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POLYCRYSTALLI NE FERRCELECTRI C CAPACI TOR HETEROSTRUCTURE
EVMPLOYI NG MYBR/I5441 ECTRCDES 5 BAQKIURINNMTAE THE
I'NVENTI ON Ferroelectric thin filns of high crystalline

quality have 10 recently been grown on silicon substrates using suitable
combi nations of buffér layers and tenplates to initiate the

crystallization and formation of the desired material phase in a

proper CrySta||Ograph'ﬁoQYtﬁ@é@ALQﬂNEFpERR@BﬂBt@RIMtCAPACITOR stabilized
zirconia (YSZ) has been used as a buffer |ayer on a 15_ chem cally cl eaned

[100] Si wafer to prBETEROSTRYGEURE| EMBLOYING: HXBR&Pe ELEFTRABESr owt h of

subsequent |ayers of cuprate superconductors, such as
yttriumbariumcuprate (YBCO. In U S Pat. No. 5, 155,658, a high
crystalline quality, c-axis oriented ' YBCO was used as a structural
tenplaée for subsequent growth of : :

BACKGROUND OF THE INVENTION

Ferroelectric thin films of high crystalline quality have
10 recently been grown on silicon substrates using suitable
combinations of buffer layers and templates to initiate the
crystallization and ‘formation of the desired material phase in
a proper crystallographic orientation. For example, yttria-
stabilized zirconia (YSZ) has:been used as a buffer layer on a
15 chemically cleaned [100] Si wafer to provide a crystalline
template for the growth of subsequent layers of cuprate
superconductors, such as yttrium-barium-cuprate (YBCO) . In U.S.
Pat. No. 5,155,658, a high crystalline quality, c-axis oriented
YBCO was used as a-structural template for subsequent growth of
20 a pseudo-cubic lead zirconium titanate (PZT) perovskite
ferroelectric l;yer and a covering YBCO electrode layer to
yield a ferroelectric memory elemeht..High growth temperatures

presented a problem in Si-CMOS processing, however.

25 Improved, lower tempefature crYstallographic growth was
later achieved with cubic metal oxides, such as lanthanum-
strontium-cobalt oxide (LSCO), employing a layered perovskite,
e.g.., bisﬁuth titanate (BTO), template layer to initiate c-axis
orientation in LSCO and PZT ferroelectric overlayers, as

30 described in U.S. Pat. No. 5,270,298. Further improvement in

the growth of ferroelectric devices was realized in U.S. Pat.



20 a pseudo-cubic lead zirconiumtitanate (PZT) perovskite
ferroelectric |ayer and a covering YBCO el ectrode | ayer to yield a

ferroel eciyg ry el ement. High growth tenperatures resented a
probl emin Sglg/ % processi ng, however . 25 | npr OVQR’SPQJWN

tenperature crystall ographic growth was | at er achieved with cubic
met al oxides, such as |anthanum stronti um cobalt oxide (LSCO,
enpl oying a | ayered perovskite, e.g., bismuth titanate (BTO,
tenplate layer to initiate c-axis . orientation in LSCO and PZT

ferroel eqid.i G,ouW,|5E Ehr Afgh Yhe dased Herbddl 1art hBRkm- Norc Sn A50- 298.

Further inprovenent in - the gromh of ferroelectric devices was
real i zed Gitapage HRLZT) in a LSC /REZ§6L§§@4heterostructure which could

PCT/ US954.14

| ead- | anthieag:é’g1 aribly & forifia én gﬁgtéﬁéqﬁ %I br? 3 a%CBVPTZ'?FES?f) the

het er ost riagtatiesl \BTa,h cﬁﬁlﬂ:ﬂnllar bmw[rmmgéqa&@r(mﬂbpn eI S O2/ Si
substrate by nmeans of the | Iayered BTO or simlar bisnuth tungstate

(BV\D)S, tenpl at e. 5
Although the temperature llmltatlons had thus been

surmounted and CMOS compatibility achieved, the electrical
conductivity of the heterostructure on a Sioz/Si substrate was
insufficient for effective 1ntegrated circuit application. Thls

10 shortcoming was remedled by the 1ntermed1ate epitaxial
deposition of orlented platinum on the 1ayered perovskite
template according to the.procedﬁreldisclosed in copending'U.S.
Patent application, Ser. No. 08/318,587, filed 5 October 1994
and commonly assigned with this apoiication The additional

15 operatlons of template and crystallographlc layer growth

51gn1f1cantly extended dev1ce proce551ng, however.

