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devices.

HI GHLY SELECTI VE DOPED OXI DE ETCHANT FI ELD OF THE
I NVENTI ON The invention relates generally to
weem7aoesduct or and MEMS processi ng nmet hods andPCT/US2007/004334
constructions, and nore particularly to nethods of
form ng capacitor structures in nmenory devices.
BACKGROUND OF THE | NVENTI ON A dynam ¢ random access
nmenory (DRAM device is commonly used in electronic
systenms to store data. A typical DRAM device will have
one reg'ﬁibﬁﬁd @ R DOPESORIDEFTE anot her
regi on peripheral to the nMenory array In Ich logic
or other circuitry is to be formed. Each nmenory cell

general |y consi SMWUM ed through a
transi stor gate stack to a bit
THé b&lidn deldi&: egeﬁll}'%“sé?ﬁc@(‘iﬂfﬁf&%ﬁd 'I\E'EIW.SVBr@&éé&hé ﬁ{éﬂﬁﬂls and
densi f i cat on of Integrated circuits have

constructsmaJ dndrmercqagticanaly talmhethddsrof denmiog sapagithr ﬁsuctures m memory
transi stors and capacitors. Wth shrinkage of the cell
size, maintaining a sufficient anount of cell charge
storage capacitance is a challenge in a DRAM

construction. B%qyﬁtﬁi()ﬁﬁ‘ﬁqﬁ ! E WEN‘?‘TG@I devel oped

to increase the sStorage capac a tapacitor in a

Al dynm«achaﬁﬂme:ccc(.aa enesnoy (IDRAM) dzpyaaca is coramfoaby used i elactronic

oubI ed co&é Ci ﬁ-n whi ch i nvol vea
systems tp §{qge @taa fpt W@sw Hilb s onsegion cgHeFPaRingde & memory
array andfaﬁ’lbfffég rég”brﬁp&gﬁlﬁaﬁ kiR |mén‘ib%9 |aﬁta%; Y whhbgic\WR bR tcuitry is to be

typi cal | oxi de | ayer ch as phosph05|l|cate
formed. ﬁh@tsme(nlaacgell mnerqﬂly@sphsimg dfeatapagicaseulflBP8@yghor transistor gate

orosiJ.i cat for exanple. The doped oxi de
ele"tmdeloémdj{"%e %@%{g&%‘g@@g glg?(pose the exterior surface of
Chhen RS hOMEdSa iafeuriARch Andld&lsBichtibr otpkatéd ciddifts have led

then a tog el ectrode | ayer are deposited to formthe
to smallecmam\raela lefprdiviess suelr asdta;nsetormdw@paCIﬁuabMétlsslmre&age of the

ttom el ecty.ode OVI des h surfac area f.or
cel size, AR @R SAHEET SR SRS o iroB e i G Hfenee in
DRAM cBAIaRESH] S 't hat exposure of both the interior and
exterior surfaces of a "free-standi ng" container,
Severaliteabiniuea hevsrhesh develepedi ta dnaiease ghe sierese canagity of a eapacitor in

a limited s@eﬂ%ebne clf PCIEBI%I gpls 3 th” li{{cét%r a&clu?;le“?ﬁ%d ggh(?ansméi‘béa to} Quvhich

urln osure
involves fe@nixea t:\lqﬁslﬁkpﬁe Booth GtectiBdein 4@l ofehin® fogh&r® satfificial insulative

layer, whlbc%tlts (t)yrglceall l?/cat cgo%%g oxll% la?))é? rsx?c%rra% phosphosilicate glass (PSG),
borophosphosilicate glass (BPSG), or borosilicate glass (BSG), for example. The doped oxide
layer is etched back to expose the exterior surface of the bottom electrode, and a dielectric
material and then a top electrode layer are deposited to form the container capacitor structure.
Using a double-sided bottom electrode provides a higher surface area for increased capacitance.

A draw-back of the foregoing process is that exposure of both the interior and exterior
surfaces of a "free-standing” container, particular a container having a high aspect ratio, can
render the container structurally weak and subject to 'collapse during exposure to a wet-etch
process to remove the doped oxide material from adjacent the bottom electrode. To overcome
that problem, a silicon nitride (SiN) lattice is formed over the structure to support and hold

adjacent capacitor containers together.
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that problem a silicon nitride (SiN) lattice is
formed over the structure to support and hol d adj acent
woapEcineas cont ai ners together. Steps in a pri oPCafS2007/004334
met hod of form ng a doubl e-si ded contai ner capacitor
utilizing a SiN lattice are illustrated with reference
to FIGS. 1-6. FIG 1, which depicts a wafer fragnent
10 at a prelimnary processing step, includes a
substrate 12 with active areas 14. A relatively thick
V .
T 2T AR RS oRbloFuC Mgl cafadtor g a SiN
lattice arex&mhiatedwxﬂhrefémm&ﬁoﬁ%bt& 14,000-1 8,000 A. The
gﬁ E E i s. divi drgd i nto ttbree defi ned regi ons
Rt whieB depistsauntentpengn 1l o APRIHNIETEPIRETRSINg stepy jncludes a
substx‘ett«‘."'J‘IZr with %&We‘%ﬁeé’s&4 3\ RAAHRIEHAK 1|a9é}'ocf aldd E)S&l’ bkia¥ nsulatlve layer 16 (e.g.,
era area 20 wher’e control cir |.e
PSG) hag b@ndgnmctuvdrrﬂw subtsirat} laslmymgaareﬂcem;ﬂdryﬂnelummbf mtbouoﬂ4 000 18,000

A The SRkt QRN SRR et s Spsachaton Ll

memory ¢l 'aﬁﬁ‘y ?6%1&1018 %ﬁﬁﬁ?ﬁérﬁglokﬁ AeufaPelictas Breh h@ vmaéf@[:dhtrol circuitry
cell array region 18 and the peripheral area 20. In

(ie. loglﬁ:.qir@wny; els-)degriciatestiwith they @HOLOﬂd&ta Howlta aktéfrohalylemoqf devices
associardl WisG G dimony'BiegeY is Grae e uancd e Frod33 et tesepeing to on

area betWéﬁ&h@fdeﬁﬁ)rﬂf BB ArrdyoregONA St AME ti ﬁéﬁ fil adh 29nd doped
oxi de | ayer 16 over the nemory array region 18 are

Ipp c,fﬁwtqpcdepmtﬁﬁ @QﬂﬁSa dsl A cdpariet kﬁyet@ﬁﬁlhmmexrlg)dez(&N)rM which is
typlcallyeeﬁ@{{p ggG)O W}OE Bhiio 55%?@?21%%3@9%0 td\épgci 8x Q Ea%%/g%yer 16, and

openirngs in erne SI'S

the SiN lb.y&mnfana&lopw bﬁlﬁe ¢aer be o@éﬂh@tﬁeﬁ'iomd hﬁ@y’lﬁigitﬁi 18 Wk lefthb® & form
container openings 26, is_also forned within the

openings (SRRACHREIF AHENFTELF & forexampleady fugasesiviesiandar dryl ctel prpgesses,

through éﬁt@g dlr} E?t fed @fot@‘é&k l Azat’@%hég El&gefaﬁ%g §{ch9(9

simultanéatsty with e doneainéd@pentpe 6, fisinlgd f&ﬁﬁdaﬁﬂﬁn tes idtefmBdiate region 22
port adj acent capacitor _containers 26. .

between %{;[wé%g{ gw@if’qrfﬁ?/ regign 48 ang theaperipherakaree 2fle d he sgsulfing structure,
depicted tﬂﬁ #IGS¢ ef@ﬁr 8{] Hides ARG btk got’?iroﬂc%s&/hﬂ:h fgﬁqgﬁ? 599 r&%gﬁg

However process tenperatures can
structuredo duptfoet ddjaedt dapacitariconiaingey@s. at i on devices is the use

TR Rt e B 00 S8 o
at about m%@ 1St N ch Sﬁ)tc%ﬁt?mg &SGR brérr% ﬂ‘ﬁ’ﬁéﬂt%ls al?(fc]ﬁhe trend for

PCVD process usi ng hexachl I si lane
future geacraaom devicesrp éTﬂatsaroélc(vatﬁm}Ierzﬁaﬁcdeposummof abou#P5E€iatr less due to

con nitride the SI N
thermal tyfdge midfing Ao fvaid Sempperishiy Serich, S sk rhgcen i on
LPCVD pRResaR I HRRAcHINSRIsNESE GCBNSi,Cl) at a low temperature (about 600°C or
less) to deposit HCD silicon nitride as the SiN layer 24.

An electrically conductive layer 32 is then formed within the container openings 26 and
the trench 28, as shown in FIGS. 3-3A. Generally, the thickness of the conductive layer 32 is
about 200-400 A. The conductive layer 32 can comprise, for example, conductively-doped
silicon, metal, and metal-containing compounds, which in the present example, is titanium
nitride (TiN). The TiN layer 32 within the container openings 26 ultimately forms the lower

electrode of the container capacitor structure. The container constructions can be considered to
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the trench 28, as shown in FIGS. 3-3A Generally, the
t hi ckness of the conductive |layer 32 is about 200-400
wé.200fheosaonduct i ve | ayer 32 can conprise, for egamsk®;/004334

conducti vel y-doped silicon, netal, and

nmet al - cont ai ni ng conpounds, which in the present

exanple, is titaniumnitride (TiN). The Ti N | ayer 32

within the container openings 26 ultinately fornms the

| ower el ectrode of the container capacitor structure.

compnse eﬂﬁnﬁ%?fa@@& Gt dé 95 taier @‘Pm%‘? %%?'aﬂ SN oL or outer surface 36
nprise an inner sur ace he con

laterallyop}msedlgﬁh%mmndux&ceéﬁterlor or outer surface 36
terall the inner surface 34. Referrin

R@ nrm@ §Q@-4 nige % iN oy 8¢ issthen sernoned framgyeidhe pufiace of the
structure 9 @)Eepr(;sg?l & ncllﬁgﬁlﬁf(lrfcﬁ\ﬁh %fa’&ﬁ!eﬁfo?u& ;&B§§§e{egﬁlc§lﬁsolate the

I'ay attite portion
TiN layeeBZufithircthk Icyniainet apemmgsezmdm loay anotBér, fartelRamplehBy

chemléalﬂve% L%‘?Ci%ﬁg@hg’ﬁﬁ fléﬁ?ﬁéiﬁ%ﬁ%ne %qﬁh{?{geq é,f? t&ﬂs Eégtgwgr capacitor

structureOt tom el ectrodes of the contai ner capacitor
structures. After renoval of the TiN layer 32 from
Aditet sinateval hEtheJéNilaygs 32 Gronaowhide threespenings@6ka photeresiBBmask layer

et c at ed over, the nmenory cell
38 is blankgt Corid Yy MEBGILATLLAOTEY ARBOR ¥ chipie ) EElon. 3000 intermediate

area 22 11'1t8ttl§é @(»%e% %@em ﬁashéée@ﬁcist hes ﬂmaﬁﬁéu ZHRIES 5-5A Ust Eﬁ&t‘éfésxst

t he photoresist layer 38 1s patter
layer 38 G\p@ttellnhé omenthe ;netm)lrj' cell zraa reggrol8 kBexposebeds ef HerRiN lattice

