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This invention relates to a semiconductor device
having a ferroelectric film and a manufacturing method
thereof and more particularly to a ferroelectric

10 capacitor in a ferroelectric memory (FeRAM) .
Background Art

Recently, as semiconductor memories, volatile
DRAMs (Dynamic RAMs), SRAMs (Static RAMs), nonvolatile
MROMs (Mask ROMs), Flash EEPROMs and ferroelectric

15 memories (FeRAMs) are on the market.

The ferroelectric memory stores binary data in a
nonvolatile fashion depending on the magnitude of two
different residual dielectric polarizations of a
ferroelectric capacitor based on the hysteresis

20 characteristic which is one of the characteristics of a
ferroelectric material.

Like in the case of a DRAM, some of the memory
cells which configure a conventional ferroelectric
memory are each configured by serially connecting a

25 capacitor and a transistor. In such a ferroelectric
memory, a ferroelectric capacitor can be formed by
performing a photolithography process once. That is,

an upper electrode and lower electrode of the



an upper electrode and | ower el ectrode of the WO 03/107425 PCT/JP03/ 07431
2 ferroelectric capacitor and a ferroelectric film between the upper and
| ower el eworoder2zan be formed by perform ng a photolithegrapisporpsiocess
once. The photolithography process indicates a process in which a 5 resi st
filmis formed, a resist pattern is forned by exposure and devel opnent and
a to-be-coated filmunder the resist pa%tern is formed by use of the
resist pattern. Further, some other nenory cells which configure 10
anot her conventional ferroelectric menory have the follow ng
confi gurati onge A fird @S- ico e @k BC amd ta tigperderedatiectfiln nenory
conpri ses series connected nenory cells each having a transistor (T)
havi ng a sourgstvasech actl aippancedd kower rale astades pade oo d iRY bet ween
the source and the drain. FIG 1A is a plan view of a ferroelectric
capaci tor in gewefaonmmenta qadt ekl e witie ARFETES %S tyPe ferroel ectric
menory and FIG 1B is a cross 20 sectional view show ng the strugture of
the ferro- elmratolkltpeeary  PRRCSHOWIH RS aié?r%%%?%elrén"gucﬁ aih
diffusion layers 102 are separately fornmed in the surfafgr ee(gi of a

C

seni corkluct orrewbsE rat B0 153 TArpafe 216t 10U A07° 5 of each ce

transistor Iseiégéﬁ¥£cg§g géggiéﬁﬁgngfaﬁ €, to-be-coated film under

the resist pattern is formed by use of the resist
pattern.

Further, some other memory cells which configure

10 another conventional ferroelectric memory have the
following configuration.

A series connected TC unit type ferroelectric
memory comprises series connected memory cells each
having a transistor (T) having a source and a drain and

15 a ferroelectric capacitor (C) in-between the source and
the drain.

FIG. 1A is a plan view of a ferroelectric
capacitor in the conventional series connected TC unit
type ferroelectric memory and FIG. 1B is a cross

20 sectional view showing the structure of the ferro-
electric capacitor.

As shown in FIG. 1B, source and drain diffusion
layers 102 are separately formed in the surface region
of a semiconductor substrate 101. A gate electrode 104

25 of each cell transistor is formed over a portion of the
semiconductor substrate 101 which lies between the

source and drain diffusion layers 102 with a gate



sem conductor substrate 101 which |ies between the source and drain
diffusion layers 102 with a gate WO 03/107425 PCT/JP03/07431 3 insulating
film 103 woteenprsed bet ween the portion of the sem condueCenprsugirate 101
and the gate electrode 104. An interlayer insulating film105 is forned on
the 5 sem conductor substrate 101. A lower electrode 106, a ferroelectric
film 107 and upper el ectrodes 108 which3 configure the ferroelectric
capacitors are formed in this order in the interlayer insulating film 105.
The ferroelectric film107 is formed on the lower 10 electrode 106. Two
separ at ed UpREk,ELeshrO¢esnl@B83anatelpored batwbenf Eheopbetirbc film 107,
Further, the Ilower electrode 106 is connected to a correspondi ng one of
the source ap@ @hai Beditbusivenorayebsti@2ecandlonadothet Betewo upper

el ectrode 108 is connected to the other 15 of the source and drain

di ffusion | agarsttdde 10Hus, the ferroelectric capacitor of the

ferroelectric nenory has a structure in which one pair per | ect rodes
108 are di sposed dwerirdreslageer indwaticye fige ﬂ@l%?t@ﬁ? Eshnect ed
TC unit type ferroelectric nenory as shown in Fl GS. t &p 6 S|nce a

structGre | mamc@wd@ﬂéoﬁalsluhﬁtr@&ﬁerloé -ecty &8’@’§r1§§’eé:r I"sposéd ~ over one

| ower el ect  ode 106 110 154,29 J1PS5Y Bhe P2 U R rdded s gesasary o

configure the ferroelectric capacitors are formed in
this order in the interlayer insulating £ilm 105.

The ferroelectric film 107 is formed on the lower

10 electrode 106. Two separated upper electrodes 108 are
formed on the ferroelectric film 107. Further, the
lower electrode 106 is connected to a corresponding one
of the source and drain diffusion layers 102 and one of
the two upper electrode 108 is connected to the other

15 of the source and drain diffusion layers 102.

Thus, the ferroelectric capacitor of the
ferroelectric memory has a structure in which one pair
of upper electrodes 108 are disposed over one lower
electrode 106.

20 In the series connected TC unit type ferroelectric
memory as shown in FIGS. 1A and 1B, since a structure
in which one pair of upper electrodes 108 are disposed
over one lower electrode 106 is formed as described
before, it is necessary to perform the photolithography

25 process at least twice in order to form a capacitor
having one lower electrode 106 and one pair of upper

electrodes 108.



25 process at least twice in order to forma capacitor having one | ower
el ectrode 106 and one pair of upper electrodes 108. WO 03/107425
PCT/ JPO3/W043/107445 More specifically, the foll ow ng proces®Crgrojsgnsior med.
In the conventional series connected TC unit type ferroelectric nmenory,
upper electrodes 108 are forned by use of a first mask. Then, after a 5
second nmask is fornmed to protect each parr of upper electrodes 108,
ferroelectric filns 107 and | ower electrodes 106 are forned. In the
process using two mask steps, msalignment occurs between the first and
second masks. Thenedos espedDf hsathpwntha G oWimgiprogepdcessary to
provide a margin of a msalignment portion 109 between the upper el ectrode
108 forned byparstowied he Firighe neekvenisianml I9ss TSRO 186 f or ned by
use of the second mask. As a result, the cell area of the cagﬁ%%tor is 15
t

i ncreased by wnitanbyer EOFFeeboREFHg RYIAHE HRRSF | gheehtoPot and there
occurs a problemthat _the occupied area on the chip of e ferroelectric
merory havi ngaﬁ%ef%ﬁb%‘éil?%r‘_és? n%%r?)pfja?‘%ﬂ ril"’h%]fei nﬂ? ' i%%?%lésaed. 20
0 sclosure ol LNeILon! L] soaeghlscislodbe lovspul profapgride o
whi ch the Occgfgggrgégg PéB?anrPgéiectric films 107 and lower
electrodes 106 are formed.
In the process using two mask steps, misalignment
occurs between the first and second masks. Therefore,
10 as shown in FIG. 1A, it is necessary to provide a
margin of a misalignment portion 109 between the upper
electrode 108 formed by use of the first mask and the
lower electrode 106 formed by use of the second mask.
As a result, the cell area of the capacitor is
15 increased by an amount corresponding to the
misalignment portion and there occurs a problem that
the occupied area on the chip of the ferroelectric
memory having the capacitors incorporated therein is
increased.
20 Disclosure of Invention
It is an object of the invention to provide a
semiconductor device and a manufacturing method thereof
can be provided in which the occupied area of each pair
of capacitors on the chip can be made small by forming
25 the paired capacitors by performing the photo-
lithography process once.

According to an aspect of the present invention,



of capacitors on the chip can be nmade small by formng 25 the paired
capacitors by performng the photo |ithography process once. According to
an aspectwofostim2pr esent i nvention, WO 03/ 107425 PCT/ JPO3/PQTABW/07331 here i s
provi ded a sem conductor device conprising a first sem conductor region
formed in a surface region of a sem conductor substrate; a second

sem conduct or region forned separately5fron1the first sem conductor 5
region in a surface region of the sem conductor substrate; a gate
insulating filmformed on a portion of the sem conductor substrate which
lies betweenthhee filsl phrosamiceondyentronegictrradevtiice sevend séagi onduct or
region; a gate electrode fornmed on the gate insulating 10 film, an

interlayer i @sulsat isegifdonmfatoredeghionhdorgedi donductetasEhEFaCE t o cover
the first sem - conductor region, second sem conductor region and gate
el ectrode; fiifsta arthiserchd Hoswsubsitaetesdés SEGORSY SGL UCKCET | ayer
insulating film a first contact plug 15 fornmed .in the i,nter]ayer
insul ating fidemion dommest sagan? e HHo% qhﬁmﬁlﬁﬁﬁuﬁ%Wﬁﬁ%n s6cond
it Gont aQEepiua drt & PG ER (o Uee ot IBRE Bl ect rode: A 11 7ot
el cct rode.  orHRP G e SIS BIT 08 Gt 1T 1 1500 aeand T orreel octri c
film formed Oo% t’1: ee sseecnﬁ)incgorllcﬂl\’@t[or substrate which lies between the
first semiconductor region and the second semiconductor
region; a gate electrode formed on the gate insulating
10 film; an interlayer insulating film formed on the
semiconductor substrate to cover the first semi-
conductor region, second semiconductor region and gate
electrode; first and second lower electrodes formed on
the interlayer insulating film; a first contact plug
15 formed in the interlayer insulating film in contact
with the first lower electrode; a second contact plug
formed in the interlayer insulating film separately
from the first contact plug and in contact with the
second lower electrode; a first ferroelectric film
20 formed on the first lower electrode; a first upper
electrode formed on the first ferroelectric film; a
second ferroelectric film formed on the second lower
electrode; and a second upper electrode formed on the
second ferroelectric film.
25 According to another aspect of the present

invention, there is provided a semiconductor device

manufacturing method comprising forming a gate



el ectrode; and a second upper electrode forned on the second ferroelectric
film 25 According to another aspect of the present invention, there is
provi ded woggmm@ehduct or devi ce nmanufacturing nethod compCrapesp7iar m ng a
gate WD 03/107425 PCT/JP03/ 07431 6 el ectrode over a sem conductor