20

It hasdnow been discovered in the present inventioh that,
surprieingly; the layered perovskite;-e.g., BTO, template
- interlayer may be dispensed with and that a thin film of metal,
25 such as platinum, routihely_g:own_upon a commerciel-grade Si
wafer substrate having an amofphoustsioz surface primed with Ti,
Ta, or TiO, will'prOVide the desired electrieal sheet '
conductivity and will also support satlsfactory polycrystalllne
growth of any number of metalllc ox1de capac1tor electrode
30 materlals,.such:as LSCO, LaSrCrOs;, RuO,, and SrRuO3, as well as

subsequent similar growth of at least one intermediate



Al t hough the tenperature limtations had thus been surnmount ed and CMOS
conpatibility achieved, the electrical =~  conductivity of the

het erostr uc%%"%"a Si 2/ Si substrate was i nsuf fi ci entPCRABSISAFMOL i ve
integrated circuit application. This 10 shortcom ng was renedi ed by the

I ntermedi ate epitaxial deposition of oriented platinumon the |ayered
perovskite tenpléte according to the procedure disclosed in copending
u. S. Pat ent application, -Ser. No. 08/318,587, filed 5 Cctober 1994

and comonlye Assined widiod s ARp! 1654 O Ther agdhhbpoal pidT oPPBEALi ONS
of tenplate and crystall ographic |ayer growt signifticantly extended
devi ce procBesidesitaiwes dferroelectric performance of suclUMVPRYiZEsTHE

| NVENTI ON 20 iall ... 11 _has Qom/been.discovered ig.the pr sent _. c

i nvent i on tFRRECLALLY SR IRTFHASS TR TRIRT AL et OvERFIEUS2Gd THapinT,
template js rdH QmpAY@ed By bBeUbSPPESPEL A 1 Inangrddieh @nd My e Fulther
metal, 25 such as platinum routinely grown upon a commercial -grade S
waf er substortignired Ry drring phbtk B P0%utdnthapunney niehigm, Ta,
or TiO2 will provide the desired electrical sheet conductivity and

wi |l also support satisfactory polycrystalline growt h of any nunber
of netallic oxiderigdpsetlDsr edbsdsOstPed manner of processing the layered

heterostructure, for example by controlled cooling of the
growth layer to its operating ambient in an oxygenating

10 atmosphere, continues to have considerable positive effect upon
the ferroelectric performance of a resulting device,
particularly in its reliability as manifest with respecﬁ to

such properties as fatigue, aging, retention, and imprint.

15

The present invention will be described with reference to

20 the accompanying drawing of which:

FIG. 1 is a representative elevational section of a

ferroelectric heterostructure of the present invention;

25 - FIG. 2 is a representative x-ray diffraction pattern of a
highly ferroelectric heteros;ructure obtained from growth upon

a substrate of Si/SiO, according to the present invention;

~ FIG. 3 is a representative x-ray diffraction pattern of a
30 weakly ferroelectric heterostructure resulting from growth upon

a substrate lacking a SiO, layér:



30 materials, such as LSCO, LaSrCr@3, Ru(ferr], and SrRuG3, as well as
subsequent simlar growh of at |east one |nterned|ate

- 2- 96/ 16447

PCT/ US95/ 1474611% - perovskite ferroelectric |ayer of, PEEHPSEA4MY ¢
PLZT or PZT. The desirable ferroelectric performance of such

mat eri al s, especially wwth respect to resistance to fatigue and

i mprint, is not inmpaired by the polycrystalline growh and may be

further 5 opti dopi ng with 1% 10% | ant hanum or . nj obi um
The earller-dlsgaéerg ﬁd§ﬁ§$

to its operating anmbient in an oxygenating ere, §PP5
have consédbf@B| elgosrodecunfitrdayepon t he ferroelectrlc per f or mance
of a resulting device, - particularly in its reliability as manifest
wWth respect to such properties as fatigue, aging, retention, and

i npri®t. 15 FIG. 5 is a represeRE VISRV HiI@Y Hechidn RAWNG of a
weakly ferroelectric heterostructure obtained from growth

without a LSCO electrode underlayer;

