 and conductive line 662.

15 Alternative techniques Qf coupling the top electrode of a
capacitor to a bottom electrode .of an adjacent capacitor
are also useful. Such techniques, include, for example,
stfap techniques and single metal layer for contact and
line.

20 Dﬁring a read, a pulse is applied to the chain via the
plateline, producing an electric field.across the capacitor
of the selected memory cell. The electric field,
irrespective of the address iocation, is appiied in the
direction of the bottom capaciﬁor plate towards the top

25 capacitor plate, as indicated by the arrows.



15 ‘Al ternati ve techni ques of coupling the. top electrode of a capacitor to
a bottom el ectrode of an adjacent capacitor are also useful. Such

techni ques, include, for exanple, strap techniques and single netal |ayer
for contact and line. 20 During a read, a pulse is applieq%} the chain
via the plateline, producing an electric field across the aﬁ&%i of
the selected nenory cell. The electric ¥ield, I rrespective of the address

| ocation, is applied in the direction of the bottom capacitor plate

t owar ds t Heltematbvelpacin celettatec fiselddinatkd bypohttardbmsctoZ NOV
2006 12 Alternatively, an electric field in the opposite direction can be
applied txdhebecapsiiod ©b tihe sepLeiedrCcet! thy sbawbpedt 8elli pet

transi stor diffusion region coupled to the top capacitor electrode and
second trqﬂ§t reyeld f | | o : . hot acpt

el ectrode. 1'$é§)Eé%n%ygfggtﬁ%éﬁg%éﬁkbgg?gﬁg%gga%??%?ﬁe%ggkgggeegfe%%nnry'
de-1.1 k is coupled.to the to apaciLtor el ectrode,of ne cell k+l

Figs. 7-10°Fhe %Ffﬁ%ﬁ%s%f#%ﬁggé#rﬁﬁé ﬁgﬁﬁﬁgrérﬁﬂﬁ?ﬁéoi0g$%¥35&8Pdance with
one enbodi nent of the_invention. Referring to Fig, 7, a_sem conductor
substrat e TP CPuRlEdcte thRe RP<PFaFarrsippEpateatwPef - celiieransi stors

of the nmenory chain. O her conponents'for I C (not shown)
would also mean the bottom capacitor electrode of memory

cell k is coupled to the top capacitor electrode of memory
" cell k+l.
Figs. 7-10 show a process for forming a memory chain
10 in accordance with one embodiment of the invention.
| Referring to Fig. 7, a semiconductor substrate 610 is
provided. The substrate is prepared with cell transistors
of the memory chain. Other components for IC (not shown)
can also be prepared on the substrate. The cell
15 transi;tors, in one embodiment, share a common diffusion
region 'with adjacent cell transistors. The cell
transistors, for example, are n-FETs. A selection
transistor (not shown) can also be‘provided on the
 substrate. The selection transistor shares a common
20 diffusion region with the first celil transistor.
An ILD layer 721 is provided over the substrate. The
ILD, for example, cémprises silicon oxide. Other types of
dielectric materials, such as silicon nitride, doped or

undoped silicate glass, or spin-on glass, are also useful.



can al so be prepared on the substrate. The cell 15 transistors, in one
enbodi nent, share a common diffusion region wth adjacent cel

transistors. The cell transistors, for exanple, are n-FETs. 24 deV 6 on
transi stor (not shown) can al so be provided on the substrate. The

sel ection transistor shares a comon 20 giffusion region with the first
cell transistor. An ILD layer 721 is prd | ded over the substrate. The |[ILD,
for exanple, conprises silicon oxide. her types of dielectric nmaterials,
such as si Macuwus thdadmiqiopedor baindopkd sifommttthey| B3, SUcks @S- on

gl ass, are also useful. 27 NOV 206 13 Various techni ques can be used to

formthe |ldBerid] ampoheldpeidanor (@igposition (CVD). Lower capacitor
el ectrode plugs 688 are fornmed in the |LD |ayer. The | ower capacitor

el ectrode plugs w&f%@mw@t&]g% Rl fdgl a0, reghole Al dfe cell

transi stors. The plugs, Tor exanple, con erial” such

a1 so be usdhD TR Lo i G T e AR F S AR S o
exanple, a resist layer is deposited on the ILD layer. and patterned to
f or m op@ni s &% "fﬁjiq?gfft"gﬂﬂrhqugrﬂo%i% thauge bk & Fansiestonh.
ani sotropic etch, such as reactive ion etching (RIE), is then perforned.
The RTE The plugs, for example, comprise a conductive material such

as poly-Si. Other types of conductivé material, such as

tungsten (W), can also be used.

The plugs are formed using conventional techniques.