N l,att 30 bet
portion 3pREpideR attckaiR OF LortindrontiindS 26, PRk RF pRohiNigR 32
(bottom él@&fdd@@ 1ﬁ|t1§‘é3615éﬁm§§ 26120d HRBCIPPE e RESWA 6n Ee t$rh%‘ ik that the

are shown in phantomto indicate that t maski ng
masking Iaelyew@wb PQrImSportl ons. A pattern is transferred

R 8 SralSR S BorHe tnaking Cyishan it M Shvs) 3n, SRtk Hasking

layer is rélh@sfbdb% péerivetiom diyoetsle bﬁ?ihbﬁ ek ?eﬁf@fﬂ%deto YBRBEVE remove
portions of the SIN lattice ion 30 and expose the

unmaske@u negiong of the Hdattigg pertiod ép@dd @xp%sg theundsdlyingdayer 16fof d0ped
T R R ST

portion 30 @htgicoanéting aad holdfigl 8lj REn GRS G tAFacRONE L AES 28 @ogether
ether, resulting Iin the structure shown in FIG

resu}tmg@“%’ﬁ“%@éfe shopa ig Ed6hd-de layer 16 in the nenory
NG ARG ) BB ORAT Y gy v

etched setdotvdly kKelhtiyeto tBR St iadttioe ;Idﬂﬁ)om%ﬁlﬁdﬂ@le TN lagerS2 Dﬂ'&ﬁn &id openings
rt of e outer surf the Ti N botta
26 to exngee@? @ftztﬂe gpt:%{:glrfatcgq %g ﬁ)gt?n %“ ottom elet‘ltrode 32. Slnce it is not

desirable to remove the doped oxide layer 16 within the peripheral area 20, the SiN layer 24 is
maintained over that area. The TiN layer 32 within the trench 28 together with the SiN layer 24
over the peripheral area 20 function together as a barrier to prevent wet etch solutions from
seeping into the doped oxide layer 16 within the peripheral area 20 during the etching of the
doped oxide layer 16 within the memory cell array region 18, which could damage circuitry (not
shown) associated with the peripheral area 20.

In etching the doped oxide layer 16, which is very thick compared to the thin SiN layer
24, the SiN layer (including lattice portion 30) will be etched by the time that the thickness of the
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desirable to renove the doped oxide |layer 16 within
the peripheral area 20, the SIN |layer 24 is nmaintained
wover7/10ésat area. The Ti N layer 32 within the tPenais2@8004334

together with the SiN layer 24 over the peripheral

area 20 function together as a barrier to prevent wet

etch solutions fromseeping into the doped oxide | ayer

16 within the peripheral area 20 during the etching of

t he doped oxide layer 16 within the nenory cell array
doped o810 B 3emi AT IREXLEH DRTBORe SLSU DN b dDREH iy materia s
not extremqbseﬂlghx iGlerdnhprcesss fonkelettiviely stelniyg ﬁbped(oﬂdessp(arged’ﬂﬁy relative
to sili 1?(# [18|NI%§%24 the SiN layer (including
°'°‘”°°‘Péft1 THIEEYSLS will be etched by the tine that

Gd&%u&l'ﬂb&hﬁkﬁ$§a%lxﬁ1?@9%%ﬁc 2044 eclc")aéﬁﬁ fy'glfo g@ﬁ (HF, 49% by

he selectivity of the etch sol ut’ion
wt), typlmllyde artek: BEv/%) ad:HF matio, avtticheprevideha gﬁcct&@rert@mf PSG relatlve to

sticon ol F it Py 1 PAPOSE abGiveniths b P FYERURb o et
2,000 A/@ﬁﬁutéumcﬁtiﬁabaa& pfo‘éeé%lrig‘tﬁfdﬁgﬁ wf acetic acid ("ac")
and ydrofluorlc acid Yoby wt), typically in a

Agwiher conventigoaltatchaat fop selegtively Heling ddoped exideistd L1 (v/v) ratio of

vatr GO RR S B b, S LB o

providesaB@tdh ratdOXabOhT®,000 A/miMute; fhe SERBGV Sy Rfr% édi BRide relative to silicon
t hr oughput . Anot her convent i onal etchant

nitride lswljeebqw &00: 1efor highdemparafpeanitided @u¢lsasd3@s (cilcbkoms)lane) silicon

d t (49%
nitede, ooy oul 05,1 51 o 8 EPRlanroic it it 45 o stcon
nitride. 'emh cliféret HyO: HP@idh ¢heRiMiridy fot Righ@empbrangebigiebn Hittidesfddmot
a doped oxide relative to silicon nitride is only

provide the selectiity: ofdoped okidg feledyrjeden ierapeipiure silieonsnittides shavismreeded

nitride, and only about
in the fa}ggj Egﬁ?f«?@t%ggféc}n irbét{c%))\%gt enperature silicon nitrides
CousdyuastlyjERhdng awana mldtf%@ethlclihdlﬁpedmxﬁdeelﬁyerfﬂe &.,/S6) to expose
hchems{rlesfor gh tenperature silican nitrides

the boftoabéiﬁ?}fodﬁrw U pRA et W\sthta;hlgh sehesivaty dx reletivedp atlicoa nitride
and othef. ﬁa{e?i‘ﬁ’l)tsﬁgp Gs fﬁelﬂoftoﬁf élc%c?ﬁ@e Matdraf ?é%t??\pndsn% ﬂb?}?sgl?é%nl Rhich form

rication of containéer cons
portions Gbths egpaitol gtrug@tnehi ng away a rel atively thick, doped

oxi de | ayer (e.qg..,..PSG _to ex o%e the bottom el ectrode
wal | requires a i ctivity to
The plskM8n{éhtdhnlis 8RE1EH &)réthzesoﬂﬁg)ng Mulsz@él fdr s@ieﬁté\?éf? Btching

as the bottom el ectrode nateri al
doped oxidst peicriatsarlativg tactili¢amr nitrivle; titeoivs mtftndeh end aﬂxamn tnaterials, and
methods uang e e‘ccﬁS '\{M[Aons, or e-xrg%pfe mEthgconstructlon of container capacitor
constructions.

 Inone aspect, the invention provides etch solutions effective to etch a doped oxide

material selectively relative to a silicon nitride material. An embodiment of the etch solution is
an about 5:1:0-3 to 20:1:0-3 (v/v/v) mixture of an organic acid: hydrofluoric acid: inorganic acid,
with the etch solution having a pH of about 1 or less, and preferably a pH of less than 1. A
preferred etch solution comprises an about 10:1:0-1.5 (v/v/v) mixture of the organic
acid:hydrofluoric acid: inorganic acid. The etch solution has a dielectric constant (d.c.) less than

that of water (i.e., d.c. < 80), which is driven by the organic acid of the solution, and preferably a



10

15

’5

The present invention is directed to etch solutions
formul ated for selectively etching doped oxide
wornb@rioed4s rel ative to silicon nitride, titani BOT/US2007/004334
nitride, and silicon materials, and nethods utili zing
the etch solutions, for exanple, in the construction
of container capacitor constructions. In one aspect,
the invention provides etch solutions effective to
etch a doped oxide material selectively relative to a
d.c. of <20! r q@h Q%ﬁ g@ : -
F<20) U PRICHCS rodiLRS e offh SRR, H Urgftlc bl it § Bitectric

constant of gbant 8 apflesaywith genpianiaiadid and bduynf: lacidrbieingasrefired or: amc acids.
ti.gn having a.p

ani acid,, w th et h sol
The cteh R friflete t°§#§°‘b‘fﬁi¥ BM}’P prride maesiad felafie to Tow
temperat@fe&ilﬁfdh@ﬁtrﬂ% GhatSPd] di & Qéle&RW}rdf 268ut3303004hH0.19, r éreagar and to etch

1.5 (v/v/v) mxture of the organic acid: hydro
a doped Qg@d@matewg} g:éemvc tad:ugih teﬂipaamrc hilison nitriidnmbesiabat a selectivity of

about 10(?(5-?5&5; 1 o) 8r red <e:r8 %ag&cﬁ?q?@tgﬁgﬂy&qcﬁé g%ﬁ%ﬁg rt]gcf,;t@‘l

solution Bffotrflatee |sh'éH Bat thél Bﬁ:hl%t%fo? hRlkilRd
preferred enbodi ments of ?Be%é%:h Is]o a&?f%ﬁs I%Q%thldﬁ]about

10 A/mn&t@gm erahly as anaabout il o ?et;t 20: b<Cofvét/wninixgfireatfantorganic acid:
hydroﬂué;r?cs ?Cld Vﬂlé&gﬁ 1 n| ﬁnggel ;Sjr?f‘% bUt échﬁ d?CI d lt%e v/\gv) mixture.

erre

Inc ) pmﬂérﬁddebinﬁdzinﬁfsﬁteﬂiele‘tf&ﬂ %lﬁbﬁ@oﬁm@l@%&&ﬂﬂ%%ﬁ@{ﬂ@% by wt

lative to Iowtenperature silicon nitride nmate
Solutlon)a%ﬂ oreanie @eidi(JP9% byfwiebution? Baving a dQ<B, csnthqrremmm aciihlobing

T T TR R X ——

preferreddhatazkmﬂeﬁwﬁlﬁﬁ@hel&%) sdluidn BIRAVED solM§eFdn ﬁ[grédléﬁt%ﬂip%nents and is
cidis included (e.g., HNO3), the etch solution

not addeq 5 3aparalaraddiionRheompanest ch rate of a pol ysi | i con

L nu pr e .
Ingggfoa outpeglsoi} the ?Jeﬂﬂ%?ﬁ?&ﬂédgjo? ’N }n\g)a Hed ol eoqmgtgﬂXl utﬁxzmg
the etch sohxgmns of the inkentipn aref provided. HlCd»rfé emmﬂirﬁé’rﬂ"df tl?eclhgﬁhoérlﬁe etch
referably an about 10:1: év/v/v m xt ure.