FIG. 6 is a graph of comparative hysteresis loops
10 obtained from testing heterostructures characterized in FIG.s 2

and 3; and

FIG. 7 is a graph of comparative hysteresis loops
obtained from testing heterostructures characterized in FIG.s 4
15 and 5. | |

20

A typical ferroelectric heterostructure memory element.lo
preparéd:aCCOrding to the present invention is shown in FIG.1
comprising as a substrate a single crystal oriented [001]
silicoﬁ wafer 11 the surface of which has been thermally wet-

25 oxidized to form an electronic grade amorphous Si0O, layer 12 of
about 100 nm thickness. Anothef silicpn-coating layer material
particularly useful in piezoelectric devices is silicon
nitride, Si;3;N4. Upon the SiO, layer surface at a temperature of
about 600-680°C was growni a priming layer 13 of about 50 nm of

30 titanium using pulsed laser deposition (PLD) with an excimer -

- laser (248 nm) at an energy density in the range of about 2-2.5

J/cm?. A 50-150nm layer of platinum metal was then'likewise

TISFRARELLET i T8 dieffraction pattern of a
het er ost I yggHi 9, féefoezagek.eicbﬁeeg%gekheféu%olobealﬂta.  $2om_grBLOM Ropayer

(



The present invention will be described wwth reference to 20 t he
acconpanyi ng draw ng of which: FIG 1 is a representative

el evat i onaW096/4€4ddn of a -~ ferroel ectric heterostruct ur ePET/USIA4MOcSENt

I nventi on; 25 FIG 2 is a representative x-ray diffraction
pattern of a highly ferroelectric heterostructure obtained from growh
upon a substrat® of Si/Si2 according to the present invention;

FIG 3 is arepresentative x-ray diffraction pattern of a 30 weakly

ferroe'ecgggéahgéiggéﬁg§%&“&%.r%%ﬂéé'E%dﬁaﬂﬂgyaWMHWeaEHﬁiqug5£?§a§§Eﬁ@te

| acki ng a®3Si

WO 96/ 1644puttering, chemical vapor deposition (CVRQT/ E@36h/eleeAFon-beam
FIG 4 is a representative x-

) ray diffraction pattern of a hi gh
ferroel ec@ﬁP@sﬂétlé’PosFPH&duFé'“U'ﬁiaé'iWe&’? r‘eﬂ}ﬂqé’&ﬁiéh upon a LSCO y

el ectrode underl ayer;

5 With targets of the appropriate composition, the PLD
apparatus was used to sequentially déposit the electrode and
fer:oeleétric layers. At the usual temperature range of about
550° to 700°C and in an atmosphere of.about 13.3 Pa oxygen
partial pressure, a first electrode layer 15 of LSCO, typically

10 . a composition of L,_,Sr,CoO; where x is about 0.15 to 0.85,
preferably about 0.5, was grown on the Pt layer 14 to a
thickness of about 50-150 nm, preferably about 100 nm. Othei
known metal oxide electrdde materials, such as RuO,, SrRuO;, and
LaSrCrO3, would be equally viable.

15 | | _

' A ferroelectric layer 16 of PLZT followed at about 100-

500 nm, typically 300 nm. Tﬁe composition of the PLZT material

was Pbg ¢Lag 12rg.,Tip, 03 in this example, but could be varied
over a wide range depending on the intended application. Also,

20 1% to 10% lanthanum or niobium doping, preferably about 4% to
6%, is useful in optimizing the ferroelectric properties. Other
ferroelectric, or paraelectric, materials, such as barium
titanatg,-barium strontium titanate, lead titanate, bismuth-
titanate, bismuth strontium tantalate, bismuth strontium

25 niobate, and potassium tantalate niobate, could similarly be
employed for layer 16 in high dielectric constant capacitor
applications and in pyroelectric and piezoelectric devices. A
top electrode layer 17 of about 100 nm LSCO was then grown and
the completed heterostructure was cooled to ambient temperature

