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manuf acturing a sem conductor thin filmcapacitor. Mire particularly, the
present invention is directed to a nethodl for manufacturing a thin film
capacitor having a dielectric filmfornmed of tantal um oxi de. BACKGROUND OF
THE | NVENTI ON [ 0002] The operational characteristics of thin film
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dielectric film formed of tantalum oxide.

BACKGROUND OF THE INVENTION

[0002] The operational characteristics of thin film
capacitors become increasingly important as the operation
frequency of the various circuits in which these
capacitors are included increases. Examples of such
circuits include dynamic random access memories, in which
the thin-film capacitor is employed as a storage cell;
filters, in which the thin-film capacitor forms part of
an RC network; and multi-chip modules, in which the thin-
film capacitor is employed as a decoupling capacitor.
[0003] Operational characteristics that are desirable
for a thin-film capacitor include high-capacitance
density, low current leakage and a high breakdown
voltage. In addition, it is desirable that the
capacitors be compatible with subsequent steps during
manufacturing of the circuit.

[0004] Due to its excellent dielectric properties,
extensive efforts have been made to make capacitors using
Tantalum Pentoxide (Ta,Os) films deposited by reactive
sputtering, chemical vapor deposition (CVD), and plasma

enhanced chemical vapor deposition. As described in



sputtering, chem cal vapor deposition (CVD), and plasma enhanced chem cal
vapor deposition. As described in WO 03/077285 PCT/ US03/ 06990 2 United

St at es Pawens/oiesber 6,235,572 to Kunitonmo et al., tantalPamysesooso de
films are generally deposited in an anorphous state. To inprove the
dielectric constant of the tantalum penfoxide, the filns are subjected to
a thermal treatnent to give the filma crystalline structure. The
crystalline structure of tantalum pentoxide filnms present a thin
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| eakage between el ectrodes sposed on opposite sides thereof. t hough
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current | eakage wtd £ JRigdmd e suftd cieiils Lapatidpaeag Knid oo et al .
advocate formng a nulti- |ayered tantal um pentoxide fil menploying CVD
t echni ques. tHo005] trfateerst dtegipa dite Ninbera 038 831ine Kola et al .,
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dielectric
increasing the film thickness may reduce the leakage

current and increase the capacitance, too great an
increase exacerbates leakage current due to the increased
stress it places on the tantalum pentoxide f£ilm. To
reduce current leakage while maintaining sufficient
capacitance, Kunitomo et al. advocate forming a multi-
layered tantalum pentoxide film employing CVD techniques.
[0005] United States Patent Number 5,936,831 to Kola
et al., recognizes that capacitors fabricated with
anodized reactively sputtered Ta,0s films were found to
have satisfactory leakage and breakdown properties, but
degraded upon thermal annealing above 200°C. The
degradation demonstrated irreversible increases in the
temperature coefficient of capacitance (TCC), as well as
the dissipation factor. These are believed to be caused
by diffusion of electrode metal atoms into the dielectric
and diffusion of oxygen out, creating oxygen deficiency
defects. To overcome this degradation, Kola et al.
discuss using a variety of metals for the electrodes,
including aluminum (Al), chromium (Cr), copper (Cu),

tantalum nitride (TaNy), titanium nitride (TiNy) and



and diffusion of oxygen out, creating oxygen deficiency defects. To
overcone this degradation, Kola et al. discuss using a variety of netals
for the ewemsmodes, including alum num (Al), chrom um (CrPrr/UsepEmeo ( Cu),
tantalumnitride (TaNX), titaniumnitride (Ti NX) and WO 03/ 077285

PCT/ US03/ 06990 3 tungsten (W. As a resdlt, Kola et al. advocate form ng
a thin-filmcapacitor wwth a dielectric formed from nitrogen or
silicon-doped tantal um oxi de and at | east one electrode forned from

chrom um by j.cal | ¥.,oxi di_zi_n or. i df i | ectrode.
[ 0006] Unite atteg’ls %Ja{t'en%slz\luan%eers-[@%ﬁfo}%é%to 'maq{evigcrél%e‘? fgrsf%n es a
met hod for remdiactirinngapacapan warch ladird extdiiel dctmmied ffidam f ormed from

tant al um oxi de. The nethod i ncludes. form a |lower electraode that is
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of silicon oxide, silicon nitride, and combi nati ons thereof, is~ forned on

t he surface TN tdre Teo®er avteforodag A Cdi ellectrpdefilmis formed on the

pre-treatnen jd.m usi ..a Jda. precursaor. . T i i fd i n¢l udes a
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sel ected fr @&y aldesidinarileddsempaicaiid® fanganufactendnd ¢ elgeiditeod ayer is
deposited at a second. tenperature, which is different. fromthe first
t enper at ur e Dax inge gl alesitrient 110 diegmest dgopérdated BHidhe d& ectric

filmin an QIR &IIOIRREY Forming a lower electrode that is
electrically connected to an active region of a
semiconductor substrate. A pre-treatment film including
a component selected from a group consisting of silicon
oxide, silicon nitride, and combinations thereof, is
formed on the surface of the lower electrode. A
dielectric film is formed on the pre-treatment film using
a Ta precursor. The dielectric film includes a first
dielectric layer deposited at a first temperature, which
is selected from a designated temperature range. A
second dielectric layer is deposited at a second
temperature, which is different from the first
temperature. A thermal treatment is thereafter performed
on the dielectric film in an oxygen atmosphere.
[0007] There is a need, therefore, to provide a
technique for producing thin film capacitors having
sufficient capacitance and break down voltage, while

minimizing current leakage.