substrate with a gate insulating filminterposed between the sem conductor
substrate and the gate electrode; form source and drain diffusion
| ayers on a surface of the sem 5 conductor substrate on both sides of the
gate electrode; formng a first interlayer insulating film on the
seni conduct ok 1skhsidat @vier eovenichadyater substrade wishr 8e9a®€ drain
diffusion layers; formng a buried interconnection and a first contact
pl ug whi ch 1@nextlends\o ridrme ipdetibosedf befacsnr itd@ S COBINESCTon to one
of the source diffusion layer and the drain diffusion |layer in the first
interl ayer i msisdtiate fandnthshised iEdeFFodfe SOFEE%f@UFC S A6  f usi on
| ayers; forming a second interlayer insulat'Q%%fg%gyon th%_15 first
interlayer i o&@iat iHd FU9iAmad@YGE S & t?uﬁ”&fa nt%dr S & 1on cont ai ni ng
the first contact plug; form ng a pair of, seco d ird contact plugs
whi ch Sext endYBIRtHe S Pt R)é)tglecsoln 5 notnfgrﬁ%%y hJel nsulating filmto
the buried interconnection i.n the (¥ﬂ¥%£ﬂg 4 ayer isiHAtding, film
formed on th@%ﬁﬁ'%ﬂﬁ%ﬁrééﬁ%%ﬁ%é%gﬁ%ﬁﬁgan or@?%g a first #grroelectric
on the semiconductor substrate to cover the gate
electrode, source and drain diffusion layers; forming a
buried interconnection and a first contact plug which
10 extends from a portion of the buried interconnection
to one of the source diffusion layer and the drain
diffusion layer in the first interlayer insulating film
which lies on the source and drain diffusion layers;
forming a second interlayer insulating film on the
15 first interlayer insulating film and on the buried
interconnection containing the first contact plug;
forming a pair of second and third contact plugs which
extend from the surface of the second interlayer
insulating film to the buried interconnection in the
20 second interlayer insulating film formed on the buried
interconnection; and forming a first ferroelectric
capacitor by sequentially laminating a first lower
electrode, first ferroelectric film and first upper
electrode in this order on the second contact plug and
25 forming a second ferroelectric capacitor by sequen-

tially laminating a second lower electrode, second

ferroelectric film and second upper electrode in this



capacitor by sequentially lamnating a first |ower electrode, first
ferroelectric filmand first upper electrode in this order on the second
contact pwog3aem225 form ng a second ferroel ectric capaci PPCT/JBY3/EFezuen-
tially lam nating a second | ower el ectrode, second ferroelectric filmand
second upper electrode in this WO 03/107425 PCT/JP03/ 07431 7 order on the
third contact plug. Brief Description of Drawings FIG 1A is a plan view of
ferroelectric capacitors of the conventional series connected TC unit type
5 ferroelectric menory; FIG 1B is a cross sectional view show ng the
structure of therfenr erkeehitdé capaectopdngkFl G 2A is a | ayout view of
ferroelectric capacitors of a ferroelectric nmenory according to a 10
first enbodi ment of this Bmiefit DescripGiorBoifs D¥2ywr8g§ sectional view
showing the structure of the ferroelectric nenor OE the first

enbodi ment: FI G FIGs aRciess DéeRi BAaW OfekeRORAGEALFI FEPACIE%%Fep of a

manuf act uri ng method of the ferroel ectric nennryTef th% %&%%t enbodi nent ;
FIG 4 is a ofosbeseorivenaionrenwSeRsGEnGOREEEERIT stBp o e

manuf acturing nethod of the ferroelectric nenory of the first enbodi nent;
20 FI GB. 5A aR¥TOBLECETELo¥EMRE¥ i onal vi ews show ng

FIG. 1B is a cross sectional view showing the
structure of the ferroelectric capacitors;

FIG. 2A is a layout view of ferroelectric
capacitors of a ferroelectric memory according to a

10 first embodiment of this invention;

FIG. 2B is a cross sectional view showing the
structure of the ferroelectric memory of the first
embodiment;

FIG. 3 is a cross sectional view showing a first

15 step of a manufacturing method of the ferroelectric
memory of the first embodiment;

FIG. 4 is a cross sectional view showing a second
step of the manufacturing method of the ferroelectric
memory of the first embodiment;

20 FTICS. 5A and 5B are cross sectional views showing
a third step of the manufacturing method of the
ferroelectric memory of the first embodiment;

FIGS. 6A and 6B are cross sectional views showing
a different step as the third step of the manufacturing

25 method of the ferroelectric memory of the first
embodiment;

FIGS. 7A and 7B are cross sectional views showing



athird step of the manufacturing nethod of the ferroelectric nmenory of
the first enbodinent; FIGS. 6A and 6B are cross sectional views show ng a
di fferentwetoepoassthe third step of the manufacturing 25pogtreai7est t he
ferroelectric nmenory of the first enbodinent; FIGS. 7A and 7B are cross

sectional views show ng WO 03/107425 PCT@9P03/07431 8 a fourth step of the
manuf acturing nmethod of the ferroelectriic nenory of the first enbodi nent;

FIG 8Ais a layout view of a ferroelectric capacitor fornmed by the

manuf acturing nethod according 5 to the first enbodinent; FIG 8B is a

| ayout vi ew of ffhertbneseapi ofiakhef mangépettiringcapibprdorf Fhe 9 is a cross
sectional view showing the structure of a ferroelectric nmenory according
to a 10 secohGr&ERBOETHEAE BEMPRYsOLnFBAt férstFP@POdamMPRta cross sectiona
view showing the structure of the ferrqelectric nennrﬁfgi a first

nodi fication of théiSec8hdienBodtMent: VAR efce fELrsee 49§ sectiona

vi ew show ng t he structure of . the ferroelectric ry_as _a .second
SERPR)

1
nodi fi cation Sﬁpéﬁéégécéﬁam&ﬂbBHi ft BeBULACRBa& ol PRGOET e

| nventign Th retﬂglkiggw QﬁbggiﬁEBQed enmbodi nents of this invention with
referende to tfe accompanying dr aw ngs.

FIG. 8B is a layout view of the conventional
ferroelectric capacitor;

FIG. 9 is a cross sectional view showing the
structure of a ferroelectric memory according to a

10 second embodiment of this invention;

FIG. 10 is a cross sectional view showing the
structure of the ferroelectric memory as a first
modification of the second embodiment; and

FIG. 11 is a cross sectional view showing the

15 structure of the ferroelectric memory as a second
modification of the second embodiment.
Best Mode for Carrying Out the Invention

There will now be described embodiments of this
invention with reference to the accompanying drawings.

20 In the following explanation, common portions in the
drawings are denoted by the same reference symbols.

A semiconductor device described in this
specification is a ferroelectric memory having cell
transistors and ferroelectric capacitors. The

25 ferroelectric memory is a series connected TC unit type
ferroelectric memory that comprises series connected

memory cells each having a transistor (T) having a



20 I'n the foll ow ng expl anati on, conmon portions in the draw ngs are
denoted by the sane reference synbols. A sem conductor device described in
this specwbiosatviseh is a ferroelectric nmenory having cell PCcramrey/etsrs and
ferroelectric capacitors. The 25 ferroelectric nenory is a series connected
TC unit type ferroelectric nenory that conprises series connected nenory
cells each having a transistor (T) havin% a WD 03/107425 PCT/JP03/07431 9
source and a drain and a ferroelectric capacitor (C in-between the source
and the drain. [First Enbodinent] First, a ferroelectric nenory according
to a first Sseanhosdiaehta afraii sandeenteomelet e mmaErrtFdhg et hod
thereof are explained. FIG 2A is a |ayout view of ferroelectric

capaci tors ofinteetfwremndletsiwreenty HredtBry to the first embodi ment.
FIG 2B is a cross sectional view 10 showi ng the structure of the

ferroel ectric nennijirsisEmlpedneRntFI G 2B, source and drain diffusion

| ayers 12 are separately forned in the, surface region,.of sem uct or
substrate 11. EachFdfshat@ f%%ﬁ?%}?ﬁbr$?lﬁim3§yi%g?%Fﬂ%%goﬁoaég%gfggn of

o TSRS P AL e Ly ehy A58 PARERAlG-copuom 000 drarn
the respective pate Ipsulghing.ly!lm 13-

FIG. 2A is a layout view of ferroelectric
capacitors of the ferroelectric memory according to the
first embodiment. FIG. 2B is a cross sectional view

10 showing the structure of the ferroelectric memory.

As shown in FIG. 2B, source and drain diffusion
layers 12 are separately formed in the surface region
of a semiconductor substrate 11. Each of gate
insulating films 13 is formed on a portion of the

15 semiconductor substrate 11 which lies between the
source and drain diffusion layers 12. Gate electrodes
14 of cell transistors are formed on the respective
gate insulating films 13.

An interlayer insulating film 15 is formed on the

20 semiconductor substrate 11 to cover the gate electrodes
14. 1Interlayer insulating films 16 and 17 are sequen-
tially formed on the interlayer insulating film 15.
In the interlayer insulating film 17 formed on the
interlayer insulating film 16, lower electrodes 18A

25 and 18B, ferroelectric films 19A and 19B and upper
electrodes 20A and 20B which configure first and second

ferroelectric capacitors are formed in this order.



An interlayer insulating film15 is formed on the 20 sem conductor
substrate 11 to cover the gate electrodes 14. Interlayer insulating filns
16 and 1Awearng/iemguen- tially formed on the interlayer ins®ecauposgp7isl m 15.
In the interlayer insulating film17 forned on the interlayer insulating
film216, |ower electrodes 18A 25 and 18B, ferroelectric filnms 19A and 19B
and upper el ectrodes 20A and 20B whi ch Tonfigure first and second
ferroelectric capacitors are forned in this order. WO 03/107425

PCT/ JP03/ 07431 10 The first ferroelectric capacitor and the second
ferroel ectri cToapaiisorfeondéebacerbnecaphelodr drdroet ezeeedcapacitors in
the series connected TC wunit type ferroelectric nmenory. As the |lower 5

el ectrode, a fernoebathihengePacliexcoPfighra anesPaisedt for exanple. As
the ferroelectric film for exanple, a PZT filmis used, qg t he upper
el ectrode, a ferroebath hf ngaPRcl Prérlmrﬁﬁei%eﬁ%%ﬁ,co?%?cgﬁ H@?e. 10 In

portions of the.interla¥er in ulgtlng film16 mh%ch ie gnder the | ower
el ectrodes 18WiEohyRet TpFhgelestalsr BePSthed P EBRta2¥hith the | ower

| ect 18A. ti f the_ i I ' | gt i [ 6 which
i o under 1 hoot BAETORFect bAbS TBAC=LBhACE ol BHe 15 218 ot 1 bimed i

contact with the.lo des, .1 0: POEE h QNS t he
i nterl ayer ingﬁ?%tiﬁ§£ %%%ﬁ%%§°mh%ghgﬁfeggﬁgggi?ﬁggégangﬁ'pFﬁgs 21A and

21B, example, a PZT film is used, and as the upper

electrode, a film containing Pt, Ir or IrOx is used,
for example.