30 at an optimum rate of about 5-20°C/min in an atmosphere having
an oxygen partial pressure ranging from about 1x102 to about

1x10° Pa. X-ray diffraction examination of the completed



5 FIG 5 is a representative x-ray diffraction pattern of a

weakly ferroelectric heterostructure obtained fromgrowth "W thout a
LSCO el ectwodsigsader | ayer ; FIG 6 is a graph M@Sﬁ _?t ive
hysteresis | oops 10 - obtained fromtesting heterostructur 89, zed
in FIGs 2 and 3; and - FIG 7 is a graph of conparative
hyst eresi s | oops r obtained fromtesting heterostructures characterized
in FIGs 4 15 and 5. ' DESCRI PTI ON OF THE

| NVENTION . 20 ) A typical ferroelectric heterostructure nenory
el enent 1B°1YC?Y5F§b5F%ﬁ BEEEF%EHE“FBuFﬁeCBF§§§ﬁ?d|ﬁhéﬁtﬁbﬁ is shown'in

FIG1. fefPSEiééEBQca§t§cﬁU@§§rE&Q §hngh8 gﬁﬁgbgkﬁlrl%g%gd [ 001]

silicon wafer 11 the surface of mhlc has been er ma oxi di zed
to forman electronic grade anorphous Si Q2 layer 12 of about 100 nm

t hi ckness. Anot silicon-coat a material ° particul arly useful
in piezoel ectri ﬁ%%l%eg ?§°E|Phegﬂi XhogrﬁPPF-FdEr°SF3ﬁ4 S0p¥n dhameter

| ayerssur¢ase aap é*ci@@iaeéﬁéé'ﬁﬁo&és 18 wéPeUEaéﬁQoﬁéa[ BN Lﬁ ‘ggﬁpa}‘)%cé

primng |ayer 13 of about 50 nm of t ani um usi ng
deposi t i ok2Y®E D} 7 viRPen awineslai FerAu electaseal(EéﬁtaatsausaWeeeergy density

kgtgreméga oQIFgﬁoqéoé?féééntaryJéon aré]w1thfﬁ%é%ggngfégggbég fgfgy Q%m
was established by capacitive coupling through a large
conductive pad, not shown, elsewhere on the surface of the

10 structure. Typical ferroelectric testing of the capacitor ‘
heterostructure showed very desirable fatigue, aging, and
retention properties which were éminehtly suitable for long
term, non-volatile memory application. Remnant polarization
values of about 15-20 uC/cm? at 5 V exhibited by the device are

15 quite sufficient for'this purpose. Additional testing at more
extreme corniditions of elevated temperature and the presence of
dc bias showed equally satisfactdry results. At about 100°C, for
example, the device showed good read4write endurance over at
least 10! cycles.

20 ' |

Additional heterostructures were grown to provide samples
for testing the efficacy of the processing of the present
invention. In one set of such samples, a first heterostructure
was prepared as described above to include Si0, layer 12 while

25 in a second sample the SiO, layer was omitted. Respective x-ray
diffraction patterns of the samples depicted in FIG.s 2 and 3
show the preferential ferroelectric orientation of the PLZT
'layeré (FIG. 2) grown with'5102 interiayer 12 and the weak"
orientation and diffraction peaks of impurity phasés {FIG. 3)

30 resulting from lack of the Sioé layer. The respective

intensities of the patterns are particularly remarkable.
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PCT/ US95/ 14740 grown on Ti layer 13.. O her common growth

t echni ques, WO J6/16442 sputtering, chenical vapor depositi BETUSN4740and
el ectron- beam deposition, could simlarly be enpl oyed. 5

Wth targets of the _appropri ate conposition, the PLD appar at us was
used to sequentially deposit the el ectrode and ferroelectric | ayers.
At the usual tenperature range. of about 550[err] to 700[err]C and in

an at nosphere of Rhgiarabive Baray B fract iR el HRSYF FIA § i4 Hng 5
el ectrode | ayer 15 of LSCO typically 10 a conposition of :