10 For example, a resist layer is deposited on the ILD layer
and patterned to form openings corresponding to vias in
which_plugs are formed. An anisotropic etch, such as
reactive ion etching (RIE), is then performed. The RIE
removes portions of the ILD layer exposed by the resist

15 mask, .creating vias. A conductive material is then
deposited on the substrate, filling the vias. Excess
conductive material over the ILD is then removed by, for
example, chemical mechanical polishing. The CMP creates a
planar surface between the piugé and ILD.

20 A liner layer can be deposited on the substrate to
line the via walls prior to filling the vias., The liner
layer“serves to facilitate the filling process. A barrier
can a%so be provided to liﬁe the via walls. The barrier
layer inhibits diffusion of oxygen and/or hydregen to

25 prevent plug oxidation. Various materials, such as Ti and



renoves portions of the ILD | ayer exposed by the resist 15 mask,, creating
vias. A conductive material is then deposited on the substrate, filling
the vias. Excess conductive nmaterial over the ILD is then rgmoNG 288, for
exanpl e, chem cal, nechanical polishing. The CVP creates a planar surface
bet ween the plugs and ILD. 20 A |iner I?yer can be deposited on the
substrate to line the via walls prior To filling the vias. The I|iner

| ayer:-serves to facilitate the filling process. A barrier can also be
provi ded t®BLNj reamhee vitaedatdssemvie aartherliheyeandnhabrierdifayesson of
oxygen and/or hydrogen to 25 prevent plug oxidation. Various materials,

such as TiDepen@inddh26R6éthd4 The\, 1iasrbendsed barsteyelagetBeaténer and
barrier layers. Depending on whether the |iner and/or barrier |layers are

conducti vecoiaiet ivé NerPabt oMk bietdhdoBynbevi 8MKedol Orefitpageelhe

diffusion region. 5 After the plugs are formed, a contluctive layer 747 is

depositeddggbégg %%g%%?¥gﬁsggncgg¥§$aional techni ques. The conductive

| ayer ser as t onT capaci el ectrode. The conductive |ayer, for
exanpl%z conpri s nobl e_metal such as platinum O her types of

s a
conduct’ ve nate@f%?E the Piygg) 3pe keFmed: |& erRdeRboURmRAYST a’bArifer

| ayer is formed prior to depositing the conductive |layer. The barrier
| ayer deposited on the ILD layer by conventional techniques. The

conductive layer serves as the bottom capacitor electrode.
The copductive layer, for example, comprises a noble metal
such as platinum. Other types of conductive materials are
100 also useful,
In one embodiment, a barrier layer is formed prio? to
depogiting the conductive layef; The barrier layer
' c0mpriées, for example, iridium. Other materials which can -
inhibit the diffusion of oxygen, such és IrC, can also be
15 used. To promote adhesion between the barrier layer and
ILD, an adhesion layer can be provided beneath the barrier
layer.. The adhesion layer comprises, in one embodiment,
Ti. Other types of adhesion promoting materials can also
| be used to serve as the adhesion layer. Various
20 techniqﬁes, for example sputtering, can be used to form the
barriér-and adhesion layers.
For applications where the plug comprises poly-Si, a
metallsilicide layer is formed over the ILD prior to the
capacitor layers. The metal silicide, for example

25 comprises titanium or ashalt. Other metal sgilicides are



conprises, for exanple, iridium Oher materials which can inhibit the

di ffusi on of oxygen, such as IrC, can also be 15 used. To pronote adhesion

between the barrier layer and |LD, an adhesion |ayer can be pypwWwoveg2is

beneath the barrier |ayer. The adhesion | ayer conprises, in one

enbodi ment, Ti. O her types of adhesiog pronoting materials can also be

~used to serve as the adhesion layer. Various 20 techni ques, for exanple
sputtering,, can be ed to formthe _barrier apd adhesion_.l ayers. For

appl i cat i os*wFE Hhe p%ﬁﬁ E%ﬁﬁii%%%lﬁb$?-€$, MRt V’sF?Fc?ﬁﬂmpg er is

formed over the ILD prior to the capacitor |ayers. The netal silicide, for

exanpl e 25ceBYigRtterat i taahoiBesecobalt. Other netal silicidee are 27 NOV

2006 15 also useful. The nmetal silicide is formed by, for exanple,

conventi onal teckéfierquiesg Bef Eigi ng, t oh€i gond@uctheecdngect ivephhiperned

patterned to form bottom capacitor el ectrodes 641. Patterning of the 5

conduct i vetbagefmi SoBEBnC¥adabsthg, i 6 2¥a8B! 841C0NYaREERAGhgNBEktRad et ch
techni ques. The bottom capacitor el ectrodes are coupled to respective :