10 In portions of the interlayer insulating film 16
which lie under the lower electrodes 18A, contact plugs
218 are formed in contact with the lower electrodes
18A. 1In portions of the interlayer insulating film 16
which lie under the lower electrodes 18B, contact plugs

15 21B are formed in contact with the lower electrodes
18B. Further, in portions of the interlayer insulating
film 15 which lie under the contact plugs 21A and 21B,
buried interconnections 22 each of which is connected
to both of the corresponding contact plugs 21A and 21B

20 are formed. In portions of the interlayer insulating
film 15 which lie under the buried interconnections 22,
contact plugs 23 respectively connected to the buried
interconnections 22 are formed. Each of the contact
plugs 23 is electrically connected to one of the source

25 and drain diffusion layers 12.

That is, the lower electrode 18A among one pair of

the lower electrodes 18A and 18B in one pair of



buri ed interconnections 22 each of which is connected to both of the
correspondi ng contact plugs 21A and 21B 20 are forned. In portions of the
interl ayewoiopgoui4ating film 15 which lie under the buri edPCatieoxwyaslect i ons
22, contact plugs 23 respectively connected to the buried

i nterconnections 22 are forned. Each of ihe contact plugs 23 is
electrically connected to one of the sobtce 25 and drain diffusion | ayers
12. That is, the | ower electrode 18A anpbng one pair of the |ower

el ectrodes 18A and 18B in one pair of WD 03/107425 PCT/JP03/07431 11
ferroel ectri gegapaticttrdd sapledtiorcalisy edestadced Livo corRecderf &8 on | ayer
12 via a current passage which is configured by the contact plug 21A,
buri ed i nt er theodnddtisdon2d agied dénvaet aplclg et H3@§ﬁg§eﬂmﬁﬁg FMower 5

el ectrode 18B is electrically connected_to the gjftus'on | ayer 12 via a
current passagefisugied Y & iQREE P Lite 2dént XA 15Ud ™8, buried inter-

connection 22 and caontact plug 23. Fqor exanple, .t.ungsten ( r
pol ysi | i con iconpesdicd Lo MhEWRA P piiugs E%”ffs t% qr?&’et;:uri ed

i nterconnections 22. Further, .Jin . parti.ans of t i I r insulating
film 1P whi cBUgEHG HERupger® Ce%lrcg& g f(?,&l,nercl%nétd;%t%r p e595 24A are

formed and inferconnect.qns re fared Ne JRsSRactdve cont act pl ugs
24A. In 15 péjsjtﬁ Rl ]tEWeerl ﬁ]t%grxflaayearq{nsu rg:['ié]g film 17 which lie on the

upper el ectr odes 208 £ YWY ate RIS AR AISL 218, buried inter-

connection 22 and contact plug 23. For example,
tungsten (W) or polysilicon is used to form the contact
10 plugs 21A, 21B, 23 and buried interconnections 22.
Further, in portions of the interlayer insulating
film 17 which lie on the upper electrodes 20A, contact
plugs 24A are formed and interconnections 25A are
formed on the respective contact plugs 24A. 1In
15 portions of the interlayer insulating film 17 which lie
on the upper electrodes 20B, contact plugs 24B are
formed and interconnections 25B are formed on the
respective contact plugs 24B.
In portions of the interlayer insulating films 17,
20 16, 15 which lie between the interconnections 25B and
corresponding diffusion layers 12, contact plugs 26 are
respectively formed and each of the interconnections
25B is electrically connected to a corresponding one of
the diffusion layers 12 via the contact plug 26.
25 Further, each of the interconnections 25B is connected
to an upper electrode 27A of an adjacent ferroelectric

capacitor via a contact plug 28A. For example, Al, Cu



formed and interconnections 25B are forned on the respective contact plugs

24B. In portions of the interlayer insulating filns 17, 20 16, 15 which

| i e bet wewo oBhe742hit er connecti ons 25B and correspondi ng dipCrugianr4diayer s

12, contact plugs 26 are respectively forned and each of the

i nterconnections 25B is electrically cagonnected to a correspondi ng one of

the diffusion layers 12 via the contact ug 26. 25 Further, each of the

i nterconnections 25B is connected to an upper electrode 27A of an adj acent

ferroelectric capacitor via a contact plug 28A. For exanple, A, Cu WO

03/ 107425 PClé0 P03/ OTUGE ofiAbramh G| by wSed\ tanfoy ke yeeetadtform the

contact plugs 24A, 24B, 26, 28A and interconnections 25A _and 25B. In the

ferroel ectri coepmryihi 248, 1265t28A Fiddi HeRECORRRCHEPRR A2 POwer el ect rodes

18A and 18B connected to the sane diffusion |layer 12 are separately

formed. Furtherd ZPR-contact plugs 21A and 21B respectively connected to

the paired | ower el ectrodes B are al so ?egﬁra gkgtforned. 10 In the
€,

18A, 18
ferroelectric capaEPtBPemFFﬁr?ﬁﬁéﬁ%B%S nEPPHEt the tpper el ectrodes 20A
d 20B, f - el ectr] j | 19A d 19B d 18A d
188 card be T oPHRACHIEREI 1 bPR RELERE TP¥Roor Loyt SHg R CHARTERE (A B0

: Pt Rography process using one mask
step only. ThﬁggﬁgégedlEob@ﬁgn§§m45d9998§§§ﬁai¥yé9 P5oyt-desaparaakignment

mar gi n bet wee
formed. Further, the contact plugs 21A and 21B
respectively connected to the paired lower electrodes
18A, 18B are also separately formed.

10 In the ferroelectric capacitor with the above
structure, the upper electrodes 20A and 20B, ferro-
electric films 19A and 19B and lower electrodes 18A and
18B can be formed by performing the lithography process
using one mask step only. Therefore, it becomes

15 unnecessary to provide a misalignment margin between
the upper and lower electrodes, and as shown in
FIG. 2A, the distance between the outer periphery of
the upper electrode 18A and the outer periphery of the
lower electrode 20A can be minimized. As a result, an

20 area required for forming the ferroelectric capacitor
can be reduced.

Next, the manufacturing method of the ferro-
electric memory of the first embodiment is explained.
FIGS. 3 to FIG. 7A, FIG. 7B are cross sectional

25 views showing the steps of the manufacturing method of

the ferroelectric memory.

For example, a silicon oxide film is formed on a



t he upper and | ower el ectrodes, and as shown in FIG 2A, the distance

bet ween the outer periphery of the upper electrode 18A and the outer

peri pher ywofo3tibra2s | ower el ectrode 20A can be m nim zed. AgcCa/Jrexarsl, an 20
area required for formng the ferroelectric capacitor can be reduced.
Next, the manufacturing nmethod of the fgggo- el ectric menory of the first
enbodi nent is explained. FIGS. 3 to FI 7A, FIG 7B are cross sectional
25 views showi ng the steps of the manufacturing nmethod of the
ferroelectric menory. For exanple, a silicon oxide filmis formed on a WO
03/ 107425 PCT48R08HD@A4BLor18ubshiabadltt andsabpplaséligoandiampsfysilicon
filmis fornmed on the silicon oxide film Then, as shown in FILG 3, the
silicon oxidefprmadand pbeysilieen eridrafélmpat TBRRed2EoSREYT ¢4t e

insulating filns 13 fornmed of 5 the silic¢con oxi.de Eilnhand g?ti el ectrodes
14 formed of Fifie Pol VBRI PEGRCPPI AXOAS helBeAPLoRAL¥EOM TS8Rt ale?lt.

After this, an inpurity. ion-i | ant at i on ocess.iLsS r i-t h t he
gat e eIectrod8§tg5r8§gétasgarﬁggﬁg?olnﬁ8}ﬁiapgf3%#85 ngggéﬂgg §%ich are
drain or sour 10.reqgions_in t urfac i i ct.er
substrafe 11 gﬁebSEAl Paegxégeegg%ﬁo?B?hgagggggggﬁggﬁggdggn?%?ﬂ%gx%? an
pnterlayer | ngRbabihAghhliBhAS £ in BhMRHe 98xliREnsAEEONdUSREatEbsILAle 11

to cover the ga

After this, an impurity ion-implantation process is
performed with the gate electrodes 14 used as a mask to
form diffusion layers 12 which are drain or source

10 regions in the surface region of the semiconductor
substrate 11 on both sides of each of the gate
electrodes 14.

Next, an interlayer insulating film 15 is formed

on the semiconductor substrate 11 to cover the gate

15 electrodes 14 and diffusion layers 12. Then, the
interlayer insulating film 15 is planarized by a CMP
method. After this, grooves for interconnections are
formed in portions of the interlayer insulating film 15
which lie above the diffusion layers 12 by an RIE

20 method, for example. Further, holes are formed in the
central portions of the respective interconnection
grooves to reach the respective diffusion layers 12.
In this case, the holes are formed after the inter-
connection grooves are formed, but it is also possible

25 to first form the holes and then form the inter-
connection grooves.

Next, for example, a plug material of tungsten (W)



15 el ectrodes 14 and diffusion layers 12. Then, the interlayer insulating
film1l5 is planarized by a CMV nethod. After this, grooves for

i nt er conrwotBaem2are fornmed in portions of the interl ayerCrageud/auiing film
15 which lie above the diffusion layers 12 by an RIE 20 net hod, for
exanmple. Further, holes are forned in theg central portions of the
respective interconnection grooves to reach the respective diffusion

| ayers 12. In this case, the holes are fornmed after the inter- connection
grooves are forned, but it is also possible 25 to first formthe holes and
then form t heod re@kyshbhpertinriepooviead Mexthe itesayte, a plug nmateri al
of tungsten (W WO 03/107425 PCT/JP03/07431, 14 or_polysilicon is deposited
on the interl%@%ﬁlatﬁ%ﬁl5%1%g1§iﬁéﬁﬁﬁﬁrﬁﬁﬁrﬁPY?ﬁF??ééﬁggﬁﬁuﬁﬁ?%ﬁﬁ%rooves

d hol f dth in. Th t he. pl terji.al t ' I
"nsul ati ng 119 180165 nRERY AR B LR ST rhoa VA ERTT (% The pl ug
terial is buried  in,the int t] h th
01 Tuston | ayere 13t e0 adSt oy R DY chE i be - LEaRaact | Ohe 2o T the |

| nter connect | g, GLOONSS ANl for Mo 6pR! acho Phugs A3l el pobesied0 Next

an interlayer insu rng fi ormed “on the buried interconnections
22 and 'nterlfﬁfefheiﬂﬁ?é?&!}ﬂﬂeéfi@h]-%rogﬂéé hghd ho1@ertsdonsach the
[

interlayer insulating m 16 which Tie on each of the
the diffusion layers 12 so as to form buried inter-
connections 22 in the interconnection grooves and form
contact plugs 23 in the holes.