SUMMARY OF THE INVENTION

[0008] A capacitor and a method of forming the same is

disclosed, one embodiment of which includes depositing a

multi-layer dielectric film between first and second



[0007] There is a need, therefore, to provide a technique for producing
thin filmcapacitors having sufficient capacitance and break down voltage,
whil e mwomBaimngs current | eakage. SUMMARY OF THE | NVENTI ENT[UB0S@j990A
capacitor and a nethod of formng the sanme is disclosed, one enbodi nent of
whi ch includes depositing a mnulti-layerd4dielectric film between first and
second WD 03/077285 PCT/ US03/ 06990 4 spaced-apart el ectrodes. The
multi-layer dielectric film includes first and second | ayers t hat have
differing rgoughnes th 1 t ast
amount of rOLPg necgs |s-g<;| sleg%:gd)&gds acgfn}g:'l ﬁ‘lloﬁtq% 1CaY>{érllstr8e ec oag]efl,&f
depositing tﬂe:]&&t&n(fﬂmtﬁrami setdtmdju&l}&msrltma‘u Itraeed jchiceffd r irgy t he f| rst

| ayer, the second |ayer_is anneale It i s believed that the reduced
roughness offyEMsTSt I Hferl 3% C!n]rﬂ]eec WJI](W'I having Hcond
layer. In thig JlNpRSnC W %ugﬂr?@é‘éﬂ‘gl% Io&sgf RhaUnt adlicgh in the
resulting thin- filmcapacitor, | e providing sw t'abl e capaci tance and
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operat i onal s@&tﬁf@ma@rdﬁtﬂ§%nﬂdwéayerlmflg adlalareapeMmaxittee is  provided
with a thickness that is approximately three tines_greater than the
t hi ckness offedieasd IFusinfiskidfe thayfeirstrd anest &M Rife dhml ary

met hod, the ééfﬁgtlon in the second layer. In this manner, current
leakage is prevented, or reduced, in the resulting thin-
film capacitor, while providing suitable capacitance and
breakdown voltage. An exemplary embodiment of the thin-
film capacitor forms the dielectric material from silicon
dioxide (Si0,;) and tantalum pentoxide (Ta,0s). To provide
the thin-film capacitor with the desired operational
characteristics, the layer of tantalum pentoxide is
provided with a thickness that is approximately three
times greater than the thickness of the silicon dioxide
layer. To that end, in the exemplary method, the first
electrode is formed by vapor deposition of phosphorous
oxytrichloride (POCl;). The layer of silicon dioxide is
formed by thermal oxidation of silicon in oxygen. The
layer of tantalum pentoxide is formed by sputtering
tantalum (Ta) onto the layer of silicon dioxide in an
oxygen rich ambient. Annealing then densifies the
tantalum oxide. Thereafter, the second electrode is
formed by deposition of a layer consisting of aluminum,
chromium, copper, titanium, titanium nitride, titungsten

or a combination thereof.



el ectrode is fornmed by vapor deposition of phosphorous oxytrichloride
(PO 3). The layer of silicon dioxide is formed by thermal oxidation of
silicon iwomspgrss The |ayer of tantal um pentoxide is foraedshyo®puttering
tantalum (Ta) onto the layer of silicon dioxide in an oxygen rich anbient.
Anneal ing then densifies the tantalum oxide. Thereafter, the second
electrode is forned by deposition of a |ayer consisting of alum num
chrom um copper, titanium titaniumnitride, titungsten or a conbination
t hereof. WO 77285, PCT/ USQ03{ 06990 0009] . The nd ot her .enbodi ment s
of the pr ese&%oogl]nventﬁlcﬁﬁe anc?;o{ngo \%l’etrn e?rrégnoy(?grfér%ttgs] Ozfgvt}rﬁ é)greesseglntd features,
are descri beghvdhtie, dglcd witd heatyexdt bedowawitddees aidached figures.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0010] Fig. 1 is a cross-sectional view
of an exenmfleatpnaf .n-q49 AeegFddIachrin M slafaice Wit the Hexthialan
i nvention; [ i | Chpsss sectional view of a substrate, havin
a thernmal oxa?]gjéthgea%tt eHreziof]E,l%pon “which the thin-filmcapacitor of Fi g.g
1 is fabricated; [0012] Fig. 3 is a cross-sectional view of the substrate
shown i n Fi BRIBH (DESCRIEMION Qif TiHie DRAWINGY ayer renoved; [0013] Fig. 4 is
a cr oss-sectf'rocgl_l_ad Vi ew, .of tlh«%L séul%srtorsaét_eses&civ(\g}lajln ﬂeq, e san,lowi ng diffused
phosphor us eqi c}n of “the subsstrate;

exemplary thin-film capacitor in accordance with the

present invention;

[0011] Fig. 2 is a cross-sectional view of a
substrate, having a thermal oxide layer thereon, upon
which the thin-film capacitor of Fig. 1 is fabricated;
[0012] Fig. 3 is a cross-sectional view of the
substrate shown in Fig.2 with a section of the oxide
layer removed;

[0013] Fig. 4 is a cross-sectional view of the
substrate shown in Fig. 3 showing diffused phosphorus
region of the substrate;

[0014] Fig. 5 is a cross-sectional view of the
substrate shown in Fig. 4 with a multi-layer dielectric
film disposed adjacent to the phosphorous diffusion
region;

[0015] Fig. 6 is a cross-sectional view of the
subgtrate shown in Fig. 5 showing a via etched therein,
which extends through the dielectric and terminates
proximate to the phosphorus diffusion region;

[0016] Fig. 7 is a cross-sectional view of the
substrate shown in Fig. 6 with a contact and additional
electrode formed thereon; and