L[ err] Sr[ emer@o@raiqras Xnom ghRacwd Bato Of sgmmples witiahedififergsbut 0. 5,

was grown qn the Rt l.ayer. to. . thi ess of. aba ;50 N
preferably rfﬁguet%t%’(? l3>r1h #ehre &Cl“}(snloov\% agnlé{]ﬁ%losxﬁ l@?eﬁ%c&%&égaﬁﬁ%ﬁ 2l S,
such as Rudedded to Rddh e hybrid afet@lOmessiulgk itk equaddnode allth Bib
A ferroelectric layer 16 of PLZT foll owed at about 100- 500 nm

typi caBly 3@yefmlirRensadfiip AUZ O WrINEMIAT Fa%ay 46 of thgs Pb[err]La0
Zr0. 24 ' ' ' t | | i d
(e 710° 20 A 00 015 QA e R FOUDS SULE L e g2 W do

range dependi ng on appl1 cati on. to 10% | ant hanum
or ni obi umede@tpdeprisfymmalils clwlie 4édrmn most d4matsiassldfiwlin rehoptst-aaar ng
the ferroelgectric properti.es. er erroel ectrjic, or rael ectric,
et al o, BT AREI RS of (THe BHAT ARFTARN ST RO SRR SR
tltt an?_t e, hip@ith), as tubéﬂnaééa,irp'é{@tirht?ér{ﬁrﬁy W (e e Eradti Ry D
strontium ' - '

10 Without the LSCO electrode layer, only the non-ferroelectric

pyrochlore phase (pyro) cf the PLZT was formed (FIG. 5).

Subsequent ferroelectric properties measurements
highlighted the significant contribution of the Si0O, layer
15 residing upon the Si wafer substrate, as may be observed in the
comparative hysteresis loops of those samples (FIG. 6). Such
measurements also confirmed the distinct advantage that the
LSCO electrode layer provides for both surface characteristics
enabling preferential nucleation of the ferroelectric
20 perovskite phase and suberior ferroelectric reliability
characteristics. The comparative hysteresis loops (FIG. 7) of
heterostructures fabricated with and without the LSCO electrode
layer illustrate the substantial absence of ferroelectric
properties in the latter sample.
25 | |
~ The processes and ferroelectric heterostructure capacitor
materials of the present invention have application for a wide
range of devices, such as dielectrics for DRAM capacitors,
ferroelectric FET elements for non-destruétive readout
30 memories, and electro-optic perovskites grown on Si0O,/Si
substrates for integrated optics, pyroelectric detectors, and

the like. In another important aspect of these ferroelectric



25 ni obate, and potassiumtantal ate niobate, could simlarly be

enpl oyed for layer 16 in high dielectric constant capacitor
applicatiqf@,‘-gﬂg1 4 N pyroelectric and pi ezoel ectric devices. A

el ectrode Tayer 17 of about 100 nm LSCO was then grown and PCTﬂﬁwﬁﬁéﬁw
conpl eted heterostructure was cool ed to anbient tenperature 30 at an

optimumrate of aboyt 5-20C/ mn in an atnosphere havi ng an oxygen
partial pressure ranging fromabout 1x10[err] to about | x10[ err] Pa.
X-ray diffraction exam nation of the.conpleted

-5- thin fytpggwggaq7hybrld metal/metal oxide electrodes is their

PCT/USQS/%éngC tl n 1n ?Qﬁ+¥f£¥§§ﬁlhéﬁgrg§% ggs%%ggé QS,CgﬂLhr”Ed t hat the

ferroel ec e pero ?ng a
common photollthographlc process, 50 pm di ameter’ 5 test capacitor

el ectrodes 18 me&g f ashi pned of the upper LSCO | ayer 17 upon which

Pt/ Au el ectri ca9dbrioRes deviges in theidamm P@dmmﬁl%mlwecm

wh ot amelechinsei ey bindl anq #3nEELaNkbaled:x saRACLLLYS cOUP! i ng

through a | arge conducti ve ere-on Ch& Surface of -

the 10 %l&memU$emaﬁybecaéalezedethrbugh thetnngegfathencaﬁaCItor

het erostruct ure showed %fﬂﬁ desirable fat| agi ng, retention
e

propert i e5SThPRRINRT £ TRty 2WHt SHRRSE F°FoﬁbrCU1trYePﬁ?bﬁ8ﬁ byl 8hel e

Menory appésadt Olhvditiew! fdRdZaldQires are/ H1ULS oF p%.%‘itcu]lgrzgaﬁgecne
at 5 V exhibited by the device are

for use in integrated mlcroelectromechanlcal systems in which
10 plezoelectrlc propertles of the ferroelectrlc materials are ‘
utlllzed. These and other appllcatlons will become apparent to
the skilled artisan in the light of the foregoing description
and are to be considereal.with'in the s¢ope of the invention as
defined in the appended claims. '
15