bottom: ca | .ele el : ong; odj bottom capacito}
electrd%esegﬁéégglg% g%gggi g g?éﬁ??ﬁ% g ﬁg ’agsgﬁgkgyg?gfhe gates of cel

transistors, G her | ayouts,are.also seful. The various,layers of the
upper portF8ﬂv8?t}ﬂ gy mask and etch K38 igues. Phe notko%

capacitor electrodes are coupled to respective bottom
capacitor electrode plugs. In one embodiment, the bottom
- capacitor electrodes extend on one side from the plugs and
10 over the gates of cell transistors. Other layouts are also
ugeful. The various la&ers of the upper portion of the
capacitor are deposited over the substrate, covering the
ILD and bottom capacitor electrodes. In one embodiment,
vérioug layers include ferroelectric and top electrode
15 layers. The ferroelectric layer; for example, comprises
BZT while the top electrode layer comprises a noble metal,
such as platinum. Other types of ferroelectric and top
eléct;ode layers can also be ussd. These layers are
patterned to form upper portion of the capacitors 640.
20 'Various conventional technigques, such as masking and
etching, can be used to pattern the different layers.
A dielectric layer 823 is deposited over the
substrate, covering the capacitors. Various types of
dielectric materials cah be ﬁsed. In one emkbodiment, an

25  encapsulation layer is formed ovexr the capacitor prior to



capacitor aré deposited over the substrate, covering the |1LD and bottom
capacitor electrodes. In one enbodi nent, various |ayers include
ferroelectric and top electrode 15 layers. The ferroel ectric2l7anev,2ger
exanpl e, conprises PZT while the top electrode |ayer conprises a noble
metal, such ae platinum O her types of ferroelectric and top electrode

| ayers can al so be used. These | ayers are patterned to form upper portion
of the capacitors 640. 20 Various conventional techniques, such as nasking
and et chideposirite tihediieleatricnlayerdi fMaetenialaysnsh as diviménaric

| ayer 823 is deposited over the substrate, covering the capacitors. Various

types- of it ebteledr i eyp@s evt anstetbabe thed. can onriBAPOdL FEQBioANof 25
encapsul ation layer is formed over the capacitor prior to 27 NOV 2006 16

deposi ti ngn{ieodbs! 8shTLtabayerusdhterials such as alumna or other types
of nateriajg tﬁ%% can inﬁ?tit d?%fusion of hydrogen can al so be used.

ol ect rodas respRetFEETIIare Fo7 ot | Ko “FHeo B cFO% P14 TAGER. SPRCGRE
mat or i 31 5. £R8nSoELEH 28SaFaR RLRF LRGP 5 BBSEE AVELYNBZB! BT E e For e by
conventiohal t echni ques. Such techni ques include,.for 10 exanple, formng
vias in thehgi@leteerriralayennd Inl phagembodiment, the plugs
comprise tungsten. Other types of conductive materials can
such as aluminum can also be used. The plugs are formed by
conventional techniques. Such techniques include, for
10 example, forming vias in the dielectric layer and filling
them wiih conductive matefial. Excess conductive materials
are removed by polishing, such as CMP.
Ag ghown in Fig. 10, a conductive layer is deposited
over the dielectric layer 823 after plugs 689 and 674 are
15 fo:med: In one embodiment, the conductive layer comprises
aluminum. Other types of conductive méterials, such as.Cu,
are algo useful. The cénductive layer is then patterned to
form conductors 962, each coupling the top electrode of one
capaciEor to the bottom electrode of an adjacent capaciter.
200 In an mlternative embodiment, the conductors are formed
uéing a damascene technigue. Such techniques, for example,
includes depositing a dielectric layer over dielectric
layer é23, forming trenches therein, f£illing the trenches
: with.conduc:ive.material, and removing excess conductive

25 material from the surface of the dielectric layer by CMP.



them wi th corniductive material. Excess conductive materials are renoved by
polishing, such as CWP. As shown in Fig. 1o, a conductive |ayer is
deposited over-the dielectric |ayer 823 after plugs 689 anﬁ Gmﬁﬁ?h% 15
formed. In one enbodi nent, the conductive |ayer conprises a J’ n Q her
t+ypes of conductive materials, such as Cu, are also useful. The conductive
| ayer is then patterned to form conduck’ors 962, each coupling the top

el ectrode of one <capacitor to the bottom el ectrode of an adjacent

capaci tor.a1 g%, |foafidd teiealiye £AR0dbABA Lot Heu60AFUELAL Sdangstenaed
usi ng a damascene techni que. Such techni ques, for exanple, includes