[0017] Fig. 8 is a cross-sectional view of the

substrate shown in Fig. 7 with a layer of



[0014] Fig. 5 is a cross-sectional view of the substrate shown in Fig. 4
with a nmulti-layer dielectric filmdisposed adjacent to the phosphorous

di f fusi orwoneginss [0015] Fig. 6 is a cross-sectional vi eRCoOfUSHIIE990
substrate shown in Fig. 5 showing a via etched therein, which extends
through the dielectric and term nates pé6oximte to the phosphorus
diffusion region; [0016] Fig. 7 is a cross-sectional view of the substrate
shown in Fig. 6 with a contact and additional electrode fornmed thereon;

and [0017] Eig._ 8.i r ss-ﬁﬁg?io Vi e t bstrate shown in Fig.
7 wth a Iayée%zo?c@% 8 /%%%égﬁ OPGF%ent;gecycc?%bau?te’ne (BCB)

di sposed at oidift idrenlc @ltertinodeaddid itonaldied leeitrmide fairldn t he di el ectric
film DETAILED DESCRI PTION [0018] Fig. 1 is a cross-sectional view of an

exenplary thin-film capacitor 10 in accordance with the present invention
that is for REEARED HESCRA Nt e 12.  Capacitor 10 includes a pair of

spaced- apart trodes . 14 a i gt : - l.ay | ctric film18
di sposed th[e(fde et vveeﬁfigA é Zl%gc?li%sr#goér %e%%%aulgkﬁﬂl%cﬁr?c film 18 and
ext ends fr onmseengilrdme e hli%h tthdme afapdeiryomadtd nigh gurcddwaice tvii 8l edia ode 14.
A conductive contact, 22 is fornmed in via 20 so as fto extend from el ectrode

14 away f r ARSTRFaddvEn ey tdatc s SRS i31oPL®T GiURIt LS §L2 1 or ned
adj acent to,cdpicisRacad apituddom $l8ctd0dgaked-apart electrodes

14 and 16, with a multi-layer dielectric film 18 disposed
therebetween. A via 20 is formed through dielectric film
18 and extends from a surface 19 thereof, terminating
proximate to electrode 14. A conductive contact 22 is
formed in via 20 so as to extend from electrode 14 away
from surface 24 of dielectric material 18. Contact 22 is
formed adjacent to, but spaced-apart from, electrode 16.
Formed adjacent to the capacitive structure is a
dielectric layer that is typically formed from a layer of
Benzocyclobutene (BCB), shown as BCB layer 26. First and
second throughways 28 and 30 are formed in BCB layer 26.
First throughway 28 extends from an upper surface 32 of
BCB layer 26, terminating proximate to the contact 22,
and second throughway 30 extends from upper surface 32,
terminating proximate to electrode 16. A first metal
interconnect 34 is formed in first throughway 28 and is
in electrical communication with contact 22. A second
metal interconnect 36 is formed in second throughway 30
and is in electrical communication with electrode 16.
[0019] In one example of capacitor 10, electrode 14 is
formed from a conductive layer of diffused phosphorus.
Electrode 16, contact 22 and metal interconnects 34 and

36 may be formed from any conductive material known in



Formed adj acent to the capacitive structure is a dielectric layer that is
typically formed froma | ayer of Benzocycl obutene (BCB), shown as BCB

| ayer 26.wbisst728id second throughways 28 and 30 are for med/uise3/@6R | ayer
26. First throughway 28 extends from an upper surface 32 of BCB |ayer 26,
term nating proximate to the contact 22,7 and second throughway 30 extends
fromupper surface 32, termnating proxinate to electrode 16. A first
nmetal interconnect 34 is formed in first throughway 28 and is in

el ectrical nuni cat i o j t qgg; . 22, secQ et al, i nterconnect 36
is fornmed i ?\Cq'lseecsoenm ac%inr&ouug O\/\% easgénlﬁ salﬁn’ g%e({:)tqlrdll(r% aaclour?“r%unrﬁ Cation with
el ectrode 16(al1) 0 oniumonE wxargpmpef @apacitiararliiim e{®iot r adie: stk vins
formed froma conductive | ayer of diffused phosphorus. Electrode 16,

contact 22 dHdmadal (Tilber doMigshsd 38 and 1 B8 9P HIPnRF @ om any
conductive mmai a0 el KPWhd M0 03/ 077285 PCT/ US03/ 06990 7 the

sem conduct or processing art, i1ncluding alumnum (A), chromum (Cr),
copper (Cu),[aG2GNi umTdTiprotidearsiupar it g ythiadal tahsgstare igtics

titungsten (Ti or a _c i nati.on_ thereof. [.Q020] .To, provide su i or

oper at i onal (océnﬁalér]aa%&lcequ'iosri ?]crgs)’ SIS gér)l]i‘b,l%dilé']celc"{q'%psc F illarﬁ%%]%rr?cl udes a
layer 18a off el MM pritdidR ((@305) . bedesttitcffimmlBgissformed as a
mul ti-layer structure to overcone a problem encountered when manufacturing

capaci tor 16EOTTSEAT T AUAFL G YRThi B T HE UdS rBPTEaRRid SFdlaw
breakdown vl fage, MLy WU Rad S2ka96- HEf esR diter 10.

Specifically, to achieve the desired capacitance and
breakdown voltage with minimal leakage between the
capacitor electrodes, it is beneficial to have an
interfacial film between the silicon and the tantalum
oxide. It is desired that this interfacial film have
good integrity and a very smooth interface in the
transition region. Thermal silicon oxide satisfies both
of these requirements. It is a high integrity film with
a very low pin hole density and minimal surface roughness
at both the interface and the exposed top surface. These
silicon oxide characteristics enable the sputter
deposition of a high quality tantalum oxide film on the
surface of the oxide film. The presence of a thin,
dense, high quality, oxide film at the silicon interface
will increase the capacitor breakdown voltage, and reduce
the capacitor leakage current.