solution qap bg aSplé?deﬁoreéﬂl %ﬁ%élqwmatpﬂ@l Sékéhv blr‘tlaﬁl‘mwtowmxpowdslow
temperanf}¥ gﬂi‘%&‘l Hﬁﬁﬂé: mAfekfl g%{?—lg%b) % O%qlxﬁqcfe?gt) d sefi‘cegztlg{tg\gf plout

acid 0% by Wm s avin
250:1-40Gsd @pgmatea: e anbthexienthbodimeéiry the dtchaﬁlﬂm@ﬂ‘bhﬁ) Béhb})‘hegrto etch a doped

oxide ma{gpg# %?n ggelg &Fl(ejqé 6%@%&3%@%3%@%3@%%1&@%%@@ %!ergj@ RPCS
silicon nigRleYinaffial eps%[écﬁeﬁly SPAKLY 1662 %Omﬂéﬁgxlegﬁ} f}%*ﬁl%%{“ S

and is not ad as’ a separate or a
embodimeninihe r%qliltsomtmnaaanbh epplasiteetchaf ddped okiteaniteral selvetivedg selative
zing the etc

oty S e BT Bl b s e e of e

polysnlxcoﬁlﬁfd)d;lsmtab@ﬁt th&/mwukod, the etch solution can be
I agﬁgl ed to etch a doped oxide material selectively
na

henaspecs, the insepéeRprovisies methods of forming a plurality of capacitor
devices. In one embodiment, the method comprises providing a construction comprising a doped

oxide layer, and an overlying silicon nitride layer; forming openings extending into the doped
oxide layer; forming a conductive container structure comprising a conductive material layer
within the openings, the conductive container structure having an opening extending therein, a
outer surface along the doped oxide layer, and laterally opposed inner surface within the

opening; removing a portion of the silicon nitride layer to expose the doped oxide layer adjacent
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tenperature silicon nitride material (e.g., HCD
silicon nitride) at a selectivity of about 250: 1-400:
wa 2007/1g0@at er. | n anot her enbodi nent, the et chPeoiuS2i0aN04334

can be applied to etch a doped oxi de materi al
selectively relative to an exposed high tenperature
silicon nitride (e.g., DCS silicon nitride) materi al
at a selectivity of about 1000-1500:1 or greater. In a
further enbodi ment, the etch solution can be applied

a segmentk 8f 8lcC it s@ﬁQ@éjoﬂlﬁé g@ncﬁ?@ﬁ% botaifi&l s%‘é:'éfu\‘@é )(/h & %&%i'n}/neglﬁogtions of
pol ysilicon overlying silicon nitride and/or

the siliconinitridd dgyencommeating adjacrenty pesitbnedadondodtiviehentainey sirbéta@s; and

an.a In a further aspect,

SS
removing R0 oA HOREH GYIdGeY FaHRGHEL TR R iy Shcomanaideiepd the
conducti®f maRAACkal & to@ﬁﬁés‘é?ﬁe sdotheAPSF I BARE SR Rice ofli %ﬁg&?‘/e pontainer
conprises providing a construction conprising a
structurepky d{@lylalgem etwllawmewrﬂmgng thsd invergionni t ri de | ayer;

f xt to the doped, de, |
Iy R g R URER of i anbi d A dieP oL BRIV S e mide layer
to exposedQRél Uepddvekid& a9, Q'la}JeﬁMﬁﬁol?élh&r{bah% fBRAE s ftth Qﬁcon nitride

conducti ve confainer structure having an openin
layer anddhe éfvmitn'gw metesiahlayer withietheopenings; apmmngntolﬁ ﬁxeqmmmhcon layer

and the sfffé?ﬁ %ltrl %?ayglb %ﬁ:gr%}nlgrg%%{?y ?‘58%’0%859 O)Bfles tép{ gcﬁqlqeebq]segment

of the oufat Etirlfedfé Jf AyeEondBctBreRRIRIN StriRRRSE, %ﬂ@ﬁtélﬁﬁg 'portions of the silicon
adj acenta segnent of the outer surface of

nitride layegirenaeqting admeentlynrositioned cendustive oaritainer stugtunésagnd a portion of

the dope i MRSy 8 A0\ERAEA A0 AT A6 B 5% sBRARESAINR: shasticon
nitride lamdarrcbthe‘tbﬁ\@mﬁv@ ﬁfatdriama?ér ol polsenel sepphéie of {fh\équter surface of the
sel ectively relative to the si Ilcon nitride and the

conductive GoptadRer EUGRFES USE aﬂ@}*"é‘r SOM10§>Q§ 613‘361“("%105‘@9 ment of the
.Ingix%g{gé %Hl:i)&)gﬁlgerr]l?];atl{‘lﬂﬁ ?Pﬁ) gagg %r%‘egﬁés ?%ﬁlrlﬁgluge ?asj providing
a construgtionemunim@ising Hmenoied! &i’d}&égmﬁm p@ﬁpHehE& réEémQdd ah intdrmediate
prior to renoving the silicon nitride Ia er to

region thegg-(lbegg/@g] Aflorgd Bé]dle é%iea qur&y@rreglgm,@y@urabfy qfcglgxgmq:alldmnductlve
f th
contalner%gﬁgctggﬁslvggﬁiﬁngl%eg%’oﬁ)gﬁ to?fc'ie%)’& S?ﬂ- e {x{?h%g)b CQY%&%ﬁ[}glon fhe

contamerptmttums cofnprismgrmlopsmhg e@tenﬁmg glieréinglar dilﬁexsslﬂévcd!halong the doped
0 expose the doped oxi de

FI er c be r
oxide lay?r 9%4 agf‘d?‘i%gmos f Wftfﬂ’é‘ tb%?%?m%laf‘ﬂ@éllwnt%de layer
overlyingGRRGBHEI IR Eﬂféﬁ@xﬁ%rlaycér &'iﬂ{él‘gﬁmre\éﬁhé g@éﬁéﬁﬁggﬂogﬂmned conductive

portions of the silicon nitri aye
container gupeturest With pther ppisioes of:thnaﬂupd;d wdde tnybaexpesedsach aehtid &ment of

e ot G o BP0 kel B BN

according3b theCiReftidn todgcH @Y Gbpedaéigdé ?eﬁs@ﬂ:@ti%ly Y& atid t%rth@&hcon nitride
| ayer to expose the segment of the outer surface of

layer to expege herauien Suviace ofthe corductive centainersstusfumes. dn apotber embodiment,
the constri@idH daFufther &?nﬂrﬂggl?é)}er of silicon overlying the silicon nitride layer. In a

further embodiment, the construction can comprise a trench extending into the doped oxide layer
over the intermediate region, the trench laterally surrounding the memory cell array, and an
electrically conductive layer lining the trench; optionally a layer of silicon can overly the

conductive layer within the trench.
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In anot her enbodi nent, a nmethod of form ng capacitor
devi ces can include (a) providing a construction
woanprioei4mg a nenory cell array region, a peri paemakoo7/004334
region, and an internedi ate regi on therebetween; a
doped oxi de | ayer over said regions; a plurality of
el ectrically conductive container structures within
t he doped oxide |ayer over the nmenory cell array
regi on, the container structures conprising an opening
TR Ao L Tn oSy bR N ar Nl ind i Sicon niride
layer canvlietpaitarmeti ¢o extend hefweamehdacaninketqmirs of thel idws lofisterconductive
over | yi orfions of the doped oxide ] ayer and
Structure fagy %eﬁ%%@eitﬁas Rhtye é‘?’f’f‘?‘g?? sg etdopré xids plerialathe method can
further iR IbMEhe BlcaPAditdt Bftlecid By&tdier t&%&hb&ﬁ?m‘&% ahl ufdPRGFhces of
oxi de | ayer exposed adjace%t a segneht of the outer
the conduntive sortamer stnectures,dnd forveing o sé@ndeondiative matersz] layeclover the

. Lying,an etch sol uti on accordi to the .
capecitor e RR IeF LT RoeR S gb s <orm e oy BF doBrd Stidt i cpmposed of a
phosphosifdatd 48, iR diRnSitrlde@Bmplisds LR w @iperahfte SHROE fithille(e.g., HCD

. outer surface of the conductive container structures.
SiN), and the gardussive arteriil hayiet comprises ity eitiide. can f urt her

VAR b Bold 8] il i Pedioh i oy od Fbihe sfi8ivencss of the
current eRRAES friiol Riin€ 8 RighBNRdcEiOe Bich lof A6Fedexli@Rdb Basell Ut Qedshf part, on

dg&zd oxide | ayer over the internediate ng' on, the
the lack qfidissepiation ef HIF| within thepghtionganddrivesrhyrpH eed theali¢legfric constant of

-and i.call ctihve layer lJ4njing t.he . .
the solutltﬂﬁ.e ﬁ?ﬁ?ﬁg%{oﬁ%fxaﬁe )ﬁf%s%ﬁge;ié}} §o&l¥t1%r}sl a|¥1§ %etfa%dﬁ Pg?,‘é‘?? 9 sigﬂg'lcant
improvengéan i db pedeoidesaelcstiviby fildiive té siEoshnilHe:, GReMiN dfrid@nd silicon
..extend in an array conpri si ngTro'vvs and col ums, and
materials; ¢pmpared tagrxishingqtehing aRpeessesanl hedinpreesed etaduselestisity alfeivs for
ighr o< SRR NREEHLO2 2 00kl d MGBle Mot g arcator

of such dewioesv dh additiohethd dpprbved edh seletievityednd didteratestppeddedby the present
further, include formng a capacitor dielectric |ayer

etch compgaifion fignifiepbecieasrhronghpe dusing sh mapwactsre ofimicro-devices.
The presén? Q%H O N i rilingltefnléﬁ{aﬂbﬁ %{ ﬁiemg 5%2{&%@% Row SHAME use of

conductive naterl yer over
HCD nitrdlesisaqirocassing yayrer, fonwhichahkretsvicviabletehsh chensdtriecavaiiable for the
tt]e dorped oxi de is conposed of a phosphosilicate
present apglicalion. e sj|jcon nitride conprises a | ow tenperature
silicon ni tBR@EF@E% m@ﬁi@&q}m%“wﬁgguct ive
mat eri al | ayer c TJe. t hout
Prigéirred epthediments afithepavention bmrdestrétmdybhelaw wiith rbferénew éalthe following

that .the effectiveness of .the current etchants in .
accompantyt R g ngdss WA K al wUteH Ve DROHEGI Yo b B3 e following views,
the referchés@iinerals Wiglatsd used il ldravifgd, AR HRCdanRf re ik SR GdctMwill be used

of HF within the solution, and driven by pH and the

throughowites saverdl viensyrddn thadeseripgionsp indiente saaw anlikegpeotss| y,
Flt(ael RS _Exmﬁ{a‘fi@, agélalffohﬁpérogﬁgec%ﬁan%esw F8 \s/eln%%ogductor wafer

signific
fragment at a preliminary processing state of a prior art method for forming double-sided

container capacitors. FIG. 1A is a fragmentary top view of the wafer fragment of FIG. 1,
including the cross-section of FIG. 1 along line 1-1.
FIGS. 2-6 are diagrammatic, elevational, cross-sectional views of the FIG. 1 wafer

fragment shown at sequential and subsequént processing steps of the prior art method.



10

15

20

25

30

I mprovenent in doped oxides selectivity relative to
silicon nitride, titaniumnitride, and silicon
worb@Erioed4s, conpared to exi sting etching proceBeeaS200M004334
i ncreased etch selectivity allows for higher density
conmponents in mcroel ectronic devices, and increased
precision in the fabrication of such devices. In
addition, the inproved etch selectivity and etch rates
provi ded by the present etch conposition significantly

- > UL ¢ .
FIGS. 2A06K SRS drlrtat g 0 bicHoE B oty SRS LERSS a6, regpectively,
including thel ceossreationsrof F1GS. 2-6wldreniires 2t Litodirfes 646, and thd dressusetions of
f ni.tri S essing |ayer, for which there
FIGS. 53-56‘%‘9% L‘B%?éﬁ@ﬁ@r@fggt ng@%é{?lé(%/l able for the
FIGE9§8% dﬁ@%ﬁrﬁéﬁd,%&va@ﬁ%@é%@ﬁk&m i a@(?ﬁd&%%}&t?@afcr
of t escri be

Pr ef erred enbodi nent s e invention are
fragmentydlagwossissing stepaceordingtto ah kmbbdinemivofthe arvemtipa heinggsubsequent to
. _draw ngs. i C e,f illustrative purposes ly.
e prio S5 S ne S SRRy PG 1A B b B SRR e ragmen
of FIG. Miihdludifig tie@Fodstsetfich 6f . Wgﬁtenad]%%llﬁ?e Agne reference
nunerals wi |l be used throughout the several views and
Fl&S: 8d 1des dingranmatia, elevatdinal ceoss saetianal Viekws of et IG. 7 wafer
G 1.is a di,agr,ammatic, elevatiaonal, cross-sectional
fragment §hZym 3y Sehn Bl B SRSk aes S pre ey AooRidDe fo i embodiiment of
the invertiodl IFTGSABX - I &RSFddhtbn$dritéh BEwa oPtHeQlafef fradhatfio6F F103S. 8-11
form ng doubl e-si dedghékontrgi(ﬁ)er Y:Vagaciet o?s. aé% NS ’

including theicaesssastiany of FEGYi & drken alongdines 88 tagiteht, aod the agpss-sections

| & il Ldi he_ Cr. 2 SECt of FIG 1 along line
OfFlcsiﬁ.lqﬁlt%nrgg@ @Fe% 8?‘2%?%%3[1? el evati onal ,
FEGO$3 isseibiLlodilpran 87\en @hbédimen f a shysiwad RrwhitRe®BAtiner capacitor

shown at sequential and subsequent processing steps of
processed gecopding fo thetinygatign garbeased2A- 6A are fragmentary top

vi ews of b’ief f H- f H%—t[—&m
respecti Vefy,x\ﬁ'@lﬁl{lg@;ﬁ .j(?,&ugg-a 0 | GS.