10 Next, an interlayer insulating film 16 is formed
on the buried interconnections 22 and interlayer
insulating film 15. Further, in portions of the
interlayer insulating film 16 which lie on each of the
buried interconnections 22, a pair of holes are formed.

15 Then, a plug material of tungsten (W) or polysilicon is
deposited on the interlayer insulating film 16 having
the paired holes formed therein. Then, the plug
material on the interlayer insulating film 16 is
planarized by the CMP method. As a result, the plug

20 material is buried in the holes to reach the buried
interconnections 22 so that contact plugs 21A and 21B
can be formed.

After this, as shown in FIG. 4, films 18, 19 and
20 used to respectively configure lower electrodes,

25 ferroelectric films and upper electrodes which

configure ferroelectric capacitors are formed in this

order on the structure shown in FIG. 3. In this case,



buried interconnections 22, a pair of holes are forned. 15 Then, a plug

material of tungsten (W or polysilicon is deposited on the interlayer

i nsul ati ngyofodhin42s havi ng the paired holes forned therei RCTTRE&N7431he pl ug

material on the interlayer insulating film16 is planarized by the CW

met hod. As a result, the plug 20 nateriﬁksis buried in the holes to reach

the buried interconnections 22 so that ‘contact plugs 21A and 21B can be

fornmed. After this, as shown in FIG 4, filns 18, 19 and 20 used to

respectively configure |ower electrodes, 25 ferroelectric filnms and upper

el ectrodes whaghe conteriak Ferilrl BEHR i esSedperi foFe e $O¥%ed in this

order on the structure shown in FIG 3, In this case, WD 03/1074&%

PCT/ JP03/ 07433leabreded matBrierial YhECR| PR? USRS (XY 9P YHRST Bkt

el ectrodes, a material _which prevents. oxygen generated t he

ferroel ectri cVRERNFRS %?§E?%}$?Eﬁhcff%ﬁ? gﬁt% %Bafﬁﬁz%?nggg% used. The

ferroelectric fjlmis crystalliz I, N X res 0C for

one. i nut e b5 ESTHEC £ P GHERG! £ R T apy ot P ref 1EBERLE) Fuch BRS

descri bed bef I o] i ngabh Bk N r rox, Pt

or TiN |§s use%%%?fle%(gﬁ%lgﬁe%—rﬁr(?%ggéﬁa%&?%épﬁl%%goiﬁeg??id(:: fg(i)llrn?nélo for

exanple, a PZLifL{tmbs Ysedy 2H# éiiaﬁlﬁ@eunmr (r8beat tndema@ fil m containing
or

Pt, Ir or IrOx Is used, f exanpl e.

annealing). As described before, as the lower
electrode, a film containing Ir, IrOx, Pt or TiN is
used, for example. Further, as the ferroelectric film,

10 for example, a PZT film is used, and as the upper
electrode, a film containing Pt, Ir or IrOx is used,
for example.

Next, an aluminum oxide film 30 is deposited to a

film thickness of approx. 100A on the film 20 which

15 will be used to form the upper electrodes by use of a
sputtering method, for example. Then, the aluminum
oxide film 30 is annealed in an oxygen atmosphere at
400°C so as to be sufficiently oxidized and insulated.
Further, a plasma oxide film 31 is formed on the

20 aluminum oxide film 30 by use of a plasma CVD method.
The aluminum oxide film 30 is a film which enhances the
adhesion between the film 20 used to form the upper
electrodes and the plasma oxide film 31 and has the
effect that damage caused on the film 20 used to form

25 the upper electrodes when the plasma oxide film 31 is
deposited is suppressed. The plasma oxide film 31 is

used as a mask when the ferroelectric capacitors, that



Next, an alum numoxide film30 is deposited to a filmthickness of

approx. 100A on the film20 which 15 will be used to formthe upper

el ectr odewolwyg/1umes of a sputtering nethod, for exanple. Thexr/Jrém7aium num
oxide film30 is anneal ed in an oxygen atnosphere at 400C-so as to be
sufficiently oxidized and insulated. Further, a plasma oxide film31l is
formed on the 20 al um num oxide film 30 by use of a plasna CVD nethod. The
alumi numoxide film30 is a fil mwhich enhances the adhesion between the
film20 used to formthe upper electrodes and the plasma oxide film31 and
has the effets, tiewedaebgeteedesd bArEPel¢¢Fri 20T LB 2B YPHED5 the upper
el ectrodes when the glasna oxide film31l is deposited is suppressed. The
pl asma oxi de 1@ 3Ades 2y efOHBeE: mask when the ferroel ectric capacitors,

t hat WO 03/ 107425 PCT/JP03/07431 16 isé homer.el ctrodes %ﬁé oglectric
filnms and upper efB8RrodeBRAFBTPEFEIPATHERD 45 phofBFEsP St “pattérn is

formed so that a ip of ferrpelectri i S.ca o] each 5
pair of conta@?lﬁlggs£%ﬁﬁp%ﬁﬁcgﬁh? ?ﬁ%g%fggﬁg %§#d%8f??%§§§ ?gE%?ggessed by
use of the photoresi r f i he t hst ern
rennvedgby gnpgﬁéh?%zé%ﬁg%%§s£1$ﬂ§n%E%h%H%F%%%é o??geBQ??%?S%Q?géusedlSas a
mask to form {Ebﬁnuweis%f&&éggsa 80A,38d520Bne 1gnbebresh g6t phetéthis 19A

and 19B, and Tower el ectrodes 18A and 18B by use of Ar/Cl2-series gas, for
exanpl e, After this, the photoresist pattern is removed by an

ashing process. Then, the plasma oxide film 31 is used

as a mask to form the upper electrodes 20A and 20B,

10 ferroelectric films 19A and 19B, and lower electrodes
18A and 18B by use of Ar/Clp-series gas, for example,
as shown in FIG. 5B. In this case, the etching rate of
the plasma oxide film 31 which is a mask can be
minimized by adding oxygen to the above gas and the

15 selective ratio thereof with a capacitor material
(upper electrode, ferroelectric film, lower electrode)
can be increased.

In the paired capacitors formed by the above
forming step, the lower electrodes 18A and 18B may be

20 connected to each other. Thus the paired capacitors
operate as 1s desired, because the paired lower
electrodes 18A and 18B are electrically connected via
the contact plugs 21A and 21B and buried inter-
connection 22.

25 That is, as shown in FIG. 6A, a structure in which
a lower electrode 18C is not divided, upper electrodes

20AA and 20BB are separated from each other, and



as shown in FIG 5B. In this case, the etching rate of the plasnma oxide
film31 which is a mask can be mnimzed by addi ng oxygen to the above gas
and the IWoggliewes ve ratio thereof with a capacitor mater iPalr/JP¢uTpar

el ectrode, ferroelectric film |lower electrode) can be increased. In the
pai red capacitors fornmed by the above fogning step, the | ower el ectrodes
18A and 18B nay be 20 connected to eacH‘other. Thus the paired capacitors
operate as is desired, because the paired | ower electrodes 18A and 18B are
electrically connected via the contact plugs 21A and 21B and buried inter-
connection 22fe2fodhattisc &5lmhohpARhnailGLoOBR, ane stePREaFd i Frhi ch  a

| oner el ectrode 18C is not divided, upper electrodes 20AA _and 20BB are
separ at ed frosacachtbehcrayahd Yerd3/ 15790BePCTRI PERP G457 FhG- OB/
ferroelectric filns 19AA and 19BB are separated fro ach other may be
used. Further2 &8r4fbWASi #RFVEICBBE: 1QvetBicth Eogﬁnyﬁ'chsap?Bmer el ectrode
18C is not divided, a ferroelectric fiLlm1l is_not,divi a 5 only
upper electro@églgﬁﬁA an eﬁﬁgg?ﬁ?grégpg%gﬁegg?r%ﬁ1n%50%¥%?§§? %%% be used.
Next, as shown in FIG 7A, a lLum oxj.de, k4 2.} d afilm

t hi ckneds of 3P ¥0§Ppi60318ﬁgr?ﬁ§ghgg§? éﬁgf%ééén%¥gtﬁ%ﬁaéggggngg?rodes
20A, on the 18aé£d8tﬁg£fﬁg9sbgfuggg.ferroelectric capacitors forned of

Next, as shown in FIG. 7A, an aluminum oxide film
32 is formed to a film thickness of approx. 100A on
the upper surfaces of the upper electrodes 20A, on the

10 side surfaces of the ferroelectric capacitors formed of
the upper electrodes 20A, ferroelectric films 1SA and
lower electrodes 18A and on the interlayer insulating
film 16 after the plasma oxide films 31 and aluminum
oxide films 30 on the upper electrodes are removed.

15 The aluminum oxide film 32 has the effect that oxygen
is prevented from entering the contact plugs 21A and
21B and oxidation of the contact plugs 21A and 21B is
suppressed in an oxygen high-temperature recovery
annealing step performed after the present step and

20 damage caused when an interlayer insulating film 17
is deposited on the ferroelectric capacitors is
suppressed.

Next, the interlayer insulating film 17 is
deposited on the aluminum oxide f£ilm 32. Then, the

25 surface of the interlayer insulating film 17 is
planarized by the CMP method. As shown in FIG. 7B, an

aluminum oxide film 33 may be formed in the interlayer



t he upper el ectrodes 20A, ferroelectric filnms 19A and |ower el ectrodes 18A
and on the interlayer insulating film16 after the plasm oxide filnms 31
and al umwoms/1oxktle filns 30 on the upper el ectrodes are PeraPex74315 The
al um num oxide film 32 has the effect that oxygen 1is prevented from
entering the contact plugs 21A and ZlBlﬁnd oxi dation of the contact plugs
21A and 21B is suppressed in an oxygen high-tenperature recovery annealing
step perfornmed after the present step and 20 damage caused when an
interlayer insulating film17 1is deposited on the ferroelectric capacitors
i s suppressednsuNexting He limtldr loay &he adwrdfag orilde £71Ms 329@h68i t ed on
the alum numoxide film32. Then, the 25 surface of the interlayer
i nsul ati ng fidemuizeds Pfarkks 2Zdgmdpumexade fdifod> AS SREWESn FIG 7B,
an _al um num oxide film33 may be formed.in the interlayer 03/ 107425
PCT/ JP03/ 0743Ecurgengsylodf idgags matFssh thd g d€% i1 m 32 when
required. If the alum num oxide film 33 is for rence of damage
caused in theYhA%GeH & 5o é%iﬁ@%%%ﬁﬁ%%&#@%%% gkgfaperforned
can be 5 prevented. Int r,aw .Qt her : a e
al uni nm oxi d?%‘ﬁrﬁseogz g’ﬁﬂ g%%&%ﬁgéﬁﬁxﬁagﬁoﬁ%g T 2%0%%?9 7{1%1{6 upper
el ectrodes Z%@”a qn?i%r@n&(i es; 1RacH nghd hes difd usiandayers 12 are

ter [ [

formed in the ayer insulating film217. Further,
Next, holes reaching the upper electrodes 20A and