[0021] It is believed that the current leakage is due,
in part, to the roughness of the grain boundary of
tantalum pentoxide layer upon being densified by
annealing. To overcome this problem dielectric film 18

includes a second layer of dielectric material, such as



capacitor electrodes, it is beneficial to have an interfacial film between
the silicon and the tantalum oxide. It is desired that this interfacial

fil mhavewogood2ssitegrity and a very snooth interface in Pa@/USHs/ed930 ti on
region. Thermal silicon oxide satisfies both of these requirenents. It is
a high integrity filmwith a very |Iow pg8n hole density and m ni mal surface
roughness at both the interface and the exposed top surface. These

silicon oxide characteristics enable the sputter deposition of a high
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i ncrease t hergiapaeidmsl Bfapk don vl tixgehaand radiiteesd hthLapaci 1eds | eakage
current. [0021] It is believed that the current Iea_kaggﬂi.s due, in part,
to the rougHHess NEREYREH BoiARIAFY S 1&%nt AtumHRBERI Itdiatr upon

bei ng densi fi ' T SOEy i S5 4hr4 ' td ilm218
i ncl udes a sﬂe%%n%?%ﬁ%d%‘?sesgtﬁ% mat eri al %lgulg%rgsra %ﬁocge/co%g‘g

PCT/ US03/ 06998 ulss tt arcoire ldiyoxredndesSi 2)n |teyleyr fk8tmatSidn cion tdheoxi de | ayer
18b is enpl oyed, because it has a roughness th is |ess  than tantal um
pent oxi de | a%’e?dlﬁ‘ﬁlq tsl"’}yse%eji evdtf t"’ﬁaﬁes Slﬂze' r C%KF%H?@Q?% nt ed
by silicon dijxiggdemesr 18bsuhisianddaldy y edmased] nhals formation in
the dielectric layer 18. As a result, the current |eakage of the capacitor
10 i s subst ékiminateddudi, maintmin e Mm@ IeRI herhza - ametics

advant ageousprcg\?:{c?é:ci ezgyl Sctajrﬁ:salum pentoxide layer 18a, it is desirable

to minimize the thickness of silicon dioxide layer 18b.
To that end, one embodiment of capacitor 10 provides a
portion 18c of tantalum pentoxide layer 18a that
superimposes silicon dioxide layer 18b with a thickness
at least three time greater than the thickness of silicon
dioxide layer 18b.

[0022] In an exemplary embodiment of capacitor 10,
silicon dioxide layer 18b is approximately 50 A thick and
tantalum pentoxide layer 18a is approximately 150 A
thick. Electrode 14 is formed from a three-micron-deep
diffusion of phosphorus providing a sheet resistivity of
2-3 ohms/cm?. Electrode 16 and contact 22 are formed from
one micron aluminum disposed atop of a titanium nitride
layer barrier layer (not shown) BCB layer 26 is
approximately 3 microns thick. Metal interconnects 34
and 36 are formed from copper with an adhesion film
composed of either titanium, chrome, or titungsten (TiW).
With this configuration capacitor 10 demonstrated a
capacitance of approximately 270 to 300 nanofarad/cm?® and
a breakdown voltage in excess of 7 volts, with minimum

current leakage.



provi ded by tantal um pentoxide layer 18a, it is desirable to mnimze the
t hi ckness of silicon dioxide |ayer 18b. To that end, one enbodi nent of
capaci t orwb@®3prmss des a portion 18c of tantal um pentoxi declrawes/od8a t hat
superinposes silicon dioxide layer 18b with a thickness at |east three
time greater than the thickness of silic®n dioxide |ayer 18b. [0022] In an
exenpl ary enbodi nent of capacitor 10, silicon dioxide |ayer 18b is

approxi mately 50 A thick and tantalum pentoxide |ayer 18a is approxi mately

150 A thlck ctro 0 ree- r een . dif fusion of
phosphorus pr Od\% |ng g?es%eeetl%gem st \;{g E aarHZ] 2?:" 0 negljg %Dcelc% oge 16 and
contact 22 afspdmiyerd 1o Qll"ﬁvdiﬁ&gﬂﬁb’mr&j W themnt 1s posietk anta;;elofzxca dn t ani um

nitride Iayer barrier |ayer (not shovvn CBI er ﬁ?ﬁ? apprOX| mately 3
mi crons t hi cRONBIEA® i1 er Sorfhiquah $pb é“afYo £ I dopPer with

an adhesi on f4} m, GRS e e Sdteot Ir&a@aaﬂral Chnprghe Yrdddngsten (TiW.

Wth this configuration capacitor 10 demonstrat'ed a capacitance of
appr oxi mat eleyxmet @L&G{trﬂi:rﬂ)fla’z‘reﬂ(ﬂ drrreedtl fronbresialkidown (&l )t.age i n excess

of 7 volts, ?1 cur.r Ieaka(g) V\DOB/O 72%5 PCT/ 803/ 6990 9
[0023] Ref er mg';L 2YHe FAREESS S
involves fo aﬁl]lyhel’trl”ﬁi d3:2<1|d1£ 1@@5 40 @pr@ﬂbﬁdd’eﬂﬂﬁ 2102 oo‘ki tﬂmugh
substrate 12 be, forned from any sui tabl e sem conductor material, in
t he present 3%’ e Whitsdtrate 12 is formed fromsilicon (Si).