20

25

30



15 quite sufficient for this purpose. Additional testing at nore

extrene condltl of elevated tenperature and the presence bi as
showed equ lgﬁ'c%lsfactory results. At about 100[err]C, F%H"HWNEQgﬁp

the device shomed good read-wite endurance over at Ieast 10[ err]
cycles. 20 : Addi ti onal heterostructures were grown to provide
sanpl es for testing the efficacy of the processing of the present

i nvention. In one set of such sanples, a first heterostructure was
prepar ed whadedisr icledmeidoMe:to i nclude Si2 |ayer 12 while 25 in a second
sanple the SiQ2 |ayer was omtted. Respective x-ray diffraction
patterns of the sanples depicted in FIGs 2 and 3 . show t he
preferential ferroelectric orientation of the PLZT - layers (FIG 2)

grown with SiGR dhefd,aval 6E%?d%g%éﬁHBfMﬁﬂﬁerostﬁuééﬂgéudéﬁbﬁiﬁkdﬁfiraCt'0“

peaks of |npur|ty phases resulting fromlack of the SiQ2

| ayer s greﬂemctsmwace ity td g dofed rfalpacthercrmnm@q)aﬁunﬁ:eﬂerar;d
renmar Kapl e

06/ 16447 at least one crystalline ferroelectr*gjﬁeigﬁﬁﬁhjaﬁyer grg%%

Conpar at"é%&éré aélalq% fdaeddon patterns of FIGs 4 and 5 wer e obtai ned
froma second set of sanples which differed, respectlvely i n the
i ncl usi on and omi ssi an lofa BSGO ¢ dyex n5i zed in tha

a layer of metal grown on said surface provides electrical
10 conductivity for said heterostructure and with a metallic oxide
layer grown thereon forms a hybrid capacitor electrode

substrate for said ferroelectric layer.

2. A structure according to claim 1

15 characterized in that
said silicon compound is selected from the group consisting of
silicon dioxide and silicon nitride and is primed with a
compound selected from the group consisting of titanium,
tantalum, and titanium dioxide. |

20
3. A structure according to claim 1

h,. characterized in that

said layer of metal consists essentially of platinum.

25 '

4. A structure according to claim 1
characterized in that
said metallic oxide layer comprises a polycrystalline growth of
30 a material selected from the group consisting of lanthanum
strontium cobalt oxide, lanthanum strontium chromium oxide,

ruthenium oxide, and strontium ruthenium oxide.

[

o ) ) )



needed to formthe hybrid netal/nmetal oxide electrode with Pt 5 | ayer 14

beneath PLZT ferroelectric layer 16 of the het erostructure. stack (FI G
1). The ayp9gieqas the LSCO el ectrode | ayer 15 can be S§¢P ;
dramatically in the x-ray di ffraction peaks of the PL 4%rroéf%ctr|c
per ovski te phase (FIG 4), as well as in the intensity of the '
diffractions. 10 MWthout the LSCO el ectrode | ayer, only the

non-ferroel ectric _pyrochl ore phase (pyro) of the PLZT was formed (FIG
5). Subse uent fefroelectrlc roperties neasurenents

hi ghl i ghBed £h& TR thft iOR* the Sice layer 15 residing
upon the Si wafer su:b%t raatxe,a S day pq ghseryed jythe y 4 ¢ conparative
hysteresis | oops of those sanmples (FIG 6). Such measurenents al so

confi r nesatikie f@rmei@tcmmaa@er tdrpnimes a polymgaeuxm@ﬁcam of

d f bot.h |
el eat | BniGFeTHEl BFPBEree F e Ehe HF BUBFPR=HRALES AN LRer I Ghthabun

ferreel eglific@rithi alitkinate, barithrtaehanisti ﬁan{[iaeseiaaﬁaiaaw ¥ e Apst 8y esi s
| oops (FIG 7) of heterostructures fabricated with and without the