20B and holes reaching the diffusion layers 12 are
formed in the interlayer insulating film 17. Further,
10 interconnection grooves connected to the above holes
are formed in the interlayer insulating film 17. Then,
an oxygen high-temperature recovery annealing step is
performed. After this, a TiN film is formed in the
holes and interconnection grooves and on the interlayer
15 insulating film 17. Al, Cu or an alloy of Al and Cu is
deposited on the TiN film to £fill the holes and inter-
connection grooves. Then, the interlayer insulating
film 17 is planarized by the CMP method. As a result,
as shown in FIG. 2B, contact plugs 24A, 24B, 26, and
20 buried interconnections 25A and 25B are formed.
The layout diagram of the ferroelectric capacitor
formed by the above manufacturing method is shown in
FIG. 8A. Further, the layout diagram of the conven-
tional ferroelectric capacitor is shown in FIG. 8B. It
25 is clearly seen from FIGS. 8A and 8B that the area of
the capacitor in the first embodiment is smaller than

the area of the conventional capacitor. That is, the



10 interconnection grooves connected to the above holes are forned in the
interlayer insulating film17. Then, an oxygen hi gh-tenperature recovery
anneal i ngwetoapoi4gs perforned. After this, a TiN filmis f@cwa#od/r4ithe

hol es and i nterconnection grooves and on the interlayer 15 insulating film
17. A, Cu or an alloy of Al and Cu is lggposited on the TiNfilmto fil
the holes and inter- connection grooves.”"Then, the interlayer insulating
film17 is planarized by the CW° nethod. As a result, as shown in FIG 2B,
contact plugs 24A, 24B, 26, and 20 buried interconnections 25A and 25B are
formed. The layoert shape anzd checlerroteclectregrtit®h 2a1drhER o the
above manufacturing nethod is shown in FIG 8A Further, the |ayout

di agram of thgheoraracitonnal e r%b?%’@:t@ll}%o@db%}ﬁt‘iﬁni%esr%‘g% in FIG 8B.
It 25 is clearly seen from FIGS. 8A and 8B | hat %h area of , the capacitor
in the first @nbbheheMan SCRIDWEST  FRAPS t FEZardh e t A EFRVEM Fbna

capacitor. That is, the WO 03 74 PCT/ JRO3/07431.. 19_o e size of
the | ower el eE?¥SHeRl 2GR AT Q@%‘ozﬁh}%el%ag%%??%ﬁ h %%é&§$%%$9%ﬁ%%dinent

can be de snmaller than the outer_sh i ntional | ower
el ectrode 106-°TRTS 7s™badat %m??gi%§5§£§6%é§§?§55E$% géggg %?galignnent

margin between (e UPDEL.A8ds LOyer ehechpgOrsasings iicoypperoasd | over

el ectrodes o e Capaci rst”enbodi ment are forned by the
same |ithography,RLocessci FYFthErenthes g6t @66diment are formed by

the same lithography process. Further, the distance
between the cell transistors can be made small by
10 reducing the area of the ferroelectric capacitor. As
a result, the area of the ferroelectric memory in which
a plurality of ferroelectric capacitors and cell
transistors are formed can be reduced.
Further, strictly speaking, in the capacitor
15 structure of the conventional series connected TC unit
type ferroelectric memory, it is impossible to
symmetrically form paired capacitors if the upper and
lower electrodes are misaligned, but in the first
embodiment, capacitors with exactly the same structure
20 can be formed.
[Second Embodiment]
Next, a ferroelectric memory according to a second
embodiment of this invention is explained. The contact
plugs which electrically connect the diffusion layer 12
25 to one pair of lower electrodes 18A and 18B in the
configuration of the first embodiment shown in FIG. 2A

are formed into a single contact plug, side wall



between the cell transistors can be made small by 10 reducing the area of
the ferroelectric capacitor. As a result, the area of the ferroelectric
menory i rwatBabr42i plurality of ferroelectric capacitors aad/Jeel/d7431
transistors are fornmed can be reduced. Further, strictly speaking, in the
capacitor 15 structure of the conventional, series connected TC unit type
ferroelectric nenory, it is inpossible to symetrically form paired
capacitors if the upper and |ower electrodes are msaligned, but in the

first enbodinent, capacitors with exactly the same structure 20 can be
formed. [SecorndSEhEddierftyimNearte £Faebaredtys SR At d®Gif to a

second enbodi of this .inventjon is explai.ned. The cont act | ugs whi ch
oot ol i e e on aath B i SN W Db

el ectrodes 18A _an B jn.the .confiquration.of the fi enbodi nent,. shown
in FIG 2A arlen%ugrarre&lq %lc}ma 5 nnrjg Ignecdfcj)ln nacnttheplu g?,ersisr e ];A?aﬁ 9033‘%107425

PCT/ JP0O3/ 0743]ga‘@e0é ddg films are formed on the side wall surfaces
of the gate el ectrodle of each cell transistor and a cap insulating filmis

formed en the upperpsyrfaces of @ashs gade §lectynde. sy thds a cross
sectional view showing the structure of the ferroelectric nmenory according
to the secongtfadir®t the ferroelectric memory according to the
second embodiment.
As shown in FIG. 9, source and drain diffusion
layers 12 are separately formed in the surface region
10 of a semiconductor substrate 11. Gate insulating films
13 are each formed on a portion of the semiconductor
substrate 11 which lies between the source and drain
diffusion layers 12. Gate electrodes 14 of cell
transistors are formed on the respective gate
15 insulating films 13.
Side wall insulating films 34 are formed on the
side wall surfaces of each gate electrodes 14.
Further, a cap insulating film 35 is formed on the
upper surface of each gate electrodes 14. An
20 interlayer insulating film 15 is formed on the
semiconductor substrate 11 to cover the diffusion
layers 12 and gate electrodes 14. Pairs of
ferroelectric capacitors each pair including first and
second ferroelectric capacitors are formed on the
25 interlayer insulating film 15. That is, lower
electrodes 18A, ferroelectric films 19A and upper

electrodes 20A are sequentially formed in this order



As shown in FIG 9, source and drain diffusion layers 12 are separately
formed in the surface region 10 of a sem conductor substrate 11. Gate

i nsul ati nyofoshem2d3 are each formed on a portion of the segirgeesdrsiior
substrate 11 which lies between the source and drain diffusion |ayers 12.
Gate electrodes 14 of cell transistors e formed on the respective gate
15 insulating filnms 13. Side wall insulating filns 34 are fornmed on the
side wall surfaces of each gate el ectrodes 14. Further, a cap insulating
film35 is formed on the upper surface of each gate el ectrodes_ 14. An 20
i nterlayer ingubt thg PPERPESORsther ABdcshaYRE 18RI ebhBEctorPstBstrate 11

to cover the diffusion Ilayers 12 and gage.electrod s 14, Pairs of
ferroel ectri cBegBaeft 6he EaERtpARFIPRLFGEEAG FRPEELLRES 48cond

f I [ ' f d he 25 i I [ : fi

15, That i<, FORGISUERBPPORBE HBACTT BPPOLFGREr FALY | FRE-ROAARE pper |
| ectrod 20A. ti.al Ly f [ ' 03 25

PCT/ P03/ 074311 01 P RO CniCBBE SRcon PRS (aler | Syer " REdl At ig 111 m 15

Each of -the fip ehagtri IEQES. | conbiRounred t-he | ower
electroae 18A?l%%F%§§%gc?§?é E%F%%?%%EESEE E%%gr electrodggggA. Li kew se,

lower 5 el éct .9de$488¢ E@BrQ&Ee%%gb%nﬁﬁbﬁﬁylggrﬁ@@ ippehisebederodes 20B
are sequentially formed in this order
from the bottom on the interlayer insulating film 15.
Fach of the second ferroelectric capacitors is
configured by the lower electrode 18B, ferroelectric
10 film 19B and upper electrode 20B.
Contact plugs 36 are each formed in a portion of
the interlayer insulating film 15 which lies between a
corresponding one of the diffusion layers 12 and a
corresponding one pair of the lower electrodes 18A and
15 18B. The contact plug 36 eléctrically connects the
diffusion layer 12 to a corresponding one pair of the
lower electrodes 18A and 18B. Further, a portion of
the contact plug 36 overlaps the cap insulating films
35 on the two gate electrodes 14 which are arranged on
20 both sides of the diffusion layer 12. In the second
embodiment, the two lower electrodes 18A and 18B of
each pair of ferroelectric capacitors are completely
separated.
In the ferroelectric capacitor with the above
25 structure, the upper electrodes 20A and 20B, ferro-
electric films 19A and 19B and lower electrodes 18A and

18B can be formed by performing the photolithography



fromthe bottomon the interlayer insulating film15. Each of the second
ferroelectric capacitors is configured by the | ower el ectrode 18B,

ferroel ecwoios/1074@5 fi | m 19B and upper el ectrode 20B. Cont a®PCTEPLF486 are
each formed in a portion of the interlayer insulating film15 which lies
between a correspondi ng one of the di fleisi on layers 12 and a

correspondi ng one pair of the | ower el eCtrodes 18A and 15 18B. The cont act
plug 36 electrically connects the diffusion |ayer 12 to a correspondi ng
one pair of the |ower electrodes 18A and 18B. Further, a portion of the
contact plug B aras IEINd e apshnhli ngfF919R0T 35 Ion RHPRSH gate

el ectrodes 14 which are arranged on 20 both sides of the g%‘fusi on | ayer
12. In the seélﬁmpeseﬁ?éb&di%m@‘ﬂ%etw}%gweé% TRFeE T 8 W88 of

each pair of ferroelectrjc capacit ar | et el ated. In the
ferroel ectri ct]%%tp%Ri?eilbreW‘fWCF‘%es aﬁ@‘@ean@sf@%jﬁ ﬁ%%e, J‘[S(?‘i’g&apper el ectrodes
20A and 20B, ferro- electyric fil 19A . des 18A and
18B can be fothed ¥ epser#%érﬁ‘rh% f%Be %Ih%?%}?? ﬁ%g%%ﬁ%/%%%ﬁ%ﬁ%S

PCT/ JPQ3/ 07431 , 22 proc Si r r&ndl econes
unnecesdary 13U EFS vﬁpe 1&?@1:32{39%19@%}5%5 O Ye rJdier £6 R £nd | End

ea m I gnnment rgin between the upper el ectrodes

20A and 20B a | et £Rdesod8A ans-d&BiandsA healisé anage bet ween
the 5 outer p%%%ﬁgg%f%ﬁﬂ?ﬂg ﬁpper el%ctrode 20A and the

small. Likewise, the distance between the outer
periphery of the upper electrode 20B and the outer
periphery of the lower electrode 18B can be minimized.