[0024] Referring to Figs. 1 and 3, a resist pattern

(not shown) is disposed onto oxide layer 40, and an
etching process is employed to remove an area of oxide
layer 40, exposing a portion 42 on the surface of
substrate 12, to facilitate formation of electrode 14. A
buffered oxide etch (BOE) hydrofluoric acid etch process
is an exemplary technique employed to remove the area of
oxide layer 40, to expose portion 42. In such a process,
the pattern oxide layer 40 is exposed to the BOE
(buffered oxide etch) hydrofluoric acid etch for
approximately 30 minutes. Thereafter, the resist (not
shown) is removed and a phosphorus rich glass is grown on
oxide layer 40 and and portion 42 via the reaction
between POCl; and O, in the hot diffusion tube by chemical
vapor deposition.

[0025] Referring to Figs. 1 and 4, after formation of
the phosphorus rich glass on the surface of portions 40
and 42, the substrate is thermally baked at approximately
1000°C for approximately two hours. This results in
diffusion of the phosphorus from the phosphorus rich
glass into a region 44 of substrate 12, thereby forming

electrode 14. Electrode 14 is approximately three



Therefore, the oxide |ayer conprises of silicon dioxide. Typically, the
oxi de layer is approxinmately 20,000 to 30,000 A thick. [0024] Referring to
Figs. 1 awm0o03/7ms83 esist pattern (not shown) is di sposed earawsoxiqeo | ayer
40, and an etching process is enployed to renove an area of oxide |ayer
40, exposinga portion 42 on the surface @ substrate 12, to facilitate
formation of electrode 14. A buffered oxide etch (BOE) hydrofluoric acid
etch process is an exenplary technique enployed to renove the area of

oxi de layer 40, to expose rtion 42 n Qprocess the pattern oxide
Vayer 40" s BT SR MBS o D) AR LGS aci o
etch for appexiyEtelohEe ndes. ayideranfdershd eigesdstefdot  shown) is
renmoved and a phosphorus rich glass is grown on oxide |layer 40 and and

portion 42 renhe r eddtgrsrn i tsat weddie FOCIS et 0 ifid hed hir afigdsed on t ube
by chem cal aaﬁor{y qltll-o(p aJOOQZ FReJoethJhQ%tto H sy d d 4, after
e ‘phosp t i

formation of orus ric ass on e surtace of portions 40 and
42, the subsduwfscd Sridifrpr&iéghckmkecg]edssamatme reetaed waslaﬂﬂec darrce

appr oxi mat el wo hours. This results in diffusiaqn t he phosphorus from
t he phosphorérr‘il'tq'lp sphoTys ¢ @%ﬁ%%ﬂﬁﬂrr%tfa’ﬁrokﬁtet?@ t her eby

formng el ectdade,de. @@té&%ﬁ&a&&pmpmmﬁmaﬂr@eam 03{ 077285
PCT/ US03/ 06990 10 m crons deep and extends conpletely over region 44 and

partial |y urderl.oxi de | ey R wierdge @fe thart hydrofluoric

acid.

[0026] Referring to Figs. 1 and 5, after removal of
the phosphorus rich glass oxide with hydrofluoric acid, a
layer of silicon dioxide 18b is thermally grown adjacent
to the exposed surfaces of oxide layer 40 and region 44
via thermal oxidation of the exposed silicon.
Specifically, layer 18b is grown in an environment of
oxygen gas at approximately 850°C to grow a 30-50 A SiO,
film. After thermal oxidation to form the 30-50 A
silicon dioxide layer 18b on the surface of region 44,
tantalum metal is sputtered in an oxygen rich ambient in
the sputter chamber to form a layer of tantalum pentoxide
(Tay0s) 18a. Tantalum pentoxide layer 18a has a
thickness, in an area thereof that is coextensive with
region 44, in the range of 90 to 150 A. Tantalum
pentoxide layer 18a is densified by subjecting the
structure of Fig. 5 to temperatures in a range of 750°C
to 900°C in a 20% oxygen/nitrogen mixture, thereby
forming a multi-layer dielectric film composed of thermal
oxide (SiO;) 18b, and tantalum pentoxide (Ta,0s) 1l8a.
[0027] Referring to Figs. 1 and 6, a mask (not shown)

is disposed upon tantalum pentoxide layer 18a in



openi ng. Thereafter, the structure of Fig. 3 is exposed to a hydrofluoric
acid (HF) solution to renove the surface rich phosphorus gl ass oxide that
was the sworie®7728pr the phosphorus diffusion to formthe kpottusos/ombect rode.
The concentration of hydrofluoric acid is 10:1, i.e., ten parts water to
one part hydrofluoric acid. [0026] Refddring to Figs. 1 and 5, after
renmoval of the phosphorus rich glass oxide with hydrofluoric acid, a
layer of silicon dioxide 18b is thermally grown adjacent to the exposed

surfaces of OXI de | ayer 40 rlqn reqi;an 44 em‘ﬂlao t}l\e,gé{']rga 1OX| datl on of the
e rowh 1 %

epar
exposed sili Koty a'atp cifically, 1Tayer 18b 1 AN envi ronrrent of
oxygen gas @rﬁﬁﬁ@ﬂﬂﬁlﬁlﬁgﬁ@@ﬂ@@@;ﬂ&?ﬁ%ﬁ@:ﬂénﬁiiﬁryfl1| 8. AfHmY,
thermal oxidation to formthe 30-50 A_silicon dioxide |ayer 18b on the
surface of r&groftg4, TPast dFubPhePyrdi BYspaIPERddofnths Wﬁbeﬁnﬂl ch

ambi ent i n stxﬂf‘sne%gll-grfterd%MOﬁ O ff & B id%ers 10fn t @RSl dHBRHNt OXi de

(Ta205) 18a. Tantal um pentoxide |ayer 18a has a thickness, In an area
t her eof thatfci:snad)e‘iuoans‘qnt@nmmh nlrtegldsn 4XheneafHen,arge agfurggum 50 A