The Golbdwing dedcriptior withireferdriee o fhre@iguaddthrbiides an illustrative example is in
.cross-sections of FIGS, 5B-6B along I'i nes 5B-5B and
the fabriggtio sf g{eg(pé(pcv_:qumtg (1€) penstrugtieny r Syekedeseription is only for
il . i . - i i 1 1 cl.or
st 0084 1 EORRERLLEN: U BN bR BB e
construcigorisauiil teshhologies hiaciudinghforerRample] cunsaudtiong usdtiated wilke display
i t.(F))ri or. arlt rocessj gﬁ? step &I FLG 4.. FIG 7Ais a
applicatighs, BHERE ST YORerRapicalsysemSHEM P matris ghplinatigns, piog Thps, the present
inventior BGboHRnNEd td e HeSiibed PhidivOlcilds 7 taken along line
7-7. FIGS. 8-11 are diagrammatic, el evational,
Incthg sontericafi the elirresit eppliation the FirG. "sdmivahductdr suhyseate” or

"semicon?@%t‘é&a%ﬁg?a?g’“gfﬂlséﬁkggaggﬁg t\)%?&'%angtmé%rt'pgre"svs?a{fgrgfrgglﬁeelsu or "wafer"

-

will be understood to mean any construction comprising semiconductor material, including but not
limited to bulk semiconductive materials such as a semiconductor wafer (either alone or in
assemblies comprising other materials thereon), and semiconductive material layers (either alone or
in assemblies comprising other materials). The term "substrate" refers to any supporting structure
including, but not limited to, the semiconductive substrates, wafer fragments or wafers described
above.

For purposes of this disclosure, an etch is considered to be selective to a secon'd material if

the etch removes the first material at a faster rate than the second material, including but not limited
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the invention. FIGS. 8A-11A are fragnmentary top views
of the wafer fragnents of FIGS. 8-1 1, including the
wonroewsoedet i ons of FIGS. 8-1 1 taken al ong | i neeT@SS007/004334
11-1 1, and the cross-sections of FIGS. 8B-11B taken
along lines 8B-8B to 1IB-I IB. FIG 12 is a bl ock
di agram of an enbodi nent of a systemin which a
cont ai ner capacitor processed according to the
invention can be used. DETAILED DESCRI PTI ON OF THE
to, condifiphphiEh HUSebld JUAR iSRRI ot VeblbvEF UGHEDRE rhfgval of e
first matéridly ii. adanditions ifDRAIh it wty oftrethoealrafithé secohd Material is essentially zero
construction. Such description is only for
(). illustrative purposes and it is to be understood that
StdiR ih QH@HJbb@iﬂleﬁfig‘f J‘ﬁ%ﬁma RRLd:af!t0 T ﬁva{tfbﬁrfgr the fabrication of a
constructions and technol ogi es,” I ncludin
containexsapapite, are Shstrated in BHSS 53 bcThe Ellilstmatfeﬂ exlanap]leaslnot meant to be
g | i cations, .m croel ectro&gcham cal , syst.ens

limiting. rr ggseéxrs mve}gg?x} QYfIcom¢sProkigms in fl}g:eprfgr@géﬂ ptqhmgé}ﬂpp@ gxide
materlalsi 1% tH@breEérfE‘eto?gllitcé’n %Jﬁgdég %rﬁl?fecht g H‘Fb%ﬁfd'oﬁtrht\‘i@e dﬁN 9&? polysilicon.

cont ext of u i cation
Il'l ﬂ'@mndmddumtoﬂumtadtm ﬂI@S @-I’ll wafnr dagohent 16/ encludes a substrate 12',
substrate" " cond fer fra

which call, COMprise dn Bﬂ%rﬁi:ass se.%q o\ll'\m er L ofhey g{l]@grggd Qr{edvarfgrawlth various

process laydts et ith&GbdPmcamp dn'é'd?%o?@ @érﬁﬁ@ﬂ&kf&&r laj{;@& 8f btBkr formations, and
including but not limted to bul k sem conductive

active orppevableaportiensodf samicondestprdavinest drsewacandu(:’@r tiendice ednosoenprise a

it by 87 SEMRMAC SR Lt Dot B Bl BER SO0 iz

semxconc&mmwubﬁ%sc Qi EHel iRhstEhtddt éi@fnﬂl@tﬂ% subk@ate 12N€rhRisEs a semiconductive
"substrate" refers to any ortln structure

material pyghy aﬁdﬁlmcr}@mhmlmmﬁﬂea hggt dcmedwm ¢ ovrrluetivipeenhancing material

(e.g., ptiﬁ—}é waf er fragnments or wafers described above.
or oses of this disclosure, an etch is consi dered

Ptemnhﬁa@qiremssmg steps for $@@Hing a kBAIHeabapatité R cidedl: to the invention
moves the first material at a faster rate than the
can be pesBRe PiepayaniPnalimeiheds fefoming o F1G: hia SN oyer 24' can be deposited

over BRI IS W TADG G0 19 BBl o copiperopeings 2
in the memarg celiratrey r@hqn 18 and, a weivli28iianke interidediate rbe22 NG, 2. A TIN
t he econd mat er.i ?ﬁy i s_essential il*}% Zero

layer 32 ga5) Bisbe fepasHchHTEhAb TR BN BpebSHeamgan he eished fyors the bottom
electrodeb %thhﬁﬁﬁ%h&ihe}g erfnli‘gs 63%[ q@}e% @éﬂc? fﬁ]%%ﬂ?'SrtﬁG. 4). Asshownin

capacitor are 1|
FIG. 4, portianstof aheeSiNelagen4é mci;udmg Sﬂiehntlicetpmrm 30'rar¢ hang exfdsed.
resent. invention lems in the prior art

lﬁeﬁor gdp ﬁ}ée wgﬁgldm 1%'@ esira oug not required, to deposit a sacrificial layer
40' of undoped polysilicon over the TiN layer 32' and the SiN layer 24" including lattice portion 30

prior to etching the doped oxide layer, which is illustrated in FIGS. 7-7A. A preferred thickness of
the polysilicon layer 40" is about 80-150 A. The polysilicon layer can be deposited by a known
deposition process such as PECVD, LPCVD, and the like. The polysilicon material layer is
resistant to the doped oxide etch chemistries of the invention, and functions to protect the
underlying SiN and TiN layers 24', 32' during the removal of the doped oxide layer 16', and also to
prevent leakage of the etch solution into the doped oxide layer 16' of the peripheral area 20 through
pinholes that may occur within the TiN layer 32' of the trench 28",



10

15

20

25

30

materials in the presence of silicon nitride,
particularly HCD silicon nitride, Ti N and
weoaborsiooi4eon. I n the enbodi ment illustrated i NPETBS2007/004334
7-11, wafer fragnent 10" includes a substrate 12',
whi ch can conprise an unprocessed sem conductor wafer
or other substrate, the wafer with vari ous process
| ayers formed thereon including one or nore
sem conductor |ayers or other formations, and active

1iPh nERSk N h §alnbd H&Oﬁglsﬁﬁ%l&x‘i’%ﬂpﬂg&t .1 19&% ?@r?ned’%ver the polysilicon

sem conduct or dev ce can conpr a transi st
layer 40';:@&)@;311@@ in BI@St8-8Be Them pottamsof thrmlnpecbﬁolgsMemn aysr 40" and SiN

v 2 S ETRORERS B LB S Y s RO e i
etch, to ekBoseaREBbpRESkide RO K0 Betekbh )S@nré’@f 1RE 'c@alxta?h@{: &nﬁ:‘fure?]%' within the

nonocrystalline silicon that l'ightly doped w't
memory eelhaimax Teglqwlﬁérm“’aﬂmtmgednathGSaB—m The rematnipe poipasnof the SiN

M NAry. processin stesfor form ng a contai ner
latt10e30pglgpé) ﬁ%ﬁ‘ %gg%qpafuacpgta #hHventi on cag be perforned
Thy deputvéNiaé R8s 16T8h Hﬁ@ﬁem&‘}fc‘éﬂ lakrag rééioﬁz 18 s ihen%etébﬁ‘{/ely and

| ayer 24' can be deposited over a” doped oxid
1sotroplcglb' wetreteheshdrem alangall argrartod the duser aettscﬁﬁé of the Tibir(rlectrode) layers

32" b Vo PR b B b B S5 e imvension
This stepd} illvdtratetl ih #YES. ¢-10BN then be deposited (FIG 3). The
Ti N | ayer, 32 can then be etched to formthe bottom

The etchsplption i thei inveniion sambesedrio sfieeti vely el dapet exide at a high rate
vy B GRE o 5 Sp EaRE e oo

compositpumstetahndaped o&rdEs otk gl saebtivig Gelatvd E@Dtﬂiﬁ‘lde
nventi on, is desirabl e, thou(g§h not required, to

E%B’E?é?l%t eéchéafc?qmn%}tws pegfarmulated &¢ providsyelich spyesnithidesnof
d r
un 1ssocfﬁté% }|ﬂtt; E}?spogfrlt{i‘bdo ﬁyl%qtglgaptsga?éjf&ﬁgc%s%a N lm?%iﬁdmé‘ﬁmtﬁ e%k‘ Hgdroﬁuonc
acid (HF) mmrqrgMc adzldllﬁvnnkglaUSWEladleldcﬂrlﬂ cﬁhﬁut (a c@AhadediéxﬁE@f Ww&er (DI)
d4.c.=80 t hi ckness of the polysilicon layer 40" is about 80-150
(d.c=80)n  The pol ysilicon |layer can be deposited by a known

TH@@i‘éﬁic{rlcoéanlraﬁP@lstﬁe ® C%I%a ?f}@erabfa %:%%rén d#e'ﬁ-?#l&ﬁﬁ or less,

The polysilicon mater IS resis
more preftoaidyl 3 Sxardesse thxempleyrict dlemetrmf conbiant grgexit acid,in¢lode propionic

acid (relabfP Slel e {eh PR L 4ok, Btisic {ordmin acOylrakevepdecc
constant: 287, (28°0)) 2lssbuth B QélﬁYl%[Hth ﬁ?elfébgﬁc Q&ﬁﬁﬂ? X7 OS@* YA acid,

into the doped oxi de | ayer e peri pheral” area
caproic agig' (refativs diglegitin Gonssantt hod (Hﬁ(}))o camyluv\mcudh (nelative diEldutric constant:

245 0°GY Bsribsi nelbe. U BRR cOfrans d5 470500, e Rorpeesiorsid

(relative divlebtrik:%nﬁ@htyil 91070))8 Hﬂ:ﬁﬁfrea&@tm adid ( 1v%td%1edtﬂc Edifstant: 8.08
Then, portions of the undope d% silicon |ayer -

8B
(20°C)), tmghlometg agid grylgtwg gielegiricganstants 4.6 , ponoflgarodBtic acid,

: dlﬂuoroa%h% acfell e drddetic L& TPy %Hlbr(fb%yrfacxa%n&mﬁ ctﬂo%b&t?/ﬁ\é %(r:]ltdl onal

y—chlorobutync acid, lactic acid (relative dielectric constant: 22 (70°C)), glycolic acid, pyruvic
acid, glyoxalic acid, acrylic acid, and like monocarboxylic acids, methanesulfonic acid,
toluenesulfonic acid, and like sulfonic acids, oxalic acid, succinic acid, adipic acid, tartaric acid,
citric acid, and like polycarboxylic acids. A preferred organic acid is propionic acid, preferably

as a 100% solution.
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etch, to expose the doped oxide |ayer 16" between

pairs of the container structures 26" within the
woenoripoael | array region 18, as illustrated PATISEHB7/004334

9-9B. The remaining portions of the SiN lattice 30

support adj acent capacitor container pairs. The doped

oxide layer 16" in the nenory cell array region 18 is

then selectively and isotropically wet etched from

along all or part of the outer surfaces 36" of the TiN

Togh&ehdeELtch @M@Et?v@?of BELYERTe Peﬁ’.«r;]tﬁ\?é s 1&%%%%8 rtgcle ﬁtjh solution

capaci tor structures usi g an I On accor
can ﬁlrthteolrlchxele ian\neorpanio acihfos ezeam]piej mtrid dcid (HNO@)j sulfurird £6%d (H;;,SO3)
the. i nvention can be use

|
hydrochlpgo acif (HER, afgsabiotn o sBaP G e e Whe Wi febidain tho et
solution, hd ﬁnéurﬁ'o@‘ Iﬂ]é’iﬁb ic\‘dcfd/ls nRliRhind fé)lo%é/ 6&9&&%}5&{ (aB&ut 3 parts by

"pol ysi | i con, I'n partlcu e etc
volume ardessoaridt profcsahéy abmxﬂdrﬁemhrts)hyd&&me bhle§s) ho ghoid etobidg a/sipyificant

0.,HCD ni t.ri.d sent tcha
amount G{ZHiR snf o bRl eR Pt TR Fe e JANATAGR’ and the undoped
polysmc@@[@@m(yvatl on of undissociated HF in solution. The
etchants are conposed of an acidic m xture of

Imprgfeastddembadiments, the#teham iscompayadvfa auxnhrdwaﬁ/amggmlc

. wer .dielectri.c e ed wat e .
scic:HE s caefd oS of 885 bt toabutAlf e bR rspghifti a raco
about 10£1¢0-d.5 (3/W)e T8E 8BdavicZ4ei Péanl RSOmUAES ﬁftﬁQ'@"/&Lgy Qi HFeRBeous

nor e preferably350r | ess. Exenpl ary lelectric

solution, @fheyeha higherneneenizatian Hiciolutiongs prefeméd; farsxdmples 5004y wt HE

soluton. Iy iy Elrkd EnBRRIAR, prefuhab{Reoimbpectt b AEPRRe %idg 00%), T
(50%), axﬁc?%l@n)ally HNID}JG%% 28 ﬂeﬂerﬁeﬂﬁir@éds&iﬁg @érﬁﬂveﬁ‘*&tfufé &f the d%ped oxide etch

nstant: 2.73 (400C)), valeric acrd, caproic aci

is about %%@iﬁ, Wit %hoet wont egperige dehout 2493 hemg weferredcapryl i c

\Kgg{eot%lt é&ﬁ% Bém{c?besfj ISJ ;Sag{l%ﬂlé té%c?rﬂ g%t c&ﬁgcpﬂﬁtbglz%veg at several factors
contributé %ﬂ@kﬁecﬂﬂ%ﬁ@@dfﬁh@?‘é@éﬂt etch@ntdohipdbitioh wad MPh B lectively
const ant 200C di chl oroacetic acid (relative

etching dgped exide.j Pue ke high ccglcggra@gg @f;}lgxds,tthq‘: elich splutiors haye an effective
pH of ab@\ﬁ'l r(lés%l #t 1'3‘6@119%3"[&% a{s r]g?lﬂpgi‘ t?jmlc%w 81-16%)[((139)%9 of a lower

| uor oaceti ¢ aci uor oace

dlelectrlctdonﬁthnlmob&mst(ﬁ e., isved d. cﬁthhhh@[télztd Mghér @ﬁb%htralnon tof undissociated
0 ri c. aci actic

OICCUI%H%J;&“B *gﬂgg%%ylg?l@%éﬂ?gdg‘w%rl ihe RshAh Sgbltlem@@scmposed to H', F, HF”
, or jonic QkDEE %éc?es"’}ﬁbﬁmeﬂWh‘é}{ ‘HE é'ﬂgé iatdlliy géﬁl ibfi 21% é)aﬁéi%rtx cl)ﬁ:ventlonal

aci d, nnnocarboxy I C aci froni
DLHF etefesadytians| Boresventiogidissadiatihn afitie HFgeresont frothe etcaCSinﬁlons, the HF

cipic a adLpic acid, tartaric
o e R B B SRl by S Bl or e
present efeh 8bRE6RoQToPaM b&éld@Qélgtnl'esto@ﬂ%h?ﬁ‘ﬂrﬁe.aThg erBABf RBRARE Yhe potential
for damage to the desired substrate features (i.e., the TiN bottom electrode layer 32") during

exposure of the substrate to the etchant solutions. It is also believed that the inclusion of an
inorganic acid (e.g., HNOs) plays a role as an oxidizer in the removal of the doped oxide, which
requires control as to amount used to maintain acceptable selectivities to TiN and polysilicon.
The etchant compositions provide a highly selective etch of doped oxides relative to both
low temperature and high temperature silicon nitrides. The present compositions provide an etch

of a doped oxide selectively relative to a high temperature silicon nitride (e.g., DCS SiN) of at
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as a 100% sol ution. To increase the etch selectivity of
doped oxide relative to silicon nitride, the etch
weabartioesa4 can further include an inorgani c aci #CTfUs2007/004334
exanple, nitric acid (HNG3), sulfuric acid (H2SO3),
hydrochloric acid (HC ), phosphoric acid (H3PO4), and
the like. Wiere included in the etch solution, the
anmount of the inorganic acid is maintained at a | ow
concentrati on (about 3 parts by volune or |ess, and
oaa{%g [
least aon{’ﬁ{” ng tS| gnlﬁﬂéc’:egnﬁt a Iﬁﬁ?y 8¥ @%Hgﬁg%glel:ﬁfi? qepd%‘éﬁ oftide
relative tparowsemperbtoreitibon wigradedeten HOD SINNof atyleast Routd5a:1ttbep to about

350:1. THR otpAuves Shthe FUPRiaASe BoxileBeBaTA00R Telectvisy of
PSG: pol%mm%alps@?g@ a'fl':abb{i% %{:‘lh& ﬁgvc;%vp)% @stfginagﬁéd ﬁﬁ&%glass),

-3 to about pre y In
about 30rlzselestiuity of PIG: '[EOS]oxnﬁa @nd arl about ZThé selegavitycofRI@: undasped spin-

on dlelecgrllctsr{&%gh& gq%\émlé‘ﬁliqﬁg@gg% 2 (ﬁgh);lwxp&xléﬁgﬁﬁg q%larrli%,lson

octamethmtﬁ&ﬂ{,{agg et%r exanple, a 50% by wt HF solution. In
Bre erred odi nents, the etchant is conposed of

¢ pplysicen &Yﬁdﬂ’ rim@%ng o¥er (IeBIN, laper@4b pan than bk yerkiNGd by a

red processing tenperature of the doped
convenu(g%?%e%t{vg out 20-30C, with about room

RERIRRS AékinE FQGSOM-liHQQap*a@itd}%aé&ﬁs ifadial YyleP@2Mand a

bei ng bound 4y particular theory, it is currently
conductiyrempieviehlayerA4' grathemierogitebwithinghe ppdnings 265 andhelong the outer

f
st AT LIPS0k R PRI B0 3
second ot \h@dﬁ eBotro @) eddH t@@étﬁé\r With &fel TIN bdttven elesifoAMbh®BR capacitor

have an effective EH of about 1 or less. It is
dielectricjaysréifeform 4n array o cafpéglmrtstr@ﬁturqsémluwW@mnqrw@enmes 26'. The

wafer logﬁganathélﬂg\@ﬁrog{iﬁlafﬁﬁ{heﬁas‘:%ef}&?nt solvents (i.e., |ower

an” wa I “concentration Of

Thatisakingicapitonshetueatan-fe wed ik bariiéty B8 hpplivatiess mcludlng, for
within the present etch solutions as opposed to H+,
example, pregrommable linsWPEy RVifes: HpE@MERable raistos and/sappcHpr devwes optical

devices, Qidss%ﬂgdrgt tﬁ’e% u}\' Bhicdhdu&l cgrq 85 gro%g cfﬂ'gﬁlocﬂglwafer 10’

HF et’c l'utions. By preven | ng socl a
that contalhseatl-diﬁemf elsempad:ltortsfreot&tes Buctodsudepivts] intFI6G. HE . iThefdiy eocfurther

LN jn | ecular form which significantly
contain af PRl SLuIFdo SEIeBRLT GRALGerSevich Uit aseRtocesRt The die s typically
acka edqﬁla bRBvd QisHRRAth RAALS ol RIY doksstt | de.
P g hi ;Hrgr eatly Sr gduces t eopo @; S @s] ?ﬁblghﬁr%géﬂ%%lét he
Flﬁsl?r B Hotksdingiam cﬁfemtemt&xin(wnte)f a cliroeit Tioduleotd' dmwhich the present
inventio el egﬁr.ode I a% r 32,}1%11 gu%i n ex o re of the substrate
10n GAN DR dOGHTRITARE. SYFTHeGHISS A1 510 (P iy SHOGHSRT SYHEMS)
mcorporaltlﬂF lthiSine ule farcdestidddaal 1Hu§fh'té§l 1ﬁeU 9. patHNGB) (? PRvs (Gllton) and
as an oxidizer in the renoval of the ddped oxid
6,465,828\t gagwal), the disclosures of which are incorporated by reference herein. In brxef two or
more dies that contain container capacitor structures such as those depicted in FIG. 11 can be
combined into a circuit module 46" to enhance or extend the functionality of an individual die.
Circuit module 46' can be a combination of dies 48' representing a variety of functions, or a
combination of dies containing the same functionality. One or more dies of the circuit module can
contain circuitry, or integrated circuit devices, that includes at least one container capacitor structure

processed in accordance with the embodiments of the present invention. Some examples of a
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10