10 As a result, the area required for forming the
ferroelectric capacitor can be reduced.

Further, since the area of the ferroelectric
capacitor can be reduced, the distance between the cell
transistors can be made small. As a result, the area

15 of the ferroelectric memory in which a plurality of
ferroelectric capacitors and cell transistors are
formed can be reduced.

In the second embodiment, since the contact areas
between the lower electrodes 18A and 18B and the

20 contact plug 36 can be set large, the electrical
resistivity of portions between the lower electrodes
182 and 18B and the contact plug 36 can be made low.

Further, as shown in FIG. 10, as a first

modification of the second embodiment, a structure in
25 which the two upper electrodes 20A and 20B are
completely separated from each other, the ferroelectric

films 192, 19B are completely separated from each other



outer periphery of the |ower electrode 18A can be made small. Likew se,

t he di stance between the outer periphery of the upper el ectrode 20B and

t he out erwopanipkery of the | ower el ectrode 18B can be m mCwJPek74310 As a
result, the area required for formng the ferroelectric capacitor can be
reduced. Further, since the area of the ?erroelectric capaci tor can be
reduced, the distance between the cell ransi stors can be nade small. As a
result, the area 15 of the ferroelectric menory in which a plurality of
ferroelectric capacitors and cell transistors are , fornmed can be ,reduced.
In the secondrentiddi tmwer silrenate déhtidethod eH 1484 widbrPate Rover

el ectrodes 18A and 18B and the 20 contact pl 36 can be set large, the

el ectrical KE%iQﬁﬁﬁﬂQ%ﬁQﬁr%ﬁHQQRﬂﬁﬂqﬁﬁﬁmﬁﬂp;5%34 T el ectrodes 18A and
18B and the contact plug 36, can_be de low. _Further,. in FIG 10,
as a first nodificstiHhOG ]tl?'nzfg(gco éttbdtli Ten I,ﬁalgos }ﬁfc?%i?gg?néf]% whi ch

O her  the. f AT T e 1A 105 5o Conpl SEl 5 ceuat atcd 11 om 6

ot her, are conpletely sepdrated from each

ot her ' D 03/ 107428, PGT/ JPO3I 0741 533 41 die davescrsh estsederds is ot

divided in eavﬁ)ﬁgfr erroelectric capacitors can be used. As shown in

FIG 11, as g sacond, opdifhcatd ofe Of oe tdter SREORLLENDOdii@NT ower St ruct ure in
whi ch only the

electrode 18 are not divided in each pair of
ferroelectric capacitors can be used.

In the structures of the first and second

10 modifications, the same effect as that of the second
embodiment can be attained. In the second embodiment
and in the first and second modifications, an example
in which the contact plug 36 formed in contact with
the diffusion layer 12 is formed in a self-alignment

15 process with the gate electrodes 14 used as a mask is
shown.

In the first and second embodiments and in the
modifications of the second embodiment, the following
material can be used. A material containing at least

20 one of Pt, Ir, Ru and Sr can be used as the upper
electrode. For example, an SRO electrode, RuOx
electrode or the like can be used. Further, as the
ferroelectric film, for example, PZT, PTO, or BTO or
SBT with a layered-form perovskite structure may be

25 used. As the lower electrode, a material containing at
least one of Pt, Ir, Ru, Sr, Ti and Al can be used.

Further, each of the above embodiments can be



5 two upper el ectrodes 20A and 20B are separated from each other and the
ferroelectric film19 and | ower electrode 18 are not divided in each pair
of ferrowbeatioises capaci tors can be used. In the structur @€TAPOY/GTe31f i r St
and second 10 nodifications, the same effect as that of the second

enbodi nent can be attained. In the secogq enbodiment and in the first and
second nodifications, an exanple in which the contact plug 36 fornmed in
contact with the diffusion layer 12 is forned in a self-alignnent 15
process with the gate el ectrodes 14 used as a mask is_ shown. In the first
and second enbotiprentid ¢arning qidiqy dats RO PP ERFHF &fSbdi nent

the followwng material can be used. A materjal cont aioﬁ';sntg‘i:%t bIevast 20 one
of Pt, Ir, Rbarmflsuamlhecddded aMd Sifgered it r ode. *Eanpl e, an

SRO el ectrode, RuOx electrode or the like can_be used, r r s the
ferroel ectri ceI?kPqC?‘ﬁmefIb*%sex%%?l‘ﬁezﬁorﬁ?ﬁet%ro%f@%lrog%#gvé% aar@

| ayer ed-form per Ki t : : trode,
ma%/eri al cont %f?\%%cﬁearﬁ 21 e gjﬁgv%}a%ﬁ% %%g%gs SérAj,§ %ﬁaén%t%%breouged?
Further, each of thee}gp%é/(g,lCJ gwlﬁ%ﬁ%\gg{% oD 9844 0F 420, 0T P03t 07431

24 i _ndespendencf‘—i‘ri/ Rartte odi ments can be adequately
conbined and carried,outs 40siNesaPoMe rieabasbFENERbodvemts ve concepts of
&

vari ous st ages ar
As described above, according to the embodiments
of this invention, a semiconductor device and a
manufacturing method thereof can be provided in which
10 the occupied area of each pair of capacitors on the
chip can be made small by forming the paired capacitors
by performing the photolithography process once.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
15 the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

20 defined by the appended claims and their equivalents.



contained and the inventive concepts of various stages 5 can be extracted
by adequately conbining a plurality of constituents disclosed in the above
enbodi mrerwe.03A874eescri bed above, according to the enbodi nPorgPo3ni743ihi s

i nvention, a sem conductor device and a nmanufacturing nethod thereof can
be provided in which 10 the occupied argg of each pair of capacitors on the
chip can be made snmall by form ng the pafred capacitors by performng the
phot ol i t hography process once. Additional advantages and nodifications wll
readily occur to those skilled in the art. Therefore, 15 the invention in
its broader aspects is not linmtedQad thhel dpecific details and
representative enbodi nents shown and descri bed herein. Accordingly,
various nodificatli-ond rgpisendgeos FRHC USRS Tg ¥ r'om the spirit or
scope of the general inventive concept as 20 defined, hy the anne ded cl ai ns
and their equi val entlr ko SEGPIADE YT/ LATOH AR D5 e 3. SR 1. A
sem conduct or devi ce conprisin first.sem conductor region fornmed in a

:a
surface regif&G¥ism &%éﬁ%&ﬁ&?&d&%t@&bﬁﬂbﬁ e:25’a second seni conduct or

region formed separately, fronaald iyt senpanduplorsdagianiy said

surface regi on of® & uctor substtate; a gate i'nsulating film

formed on a portion of sAld SGHGARANGIR SUPRH ale sl kT g anged
bet ween sai d
region of said semiconductor substrate;

a gate insulating film formed on a portion of said

semiconductor substrate which is arranged between said
10 first and second semiconductor regions;

a gate electrode formed on said gate insulating
film;

an interlayer insulating film formed on said
semiconductor substrate to cover said first semi-

15 conductor region, second semiconductor region and gate
electrode;

first and second lower electrodes formed on said
interlayer insulating film;

a first contact plug formed in said interlayer

20 insulating film and in contact with said first lower
electrode;

a second contact plug formed separately from said
first contact plug and in contact with said second
lower electrode in said interlayer insulating film;

25 a first ferroelectric film formed on said first
lower electrode;

a first upper electrode formed on said first



10 first and second sem conductor regions; a gate electrode fornmed on said
gate insulating film an interlayer insulating filmfornmed on said

sem conduwOmB/184RSt rate to cover said first sem 15 condu®CenPoxgusn,
second sem conductor region and gate electrode; first and second | ower

el ectrodes forned on said interlayer ipggulating film a first contact plug
formed in said interlayer 20 insulating filmand in contact wwth said
first lower electrode; a second contact plug formed separately from said
first contact plug and in contact wth said second |ower electrode in said
interlayer irfeurmeleytrilomfid®ia first ferroelectric filmformed on said

first lower electrode; a first upper electro formed on sai st WO
03/ 107425 PCT/ JP0F FREPRA Je T s st it ri ot |d§e ned' R i C%aesfer%de Setric
filmformed on said.second, |ower electrode; and a second upper el ectrode
formed on sail®EcSIESF I G%ctric film 2. A seniconductor device

comprising: 2 1 it SeIeongysl ot S A0l CFHkd bR Sd Afgeor@gl on of a
5 ferroelectric film.

2. A semiconductor device comprising:

a first semiconductor region formed in a surface
region of a semiconductor substrate;

a second semiconductor region formed separately

10 from said first semiconductor region in said surface
region of said semiconductor substrate;

a gate insulating film formed on a portion of said
semiconductor substrate which is arranged between said
first and second semiconductor regions;

15 a gate electrode formed on said gate insulating
film;

an interlayer insulating film formed on said
semiconductor substrate to cover said first semi-
conductor region, second semiconductor region and gate

20 electrode;

first and second lower electrodes formed on said
interlayer insulating film;

a first contact plug formed in said interlayer
insulating film and in contact with sald first lower

25 electrode, said first contact plug being electrically
connected to said first semiconductor region;

a second contact plug formed separately from said



a second sem conductor region formed separately 10 fromsaid first

sem conductor region in said surface region of said sem conductor

substrat ewoasgetses i nsul ating filmformed on a portion of ®ardP03/07431

sem conductor substrate which is arranged between said first and second
sem conductor regions; 15 a gate electrqde fornmed on said gate insulating
film an interlayer insulating filmforfred on said sem conductor substrate
to cover said first sem - conductor region, second sem conductor region and
gate 20 electrode; first and second | ower el ectrodes forned on said
interlayer i riitsat ioogptfadtmplad iamst igomandiagi oy ForSEd iSPRAY i nterl ayer
insulating filmand in contact with said first |ower 25 el .cltrode, sai d
first contactlgtan esidigaledtr iwd diestedd s e rét %eni conduct or
regi on; a second contact plug fornmed separately from.said WO O e1007425

PCT/ JP03/ 07431 maqand cBHiat DU 9 RIS W F Y SEcond

| ower electrode in said interl ayer (Er)ntsul ati n.%rgj Im said second contact

pl ug being el&tt§aichITyF Horfttt ‘?:qu Fai'FF Tt seniconductor region; 5 a
(LTSt fprroelectrl e LU PLUES, PO.PALS £ (R colaifro| sstaogerse 175
lower electrode;

a first upper electrode formed on said first
ferroelectric film;

a second ferroelectric film formed on said second

10 lower electrode; and

a second upper electrode formed on said second
ferroelectric film.

3. The semiconductor device according to claim 1
or 2, wherein said first and second lower electrodes

15 are separately formed.

4. The semiconductor device according to claim 1
or 2, wherein said first and second lower electrodes
are integrally formed.

| 5. The semiconductor device according to claim 4,
20 wherein said first and second ferroelectric films are
integrally formed.