depositin | el rdfe | ielectric layer 823, form ng trenches
t herei n, E%%?%%ng t%éé%ée%%%%égggf?g'conductive material, and renoving
excess conductiye: 25 terial fromihe surface of the dielectric layer by
b2 7 Nov 2obE T8 7B Ot A GR R BEFl PERG EORBELY P EOUI FBSdua
damascene _techni ques, are also useful. Wiile the invention has been

parti cul arfSPEHNRE awith JERERTEREE Wk PhVRELBHENEBPPOIFARF Busi BnBddl nedits, it
will be 5 recognized by those skilled in the art that nodifications and
changes neyedreombziedtbyt teope eskhl ledvent the art hohat degaficagiénem t he
spirit and scope thereof. The scope of the invention should therefore be
det er m nedamdtciahdies redereaceadio tbethhopecedeser i preAnibHt withbutef erence

to
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

10 the appended claims along with their full scope of

equivalents.



10 the appended clains along with their full scope of equivalents. 2 7 NOV
2008 18 CLAIMS 1. An integrated circuit conprising: a nmenory chain having
a nunber of x menory cells, wherein x is a whole nunber great &7 NA¥n200§ 5
each of the nmenory cells including a transistor having first and second
diffusion regions and a gate and a capdd tor having a bottom el ectrode, a
dielectric digyeMs 10 forned on the bottom el ectrode and a top el ectrode
formed on The dielectric.layer, wherein the first diffusion region of the
transi st ort i PRotiprerrerd el TGpllel €RTPE4ELIBE 't he capaci-. for and the
second diffusion region of the transistor is cou- pled to the bottom
el ectrode of the capacitor; and 15 the nunber of x menory cells being
i nt er connettBRMPAY Hal3 7y h%‘ﬁbn%o%t%%PECPFOHemBPOWeCRﬂ-ﬁEGeWW & to
the top elgg-a twiagte Ohudibier kibed c dBMPRYNCEL!, Wwhere k is from!l to x-1. 20
2. The_integrated circuit of"claim1 wherein the menory cells are
ferroePectric menory cells in which the dielectric |ayer of the capacitor
of the me I | rs Kei Lal..
nt egr at e el it 1T MRioRC e 1€ nbeRuEhy b FriRREbLAE navidy Flier

and second diffusion regions and a gate and

a capacitor having a bottom electrode, a dielectric layer
10 formed on the bottom electrode and a top electrode formed on
the dielectric layer, wherein the first diffusion region of
the transistor is coupled to the top electrode of the capaci-.
tor and the second diffusion region of the tramsistor is cou-
pled to the bottom electrode of the capacitor; and
15 _ _ , _
.~ the number of x memory cells being interconnected by having
the bottom electrode of the ktE cell coupled to the top elec-
trode of the k®B+1 memory cell, where k is from 1 to x-1.
20 2. The integrated circuit ;— éiaim 1 wherein the memory
_ cells are ferroelectric memory cells in which the diélectric
layer of the capacitor of the memory cells compriges a fer-

. roelectiric materizl.

25 3. The integrated circuit of claim 2 wherein x is equal 27,

where y is equal to a whole number 2 1.

4. The integrated circuit of claim 2 wherein a first end of
the chain is coupled to a bitline and a second end of the

30 chain is coupled to a plateline.

5. The integrated circuit of claim 4 wherein x is equal 2Y,

where y is egqual to a whole number = 1.




where y is equal to a whole nunber > 1. 4. The integrated circuit of claim
2 wherein a first end of the chain is coupled to a bitline and a second
end of the 30 chain is coupled to a plateline.. . S. The integrated circuit
of claim4 wherein x is equal 2Y, where y is ecrual to a wyNgymggger ? 1.
?AMENJDED- : SKEET; 2 7 NOV 2006 19 6. The integrated circuit of claim?2
wherein a first end of the chainis c led to a bitline. 7. The

integrated: circyjt é%{g i i 2K LS sequal
to a whol gk'nurrbcjgiret alq'gt. ) %cg I'n elgir@atae(fd %%%la% %ﬁegFéﬁmwgiﬁﬂ%rélﬁ% glfi S
equal 2Y, thehethain i ss expppled tovindbEtbhimber > 1. 10 9. The integrated
circuit of claiml|l wherein the transis- tors of adjacent nenory cells share
a comon diffusion regi- on. 10. The integrated circuit of claim9 wherein
the transiz. 1SHerinmEgrdtederiryuields aleim- FETRerVENREDs SEpEA1 27,

S where y is equal to a whole number 2 1.

8. The integrated circuit of claim 1 wherein x is equal 27,

where y is equal to a whole number 2 1.

10 3. The integrated circuit of claim 1 wherein the transis-
tors of adjacent memory cells share a common diffusion regi-

oL .

10. The integrated circuit of claim 9 wherein the transis-

15 tors of the memory cells are n-FETs,