Tant al um pent OXI d er ifi by subjecting the structure of
Fig. 5 to té&m ﬁfaé’ é)r?ggel e;}]s fﬁ%%et%eé%g% it *420% oxygen/ ni t r ogen
m xture, thquﬁtbibgrfdijhiﬂ ngarfa BdHed ayerfofinglReiddx 23 mepraiesad wfe t her nal

oxi de (Si02) 18b, and tantal um pentoxi de (Ta205) 18a. A [0027] Referring to
Figs. 1 and 6. £hawk ihdiishown) Ahterirgnesad Gforrasimtal (Hsent oxi de

layer 18a 'Q)a%l@% ?L%?’Q.IPQH %q%{l%%%a is removed with a fluorine

plasma etch. After removal of the barrier film in the
field area a photosensitive f£ilm of BCB
(Benzocyclobutene) is applied to the surface of the
wafer. As shown in Fig. 8, BCB layer 26 is exposed and
developed to form the via contacts 28 and 30
(throughways) to the top and bottom capacitor electrodes.
BCB layer 26 is then semicured at a temperature of 210°C
in a nitrogen ambient. Following the BCB semicure a
metal adhesion film (not shown) and a conductive metal
film (not shown) are deposited and the metal pattern
defined with standard photoresist lithography. The
developed photoresist pattern is hard baked and the metal
etched, thereby forming conductive interconnects 34 and
36. The resist (not shown) employed for the pattern is
then removed.

[0028] Although the invention has been described in
terms of specific embodiments, these embodiments are
exemplary. Variations may be made to the embodiments as
disclosed and still be within the scope of the invention.
The invention should not be determined, therefore, based

solely upon the foregoing description. Rather, the



11 preparation to forma via 50 enploying a plasnma etch process utilizing
a fluorine plasma chem stry, i.e. CHF3, SF6, etc. This is foll owed by
renoval oWotobe7mresk and subsequent deposition of a barri ecTfush3ndmot
shown) formed fromtitaniumnitride. Thereafter, an al um num or copper

| ayer is deposited, patterned by resist 12ithography, and etched to form
contact 22 and electrode 16, shown in Fig. 7. After renoval of resist, the
barrier filmin the field area is renoved with a fluorine plasma etch.

Af t f fil
of 508 (Bendbyt i carey Y He i S iRl T S AR VT

shown in Fi gz18imBCH lclyetird uh;e mpb]sestcmm ofd eapl DYEleritos fdtewrdd®. vi a
contacts 28 and 30 (throughways) to the top and bottom capacitor

el ectrodes. BCB layer 26 is then semcured at a tenperature of 210C in a
nitrogen anbient. Follow ng the BCB sem cure a netal adhesion film (not
shown) and a conductive netal film (not shown) are deposited and the netal
pattern defined with standard photoresist |ithography. The devel oped
photoresist pattern is hard baked and the netal etched, thereby formng
conductive interconnects 34 and 36. The resist (not shown) enployed for
the pattern is then renoved. [0028] Al though the invention has been
described in ternms of specific enbodi nents, these enbodi nents are
exenplary. Variations may be nmade to the enbodi nents as disclosed and
still be within the scope of the invention.



The invention should not be determ ned, therefore, based solely upon the
foregoing description. Rather, the WD 03/077285 PCT/ US03/ 06990 12

i nvent i orwehwtdshe determ ned based upon the attached clpairmsps/odeed udi ng
the full scope of equivalents thereof. WO 03/077285 PCT/US03/06990 13
WHAT IS CLAIMED IS: 1. A method for manuf3acturing a capacitor on a

sem conduct or substrate, said nethod conprising: formng a first el ectrode
by depositing a conductive |ayer on said substrate; depositing a

mul ti-layer di e%gr'ﬁh MéﬂnIémuacent to said first electrode, with said
dielectric ﬁgéiﬁTfﬁgTﬁéfﬁr+TT%t and second | ayers, said first |layer being
di sposed adj acent to said first electrode and having a roughness

iated th ith t i t i i th i d
associ ate ere pt'eh’ieﬂl'?od ess, f&%g%?e;%ﬁ%ﬁeg&aﬁ% W sai

second layer; and form ng a second electro addi ti onal
conducti ve |syercatjeoent dubsaratesecomid netterd Qmphhiesiret hod as recited

inclaiml wherein depositing said dielectric filmfurther includes
growing said firstIz%hﬁmiﬁggﬁégﬁﬁt(%E?ﬁﬁ??é%t%Vg%ﬁW§ﬁq%QQn? di oxi de. 3
The nethod asdfcddAk i1hrdRIdh aherfivssaiwk; first |ayer consists of a
| ayer of silicon dioxide and said second |ayer consists of a | ayer of
t ant al um depositing a multi-layer dielectric film

adjacent to said first electrode, with said dielectric

film including first and second layers, said first layer

being disposed adjacent to said first electrode and

having a roughness associated therewith that is less than

a roughness associated with said second layer; and

forming a second electrode by depositing an

additional conductive layer adjacent to said second

layer.

2. The method as recited in claim 1 wherein
depositing said dielectric film further includes growing
said first layer by thermal oxidation to form silicon

dioxide.

3. The method as recited in claim 1 wherein said
first layer consists of a layer of silicon dioxide and
said second layer consists of a layer of tantalum
pentoxide, with said second layer having a thickness that
is approximately three times greater than a thickness of

said first layer.