6. The semiconductor device according to claim 1
or 2, wherein said first and second contact plugs are
integrally formed in a portion of said interlayer

25 insulating film which lies between said first
semiconductor region and said first and second lower

electrodes and the integrally formed contact plugs are



ferroelectric film a second ferroelectric filmformed on said second 10
| oner el ectrode; and a second upper electrode fornmed on said second
ferroel ecwoios/1674kin 3. The sem conductor devi ce accordi ngPCo/Jedaimsil or 2,
wherein said first and second | ower electrodes 15 are separately f
4. The sem conductor device according to claiml1l or 2, wherein sai
and second | ower el ectrodes are |ntegra?ly formed. 5. The sem cond
device according to claim4, 20 wherein said first and second

ferroelectric films are integrally formed. 6. The senj cqonductor, device
accor di ng t o folraied 1n @ontackheridin sedidd fhrsdt SgHdc quﬁF&&P

or ned.
d first
uct or

Iugs are
integrally formed in a portion of said |nterlayer 25 |ns atl &[Q m whi ch
lies between said 74 r<khe staRicHHARIOT &FGiF st & fcond
| ower el ectrodes and the |ntegr1g£y for d c nt ng[ Are WO 03/107425
PCT/ JP03/ 0743herrd ¥ Giaded §iF orft é%%1conductor regi on.

7. The senlconductor device accordin Slnwal d first and
;bﬁqﬁ Iéﬁ' ré{éhz%fnégldWQﬁf

second contadtr1
5 insulating fi
said fi¥st and

10

15

20

25

semiconductor region and said first and second lower
electrodes.

8. The semiconductor device according to claim 1
or 2, wherein said first upper electrode is connected
to said second semiconductor region.

9. The semiconductor device according to claim 1
or 2, wherein said first lower electrode, first
ferroelectric film and first upper electrode are
combined to configure a first ferroelectric capacitor
and said second lower electrode, second ferroelectric
film and second upper electrode are combined to
configure a second ferroelectric capacitor.

10. The semiconductor device according to claim 9,
wherein said first semiconductor region is a source,
said second semiconductor region is a drain and said
gate electrode, source, drain and semiconductor
substrate are combined to configure a cell transistor.

11. The semiconductor device according to
claim 10, wherein a series connected TC unit type
ferroelectric memory comprises series connected memory
cells each having said cell transistor (T) having said

source and said drain and said first ferroelectric’

ormed 1n a portion of sald interlayer

agig:awg}]o%lﬁt? &?ﬁé’l@%eﬁ@'&ﬁv&éé{ sSEf gonguct or region and



el ectrodes. 8. The sem conductor device according to claim1 or 2, wherein
said first upper electrode is connected 10 to said second sem conductor
regi on. 9wOThaoaesn conduct or device according to claim1 POT/JRY3/0MAEr ei n
said first lower electrode, first ferroelectric filmand first upper

el ectrode are conbined to configure a f4rst ferroelectric capacitor 15 and
sai d second | ower electrode, second ferroelectric filmand second upper

el ectrode are conbined to configure a second ferroelectric capacitor 10.
The sem conductor device according to claim9, ein

sem conduct ocapegiigeri dCa §@UP@§WGGEOS§éﬁdS§€EGﬁda Qn?@&ﬁdﬁ%?éP region is a
drain and said ate el ectrode,. sourc drain and. s§nlqonductor substrate
are conbined to 8nf|éuﬁ@m&Q9ﬂqu PENSPYEGE, COTfrlfhe sem conduct or device

according to claim10, wherein a series conne t, LYRE 2%
ferroel ectric memdr yidopri THEAPES e &t cteéﬁﬁgﬁ%%yﬂicel I's ‘each havi ng

said cell transLstor T) havin d said drain and said first
ferroel ectri E€MBS) 6%43%9¥%ﬁ%€€%gfb$ﬁgfﬁ§§bQ%apac|tor (O in-between
said squrce and saf d QALY serdoftnralLoutchordind s saamnsting: a first

sem conduct or reglone?orne In a surface region of a sem conductor
substrate; 54 $ecand; sep KOoNdUGt I FREIN i iseparial elur face

region of sald semiconductor substrate;
a gate insulating film formed on a portion of said
semiconductor substrate which is arranged between said
10 first and second semiconductor regions;
a gate electrode formed on said gate insulating
film;
an interlayer insulating film formed on said
semiconductor substrate to cover said first semi-
15 conductor region, second semiconductor region and gate
electrode;
first and second lower electrodes formed on saild
interlayer insulating film;
a contact plug formed in a portion of said
20 interlayer insulating film which is arranged between
said first semiconductor region and said first and
second lower electrodes;
a first ferroelectric film formed on said first
iower electrode;
25 a first upper electrode formed on said first
ferroelectric £ilm;

a second ferroelectric film formed on said second



fromsaid first sem conductor region in said surface region of said

sem conduct or substrate; a gate insulating filmfornmed on a portion of said
sem conduwwOD®B/164RSt rate which is arranged between said 1@cfriJpexo7azid second
sem conductor regions; a gate electrode forned on said gate insulating

film an interlayer insulating filmforpged on said sem conductor substrate
to cover said first sem 15 conductor rggion, second sem conductor region

and gate electrode; first and second | ower el ectrodes forned on said
interlayer insulating film a contact plug formed in a portion of said 20
interlayer insulat ieigdtidoslewhizel i s arranged between said first

sem conductor region and said first and second | ower el ectrodes; a first
ferroelectric fil m famamdl owpsal @ lfaqtaods dwamed &0t rid€ SHFQS i rst upper
el ectrode forned on said first ferroelectric film a second ferroelectric
filmfornmed dersaied esdddind DWB™03/ 107425 PCT/ JP03/ 07431 30 | over

el ectrode; and a second upper el e trocéléi:’ae f.orrr%%mor}:issq_in .second
ferroelectric fillm- 13 SEU&H ¢t GFVdER & Corpri sing:

5 a first semiconductor region formed in a surface
region of a semiconductor substrate;

a second semiconductor region formed separately
from said first semiconductor region in said surface
region of saild semiconductor substrate;

10 a gate insulating film formed on a portion of said
semiconductor substrate which is arranged between sald
first and second semiconductor regions;

a gate electrode formed on said gate insulating
film;

15 an interlayer insulating film formed on said
semiconductor substrate to cover said first semi-
conductor region, second semiconductor region and gate
electrode;

first and second lower electrodes formed on said

20 interlayer insulating film;

a first contact plug formed in said interlayer
insulating film and in contact with said first lower
electrode;

a second contact plug formed in said interlayer

25 insulating film and in contact with said second lower
electrode;

a third contact plug formed in said interlayer



5 a first sem conductor region forned in a surface region of a

sem conduct or substrate; a second sem conductor region formed separately
from sai dwDiosgo74¢®m conductor region in said surface regipam/Job3/wasd

sem conductor substrate; 10 a gate insulating filmforned on a portion of
said sem conductor substrate which is:giranged between said first and
second sem conductor regions; a gate electrode forned on said gate
insulating film 15 an interlayer insulating filmfornmed on said

sem conductor substrate to cover said first sem - conductor region, second
sem conduct ofngeyhohngniiyat anél ot codeactf itk aaddsEEBAH | ower el ectrodes

formed on said 20 interlayer_insulating film a fi&ft con#act pl ug forned
in said inteskayeondintarareagoni | ArafddtPATEoRPRERCH PHhUSaPd FPrst | ower

el ectrode; a second contact plug forned i aid_interlaye 5_ppsul ating
filmand in ebatatcicalil §9P66§g§€nﬁolﬁﬁéa %éFEEtFSBé?éﬁ %%P%da%gntact pl ug

formed in said interlayer WO O /137425 PCT/ JP03/ 07431 31 insulating film
and in cont aseigi ERCEBAICPRFEET BelPéonductor region, said third contact

Pl ug bgi ng elect rai qf%lrls %%I}I}%%tl%dcttrcics%iiqﬂ ISt eCOBAGH 1Rl ¥d rad
lower electrode;

a first upper electrode formed on salid first
ferroelectric film;

a second ferroelectric film formed on said second
10 lower electrode; and
a second upper electrode formed on said second
ferroelectric film.

14. The semiconductor device according to claim 12

or 13, wherein said first and second lower electrodes
15 are separately formed.

15. The semiconductor device according to claim 12
or 13, wherein said first and second lower electrodes
are integrally formed.

16. The semiconductor device according to

20 claim 15, wherein said first and second ferroelectric
films are integrally formed.

17. The semiconductor device according to claim 12
or 13, wherein said contact plug is formed to partly
overlap a portion above said gate electrode.

25 18. The semiconductor device according to claim 12
or 13, wherein said first upper electrode is connected

to said second semiconductor region.



said second contact plug; 5 a first ferroelectric filmfornmed on said first
| oner el ectrode; a first upper electrode fornmed on said first

ferroel ecwpiod/1674k31 a second ferroelectric filmfornmed onPsai@ox®sand 10

| ower el ectrode; and a second upper electrode fornmed on said second
ferroelectric film 14. The sem conduct gé devi ce according to claim12 or
13, wherein said first and second | ower &l ectrodes 15 are separately
formed. 15. The sem conductor device according to claim12 or 13, wherein
said first and second | ower electrodes are integrally forned. 16. _The

seni conduct or device &beosdimiganshzioy danirs, a\ﬁﬁé’rréillﬁgs&lod Higrgy 12nd
second ferroelectric filnms are integrally forned. E%_ em conduct or
devi ce accor dimd 3,0 whlegiehny Baigt £ P?ng\/\ﬁé?'@ eéﬁcr?r(%irﬁa scug is formed to
partly overlap a portion above sajd gate electr de 25 18 The

seni conduct orfaiAede Aader dildg % I TR T APRGT £3CGHTSHS e| YA d first upper

electrode is connected to said second ond to /107425
PCT/ JPO3/ 074FPm371ery t Oﬂ?é’rgglrﬂuc%emfu ]d?ecdevelrcreo chcd(;CrIr(j" ing to gﬁé)l(ﬁ 12 or
13, Wh%r €n saarllcgi sfa{:'ch?tselcoo\Axlle J:t e% t]ifddfes,t second ferroelectric

film and second upper electrode are combined to
configure a second ferroelectric capacitor.
20. The semiconductor device according to
claim 19, wherein said first semiconductor region is a
10 source, said second semiconductor region is a drain and
said gate electrode, source, drain and semiconductor
substrate are combined to configure a cell transistor.
21. The semiconductor device according to
claim 20, wherein a series connected TC unit type
15 ferroelectric memory comprises series connected memory
cells each having said cell transistor (T) having said
source and said drain and said first ferroelectric
capacitor (C) in-between said source and said drain.
22. A semiconductor device comprising:
20 first semiconductor regions formed in a surface
region of a semiconductor substrate;
second semiconductor regions formed separately
from said first semiconductor regions in said surface
region of said semiconductor substrate;
25 gate insulating films respectively formed on
portions of said semiconductor substrate which is