LSCO el eéﬁaddé?ltanaq&ayé?lﬁmq%tfﬂd%@%% RiFEuEh irgrseitcasitalate,
f | ect, t e Th
err 08l eglidtien scrdRE Withddh {hd U SAP Guncduce piopate, T1E

processes an rroe erostruc ure capac
present invention have appllcatlon for a wde

1o 6+ A structure accordiné to claim 4 | | ‘
| characterized in thact
said ferroelectric layer material'comprises 1% to 10% of a
doping material selected from the group consisting of lanthanﬁm

and niobium.

15

7. A method of preparing a fefﬁoelectric'capacitor
heterostructure which comprlses growing at least one
crystalline ferroelectrlc material layer above a 5111con .
substrate having a primed silicon compound surface layer

20 characterized in that
a layer of metal is grown on said surface layer to provide
electrical conductivity for said heterostructure and a metallic
oxide layer is grown on said metal to form therewith a hybrid

capacitor electrode substrate for said ferroelectric laver.
25

8. A method according to clalm 7
characterize d inm that _
said silicon compound is prlmed with a compound- selected from
30 the group consisting of titanium, tantalum, and titanium
dioxide.and said layer of metal consists essentially of

platinum.

oo RN IRRLN



r'ange of devices, such as dielectrics for DRAM capacitors,
ferroelect&b 9§§%B€Ienents for non-destructive readout 30 nenories, and

el ect ro- opt'l skites grown on Si 2/ Si substrates fBFTURIEY4 ed
optics, pyroelectric detectors, and the like. In another inportant
aspect of these ferroelectric -7-

WD 96/ 16447 PCT/ US95/ 14740

thin filns using hybrid netal/netal oxide electrodes is their
application i n aheretdioat idesdmiiy 3 aflagien Medi a, such as FRAMs.

Addi tional devices in the formof magnetoresistive random_ 5 access
nmenories (MRAM) and mégretd & feordihd anE eridingt o ®lkments may be

realized t it egriald on ; '
transi stor rg(r:aﬁ'?!%trgt}étér%/ilelnabl elgiéby t}%{er S f%ﬁéﬁwrﬁéj@ﬁ?%n g%%héy?%%?%r es
are al so ofofpa madriralvadalected from utes igroup epra$ Esicing of lanthanum

m cr oel ect ronechani cal _syst'ens 10 piezoelectric grppert I es of the

ferr oel%ect &t IR AP OXJ"‘ien'ut alrrf m‘\‘l‘%"s’éo%?lhu%t?%? BHHR | @5 F9ns
will become-AnRalemM dide, argci‘estﬁl%ﬂﬂﬁgn ARidipdi b dpfael ght of the

f oregoi ng description and are to be considered within the scope of the

I nvention as defined in the appended clains. 15

10. A method according to claim 7
10 - characterized in that
said ferroelectric layer is formed by polycrystalline growth on

said metallic oxide layer.

11. A method according to claim 10

13 characterized in that
the material of said ferroelectric layer is selected from the
group consisting of lead lanthanum zirconium titanate, bafium
titanate, barium strontium titanate,_lead titanate, bismuth
20 titanate, bismuth strontium tantalate, bismuth strontium

niobate, and potassium tantalate niobate.

12. A method according to claim 10
characterized in that
25 an electrode layer of said metallic oxide is grown on said

ferroelectric layer.