4. The method as recited in claim 3 wherein said
layer of silicon dioxide has a thickness in the range of
30 to 50A and said layer of tantalum pentoxide has a

thickness in the range of 90 to 150A.



pent oxi de, with said second |ayer having a thickness that is approximtely
three tines greater than a thickness of said first layer. 4. The nethod as
recited iwooBarmss8 wherein said |ayer of silicon dioxidePaagsasodweckness
in the range of 30 to 50A and said | ayer of tantalum pentoxide has a

t hi ckness in the range of 90 to 150A. WD2403/ 077285 PCT/ US03/06990 14 5.
The nmethod as recited in claiml1l wherein formng said first el ectrode
further includes depositing a |ayer of phosphorous rich oxide glass. 6.

The net h_od as req% ted THL %eadl-g}dl é@elreedlq:e# oirr[n %@.I d WIS é}lql el ectrode

further includes Tormng said conductive layer from mat erial selected from
a group consdistirig sﬁlcialﬂhmgwmla&trmdajrﬂumﬁ&pern,nd]lum wWapoditiamg um
nitride and titungsten. 7. The nethod as recited | n claim1 further

i ncl udi ng f & M3 QA @@8@%9&? i SHPS | S-el ectrode and through
said multi-layer dielectric material, with formng said second el ectrode

further including deposd tddih&RiLh chgltﬂémaﬂn andueti wihday8f  adj acent to
said nmulti-layer dielectric filmand said via and etching said additional

conducti ve |fayaring Efadms,ﬁﬂ@d @mﬂ@%cﬁwﬁd@rarﬂdi%llmﬂ dermigis h sai d
contact  extendl ng, Lom-SAl 4 4. Ael] HIGA SANAGILING: SYELIEo g, The

net hod as reC|Jt Saim her i nc ep05| a 1%
Benzocycl obLttcﬁnﬂs(diw ofadj laceittunt 0 cﬂraminmpacudppe& SttI’JltCEtrUll'Lﬁn,and form ng

first
titanium nitride and titungsten.

7. The method as recited in claim 1 further
including forming a via extending from said first
electrode and through said multi-layer dielectric
material, with forming said second electrode further
including depositing said additional conductive layer
adjacent to said multi-layer dielectric film and said via
and etching said additional conductive layer to form said
second electrode and a contact, with said contact

extending from said via, defining a capacitive structure.

8. The method as recited in claim 7 further
including depositing a layer of Benzocyclobutene (BCB)
adjacent to said capacitive structure and forming first
and second throughways in said layer of BCB, with said
first throughway extending to said second electrode and
said second throughway extending to said contact and
forming a first metal interconnect to extend in said
first throughway to be in electrical communication with
said second electrode and forming a second metal
interconnect to extend in said second throughway to be in

electrical communication with said contact.



and second throughways in said |layer of BCB, with said first throughway
extending to said second el ectrode and said second throughway extending to
sai d contwotosamss formng a first netal interconnect to ewcanbos/msai d
first throughway to be in electrical communication wwth said second

el ectrode and form ng a second netal interconnect to extend in said second
throughway to be in electrical comunication with said contact. WO

03/ 077285 PCT/ US03/06990 15 9. A nethod for nmanufacturing a capacitor on a

sem conduct or substrat.g, i d t.h rising: _formng a first el ectrode
by depositing a c%'nduént irr\lle:t%foac%/goro%gasn}&gg)cstu%]tr%atae;coag})raocvﬁ nogr, oa%lja‘acent to
said first elagtdatRictior SUbaaraul 0ddal naytgiodycdnparimingxi dation of the
silicon substrate; form ng a tantal um_pentoxide |ayer adjacent to said
silicon dioxide |ayer I8raigist t%erf id&fogisdiFste RasteRamitis'd 6t m a tantal um

| ayer in an Qxy, fx}érlaryeéyicfdp%@ el fardd ng a second el ectrode by
condu

depositing an additiona ctive layer adj'acent to said tantalum
containing layer. 10. gitmwingg hedljescardcitteeddid diiaish @ Mwrmide,sa d  first

conei sts of S VRRT HOTHR AHTEM ST i o Lo S ot e 4o ng a
thi ckness t halbsdS@pproximately three tinmes greater than a thickness of
forming a tantalum pentoxide layer adjacent to
said silicon dioxide layer by sputter deposition of
tantalum to form a tantalum layer in an oxygen rich
environment; and
forming a second electrode by depositing an
additional conductive layer adjacent to said tantalum

containing layer.

10. The method as recited in claim 9 wherein said
first layer consists of a layer of silicon dioxide and
said second layer consists of a layer of tantalum
pentoxide, with said second layer having a thickness that
is approximately three times greater than a thickness of

said first layer.

11. The method as recited in claim 10 wherein said
layer of silicon dioxide has a thickness in a range of 30
to 50A and said layer of tantalum pentoxide has a

thickness in a range of 90 to 150A.

12. The method as recited in claim 11 wherein
forming said first electrode further includes growing a
layer of phosphorus rich glass composed of silicon,

phosphorus, and oxygen.



said first layer. 11. The nethod as recited in claim1l0 wherein said |ayer
of silicon dioxide has a thickness in a range of 30 to 50A and said | ayer
of tantalwomopemtexi de has a thickness in a range of 90 toPrPtH5AA03/4:290 The
method as recited in claim1l wherein formng said first electrode further
i ncludes growing a |ayer of phosphorus Ii ch gl ass conposed of silicon,
phosphorus, and oxygen. WO 03/077285 PCT/ US03/06990 16 13. The nethod as
recited in claim12 wherein formng said second el ectrode further includes

forming said condyctiye, |avar.drommiarial;selecied £ roma group
| L _

consi sting of al um num chromum <co r, titantum ‘titaniumnitride and
titungsten. fckmihe seidakand esideadrode chattthed farhlhdss fahiteh ng
form ng a via extendi nq:_from said first electrode and through said

mul ti-layer TAE RRRIRCEINR S PHE HAM BaFSH IRy SHF N AT TP

further inclyding depast tingmSaid, addiddanal <qnsduct ive dayes, adj acent to
said nulti-layer dielectric filmand said via and etching said additional

conducti ve |wymaniwn froktimisde candecignthadtestr ode and a contact, with said
contact extending fromsaid via, defining a capacitive structure. 15. The

ot hod as eci tedIn chal M4, drhere.ingl uding dopost ting.a.l aver of
Benzocycl obut ene CB) " adj acen 1% ‘sai capaci tive structure and form ng
first and saconiiidy oighwiays d nvisaiakdayingff BB, satd he sedtd
electrode and through said multi-layer dielectric
material, with forming said second electrode further
including depositing said additional conductive layer
adjacent to said multi-layer dielectric film and said via
and etching said additional conductive layer to form said

second electrode and a contact, with said contact

extending from said via, defining a capacitive structure.