arranged between said first semiconductor regions and



ferroelectric filmand first upper electrode are conbined to configure a
first ferroelectric capacitor 5 and said second | ower el ectrode, second
ferroel ecwpios/101423 m and second upper el ectrode are conbi n@dTLB3/@wasKf | gure a
second ferroelectric capacitor. 20. The sem conductor device according to
claim19, wherein said first sem conducggr region is a 10 source, said
second sem conductor region is a drain d said gate el ectrode, source,
drain and sem conductor substrate are conbined to configure a cell
transistor. 21. The sem conductor device according to claim20, wherein a
series conneghed FEcomid skeypeobslucdorogieddOnisé menory conpri ses series
connected nmenory cells each having said cell transistor (T), having said
source and sai d drogitre aieamafiay rasHasigElee ffar@ed Padaist g(%)e

i n-between said source and said drain. 22. A sem conductor device

conpri sing: 2@stilegtingefiid@fduct or regions formed in a surface region of a

sem conductor substrate; second sem.conductor, regi ons, fgorned separately
fromsaid first séfi doHRIkIY e]di%f'ﬂsaq_ilr?gsaﬁdlr%ﬁﬁ?rg&geed O(rHegl onéof sai d

sem conductor_substrate; 25 gate i.nsul at] id ey rgspgctively formed on
portioms of ﬁ%?ﬁ@?@&%ﬁtsruabts Eéé)t edoqv\%%hgalqgi arranged between said

first sem conduct %rnd'uecgd'oornsreagriqm\/g? QY I 25 B R 3 43y i o3k saidl second

seni conduct or° i ons;
gate electrodes;

first lower electrodes formed on said interlayer
insulating film;

10 second lower electrodes formed separately from
said first lower electrodes on said interlayer
insulating film;

contact plugs formed in portions of said
interlayer insulating film which lie between said first

15 semiconductor regions and said first and second lower
electrodes;

first ferroelectric films respectively formed on
said first lower electrodes;

first upper electrodes respectively formed on said

20 first ferroelectric films;

second ferroelectric films respectively formed on
said second lower electrodes; and

second upper electrodes respectively formed on
said second ferroelectric films.

25 23. A semiconductor device comprising:

a first semiconductor region formed in a surface

region of a semiconductor substrate;



gate el ectrodes respectively forned on said gate insulating filns; an
interlayer insulating filmformed on said 5 sem conductor substrate to
cover saiwofiBnew2s sem conductor regi ons, second sem condu®CeIPIXYiHsINS and
gate el ectrodes; first |ower electrodes forned on said interlayer
insulating film 10 second | ower el ectrodes forned separately from said
first lower electrodes on said interlaye insulating film contact plugs
formed in portions of said interlayer insulating filmwhich |ie between
said first 15 sem conductor regions and said first and secogd | ower

el ectrodes; firstafeecortesemicohiigsorespetenyvEPYRedr FBR2GATCLHEi d first

| ower el ectrodes; first upper el ectrodes respectiveL% tarned on said 20
first ferroefechrsaifi FhEStseeBAGORSREber eEEFielf FinE2 8sPREFTTEI Y for med

on said second |ower electrodes; and second r el ectrodes respectively
formed on saédi@@c@ﬁdsﬁéﬁré@WééPPﬂECFPFnEPbﬁgggg?;A seni conduct or devi ce
SO oo Cubsksac. SRS Tasi S0 BLr SRR ot reisos s of
5 semiconductor substrate which is arranged between said
first semiconductor region and said second
semiconductor region;
a gate electrode formed on said gate insulating
film, said gate electrode having an upper surface and a
10 side surface;
a cap insulating film formed on the upper surface
of said gate electrode;
a side wall insulating film formed on the side
surface of said gate electrode;
15 an interlayer insulating film formed on said
semiconductor substrate to cover said first
semiconductor region, said second semiconductor region,
said cap insulating film and said side wall insulating
film;
20 a first lower electrode formed on said interlayer
insulating f£ilm;
a second lower electrode formed separately from
said first lower electrode on said interlayer
insulating film;
25 a contact plug formed in said interlayer
insulating film and in contact with said first

semiconductor region, said first and second lower



a second sem conductor region formed separately fromsaid first

sem conductor region in said surface region of said sem conductor

substrat ewoasgetses i nsul ating filmformed on a portion of PaTAPIFEN7431

sem conductor substrate which is arranged between said first sem conductor
region and said second sem conductor region; a gate electrode formed on
said gate insulating film said gate é?gctrode havi ng an upper surface and
a 10 side surface; a cap insulating filmfornmed on the upper surface of
said gate electrode; a side wall insulating filmformed on the sig

surface of saidcgabecel estiddeaplfnanlehingl &Fén pRduPaLAnglee| W grned on
said sem conductor substrate to cover said first sem conductor region
sai d second sepuitaendugt dilmegi on, said cap insulating filmand said side

wal |l insulating film 20 a first |ower el ectrode forned.agn i.d interlayer
insulating film a §é¢@ﬁdﬂaﬁn9ﬁ1§F§éﬂF0§él@oﬁﬁégegeﬁgrgﬁé%yf$%§%1 sai d
first lower electrode on said interlayer insulating film 25 a contact

pl ug forned ﬂﬁw§éiﬁlﬁﬁ¢épﬁ§yer insulating filmand in contact with said
];Dic'rr/s:[]p@?),/e(r)n%zg?_dumaorfirres | %%pesraieqefcitrrsotdear}%rsm%qpQ)% | owey M@JQ3/ 107425
ferroelectric film;
a second ferroelectric film formed on said second
lower electrode; and
a second upper electrode formed on said second
10 ferroelectric film.

24. The semiconductor device according to claim 22
or 23, wherein a width of a cross section of said
contact plug in an array direction of sald gate
electrodes is larger than a distance between said gate

15 electrodes which are arranged on both sides of said
first semiconductor region.

25. The semiconductor device according to
claim 24, wherein said contact plug is formed in a
self-alignment process by using two gate electrodes

20 arranged on both sides of said first semiconductor
region as a mask and said contact plug partly overlaps
portions above said two gate electrodes.

26. A semiconductor device manufacturing method
comprising:

25 forming a gate electrode over a semiconductor
substrate with a gate insulating film interposed

between said semiconductor substrate and said gate



35 electrodes, said cap insulating filmand said side wall insulating
film a first ferroelectric filmformed on said first |lower electrode; 5 a
first uppwooshieaes ode formed on said first ferroel ectricPCirlam3/@43iecond
ferroelectric filmforned on said second |ower electrode; and a second
upper electrode fornmed on said second 13% ferroelectric film 24. The

sem conduct or device according to claim22 or 23, wherein a wwdth of a
cross section of said contact plug in an array direction of said gate

el ectrodes is larger than a distance between said gate 15 el ectrodes which
are arranged orediotddsi des of said first sem conductor region. 25. The
sem conductor device according to claim?24, waerei nelsai d contact plug is

formed in a self-&PrBhRBNSORF &R e3Rd hYL HER ngl t oS H2R el BY BLE rY¥ed 20

arranged on both _sides of said fjrst. sem conductor, regi,on.as_a,ppsk and
sai d cont act ?ﬂ“ﬂ@a%%r‘?fys%%rﬁ%lb’scorb%l?‘ﬁ%ss“ﬂ%%%ageaiO(fgtk\’/\%t%aﬁledégectrodes.

26. A sem conduct or ,devj ce nuf acturing nmethod conprising: 25 formng a
gate el ectroo%fo@%erag%t?ﬁ%g%%%? T’ substrate with a gate insulating film

interposed betweep said senieenduetof. substr 24,2061 541 #19Rten said

semiconductor substrate to cover saild gate electrode,
source and drain diffusion layers;
forming a buried interconnection and a first
contact plug which extends from a portion of said
10 buried interconnection to one of said source diffusion
layer and said drain diffusion layer in said first
interlayer insulating film which lies on one of said
source diffusion layer and said drain diffusion layer;
forming a second interlayer insulating film on
15 said first interlayer insulating film and on said
buried interconnection containing said first contact
plug;
forming a pair of second and third contact plugs
which extend from a surface of said second interlayer
20 insulating film to said buried interconnection in said
second interlayer insulating film formed on said buried
interconnection; and
forming a first ferroelectric capacitor by
sequentially laminating a first lower electrode, first
25 ferroelectric film and first upper electrode in this
order on said second contact plug and forming a second

ferroelectric capacitor by sequentially laminating a



WO 03/107425 PCT/JP03/07431 36 electrode; form ng source and drain
diffusion layers on a surface of said sem conductor substrate on both
sides ofweaBdogate el ectrode; 5 formng a first interl ay®cTiJreai7ati ng film
on said sem conductor substrate to cover said gate el ectrode, source and
drain diffusion layers; formng a burieg i nterconnection and a first
contact plug which extends froma porti % of said 10 buried interconnection
to one of said source diffusion layer and said drain diffusion layer in
said first interlayer insulating filmwhich lies_on one of said 6 source

di ffusi on | agecoand lsaied dlaictrdides useeprayerrorderithd Ca TddFoRd nt er | ayer
insulating filmon 15 said first interlayer insulatin fi£n1 nd on said
buri ed inter@@@@@dtm@@e@Oﬁﬂ§ﬁﬁ¢@§esépdt@ﬂﬁspréﬁﬁt8€tSagpug,lF mng a pair
of second and third contact plugs which extend froma surface of said
second i nt er Ic@pdac2®lugsul ating filmto said buried interconnection in

said second inter]ayer insulating filmforned i_d. byri thod
i nt er connecti on; Zdmd frOETSRYLEH toﬁéfg%@fﬁ%ggp%%%gbacHf%fHE& ©
sequentially |lam natin

reauent i |y LOOal %R LGS OISRl s il artp fusoel oot 1

and form ng %L%%ﬁpQﬂectrodes are integrally formed, said first and
second ferroelectric films are separately formed and
said first and second upper electrodes are separately
formed.

10 28. The semiconductor device manufacturing method

according to claim 26, wherein said first and second
lower electrodes are integrally formed, said first and
second ferroelectric films are integrally formed and

said first and second upper electrodes are separately

15 formed.
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PCT/ JP03/ 07431 37 second | ower el ectrode, second ferroelectric film and
second upweri3gbmaeirode in this order on said third contaeCcTgrPwp747. The
sem conduct or device manufacturing nmethod 5 according to claim 26, wherein
said first and second |ower electrodes are integrally fornmed, said first
and second ferroelectric filns are sgparately forned and said first and
second upper electrodes are separately forned. 10 28. The sem conduct or
devi ce manufacturing nethod according to claim 26, wherein said first and
second |ower electrodes are integrally forned, said first and second
ferroelectric filns are integrally forned and said first and second upper
el ectrodes are separately 15 formed. WO 03/107425 PCT/JP03/07431 1 /6 r
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