15

20

25

requires control as to anmount used to maintain
acceptable selectivities to Ti N and polysilicon. The
wenaiTanes4conposi tions provide a highly sel ecti veTaiSed®7/004334

of doped oxides relative to both | ow tenperature and

hi gh tenperature silicon nitrides. The present
conpositions provide an etch of a doped oxide

selectively relative to a high tenperature silicon
nitride (e.g., DCS Si N). of atleast about 700:1 to up

circuit mg?u%qgufncgﬂg%%ne&ryq?&fu?%t Gévxcegﬁfve?@ SheP maalis o )ﬂntl%ncatlon

ope ativé to npefature s

modemsprocésder iiedges, anCapBichliorwsperifid mad\ilesa laﬁdl mal5Rcihdé multayer,
f the invention also

iR B3 ot TR ST LoD 0 Bl mor
module (?gﬂigggggﬁglﬁnrlggnrﬁaﬁb@ .ﬁoéuléailg\lgf}p V%%Xg geg? i Iﬁ%o)}'y (RAM) card or

module, @83 repE@B]pxiaimry §ROM)rcasbautnodBe.1 Caetie ntdd\alet%' Oinbea
on djelectrics

.0.,. hyd
subcompgy 986 AR R (RGN SHOSHISURY Pt SoFlsLRIeviSon, a ell phone, a
personal @Gx"nﬂﬁféi' hyhdntLifid @4AQE an 515'[6!1'%)[)11; hg 1H&Ls¥1§dl |cb cﬂ sjgg%ﬁl[ an aircraft,

remai ning over the SIN layér 24" can t
among Oﬂrerm\@dcwnadlde d6ewill lavala v&sh@mﬁf lerels SOt exatbmhng therefrom and coupled
ElIGS, 11- a Ca‘ﬁ‘éﬂ r dielectric

to dies 4§FgrgPLAE yrillial o3 il co RGP & | ayer 44

TaE GirblieMmod RO Eﬁgbé’\lnE&‘pBraftéﬂie f&%%ﬁinﬁ&s mg@ an @fégtr@ﬁl@ B¥ktem that
‘the outer surfaces of thé Ti N botfom el ectrode

comprisega' useﬂm&rfa@ncfgncxar@lml@wbearm raymtomdrsplap,rprmt@mqoeakers etc One or

C er el ect.rode her.with th
more oy ARMIEY el BlprRs b onbos s RO G ot B nd b ntetace
or is othdr‘&isefprég'iamnfddftmc%y ouf phrtiflarGRRG NS ‘él§ 1%0%{ Ht§Sart. The electronic
W thin_ the container openings 26 he wafer 10' can

system cw%qmmr@epf%@ég@elﬁ p gqammtﬁr %teaemvémg am:@cwgumd Fwgemory system

(o] S [ be used in a
o @ subelARP oo A i 038 Rl S Bl EibaBiisd components
such as n’fmimfsyd@lét/d mesfacpcads, &W@A C}ﬂmﬁhﬁﬁo@ﬂﬂmﬁﬁﬁ) fehidebut are not
evi ces, optical deV|ces sensors, anong ot hers.

limited t%@ﬁ’ﬁ%r(@b{e@aw Ranslopnhcases Memurr)e §RAN ($tatie Randem Awgess Memory),

Foh el S, B O S RS GERREL R HUFEH Rt Rl Acs

Memory)aSH)RAMr(Sb'ndlrbmiisLDylghﬁc Rl Ak:eelzslalwélh@rg) cBide' ARM HY& DDR
proce or, The die pically packaged in a

SDRAM {PaRuB I Re R STIRAR: # vebeS b iebrBamoee s AN and ot
emergmgcxhérﬁHhIt"eth{Ul gibe die. FIG 12 is a block diagramof an

mbodi'nent of " a circuit nodule 46' in which the
present invention can HEXAMPEHRorated. Such nodul es,

N R S N —
and v/v ratibs\éf SomBBhentNOE theBetdverbhovi d1HG rdhiile to a low temperature
silicon nitride (DCS SiN) and a high temperature silicon nitride (HCD SiN).

Wafers were provided with exposed layers of PSG and silicon nitride (DCS SiN or HCD
SiN), and immersed for 30 seconds in a bath containing the etch solution shown in the table

below. The bath temperature was room temperature (i.e., 23 °C).
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6, 465, 828 (Agarwal ), the disclosures of which are
i ncorporated by reference herein. In brief, two or
wounE/1didas t hat contain contai ner capacitor stPATUS2@S/004334
such as those depicted in FIG 11 can be conbined into
a circuit nodule 46' to enhance or extend the
functionality of an individual die. Crcuit nodule 46
can be a conbination of dies 48 representing a
variety of functions, or a conbination of dies
TR RS m@taforé%&avgna' ity. One or more dies of
the I Teul T modul e can contain circuitry, or
i nt egrated c]rCU|t devi ces, that includes at |east one

r capaqi t or Seletilityf € propessed Eith Rae (Alaiine
enbodi myg:pCSt [[PSGBES-S1PSENV e{IBOYSiINOTHCD SiN

contain
with th

Etchant solatienpl €

Raxio @) |

rgNi t nod

WR 46' i

ncl ude n

RII5°C)

(600°C)

DLHF (4994P4Y! €S
{comparative dens,

dul es|,

) lOCIFVI C6

procesqo
and nH

0{ vers

nDduIe
y incl ude

PSR!

and ap
ml|J_l Lay

EL#@Qth

ecif
tii chip

orgg};nl ca

Al
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(comparative) si ngl

uEkampI
e |n i

es400f1 nul
e menory

ti6ahip

nodul e (S MV

pdidoes (

a (dual

in
i n-

M3/ )

CL280e
i ne

. mory
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ame(
odul e
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form ac

Ty (RAV
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PA:HF (49%8p1NO¢ .

m'ra;uit

i y-

Unkelole 4

6~3ﬂﬁm be

%@5955

I card

= 0fy:30{ o]0

NkREWA

L6
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15

1

variety of—etectromc sy
RSl epticsplosilicate glesst DRG ile = dichppessgareaslilicon niideg high éemperature
dapasitiohlp HCDHSIN <€ bexaalrloradititame (8i1Q) sidivori wittids (Iowadmgeeandre déposition)

Rl LR R

3 FaOh cnitrjel aeidl (6@%6diy@8.)48' provi ding unil atera

stems,—su

4a
T d5 a

ctock—=

or

Crcuit nodul e 46
tendi ng t herefrom

4 ateral c. i ati.o on oI The circuit
Fﬁba&“@”ﬁ%a“@zﬁﬂﬂé%rﬁébﬂﬁggg?ga or exanple, into an
electronlc systemthat conprises a user interface, for

exanp

a ke

board, nonitor,

di spl ay,

printer,

Iy ﬁ@@kbwe véiththe spgute therisvienison kasibeemdersribed gulanguage more or less
specific ?f@gﬂgg@rﬁ a e%#eglgcgcﬂ&? ?’esa?l[sre% [’lﬁisrt% rbg\éfnqgétooﬁf l%vg@ek Wathe invention

is not lintitadrty tiwdpepidictfestuted shdwimaihd dexsribed, biixck fRWhedn3 hbhﬁin distlosed
The el ectronic stem can conprise, for exanple
comprisg, egyf ngfsefepﬁt?/ ipg {hgdnyegtign mt@ gffectoThg heveating ifo ny:refore claimed

in any oﬁY%%gimggﬁn%%ﬁ%gt\gﬁﬁﬂtmdﬁ ]grﬂﬁer%% ésjgigtlhé %4%15&19% claims appropriately

nt e
mterpretsdj ohacasrdanckewith titteddctrine oftequivaleatsc Bheldiscletwres E(t&ﬁ'pit&ﬁreferences

arc mcorPW]thJI:ﬁgzcxy

Access

Merory),

FIl ash ne

circyits i nclude but are not

FeIFRfS e Ress Menory)

nori es,

such as SGRAM ( Synchronous G aphi cs Random Access

l[imted to DRAM
SRAM (St atic Random
a synchronous DRAM

Menory), SDRAM ( Synchronous Dynam ¢ Random Access
Menory), SDRAM |1, and DDR SDRAM (Doubl e Data Rate
SDRAM), as well as Synchlink or Ranbus DRAMs and ot her

enmer gi ng nmenory technol ogi es.
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EXAMPLE The foll owi ng exanpl e was conducted to study
the effect of varying etchant fornulations and v/v
woabi7aeoai conmponents on the sel ective renoval POT/URSBB7/004334
relative to a low tenperature silicon nitride (DCS
SiN) and a high tenperature silicon nitride (HCD Si N).
Waf ers were provided with exposed | ayers of PSG and
silicon nitride (DCS SiN or HCD SiN), and inmersed for
30 seconds in a bath containing the etch sol ution
WHASIhFS"GLiA'iN}E'ﬁISaN e beI ow. The bath tenperature was
erature (i.e., 23 00 .The results are shown
L Antdh@l sodigthon Mmmngﬁ@@b@uphd) spROi(Vivy &hﬁtugé dﬁﬁl organic acid:
hvd RS dlchloro*ﬂlanes con nitride
ydro ?&Fe?cé‘? JP%O@@E:'Gé‘F hisyne 4 gigleefriq conpiantad 9\1 @. lpsgrtae etch
solutidnff e
By O (S h S 0 S ol RN Rl e Gkl g
materigO8 = nitric acid (60% by wt.) PA = propionic acid (
100 % by wt); HF (49% by wt.) In conpliance with the
statute, the invention has been described in |anguage
2.  NPh€etoh sbRESH i1C ngl FGR! i
o o e oo SR 1 oA g A A0 G RbRe g BRorganic
acid:hydrp8uetioacils not limted to the specific features
shown and descri bed, since the neans herein disclosed
conprise preferred forms of putting the invention into
3.  eTheeich sdlntioh 6FE€Rih AN whSreid ﬂx@b@é&ﬁ@aﬁ& {sPdeBREEdI fibrR Be @Eup
its forms or nodifications within the proper scope 0
consistipg oLpropinpicrcid andreutariepeigr i ately interpreted in
accordance with the doctrine of equivalents. The
di scl osures of the cited references are incorporated
4. bjhe etkesentien bECRim.1\\WATreirSheleMhMs RS had a pMrofibeti 1 or less.
sol ution conprising an about 5:1 to 20: 1 (v/v)
m xture of an organic acid: hydrofluoric acid, the
5. 0 nt _of abou
orBRRh oA, AP HIMEHRENL WaRORS) %{l&%ﬁ%&w dielectrc
constamb(ofdibonmmmn la:ts Ekeleﬁdi dohetion affecavd weetétba dopdd dx6@material relative
tol i de ma}erl 2. The etch solution of, Claiml
o low é‘%i%fif A gjlican nifislermaterial af ¢ selpotivityafiabowt 25000 gam c
aci d: hydrofluoric acid. 3. The etch solution of C aim-"
1, wherein the organic acid is selected fromthe group
6. o@m sichtsphwgions comppsingn hgdrafluoricudd hnd i oxpaniei adid having a dielectric

constant of about 20 or less, the etch solution effective to etch a doped oxide material relative

to high temperature silicon nitride material at a selectivity of about 1000-1500:1.

7. An etch solution comprising an about 5:1:0-3 to 20:1:0-3 (v/v/v) mixture of an organic
acid: hydrofluoric acid:inorganic acid, the organic acid having a dielectric constant of
about 20 or less, the etch solution effective to etch a doped oxide material selectively relative

to a silicon nitride material.