13. A method according to claim 7
30 characterized in that
said ferroelectric layer is grown on said hybrid capacitor

electrode substrate at a temperature in the range of about 550°

- ) O




20

25 30 -8

WO 96/ 16447 PCT/ US95/ 14740

10

15 |

20

25

30

WO 96/16447 PCT/US95/14740

to 700°C and is cooled at a rate of about 5°'t6 25°C/ﬁin from
said growth temperature to an operating ambient in an

atmosphere comprising a partlal pressure of oxygen ranglng from

‘about 1x102 to 1x10° Pa.
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said netallic

oxi de | ayer conprises a polycrystalline growth of 3

0
material selected fromthe group consisting of |anthanum r I um
85‘&%?%?15& and

cobal t oxi M2 9%¥M7hanum stronti um chroni um oxi de, ruth
stronti um rut heni um oxi de. -9- ,
WO 96/ 16447 PCT/ US95/ 14740 5.
Astructureaccordinétoclaiml characteri zed
in t hat said ferroelectric I3/5r conprises a polycrystalline
growt h of a material selected fromthe group consisting of |ead
| ant hanum 5 zirconiumtitanate, bariumtitanate, bariumstrontium
titanate, | ead titanate, bisnuth titanate, bisnmuth strontium
t ant al at e, 5) snmut h strontium ni obate, and . potassiumtantal ate niobate.
10 6. A stru rg according to claim4 1 charpacter
I zed of N t hljat said ferroelectric | yef?r Mterial conprises 1%
to 10% of-'é rSOOiﬂg materi al selected fromthf |grBup consisting of
| ant hanume= a nijobi um 15
x (001) (111)
® 40 - PLZT | PLZT
g .
e 30 r
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7. A method of preparing a ferroelectric capacitor het erostructure

whi ch conprises. growi ng at | east one crystalline ferroelectric

mat eri al IM?" e a silicon substrate having a pri n& il
conmpound surface |ayer 20 characteri zedinth
at a layer of nmetal is grown on said surface |ayer to provide

el ectrical conductivity for said heterosgéﬁ:ture and a netallic oxi de
| ayer is grown on said nmetal to formthe th a hybrid capaci tor

el ectrode substrate for said ferroelectric layer. 25 8. A net hod
according to claim?7 characterizedinthat

said silicon compound is primed with a conmpound sel ected from 30 t he

group consisting ofg8ti b PR gext-ge—~and sai d
layer of netal consist|s ¢¢8endially of r(l“a‘itﬁ)rli m{(111) WD |96/ 16447
PCT/ US95/ 14740 .PRZTet hod acgor di ngPLE T |ail mpg C
haract@r i 85H I n trhqo saidrterﬁcoxidelayeris
formed by pdTycrystalllingl growth a materialllfsgl ected fromtHhe group
consi sting of | antgénum strontfP fobal t oxi d¢| l{ar{0@&)um strontium
chrom um oxi &, ~ PLz (002
g Pt
g 39r |
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rhtheniun1oxide and strontium rut heni um oxi de. 10. A net hod

accordlng + 7 10 characteri zed i t h
: sal A8 el ectric | ayer is forned by polycrystalIl?ﬁiﬁﬁ%WWﬁWon
sald metal i c oxide |ayer. 11. A nmethod according to claim210 15
characterized in that. the material of said
ferroelectric layer is selected fromthe up consisting of |ead

| ant hanum zirconiumtitanate, barium tlta barium strontium
titanate, lead titanate, bisnuth titanate, blsnuth strontium

tantal ate, bismuth strontium 20 ni obate, and potassiumtantal ate

ni obat e. 12. A nethod according to claim10 c har
acterizedinthat 25 an electrode |layer of said netallic
oxide is grown on said ferroelectric |ayer. 13. A method €O
according to claim7 30 characterized i n 't R
at said ferroelectric |ayer is grown on sai d hybrld capaci tor

el ectrode substrate af—atenperature 1T the Tangeof—about—559[@ r |
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to 700[err]C and is cooled at a rate of about 5 to 25[err]C/ mn.from

said grow WQ¥ifléd47at ure to an operating anbient in an PCIUSBYPI140 €
conprising a partial pressure of oxygen ranging from about 1x10[err]
to 1x10[err] Pa. 5 10
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(57) Abstract

Ferroelectric capacitor heterostructures exhibiting exceptional reliability and resistance to fatigue and imprinting cdmprise hybrid
electrodes of highly conductive platinum (14) with polycrystalline metallic oxide (15) and ferroelectric materials (16) deposited on Si-
CMOS-compatible substrates (11) without the requirement for int_erpose_d crystallographic orientation templates. -