15. The method as recited in claim 14 further
including depositing a layer of Benzocyclobutene (BCB)
adjacent to said capacitive structure and forming first
and second throughways in said layer of BCB, with said
first throughway extending to said second electrode and

_said second throughway extending to said contact and
forming a first metal interconnect to extend in said
first throughway to be in electrical communication with
said second electrode and forming a second metal
interconnect to extend in said second throughway to be in

electrical communication with said contact.

16. A thin film capacitor formed on a substrate,
said capacitor comprising:
first and second spaced-apart conductive films

formed on said substrate; and



first throughway extending to said second el ectrode and said second

t hroughway extending to said contact and formng a first netal

i nt er connwotosmornextend in said first throughway to be i nPelramsns/omad
comuni cation with said second el ectrode and form ng a second net al

i nterconnect to extend in said second tHhrloughway to be in electrical
comuni cation with said contact. 16. A thin filmcapacitor forned on a
substrate, said capacitor conprising: first and second spaced-apart

conductive filns for rgeqmﬂrL 'S-"’H]ia?ﬁesx“tlﬂer al &1 AN WO q§4c017u7c?1§15 Pgl’llé{SOBI 06990
17 a multi-layer dielectric ¥i Inc udll ng First an seconc?layers
di sposed betamebrsessirdl fliayetrsanti sgece] betovethrctdaied fiilyer, amd heesadrel fir st

| ayer containin silicon and said second |ayer containing tantalum said
first layer %q%&%%epoﬁggdn%et%% ée‘?ﬁ% P GHF LAY first
conductive fdimand Hayidd d JQUGNesS e A Alfthd heffWtdh thatid s | ess

than a roughness associated with said second | ayer and a thickness
suf ficient tiolrsdueygs rbdiole diemadbrpdiatamerssial desursbndtearyendnd sai d

first conductive f.il 17..The ca i.tar recited _in glaimi16 wherein
said first Isaaylecf ff:l r?g SEY Crkslivlel (%g%mdiaéle}eav(@%ﬂ ré)ﬁl@%%efisd second | ayer
consi sts of asdaiitaldinyietanitde tHaka2Qb)lesd tthfnid rsaeitkdayer having a
t hi ckness that is apdoro,xi nmat e,IC%/ three tines greater than a thickness of
said first |%%§9q1ate with said second layer and a thickness

sufficient to reduce pin hole formation between said

second layer and said first conductive film.

17. The capacitor as recited in claim 16 wherein
said first layer consists of silicon dioxide (Si0;) and
said second layer consists of a tantalum pentoxide
(Ta,0s), with said second layer having a thickness that is
approximately three times greater than a thickness of

gaid first layer.

18. The capacitor as recited in claim 16 wherein
said first layer consists of silicon dioxide (Si0O,;) and
said second layer consists of a tantalum pentoxide
(Tay0s5), said layer of silicon dioxide having a thickness
in the range of 30 to 50A and said layer of tantalum

pentoxide having a thickness in the range of 90 to 150A.

19. The capacitor as recited in claim 16 wherein
said first conductive film consists of diffused
phosphorus in silicon and said second conductive film
includes materials selected from a group consisting of
aluminum, chrome, copper, titanium, titanium nitride and

titungsten.



18. The capacitor as recited in claim 16 wherein said first |ayer consists
of silicon dioxide (Si02) and said second |ayer consists of a tantalum
pent oxi dewQDaB0335 said | ayer of silicon dioxide having apchmiusksi@®so in the
range of 30 to 50A and said |layer of tantalum pentoxide having a thickness
in the range of 90 to 150A. 19. The capd@itor as recited in claim16
wherein said first conductive filmconsists of diffused phosphorus in
silicon and said second conductive film includes materials selected froma

group consi sting um nu .ghr [, .titani. [ hum nitride
and titungsten. 0 F’(ﬁﬁé)g /%%%3/%%&8%‘1 fg‘l chiryl elé:aépug%l}eorr as
recited in cliludind W tihsfer igfc|Bedizagyarlayareref @EIR)QC ol jandrena- o BCB) ,
adj acent to sajid second conductive film having first and second

t hr oughways S S AFIRY GOTEIBEE vii it s 413 1T St T Sth @By RGPkt ending to
sai d second 8] eaiiRde And, Sl 1$RRONG IR, ediendingd o said
contact, a first — metal i nterconnect, extending through said first
t hr oughway aridrduphsieet taxiteald icgnmamiseeitd greasnd esaiat raskec el elagict r ode, a
second netal_inte nnec extendi ng _through said.second throughway and in
el ectri cal Sceocrm&%&ﬂu@kiv(ﬂyt r?xrs?:aﬁn&ﬁ&?n&é’cts%lds UG P

metal interconnect, extending through said first

throughway and in electrical communication with said

second electrode, a second metal interconnect, extending

through said second throughway and in electrical

communication with said contact.