8. The etch solution of Claim 7, wherein the inorganic acid is selected from the group

consisting of nitric acid, sulfuric acid, hydrochloric acid, and phosphoric acid.
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4. The etch solution of Claim1, wherein the etch

solution has a pH of about 1 or less. 5. An etch
weabartioesd4 conpri sing: hydrofluoric acid and aRCoOU§2007/004334

acid having a dielectric constant of about 20 or |ess,

the etch solution effective to etch a doped oxi de

material relative to | ow tenperature silicon nitride

material at a selectivity of about 250-400:1. 6. An

etch solution, conprising: hydrofluoric acid and an

0 ' i. i i LG - f ) .
0. CTRFOLE OGRS ol LSS LR O BeA e
to a looxtiethperanire siliton métkide imateriabofatmint 2 $0ve0:4] andesetectiviepto the doped
. nitrjge materigl, at a selectjvity of about
oxide mryiel sbgsive to # hightepperaturs silicos mitedamatesiah gf ahouh hRRA-1500:1.
5:1:0-3 to 20: 1:0-3 (v/v/v) mxture of an organic
acid: hydrofluoric acid:inorganic acid, the organic
10.  aAnctdhesolutipnacosipeisaptani aboapsid <ahto 2: 1 AlBov/RPmextuteatain organic
d: %ecgft ch sg{_.uti on, ef f(fctive t.o etch a doped oxi de
acid: RygrQifiozc gk wetgapis 4pid, Blereqnic pejd haxingiacipleste cprsgant of
about PBbLlekéland Bhe %@ﬁsﬁhﬁ{)}\ @f?écgwf; teth 2 Gofidddide MAREA] Be1ddiRely
_inorganic acid 1s selecte romthe group consisting
relativefio asilicon nitdidelmasarlal.uri ¢ aci d, hydrochloric acid, and
phosphoric acid.9. The etch solution of Caim?7,
having a selectivity to the doped oxide nateri al
11, RhtdhVRhitRnaokMsif 3114 ke L SEh id:
of about 250-400: 1, angdbggflj{acg% Fv%%gﬁ?@ﬁgﬂugﬁ%ﬁcggﬁgamd
hydroflegréerdcid:inoegamic aaid,tthe arghnighaciddrmyerg dielecsicl doostant of about 20 or

s, 1 15 R0 Bl BP0 40901 AL e 0y v o

silicon(Miridevhatetisdt ure of an organic acid: hydrofluoric
acid:inorganic acid, the organic acid having a
dielectric constant of about 20 or |ess, and the etch

12. - Bl Floh a5y PEER T Db of propioni

acid: hi:drofR¥arie eid: H el dbcid) thecQ P sd  afidie Bt tidd @ /étcH 8 ddped dxide material
v/v/v) mxture of an or_?anl c.acid: hydrofluoric
1

selectiyely gelativ i9-mlow tgmipgraturp siligeiy aitride matetiahahs selpctivity of
' ri .or | ess nd_th tc

sbout SYELFEL 6 SHIL M Rlaube oo Bl bERGe) AL sl R 6F
about B#l0er300vEly relative to a silicon nitride material.

12. An etch solution conprising an about 5:1:0-3 to

20: 1:0-3 (v/v/v) mxture of propionic acid:

- NSy L < " '
13, W0 BF GoniEg s ofed Shifle Rl Wi sl Chdbli il e tep of:
etching theatoped oxide andterial tselaptercht weiaiveitd b sdiconnitride matamiabexpised on

a sel ect.i vi t f ahout 250-400: .1, and tQ a _high . .
the S“‘%Sﬁrﬂ%éaryaﬁpaf%n% i FioBsoliipR comPisipe Bf/%fpﬂa?rl%a@ pad an 3{&61910 acid

having®f dielectric constant of about 20 or less.

14, The method of Claim 13, wherein the organic acid has a dielectric constant of

about 3 or less.

15. The method of Claim 14, wherein the organic acid is selected from the group

consisting of propionic acid and butyric acid.
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about 1000-1500:1. 13. A nethod of etching a doped
oxide material on a substrate, conprising the step of:
wenaitimes4t he doped oxi de material sel ectively PeraisSzong/004334
to a silicon nitride material exposed on the substrate
by applying an etch solution conprising hydrofluoric
acid and an organic acid having a dielectric constant
of about 20 or less. 14. The nmethod of C aim 13,
wherein the organic acid has a dielectric constant of
a f r
16 ROMEIAIRY olehi s doped SRR AR ol o b AT Kbl spep ot
ofselpcrtwpl}oﬂclungﬂlecﬂmd o’s\mhynatmai@eldtx\leﬁto 2h expbiudcsilidon nitride
mteri %ﬁ gg él.de mat i on a supstrate,
aterfal R G ReyTah BY apRlyingran oLeh Y RAOIPEIIG 1t | ¢h20d s mixture
of an EPghflie aﬂﬂtfﬁfd'r@ﬂludrﬁzl Rld, MR 6rg%rﬂ9 a&id @19§ﬁ1 asdlélb&ﬁﬁ cBh%tértt%‘? about
mat eri al the substrateby applyin
200rk§ﬁpr|5|ng a5:1to 20:1 (v/v) mixture of an organic
aci d: hydrofluoric acid, the organic acid having a
di el ectric constant of about 20 or less. 17. A nethod

17. ofA pbmbid Bg e@hﬁ@&%p@& ofifle rﬁ?dt&idl 3h a%bﬁra‘iy %fdg%fﬁﬁ the step of;

conprising the step of: applying an etch
C émiylinglan@tcil Sﬂluttamroanqﬂlshgckmfﬁnuro roif bydwifloria deidrand an organic
acid 1 S Eitpristhel S R iy el el sl preelBR trmperefire

snllcomhitlﬁdéixﬁaﬂé’ﬁhletble@dh the deJé‘d"b)&H@mﬂféﬁﬁﬂre%iv@% ﬂ‘ﬁ:tlSCv' t@xlnperature silicon
relative to the |low tenperature silicon nitrid

nitridg,gateripkat agelegtivisy etationt £50-600:dutbaor26- ab@ﬁbha\dng a electric
consta?]'igf‘éﬂo%tfq Flle.%:v' ng a dielectric constant of about 20
PIEOr U1 ess! A8 i i

e nethod of Caim1l7, wherein the | ow
tenperature silicon nitride conprises HCD silicon
rra_£1r| de. 19. A nethod of etching a doped oxide

@ method i Glaigy, b5 twherein theolopt empprgturp eilispe pittifle comprises

HeD 8RR an etch solution conprising a mxture of
ﬂydr’%’lrlpgdorl c acid and an organic acid to a substrate

conprising the doped oxide material and an exposed
: h| gh L Csxrpg%ta}hl.gre silicon nitride material to etch the
9. afpeethedp g @rdoged P>élﬁama\';f‘élad BN gisEbHTagh cp@nﬁ@namﬁ step of:
Shpdififl :

P b
acid tco ﬂdistmtb compaibimgtthe doped dxediiﬁnaterlal and an exposed high temperature
silicon nitride material to etch the doped oxide material relative to the high temperature
silicon nitride material at a selectivity of about 1000-1500:1, the organic acid having a

dielectric constant of about 20 or less.

20.  The method of Claim 19, wherein the high temperature silicon nitride comprises

DCS silicon nitride.

21. A method of etching a doped oxide material on a substrate, comprising the step of:
applying an etch solution comprising an about 5:1:< 3 to 20:1:< 3 (v/v/v) mixture of
an organic acid:hydrofluoric acid:inorganic acid to a substrate comprising the doped oxide

material and an exposed silicon nitride material to etch the doped oxide material selectively
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20. The nethod of C aim 19, wherein the high
tenperature silicon nitride conprises DCS silicon
wai2oe7iides442 1. A net hod of etching a doped oxi HET/US2007/004334
material on a substrate, conprising the step of:
appl yi ng an etch solution conprising an about 5:1:< 3
to 20: 1:< 3 (v/v/v) mxture of an organic
aci d: hydrofluoric acid:inorganic acid to a substrate
conprising the doped oxide nmaterial and an-exposed
- Sid Ni L i al ch the. ' .
reath o (6 QYo kA e By Bl i BPRSs ikh Boug 40 Avminute,
the orgaie btidlhasing apditlpatiik icomstanaf ebdwd20a)r 1dsess t han about
10 A/ mnute, the organic acid having a dielectric
constant of about 20 or less. 22. The nethod of C aim
e . . . D , o
2. & FhoiRRel oSy RN ARE R A7) BSLRAIIR W
consistingrodmittiomtid, sutfutlic aaidd hpdrosiplbeic acidaaidbhodphorithweidret hod
of Cdaim2 1, wherein the etch solution conprises an
about 10:1:< 1.5 (v/v/v) mxture of the organic
23. aqigd rrﬁ]e)f}%cpéq C‘,"Igfn:l Q% avhéteinthe 83 's&lug&l) 90m§rz}ses%‘n TE6R99. 0k 1.5
formng a plurality of capacitor devices, conprrlsing
(v/vIv) mextsirepithe brgapicaaci dhydyo fluartnadid:itok gamic sddpri si ng a
doped oxi de layer, and an overlying silicon nitride
| ayer; form ng openings extending into the doped oxi de
I : . . . .
g AR OF KacB] ARG, Sl i seps of
openidigg A cohstructod vamprising adbpédexids tayes and en besrlyigg silicon
nitridd eni ng extending therein, an outer surface along the
nitr %gﬁgh oxi de layer, and a laterally opposed inner
S WrARE opbdifisbxtdMRirRARIY BE dopRITRIAd Bydr, POr tion of the
silicon nitride layer to-expose the 5oped oxi de | ayer
afjradens condistneeontaiher saichue evmpusiige eonductinematerial layer
1. conduct.i ve .contgi ner structure ile retainin . .
within B opEnes e coudigtive container slrudlise o A peeE g tending therein,
an outdffiafeRB blong RS ddpeaRReAa R UsTd ¥/ Btcpall GIPdssd MhblkkMEERithin the
.and renoving a portion of the doped ‘oxide |ayer
openigg| ectively relative to the silicon nitride and the

' hal .1 . 1 th t of the .
CRARALY BalTh 5 Y YT SR TS Fele R e B b Pciacns
a segniidht 3P Heyudt saTa! $Fthé ednduc @Vt ContmhdrStiBusdy, RN tetainthg portions
0.20:1 (v/v) mixture of an organic acid: hydrofluoric

of the gilicgn nitride kygreanaeebiendinegnthypesitdonedsondictive costainar stofctures;
and

removing a portion of the doped oxide layer selectively relative to the silicon nitride
and the conductive material layer to expose the segment of the outer surface of the conductive
container structures by applying an etch solution comprising an about 5:1 to 20:1 (v/v)
mixture of an organic acid: hydrofluoric acid, the organic acid having a dielectric constant of

about 20 or less.

25.  The method of Claim 24, wherein the silicon nitride comprises a low temperature
silicon nitride, and the etch solution etches the doped oxide material at an etch rate of about
20,000 A/minute or greater, relative to the low temperature silicon nitride material at a
selectivity of about 250-400:1.
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about 20 or |less. 25. The nethod of C aim 24, wherein
the silicon nitride conprises a | ow tenperature
weizbi7aovs4mi t ri de, and the etch sol ution et chesPCigsS2007/004334

doped oxide material at an etch rate of about 20, 000
Almnute or greater, relative to the |low tenperature
silicon nitride material at a selectivity of about
250-400: 1. 26. The nethod of C aim 24, wherein the
silicon nitride conprises a high tenperature silicon
nitride, and the etch solution etches the doped oxide
material at an etch rate of about 20,000 A/ m nute or

26.  gilbamathodsofClaisn aﬁ,i wihereio thdnsilitmgﬂxitxi@mmmtsas & highl temperature

nitride teri.al vi y of about. 1000- . 1500;
sticor i3, S B it e vt e s matenal aas%s@haa@r: gEabout
20,000 A /S8R begtchteAhd Pé!atgfe% l@hcﬂﬂgﬁ kthped@tufd silicon nitride mate ial at a

hosphosi | I cat e gl ass, boroph sph05| ['1cate gl ass, dr

selectiydty od iabowtdi080JIS88d, 28. The nethod of O ai m 24,
wherein the conductive material |ayer conprises
titaniumnitride. 29. The nethod of C aim 24, wherein

27. 1 iT8e efedinsd & @gind 24>fwﬁdi*@n¢ﬁecabp%alosudeqa séléae&frehﬁhs gwmbc
const ant of about '3 or |ess. . The net hod of

consisping ofpbesphasitipate glash bwpbosphnsrﬂxgate lgkass, cand';bprczsdma‘serglass
inorganic acid up to a volune of about 3 within the
m xture. 31. The nmethod of C aim 24, wherein the etch

28.  s@hebietivd off Clhid 24,00¥dis B @hdubVOaNetalas)d Bin &ﬁses titanium
vol une of about- 1.5 or less. 32. The nethod of aim

nitride31  wherein the inorganic acid is selected fromthe
group consisting of nitric acid, sulfuric acid,
hydrochl ori c acid, and phosphoric acid. 33. The nmet hod

29. oThﬂr&tHndM Cluine24iwhekdif tiapsaghnig aciddfeidettn sélGtid R dielectric

r|5|9 rows and colums, and the silicon nitride

constapgg gboug %5#13% ned to extend between and connect pairs
of the rows of the conductive structure array. 34. The
met hod of Claim 24, further conprising the steps of:

30.  f Sherimethod afdfaim 24 rwidhedh detetclesdlaty@r fupther consrisex RO iReganic
i nner and oééer surfaces of the conductive container

acid up {q g ¥plymesof abautk Hvihinghemidsend conductive materi al
| ayer over the capacitor dielectric layer. 35. A
nmet hod of formng a plurality of capacitor devices;

31, cEhpmetiodpfttains24 peherdin the etch solution further comprises an inorganic

acid at a volume of about 1.5 or less.

32. The method of Claim 31, wherein the inorganic acid is selected from the group

consisting of nitric acid, sulfuric acid, hydrochloric acid, and phosphoric acid.

33.  The method of Claim 24, wherein the openings extend in an array comprising rows
and columns, and the silicon nitride layer is patterned to extend between and connect pairs of

the rows of the conductive structure array.

34.  The method of Claim 24, further comprising the steps of:

forming a capacitor dielectric layer over the exposed inner and outer surfaces of the

conductive container structures; and
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provi ding a construction conprising a doped oxide
| ayer, and an overlying silicon nitride |ayer; formng
woperTigs4 ext endi ng i nto the doped oxi de | ayer pCTaiSmiongo4334
a conductive container structure conprising a
conductive material |ayer wthin the openings, the
conducti ve contai ner structure having an openi ng
extending therein, an outer surface al ong the doped
oxi de layer, and a laterally opposed inner surface
W'ﬂ)ﬂhiﬂﬁ tah8c RICMNaGiveRhdthril 18k av&rthetaﬂa@itaﬁdlkteeae layer.
over the silicon nitride |ayer and the ‘conductive
material |ayer within the openings; renoving a portion

RN R G AR e
t BRoAdiIng'a conkir@Edn @bndphiSing AUSYEd b¥ e TH/eE, %H% overlying silicon

structures, while retaining portions of the silicon
nitridpjayer;de | ayer connect| ng adj acently positioned

oaniik offuifRCCAuRhe B0 e PhgTo-BEREE Vel )% &1 ati ve

t doinfig AQoMudtive Qentameﬁgtrudnhe cBinpkiSiap amohﬂhcﬁﬁrehﬁét@ﬁal layer
and the conductive material |ayer to expose the

withig gherpgpings. theeonslyciye eontdingrstiueturdkaviegauepdning extending therein,
an oufe? Qﬁt?élldsgie%l]or?%tﬁg glég&f&g&{lagglp a%(d 4 %anill)g éggos% btr\tlﬁe%;s)ﬁ]rface within the

opmnngxture of an organi ¢ acid: hydrof | uoric acid:inorganic
acj d, the organic acid having a dielectric constant of
abierming g layer |0§ galysiigon avergha:slicast nifridenlpyry and ghe eaadpetive material
layer Qflthﬁ?tgt@%ggrﬂhggev' ces, conprising the steps of:

dnstructlon conprising a nenory cel

arrerayving gipoftiortofithe bplysitiadn ra9&| aﬁﬁl thasidicen nitHelagBdbakpose the
egi.o thec{jebetvveen form ng %%/ of doped oxi de
dopei%léﬁ Fent 3 gremene gf @ﬁ@utef swifagepiahg @fwmctwe container
[
structBley ntﬁgbs%*xﬁt‘%f’ﬁ%%% of B IRRGRONE et B flecahATAM
positinegtoronduetive contaiyer segétores; @add a trench ext end| ng into
t he daped oxi de over the internmedi ate regjon
f 6?—114%8% g Pegtﬂﬂﬂfjtt% gomeém deJpyerisgleetieely p%m\f?gtg%mplwbcon
layer L heRAfkon hitRde @e@gt“ Ghé Yige éoﬂﬁﬁ(!tn)é"rﬁ'%tnaltl{i}?er ?cﬁ @)\E}&O@g the segment of the
formng a conduct’i ve contal ner structure having an
outer gwdavicod tle»«toelddctn@t doatadnen strectues by mpplyteyml dtclabaogornt dvenprising

an abgqt%ea& 0%% %e(rv7v/\%nnqlxltt?rte %% gl!l loyganﬁz amcF gyclrgﬂuonc acid:inorganic

acid, the organic acid having a dielectric constant of about 20 or less.

36. A method of forming a plurality of capacitor devices, comprising the steps of:

providing a construction comprising a memory cell array region, a peripheral region,
and an intermediate region therebetween;

forming a layer of doped oxide extending over said regions;

forming a layer of silicon nitride over the doped oxide layer;

forming openings extending into the doped oxide layer over the memory cell array
region, and a trench extending into the doped oxide layer over the intermediate region;

forming a conductive layer within the openings and the trench, the conductive layer

within the openings forming a conductive container structure having an opening extending
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wi thin the opening; renoving a portion of the silicon
nitride |ayer to expose the doped oxide | ayer adjacent
wea e@goennt of the outer surface of the conduct PCE/US2007/004334
contai ner structures, while retaining portions of the
silicon nitride layer connecting adjacently positioned
conducti ve contai ner structures; and renoving a
portion of the doped oxide | ayer selectively relative
to the silicon nitride and the conductive materi al
therelh %%utér%uf‘e’@ﬁﬁsﬁoﬁgtme AEHEAM dOfayL N En P rgté?ﬁlg)% Fé};(ﬁ&? ikr sidewall
he conductive contai ner Structur as a Ing an
wuhuamcmp@mhgt|on conpr|3|ng an about 5:1 :0-3 to 20:1

B e St SRS B i ol e s

a segrﬁ’érﬁ o€ fHel dufer &Rt AN thO borfthetie cfhifher sﬁ%étureoﬁ7 while PRARRE portions
f formng a plurality of capacitor iced

of the @dwpn inétiidg layhecamepingyfdjaconty pokitigned condsdtivecbhtaimer structures;

conprising: a menory cell array region, a peripheral

region, and an internediate region therebetvveen a

dRpRsviRKh Psaioam&heowéd SRidd 1529508 vely RlIAHIRIt Eﬁe s@ﬁcon nitride

electrically conductive contdiner structures wt

and the lenduspiae maigrind layay@rempom the kegmaentof theqmitér smrfam/of the conductive

contalﬁgxgsé%lg}uﬁ%sr\%e Co ﬁlg ng{ﬁtcg 1%)15 F:gxilmi?lp r| Sh%&tSﬁEOgﬂﬁggn}gO 3

(vIvIvPiiigiard dt@rorg@iieladiah9arilubrio RAASASghiB ﬁéldsﬂﬂ%‘l‘ge{nlnc acid having a
within the opening; and a silicon nitride |ayer

dielecigegangtangoipbeut 2her less. t he doped oxi de | ayer and
i nterconnecting adjacently positioned conductive
contai ner structures, with other portions of the doped

37. OA rd&hb&%ﬁforﬁ%rﬁg)@pﬁraﬂﬂy af edpaciborsRUITes) tcoftfprisihg the! Et@ﬁs of:
surf;i:e of the conductive container structures;

aPiov 1%@*‘&?1‘13831@%0%%9%‘?%&0 etch the doped oxi de
| aver SehReldry LY ah) Ao s boribllFakbioh Sthd Uil HledGediate region

| ayer to expose ceror
cont thengbetvedenyict ures, the etch sol ution conprising an
0-3.to 20:1 :0-3 (v/v/iv) mxture of an

bout 5:
gr ggn! cd é@l’fﬁl R By eriRyer said gggionsior gani c acid, the
or gani ¢, 3airHit) 3 bRBuRal) BoREATEcHURL AR ucREes within the doped

oxide layer over the memory cell array region, the container structures comprising

and

an opening extending therein, an outer sidewall along the doped oxide layer, and
laterally opposed inner sidewall within the opening; and
a silicon nitride layer overlying portions of the doped oxide layer and

interconnecting adjacently positioned conductive container structures, with other

portions of the doped oxide layer exposed adjacent a segment of the outer surface

of the conductive container structures; and

applying an etch solution to etch the doped oxide layer selectively relative to the

silicon nitride layer to expose the outer surface of the conductive container structures, the etch
solution comprising an about 5:1:0-3 to 20:1:0-3 (v/v/v) mixture of an organic

acid:hydrofluoric acid:inorganic acid, the organic acid having a dielectric constant of

about 20 or less.
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about 20 or less.38. The nethod of Caim 37, wherein
the container structures conprise titaniumnitride.
wGB2o07filnes4met hod of C aim 37, wherein the constPATHISLW7/004334

further conprises a layer of silicon overlying the

silicon nitride layer. 40. The nethod of C aim 37,

wherein the construction further conprises a trench

extending into the doped oxide | ayer over the

internedi ate region, the trench laterally surroundi ng

t I ; ' I [ o
8. | B8 TR i 57 Berc B Qe B SR p R M nivice.

wherein a layer of silicon overlies the conductive

| ayer wthin.the_.trench. 42. The nethod of C aim 37, .
39, EF Ereffckia VIR 31 ighereto i o B R R er oy kayer of silicon

overlysf e isRic0f nitAWe 1A4RE col ums, and the silicon nitride
| ayer extends between and interconnects pairs of the

rows of the array.

40. The method of Claim 37, wherein the construction further comprises a trench
extending into the doped oxide layer over the intermediate region, the trench laterally

surrounding the memory cell array, and an electrically conductive layer lining the trench.

41. The method of Claim 40, wherein a layer of silicon overlies the conductive layer

within the trench.
42.  The method of Claim 37, wherein the container structures extend in an array

comprising rows and columns, and the silicon nitride layer extends between and interconnects

pairs of the rows of the array.
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